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SOIL ASSESSMENT CAPABILITIES
STUDENT OUTLINE
I.
Introduction
A.
Lesson Purpose.  The purpose of this lesson is to describe the soil assessment capabilities available, their use, and the application of data obtained by its use.  Procedures are presented for using the Drop Cone Penetrometer (DCP) and the Soil Assessment Cone Penetrometer (SACP), to measure soil strength and correlating indexes with California Bearing Ratio (CBR) strength values.  Procedures are also presented for using the DCP to evaluate aggregate surfaced roads based on the existing soil strength conditions and for evaluating shallow foundations in terms of pounds per square foot (psf).

B.
References. 

1. KESSLER Soils Engineering DM soil TESTER user's manual

           2.  US Army Material Command's Instruction Report 7

           3.  FM 5-541 Military Soils Engineering

4. Naval Air Engineering CENTER Report NAEC-51-8100- Soil Stabilization for    

     Support of Marine Corp's Expeditionary Airfield (EAF) Facilities

C. Enabling Learning Objectives
1. Describe the soil assessment capabilities available.

2. Identify their use for rapid construction operations.

3. Be able to provide a rapid, simplified alternative method for measuring sub-layer soil strength to assess the trafficability of potential airfield sites and access roads.
4. Understand the definitions of terms utilized within this lesson.

II.
Body
A.
Backround 

1.
From an engineering viewpoint, one of the most important properties that a soil possesses is shearing resistance or shear strength.  A soil's shearing resistance under given conditions is related to its ability to withstand loads.  The shearing resistance is especially important in its relation to the supporting strength or bearing capacity of a soil used as a base or subgrade beneath a road, runway or other structure.  For most pavement applications, the California Bearing Ratio (CBR) value or the unconfined compression strength value of a soil is used as a measure of shear strength.  The CBR is determined by a standardized penetration shear test and is used with empirical curves for designing and evaluating unsurfaced, aggregate surfaced, and flexible pavements for roads and soil foundations.  The CBR test is usually performed on laboratory-compacted test specimens when used in pavement design.  When used in pavement evaluations, destructive test pits are usually dug to determine pavement layer thicknesses and field inplace CBR tests are conducted on the base course, subbase and subgrade materials.

2.
The Drop Cone Penetrometer (DCP) described herein was originally designed and used for determining the strength profile of flexible pavement structures.  It will penetrate soil layers having CBR strengths in excess of 100 and also measure soil strengths less than 1 CBR.  The DCP is a powerful, relatively compact, sturdy device that can be used by personnel inexperienced in soil strength determination.  It is a modified version based on the DM soil TESTER developed in South Africa and reported by Kleyn (1975) and Van Vuuren (1969).

3. The Soil Assessment Cone Penetrometer (SACP) or Airfield Cone Penetrometer (ACP), is an instrument which will assist engineering personnel in determining an index of soil strengths for various military and civil applications.  

B.
Descriptions 

1.
The DCP consists of a steel rod with a steel cone attached to one end which is driven into the pavement or subgrade by means of a sliding dual mass hammer (Appendix A) Figure 1.  The angle of the cone is 60 degrees and the diameter of the base of the cone is 0.790 inch.  The cone is hardened to increase service life.  The diameter of the cone is 0.16 inch larger than that of the rod to ensure that the resistance to penetration is exerted on the cone.  (Appendix A) Figure 2 shows an assembled DCP with vertical scale for measuring the cone penetration depth.  The DCP is driven into the soil by dropping either a 17.6-pound or 10.1 pound sliding hammer from a height of 22.6 inches.  The 17.6 pound hammer is converted to a 10.1-pound hammer by removing the hexagonal setscrew and removing the outer steel sleeve as shown in (Appendix A) Figure 3.  This procedure can be accomplished during a test since the outer steel sleeve is designed to slide over the DCP handle.  The cone penetration caused by one blow of the 17.6 pound hammer is essentially twice that caused by one blow of the 10.1-pound hammer.  The 10.1-pound hammer is more suitable for use and yields better test results in weaker soils having CBR values of 10 or less.  This feature makes the DCP extremely useful in evaluating soils in foundations for residential structures, which require a bearing value of 2000 psf (approximate CBR of 6%).  The 17.6-pound hammer penetrates high strength soils quicker and may be preferred when these type soils are encountered.  However, the 10.1-pound hammer can be used on soils up to 80 CBR.  The depth of cone penetration is measured at selected penetration or hammer drop intervals and the soil shear strength is reported in terms of DCP index.  The DCP index is based on the average penetration depth resulting from one blow of the 17.6-pound hammer.  The average penetration per hammer blow of the 10.1-pound hammer must be multiplied by 2 in order to obtain the DCP index value.  The DCP is designed to penetrate soils to a depth of 36 inches.  Individual DCP index values are reported for each test depth resulting in a soil-strength-with-depth profile for each test location.

2.
Disposable Cone

The disposable cone is for use in soils where the standard cone is difficult to remove.  The disposable cone mounts on an adapter as shown in (Appendix A) Figure 5.  At the conclusion of the test, the disposable cone easily slides off the cone adapter allowing the operator to easily remove the DCP device from the soil.  The disposable cone remains in the soil.  Use of the disposable cone in hard soils approximately doubles the number of tests per day that can be run by two operators.

3.
Go-No Go Gauge

The Go-No Go Gauge is used to ensure that the cone base diameter is within proper tolerance.  Each new cone should be checked before use and at selected usage intervals to ensure that the cone base diameter is within tolerance of between 0.780 and 0.800 inches.  The must be replaced if its base diameter fits into both ends or neither end of the Go-No Go Gauge.  The cone is within proper tolerance when it fits into only one end of the gauge.

4.
Basic Unit and Accessories

a.
The basic unit includes:



- Top rod threaded and welded to the handle



- Bottom rod threaded and welded to the anvil



- Vertical scale in centimeters and inches



- Go-No Go Gauge



- Six-hardened 60 degree fixed cones


b.
The accessories available include:



1.  Disposable cone kit:


     - Four hardened cone adapters


     - 200 disposable cones



2.
Tool kit:


     - Two pair of channel lock pliers


     - One can of 3-in-1 Oil


     - Loctite thread locking compound


     - Hexagonal wrench set (5/64 to 1/4)

3. Spare parts are available in the following quantities:


- Five hardened cone points



- One adapter



- Five disposable cones


5.  The SACP is a compact and sturdy device and is sufficiently simple to use by personnel who are inexperienced in the techniques of soil strength determination.  Due to the need for construction to be completed in as short a time as possible at EAF sites, methods for rapid evaluation and identification of soil and their properties are necessary. 

C.
Use of the DCP
1.
The DCP test causes wear to the metal parts that make up the device.  Parts of the DCP will eventually suffer fatigue failure and will have to be repaired or replaced.  In order to ensure maximum service life, the DCP should be inspected before it is used to ensure that all of the joints are tight.  Thread locking compound should be used on loose joints.  Also, the cone base diameter should be checked to ensure that it is within tolerance.  If the cone point becomes bent or too blunt to penetrate around aggregate, it must be replaced.

2.
Two people are required to operate the DCP.  One person holds the device by its handle in a vertical position and taps the device using the hammer until the base of the cone is flush with the surface of the soil.  The second person then checks the device for a zero reading by holding the vertical scale to prevent it from sinking into the soil.  The bottom of the 4-inch diameter portion of the hammer should read zero millimeters on the vertical scale.

3.
In weak soils, the weight of the DCP will sink the cone past its zero reading.  In this case, a zero blow penetration reading is recorded at the actual measured pretest depth in millimeters.  The hammer is then raised to the bottom of the handle and dropped.  Care should be exercised when raising the hammer to ensure that the hammer is touching the bottom of the handle but not lifting the cone before it is allowed to drop.  The hammer must be allowed to fall freely with its downward movement not influenced by any hand movement.  The operator should also be careful not to exert any downward force on the handle after dropping the hammer.  Both the operator and the recorder should keep track of the number of hammer drops (blows) between measurements.  The recorder is responsible for recording the penetration after each set of hammer blows.  The penetration measurements are recorded to the nearest 5-mm.  As an example of how to read the penetration depth, (Appendix A) Figure 6 shows a penetration depth of 150 mm.

4.
The cone must penetrate a minimum of 25 mm between recorded measurements.  Data taken at least than 25-mm penetration increments are unnecessary and sometimes result in inaccurate strength determination.  The number of hammer blows between measurement recordings will generally be 20, 10, 5, 3, 2 or 1 depending on the soil strength and thus cone penetration rate.  Both the operator and recorder should be alert to sudden increases in the cone penetration rates during the test.  Any noticeable increases in the penetration rate indicate a weaker soil layer.  The operator should stop and allow the recorder to record the blow count and penetration depth whenever a weaker soil layer is encountered.

5.
After the cone has been driven to the desired test depth (maximum 39 inches), it is extracted from the soil by driving the hammer against the top handle.  Caution must be exercised during this operation in order not to damage the DCP.  The hammer must be raised in a vertical direction (rather than an arcing motion) or the rod may be bent or broken where it connects to the anvil.  In soils where great difficulty is encountered in extracting the DCP, the disposable cones should be used.  Use of the disposable cones will save wear and tear on both the device and the operator.

6.
In some soils with large aggregate, the DCP may tend to penetrate the soil at a slant rather than from a vertical direction.  The operator should not apply force to the handle of the DCP in an attempt to force it to penetrate the soil vertically.  Lateral force on the handle in an attempt to make the DCP penetrate the soil vertically will cause the upper handle rod to fatigue and break at the point where it screws into the anvil.  Instead, the test should be stopped when the handle deviates laterally 6 inches or more from the vertical position, and a new test attempted at another location.

    D.  Use of the SACP
1.   For expedient construction operations, CBR values can be determined using the soil assessment cone penetrometer.  The soil assessment cone                penetrometer was developed in order to provide a rapid and simplified 

alternative to the standard CBR test and will generally produce similar results.  

2.   Military personnel involved in EAF construction should become thoroughly  

familiar, with the operating manual for this instrument.  Before using the 

    
penetrometer in the field, the instrument should be inspected to see that it is in 

    
proper working condition and that the load indicator reads zero.  The soil 

    
assessment cone penetrometer must be used with the smaller diameter cone 

    
(0.5-inch diameter) when measuring subgrade CBR.

3. In general, the soil assessment cone penetrometer is operated by placing both 

hands, palms down, symmetrically on the handle of the instrument.  Force is 

applied to the handle effecting a slow, steady, downward movement of the 

instrument.  The load indicator located on the upper part of the instrument is 

read at the moment the base of the cone enters the ground (surface reading).  

Then at desired depths below the ground surface at the moment the  

corresponding depth mark on the shaft reaches the soil surface (the shaft is 

marked in 3-inch intervals).

4.  The reading is made by shifting the line of vision from the soil surface to the

load indicator a moment before the desired depth is reached.  It is possible for 

one person to operate the instrument and record the measurements by 

stopping the penetration at any intermediate depth, recording the previous 

reading, then resuming the penetration.  A preferred method for reading the 

instrument is to use a two person team in which one person operates the 

instrument while the other person reads the instrument and records the data.

5.  The following items are of primary concern in the proper use of the soil 

assessment cone penetrometer:


a.  The instrument should be kept in a vertical position during penetration.

b.
The rate of penetration should be in the range of 1/2 to 1 inch per second.  However, slightly faster or slower rates will not normally affect the readings.

c.
If it is suspected that the cone is encountering a stone or other foreign object at the depth where a reading is desired, another penetration should be made nearby.

d.
The readings should be taken at the proper depths.  Failure to do so may result in significant errors.

E.
DCP Maintenance
1.
The DCP should be kept clean and all soil removed from the penetration rod and cone before each test.  A light application of spray lubricant or oil should be applied to the hammer slide rod before each day's use.  All joints should be constantly monitored and kept tight.  Loose joints will lead to equipment failure.  Any problem joints should be treated with a joint locking compound.  The lower penetration rod should be kept clean and lubricated with oil when clay soils are tested.

2.
Special care must be taken with the structural steel model 200 when storing the unit.  It must be protected from rust with a light coat of oil or other rust resistant material.

F.  Soil Strength Evaluations with the DCP/SACP
1.
Number of Measurements.  The number of measurements to be made, the location of the measurements, depth of measurements required, and frequency of recording data with depth vary with type of road or foundation and with time available for conducting the tests.  For this reason, hard and fast rules for the number of tests required in evaluating roads and airfields are not practicable.  Soil conditions are extremely variable.  The strength range and uniformity of the soils or existing pavement materials will generally control the number of measurements necessary.  In all cases, it is advisable to test those spots that appear to be weakest first, since the weakest condition controls the pavement or foundation evaluation.  Penetrations in areas that appear to be firm and uniform may be few and widely spaced.  In areas of doubtful strength, the penetration tests should be more closely spaced.  No less than three penetration tests should be made in each area having similar type soil conditions.

2. Reading Depths in Soil.  Soil strength usually increases with depth, but in some cases a thin, hard crust will overlay a soft layer, or the soil will contain thin layers of hard and soft materials.  For this reason and the fact that some vehicles will affect the soil to depths of 36 inches or more, it is recommended that each penetration be made to a depth of 36 inches (DCP) and 24 inches (SACP) unless prevented by a very hard condition at a lesser depth.  Soil test depths may be reduced when required traffic operations are known and the thickness requirements indicate that a reduced thickness above the subgrade controls the evaluations.  For shallow foundations, with a footing width of 2 feet, tests should be conducted to a depth of 36 inches.

3.
Correlation of DCP and SACP Indexes with CBR.  Correlation of DCP index with CBR is the soil strength value often used for designing and evaluating unsurfaced, aggregate surfaced and flexible pavements for roads.  Waterways Experiment Station technicians collected a database of field CBR versus DCP values from many sites and different soil types (Appendix A, table A1).  In addition, correlation test results by Harrison (1987), Kleyn (1975), Livneh and Ishai (1987), and Van Vuuren (1969) were compared with the data base test values (Appendix A, Figure A1).  General agreement was found between the various sources of information.  The equation Log CBR-2.46-1.12 (LogDCP) was selected as the best correlation.  In this equation, DCP is the penetration ratio in millimeters per blow for the 17.6-pound hammer.  (Appendix A) Figure 7 shows a plot of the correlation of CBR versus DCP index (1).  (Appendix A) Figure 8 shows a tabulated correlation of DCP index with CBR (1).  Figure 9 shows the correlation between the CBR values and the bearing value in psf.  This correlation is helpful when bearing value (psf) is needed.  This is usually desirable for shallow foundations.

4.
Data Tabulation.  A sample format for DCP data collection is shown in (Appendix A) figure 10.  The data can be tabulated in spreadsheet format with the only data input values required being those of the number of hammer blows.  A blank copy of the data collection sheet is shown in (Appendix A) figure 11.

5.
Data Analysis.  The user should group test data for locations having similar type soil conditions.  For each location group, an individual should make a combined data plot showing CBR, interpreted from (Appendix A) Figure 7, versus depth in inches as shown in (Appendix A) Figure 11.  From this data an average data plot of CBR versus depth in inches should be developed.

III.
Summary.

During this lesson we discussed the Drop Cone Penetrometer/Soil Assessment Cone Penetrometer, their nomenclature, description, uses and applications.  You the WTI student should be able to provide a means for rapid alternative sublayer soil assessment when determining the trafficability of future/potential airfield sites and access roads.
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