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METHODS OF CRATER AND SPALL REPAIR

STUDENT HANDOUT

I.  Introduction

A.
Lesson Purpose.  This lesson will describe the different methods of crater and spall repair.  General crater repair procedures will be addressed leading into specific methods of crater repair.  Spall repair materials will also be addressed showing the advantages and disadvantages of each.

B.
References
1.
Navy/Marine Corps Runway Crater Repair Hand Book

2.
FC 5-104-1, Airfield Damage Repair (Pavement repair)

3.
Rapid Runway Repair (RRR) Techniques:  A Systems Analysis

4.
Rapid Runway Repair Student Guide (31st Naval Construction Regiment Contingency Construction Crew Training Department Port Hueneme, California)

5. COMCBPAC/COMCBLANT OPLAN 9000

C. Enabling Learning Objectives
1. Without the aid of references, identify the type of runway damage that could result from an attack on an airfield.

2. Without the aid of references, identify and describe the ten crater repair steps.

3. Without the aid of references, identify the four methods used to effect crater repairs and describe the characteristics of each.

4. Without the aid of references, state the four methods of FOD cover used by the Marine Corps to complete crater repairs.

5. Without the aid of references, identify the different spall repair materials, their characteristics, and how they are used to effect a spall repair.

II.
Body

A.
Characteristics of Expected Damage
1.   Weapon Types.  The types of weapons that could be used to inflict damage to airfield runways and taxiways include:

a.  
Air delivered, general purpose bombs and small caliber munitions

b.  
Bomblets from air delivered cluster bombs

c.  
Naval gunfire

d.  
Artillery

e.  
Land-based, surface-based, and air-launched rockets/missiles

f.  
Chemical and biological munitions

g.  
Demolitions

2.  
Projectile Fuzing.  The types of fuzing that may be used in the weapon types mentioned above include:

a.  
Instantaneous contact fuzes

b.  
Short time delay fuzes (in penetration type weapons)

c.  
Long time delay fuzes

d.
Proximity fuzes

e.
Air burst

f.
Anti-Withdrawal

g.
Anti-Disturbance

h.
Magnetic

i.
Acoustic

3.  
Damage Categories.  The types of damage that could result from an attack on an airfield with the above mentioned weapons and projectile fuzing include:

a.  Spalls and Scabs.  Spalls and scabs are considered craters that are less than 5 feet in diameter that do not penetrate the runway base course and sub-grade (Figure 1).  Small bombs with air burst fuzes, small caliber artillery fire, small rocket fire, or other small caliber contact fuzed munitions usually cause spalls and scabs.
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b.  
Small Craters.  Small craters are craters that are 20 feet or less in apparent diameter that penetrate the pavement, base course and possibly the sub-grade of the runway (Figure 2).  Small craters usually are caused by small bombs (500 pounds or less), specially designed bomblets, high-angle medium caliber naval gunfire (6 to 8 inches) with time-delay fuze, or large rocket fire.  Small craters may not have pavement upheaval.
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c.  
Large Craters  

(1)
Large craters are craters that exceed 20 feet in apparent diameter that penetrate the pavement, base course and sub-grade of the runway (Figure 3).  Large craters are caused by high-angle large caliber naval gunfire (12 to 16 inches) with time delayed fuzes or medium to large size bombs (500 pounds or larger) with time delayed fuzes.  Large craters will always have pavement upheaval. 
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(2)
The Former Soviet Union for years produced 750-pound bombs in large numbers for their aircraft.  The Soviet Union is no longer a threat to us but these 750 pound bombs are.  The damage you can expect at an airfield from this type of bomb is illustrated in Figure 4.  Historical data has shown that the typical 750 lb. bomb crater will measure approximately 65 to 70 feet in actual repair diameter when the repair is complete.
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d.  
Camouflets.  Camouflets are craters with relatively small apparent diameters but with deep penetration (Figure 5).  Camouflets are normally caused by large penetration type projectiles with time delayed fuzzes.


[image: image5.wmf]camouflet

 void

(may collapse)

pavement

base course

sub-grade

CAMOUFLET

DEFORMED SOIL

FALLBACK & EJECTA

LOOSE SOIL

FIGURE 5


4.  
Principal Types of Bursts.  The three principal types of bursts that cause crater damage are as follows:

a.  
Surface Burst.  A surface burst causes surface penetration (Figure 6a).

b.  
Optimum Burst.  An optimum burst causes the maximum repair volume to be created (Figure 6b).

c.  
Deep Burst.  A deep burst causes a camouflet (Figure 6c).
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5.  
Damage Profile.  Figures 1 through 6 depict the typical profile of spalls, small craters, large craters and camouflets.  As shown in the figures, the actual damage diameter of the craters is substantially greater than the apparent damage diameter.  The debris and fall back from the detonation of the projectile generally obscure the upheaved pavement around the periphery of the apparent depth of the crater.  Camouflets are characterized by relatively small apparent damage diameters, but exceptionally deep subsurface damage and soil deformation.

B.
Crater Repair Steps.  The following are the ten steps to effecting crater repair.  Depending on the situation, some steps may be deleted as required.

1.  
Step #1: Remove Debris.  Step 1 is to clear and remove all debris from around each crater lip so that the upheaved pavement around the crater is visible.

2.  
Step #2: Conduct Surface Roughness Test.  Step 2 is to conduct a surface roughness test by measuring the upheaval around each crater to determine how much of it will have to be removed.  These flatness checks should be made on at least three lines parallel to the Minimum Operating Strip (MOS) centerline.  One line should be checked along the MOS centerline or along the centerline of the repair if the whole repair is on one side or the other of the MOS centerline.  The other two lines should be checked halfway between this centerline and the edges of the crater (Figure 7).  The larger the repair the more checks are necessary.  While conducting a surface roughness test the following should be done:
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a.  
Determine Repair Quality.  Each crater must be given a repair quality before it is repaired.  The MOS Selection Team located in the AGSOC sets the repair quality standard.  The repair quality assigned to a crater will give the maximum allowable upheaval that can remain above the undisturbed pavement level.  The repair qualities assigned by the MOS Selection Team are as follows:

(1)
"A" Quality.  No upheaval above the undisturbed surface (flush repair).

(2)
"B" Quality.  1 inch of upheaval above the undisturbed surface.

(3)
"C" Quality.  1 1/2 inches of upheaval above the undisturbed surface.

(4)
"D" Quality.  3 inches of upheaval above the undisturbed surface.

(5)
"E" Quality.  4 1/2 inches of upheaval above the undisturbed surface.

b.  
Measure Slope.  Use a change of slope straight edge (Figure 8) to check the slope of the upheaved pavement around each crater to determine if the slope will meet the slope criteria of not exceeding five degrees.  If it does not meet this criterion, the upheaved pavement will have to be removed.
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c.  
Measure Height.  Use two-upheaval height measuring gauges (Figure 9) and a string line to measure the height of the crater's upheaval above the level of the undamaged runway surface.  In order to determine how much upheaval to break out, conduct the following:

(1)
Set the string line at the height of the predetermined repair quality marked on the upheaval height measuring gauges.  Remember that these repair qualities are provided to you by the MOS Selection Team located in the AGSOC.
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(2)
Move the string around the crater (Figure 10) and mark the pavement where the upheaval is higher than the level of the string line.  This is the upheaval that will have to be removed.  Remember that the check should be made on at least three lines parallel to the MOS centerline.
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(3)
Always conduct a final check following the actual repair of the crater for quality assurance.  Repairs must be within 1/2 inch of the quality criteria.

d.  
Marking.  The last step in the surface roughness test is to mark the damaged pavement around each crater requiring removal with paint or other suitable material.

3.  
Step #3: Break and Remove Upheaved Pavement.  Step 3 is to remove all upheaved pavement that has been identified as not meeting the surface roughness criteria. Methods of breaking back the upheaved pavement are as follows:

a.  
Using the blade or ripper on a dozer.

b.  
Cutting with a concrete saw.

c.  
Using a jackhammer.

d.  
Using the bucket on a front-end loader or excavator.

e.
Using picks and shovels.

4.  
Step #4: Remove Water.  Step 4 is to remove any water from the crater before attempting to backfill and compact ejecta.  If surface water can drain into the crater during repair, ejecta or sandbags may be used to divert surface flow around the crater.

5.  
Step #5: Backfill.  Step 5 is to backfill each crater with ejecta and fill material to within 18 to 24 inches of the runway surface or with ballast rock to within 6 inches of the runway surface.

a.  
Use no ejecta material with a dimension greater than 12 inches for backfill.

b.  
Debris can be used as backfill material if it is not wet and sticky or the crater is not partially filled with water.  If the debris is wet or the crater is wet, then ballast rock is the best choice for backfill material.

6.  
Step #6: Level and Compact Backfill.  Step 6 is to level the backfill with a dozer blade or front-end loader bucket then compact it.

a.  
The backward and forward movement of the equipment in the crater will provide enough compaction.  However, if a vibratory compactor/roller or tamping device of the excavator is available, it should be used.

b.  
Hand tamp or use other small compaction devices around the edge of the crater where heavy equipment can't touch to ensure that the fill is compacted.

7.  
Step #7: Place Impervious Membrane.  Step 7 is to place an impervious membrane over the sub-grade backfill.

a.
The best impervious membrane to use is a geotextile engineering cloth.

(1)
Cut the geotextile engineering cloth with shears to fit the crater.

(2)
Lay the long axis of the cloth parallel to the wind.

(3) Extend the membrane up the sides of the crater and overlap the strips by six to twelve inches.

b.  
The membrane performs two functions.

(1)
It prevents the inflow of water into the sub-grade.

(2) It prevents the higher quality stone base or select fill from settling into the sub-grade material.


8. Step #8: Repair Sub-Base and Base Courses.  Step 8 is to fill the crater with suitable sub-base and base course materials depending on the type of crater repair.  Then compact it to desired specifications needed to place the operating surface or FOD cover.  In most instances, the level of desired repair will be flush with the existing operating surface.


9. Step #9: Measure Sag.  Measure the sag of the repaired surface below a theoretical straight-line surface by recording the vertical distance from the string line of the height measuring gauge down to the repaired surface.  This distance should not exceed 1 inch.


10. Step #10: Lay FOD cover or operating surface.  

C.  Methods of Crater Repairs.  The above steps are more or less universal in all crater repairs.  From this point we will discuss specific repair procedures and methods.  Two of the methods we will use are the Crushed Stone Method and Sand Grid Method.

1. Crushed Stone Method.  In accordance with the gradation, hardness and abrasion requirements of the Naval Facility Engineering Command guide, "Graded Crushed Aggregate Base Course for Flexible Pavement", crushed stone is defined as a well graded, high quality stone which is up to 1½ inches in diameter.  There are three categories of crushed stone repair that are used in crater repair.  They are the Normal Method, Choked-Ballast Method and Cheap-Ballast Method.

a. Normal Method.  A normal method of crushed stone repair (Figure 11) consists of the following:

(1) The crater sub-grade is back-filled with debris (ejecta) to within 18 to 24 inches of the existing surface level (crater repair steps 1-6).


(2) The sub-grade is covered with an impervious membrane (crater repair step 7).


(3) The crater is filled with crushed stone starting with the impervious membrane up to approximately four inches above the finished grade.


(4) The crushed stone is compacted with a vibratory roller with at least four passes.


(5) Excess crushed stone is scraped off the patch with a grader to a level that will conform to the stated repair quality criteria.


(6) The patch is now ready for some type of FOD cover.
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b. Choked-Ballast Method.  The choked-ballast method (Figure 12) is used when the crater contains water or the debris is unsuitable for use as backfill material.  This repair consists of the following:

(1) The crater sub-grade is back-filled to within 4 to 6 inches of the existing surface level with ballast rock which is 3 to 4 inches in diameter (crater repair steps 1-6).


(2) The sub-grade is covered with an impervious membrane (step 7).


(3) The crater is filled with crushed stone starting with the impervious membrane to about four inches above the finished grade.


(4) The crushed stone is compacted with a vibratory roller with at least four passes.


(5) Excess crushed stone is scraped off the patch with a grader to a level that will conform to the stated repair quality criteria.


(6) The patch is now ready for some type of FOD cover.
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c. Cheap-Ballast Method.  Crushed stone may be very expensive and hard to acquire.  The cheap-ballast method (Figure 13) makes the maximum use of cheaper fill material and is suitable for a crater that is dry.  This repair consists of the following:

(1) The crater sub-grade is back-filled to within 14 to 18 inches of the existing surface level with ejecta or debris.


(2) Ejecta or debris is covered with an impervious membrane.


(3) The crater is back-filled to within 4 to 6 inches of the existing surface level with ballast rock.


(4) The sub-grade is covered with an impervious membrane.


(5) The crater is filled with crushed stone starting with the impervious membrane up to approximately four inches above the finished grade.


(6) The crushed stone is compacted with a vibratory roller with at least four passes.


(7) Excess crushed stone is scraped off the patch with a grader to a level that will conform to the stated repair quality criteria.


(8) The patch is now ready for some type of FOD cover.
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2. Sand Grid Method.  Sand grids are made from high-density polyethylene plastic, which have a 150-lb. seam breaking strength.  The plastic honeycomb grid is manufactured and shipped in unexpanded sections measuring 5 inches thick, 8 inches high and 11 feet long and weighing 110 pounds.  When expanded, they measure 8 feet, by 20 feet, by 8 inches forming 561 cells, which can cover 160 sqft of area.  Each cell has approximately 41 square inches of surface area and a depth of 8 inches.  During the sand grid method, the crater preparation and sub-grade construction are the same as for the normal crushed stone repair.  It is extremely important however that the finished sub-grade, which should be 20 inches below the finished grade, is within plus or minus one inch of that level.  Following the placement of the impervious membrane, the sand grid placement can begin.


a. Stretch the sand grids to expand them and place them on the impervious membrane.


b. Cut the sand grids with a knife or shears at the crater’s edge in order to fit them as close to the edge as practical (within three inches or less).

c. Lay the sand grids across the center of the crater first so that two crews can work on either side of the center row.


d. Fit the adjacent sand grids together allowing no gaps.  Immediately upon the placement of each sand grid, use hand shovels to place sand in the corners and along the sides to hold these sand grids in place.


e. Fill each sand grid using a front-end loader.  Work out carefully from the crater's edge, overfilling the sand grids by approximately 6 inches so as not to damage the sand grids from the front end loader.  Use shovels and rakes to smooth and level the surface.


f. When the sand grids have been covered, scrape off the excess with a front end loader or grader, leaving approximately two inches of sand above the top of the first sand grid layer.


g. Place the second layer of sand grids in the crater using the same procedures as placing in the first, with the exception of having the long axis of the second layer perpendicular to the long axis of the first layer.


h. Overfill the second layer of sand grids with 6 inches of sand.


i. Compact the sand with a vibratory roller, making at least 4 passes at a speed limited to about 4 feet per minute, in a pattern at right angles to the long side of the crater.


j. If the sub-grade was properly graded to 20 inches below the runway surface and if the two layers of sand grids were properly compacted, the top surface of the sand grids should be two inches below the runway surface following compaction.


k. Grade off the excess sand over the sand grids with a grader or front end loader, leaving one to three inches of sand above the top sand grid layer (Figure 14).

l. Finish by sweeping the area as the final preparation for a FOD cover.
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D. Methods of Crater and FOD Cover Repair.  We have just discussed the various ways to repair a crater's sub-grade and base course.  We are now ready to expand on this by discussing the different types of operating surfaces that can be placed on these repairs.


1. Air Force RRR incorporates basically four types of FOD cover to provide an operating surface for crater repairs.  

a. Rapid set concrete.  Rapid set concrete is a quick drying cement mixed with aggregate, sand and water that hardens within 30 minutes after mixing.  It can be batched from a mobile concrete mixer or hand-mixed.


b. Pre-Cast Concrete.  Pre-cast concrete panels are two-meters by two-meter concrete slabs with lifting points.  They are used extensively by NATO in northern climates where the cold weather does not allow for the use of rapid set concrete.


c. Reheated Asphalt.  Reheated asphalt is solid blocks of asphalt placed on a base course of a crater repair.  A vehicle with a heat source passes over these blocks and melts them for a protective covering.


d. Fiberglass Reinforced Polyester (FRP) Panels.  Fiberglass reinforced polyester panels are made of two or more layers of fiberglass impregnated with either polyurethane or polyester resin.  These panels are 1/4 to 3/8's of an inch thick.

2. The Navy has established similar FOD cover methods for their Naval Construction Forces.  Due to differences in their equipment, the Navy does not use reheated asphalt as one of their methods.

3. The Marine Corps has adopted the following FOD covers for use in crater repair and RRR.


a. Rapid Set Concrete.  Rapid set concrete can be batched from a mobile concrete mixer or hand mixed.  This repair is considered to be permanent in nature and other improvements are not necessary.


b. Pre-cast Concrete Slabs.  This method is for use in northern climates where the rapid set concrete method may not be desirable.


c. Fiberglass Reinforced Polyester (FRP) Panels.   This is quickly becoming the preferred method of FOD cover for a quick and temporary repair.


d. AM-2 Matting.  Can be used for taxiways and parking aprons.  It is not desirable for use on surfaces requiring a flush repair due to the amount labor and time required: the operating surface must be cut across its entire width in order to anchor the matting.

4. For expediency, repairs using crushed stone with no FOD cover are acceptable on taxiways and parking aprons in order to evacuate aircraft.  Notice that reheated asphalt is not listed.  This is probably due to the fact that the Seabees do not have the organic assets to melt the asphalt blocks.


5. By combining the operating surface with the base course and sub-grade repair, we have created the full method of crater repair.  Refer to Figure 15. There are seven methods of crater repair that are currently being used in the armed services.  The seven methods of crater repair, with advantages and disadvantages, are as follows:
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a. Crushed Stone with AM-2 Matting.  The only method considered for years for Rapid Runway Repair was crushed stone/select fill with AM-2 matting as a FOD cover.  This method has many shortfalls.

(1) Labor intensive.


(2) The matting thickness causes a surface roughness problem for aircraft.


(3) The matting suffers significant tail hook damage when the airfield arresting gear system is used.


(4) The stockpile of AM-2 matting is not large enough to fill the need worldwide.


(5) AM-2 matting is costly to manufacture.

b. Sand Grids, Sand with AM-2 Matting.  Crushed stone is the recommended material for the base course for AM-2 matting.  Although, there may be situations where this material cannot be made available.  Sand grids and sand can be used as the base course for AM-2 matting.  The advantages of this method are that it can be used with either sand or a mixture of sand, sandy soil, and fine gravel.  Also, the sand grids necessary to repair several craters, when packed for shipment, occupy a relatively small volume, therefore conserving critical shipping space in amphibious or other expeditionary operations.  The sand grids, sand with AM-2 matting shortfalls are as follows:

(1) Labor intensive.


(2) The matting thickness causes a surface roughness problem for aircraft.


(3) The matting suffers significant tail hook damage when the aircraft arresting gear system is used.


(4) The stockpile of AM-2 matting is not large enough to fill the need worldwide.


(5) AM-2 matting is costly to manufacture.


(6) Crater sub-grade must be carefully prepared when sand grids are used in the base course.


(7) Placing and trimming the sand grids to size is a time-consuming task.


(8) 
Filling and compacting the sand grids require more skill and is more time-consuming than filling and compacting the crater above the sub-grade with crushed stone.

c. Crushed Stone with Fiberglass Reinforced Polyester Panels.  Crushed stone with fiberglass reinforced polyester (FRP) panels, as a FOD cover is the newest method in Rapid Runway Repair.  The Air Force, Navy and Marine Corps have fielded a kit containing FRP panels.  However, there is only one kit per MWSS, and if used to train with, will deteriorate its' physical properties. These kits do have definite advantages over AM-2 matting which are listed below.

(1) Lighter and less labor intensive to install.


(2) Greater air transportability.


(3) Not as thick, thus reduces the surface roughness problem for the aircraft.


(4) Easier to repair in the event of damage.


(5) Less expensive.


d. Sand Grids, Sand with Fiberglass Reinforced Polyester Panels.  Advantages of this method is the same for the crushed stone with fiberglass reinforced polyester panels with the exception of the following:

(1) Crater sub-grade must be carefully prepared when sand grids are used in the base course.


(2) Placing and trimming the sand grids to size is a time-consuming task.


(3) Filling and compacting the sand grids require more skill and is more time-consuming than filling and compacting the crater above the sub-grade with crushed stone.

e. Crushed Stone with Rapid Set Concrete.  Crushed stone with rapid set concrete is another new method of crater repair.  Rapid set concrete must be batched on site in a cretemobile (Navy equipment) or by hand when dealing with small repairs.

(1) This method has several advantages over any other type of repair.  These advantages are listed below.


(a) Provides a semi-permanent or permanent repair.


(b) Can receive traffic in approximately two hours dependent upon ambient temperature.


(c) Requires various skills to install that the engineer community already possesses.

(2) This method has some disadvantages, which are:


(a) Will not work in all temperatures and weather conditions.


(b) Materials must be stored in a climate-controlled environment.

f. Crushed Stone with Pre-cast Concrete Panels.  Pre-cast concrete panel method of crater repair is useful in cold climates where rapid set concrete will not work.  It is used extensively by the Air Force but is considered only as a back-up plan by the Navy.  The disadvantages of this method are as follows:

(1) Labor intensive.


(2) Will require materials to be locally manufactured and stored on site.


(3) Difficult to get a level patch and difficult to maintain a level surface after traffic.


(4) Will require high maintenance.


(5) Will require a square hole to be cut in the runway around the crater.


(6) Stockpiles of pre-cast concrete blocks are susceptible to damage during enemy attack, which may render them useless.

g. Crushed Stone with Asphalt FOD Cover
(1) Hot Patch.  Hot patch asphalt repair will require the use of specialized machinery (asphalt heater/reclaimer) and pre-cast asphalt blocks.  At present, this repair does not look like a viable method for expeditionary use.


(2) Cold Patch.  Cold patch asphalt repair is not a good choice for FOD cover of a crater repair because of the problem the cold patch has in getting a good bond to the old runway surface. Cold patch asphalt also has a short life span.  FOD then becomes a potential problem with this type of repair.

h. No FOD Cover.  As mentioned previously, rarely will this method of repair be used, especially on the runway or taxiway of an airfield.  It may prove sufficient in very low traffic areas, such as parking aprons.  This method would be a last resort.

E.  Methods of Spall Repair.  In the preparation of a Minimum Operating Strip (MOS) on an airfield, it is estimated that there will be approximately 400 spalls requiring repair.  There are five methods of spall repair that has generally been accepted in Rapid Runway Repair.  The five methods currently being used are as follows:

1.
Silikal.  Silikal polymer concrete is a proprietary product that can be ordered as National Stock Number (NSN) 5610-01-151-1815.  The Commercial Silikal product is not acceptable because it requires approximately 4 hours to set.  Silikal mortar is made by mixing the Silikal powder with a liquid hardener and catalyst in the proportion of 7.5 to 1 to produce a pourable mixture.  Mixing the Silikal mortar with an equal weight of pea gravel can extend the mixture.  When the temperature is below freezing (32 F (0 C)), an accelerator must be used with the Silikal.

a.
Advantages

(1)
Silikal hardens rapidly, forming a skin within 5 to 10 minutes after mixing and can support aircraft traffic after 30 to 60 minutes.

(2)
Silikal has a relatively long shelf life (5 years).

b.
Disadvantages

(1)
Silikal must be stored at moderate temperatures (not above 77 F).

(2)
Silikal must be kept dry in storage.

(3) Silikal's catalyst (benzol peroxide) is highly flammable.

(4)
Silikal's accelerator is highly toxic.

(5)
Silikal can damage asphalt pavement.

c.
Planning Purposes.  200 bags of Silikal mixed with liquid hardener in the proportion of 7.5 to 1, and 7 cubic yards of pea gravel will provide approximately 14 cubic yards of spall mixture.

d.
Spall Preparation

(1)
Remove loose debris from spall.

(2)
Remove excess water from spall.

e.
Placement

(1)
Tamp Silikal into the spall.

(2)
Level with a screed board and trowel smooth.

f.
Cleanup.  Immediate cleanup of tools is important.  Use acetone, methylenechloride, or trichloroethylene for cleaning.

g.
Safety.  The following safety precautions must be observed when placing Silikal:

(1)
Wear chemical resistant gloves, safety goggles and a respirator.

(2)
If liquid component splashes onto the skin, wash it off immediately with water.

(3)
Have an eyewash station nearby.

(4)
Do not swallow liquid component or breathe in vapors over an extended period of time.

(5)
Allow no eating at the repair site.

(6)
Keep sparks and flames away from the liquid component, which is highly flammable.

(7)
Have a chemical fire extinguisher nearby.

(8)
Do not wear contact lenses when working with these chemicals.

2.
Cold Mix Asphalt.  Amalgapave and Future Patch are two proprietary catalyzed cold mix asphalts that are recommended for spall repair.  A conventional cold mix is suitable for small spalls up to 2 feet in diameter and 6 inches deep.  Amalgapave and Future Patch can be used for larger spalls up to 5 feet in diameter.

a.
Advantage.  The advantage of cold mix asphalt is that it is stored in a ready-to-use condition.

b.
Disadvantages

(1)
Cold mix asphalt's stability and toughness are less than hot mix asphalt.

(2)
Cold mix asphalt can be stockpiled in dry storage for approximately 1 year.

c.
Planning Purposes.  10 tons of cold mix asphalt will repair approximately 100 average size spalls (less than 2 feet in diameter and about 6 inches deep).


d.
Spall Preparation

(1)
Remove all loose debris from the spall.

(2)
Remove excess moisture from the spall.

(3)
Treat the spall with asphalt cement or a tar coating.

e.
Placement

(1)
Small Spall.  For spalls smaller than 2 feet in diameter:

(a)
Place cold mix asphalt in 2 inch deep layers before compacting.

(b)
Overfill the spall with cold mix asphalt to stand 1½ inches high to allow for further compaction under traffic.

(2)
Large Spall.  For spalls 2 to 5 feet in diameter:

(a)
Fill the spall with a well-graded stone.

(b)
Compact the well-graded stone with a plate compactor to within 1 inch of the desired surface.  The better compaction of the stone, the longer the repair will last.

(c)
Top off stone with a 2½ inch layer of Amalgapave or Future Patch and compact to 1½ inch above undamaged pavement to allow for further compaction under traffic.

f.
Maintenance.  Cold mix repairs fail by rutting.  Regular inspection and maintenance are required.  A cold mix repair can be expected to survive 100 fighter aircraft passes before requiring maintenance.  Prior to repairing a spall filled with cold mix, remove the old material first with a jackhammer and clean the exposed spall.

3.
Magnesium Phosphate.  Magnesium phosphate cements can be used like Portland cement.  They are available commercially under the trade name of Bostik and concrete, and can be extended 50 percent by the addition of 1/4 to 3/4-inch gravel.  Magnesium phosphate is mixed in a small concrete mixer for 1 to 2 minutes prior to being discharged into a spall.  Mix only quantity that can be used immediately.  The time that the cement remains workable depends on temperature.  Below freezing, it takes several hours to set, while at about 100 F a flash set occurs within 30 seconds.  Magnesium phosphate is usable over a temperature range of about 35 to 75 F.  This can be increased slightly by using chilled water or an additive (sodium tetraborate decahydrate) for high temperatures and heated water or an additive (fine-ground magnesium oxide powder) for low temperatures.  Frequently scrape or rinse with water, hand tools and mixer drum, to stop build-up of hardened grout.

a.
Advantages

(1)
Magnesium phosphate can be used in wet spalls.

(2)
Magnesium phosphate is faster setting than Portland cement.

b.
Disadvantages

(1)
Magnesium phosphate must be kept in dry storage.

(2)
Magnesium phosphate has a shelf life of approximately 1-year.

c.
Planning Purposes.  7 tons of magnesium phosphate cement, extended by 50 percent with small size gravel 1/4 to 3/4 inch, will provide approximately 10 cubic yards of spall repair material.

d.
Spall Preparation.  Remove all loose debris from the spall.

e.
Placement

(1) Remove loose debris.

(2)
Pour the magnesium phosphate from the mixer directly into the spall.

(3)
Level the magnesium phosphate with a screed and trowel to finish the surface.

4.
Portland Cement.  Portland cement is the most commonly used of the modern hydraulic cements.  In this case, the word hydraulic means that cement's characteristics of holding aggregate together is caused by water or other low-viscosity fluid.

a.
Advantage.  Portland cement is fireproof, watertight, comparatively economical, and easy to use.

b.
Disadvantages

(1)
Portland cement must be kept in dry storage.

(2)
When Portland cement is converted into concrete with the addition of water, sand and aggregate, the following happens:

(a)
Thermal Movements.  During setting and hardening, the heat of hydration raises the concrete temperature and then it gradually cools.  These temperature changes can cause severe thermal strains and early cracking.

(b)
Shrinkage.  Concrete shrinks as it dries out and, even when hardened, expands and contracts with wetting and drying.  This can and does cause cracks.

(c)
Creeps.  Concrete deforms gradually (creeps) under a load, and this deformation does not recover completely when the load is removed.

c.
Spall Preparation.  Remove all loose debris from the spall.

d.
Placement

(1)
Mix Portland cement, sand and pea gravel in a wheelbarrow.

(2)
Pour into spall and screed.

5.
Penatron.  Penatron is a polymer that is made by mixing component A with component B, producing a pourable mixture.  The mixture can be extended with the addition of pea gravel placed into the spall.  The mixed material encapsulates the rock and forms a tenacious matrix bond with the rock and concrete substrate.

a.
Advantages

(1)
The material begins to set in 7 to 9 minutes and has a drive over time of 45 minutes.

(2)
Penatron has a relatively long shelf life.

b.
Disadvantages

(1)
Penatron is very expensive.

(2)
Penatron can damage asphalt pavement.

c.
Spall Preparation

(1)
Remove all dirt and grease from the spall.

(2)
Remove excess water from the spall.

d.
Placement.  Pour Penatron into the spall.

III.
Summary


During this class the different types of damage expected at an airfield were discussed.  The repair steps for building the sub-grade and base course for a crater repair were gone over in detail and the various methods for crater repair were discussed.  Also, the different types of spall repair materials were reviewed with their placement instructions.  This will allow any MWSS unit to expediently conduct the actual repairs required during BRAAT and RRR operations to return an airfield to useable condition.
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