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BASIC SOILS AND AIRFIELD CONSTRUCTION

STUDENT OUTLINE

I.
Introduction

A.
Lesson Purpose.  The purpose of this lesson is to familiarize the WTI student with a basic understanding of soils and soil classifications.  Additionally, you will understand the basic construction characteristics and design considerations of a flexible-pavement airfield.  The last portion will briefly describe soil stabilization and what methods are available to accomplish this technique.

B.
References
1.
FM 5-36, Route Reconnaissance and Classification

2.
FM 5-430-00-1, Planning and Design of Roads, Airfields, and Heliports in the Theater of Operations - Airfield and Heliport Design

3.
FM 5-430-00-2, Planning and Design of Roads, Airfields, and Heliports in the Theater of Operations - Airfield and Heliport Design

4.
FM 5-541, Military Soils Engineering

5. NAEC-51-8100, Soil Stabilization for Support of Marine Corps Expeditionary Airfield (EAF) Facilities

C.  Enabling Learning Objectives

1. Without the aid of reference, define soil and describe the Unified Soils Classification System (USCS) and the three categories of soils.

2. Without the aid of references, state the characteristics of the desired properties of the soil groups.

3. Without the aid of references, define a typical flexible-pavement structure and the layer that make it up.

4. Without the aid of references, describe the four methods of soil stabilization and explain the primary functions served by stabilizing the soil.


II.
Body

A. Background.  Because the difference between victory and defeat is often relatively slight, the proper use of terrain and weather can mean the difference; only those who understand the effects of terrain and weather on military operations can effectively organize and use their forces.  As a MAGTF, our ability to maneuver effectively about the battle space will enable us to affect the enemy to our liking.  For aviation, this means being able to project power forward through expeditionary forward basing of our assets.  As an MWSS planner, having a basic understanding of soils and airfield construction, you will be better able to support the ACE scheme of maneuver and provide the required AGS services essential to the modern battle space.

B.
Soils and Soil Classifications
1.
Knowledge of the physical properties of soil is essential in solving many problems of design and construction associated with roads and airfields.

2.
In cases that involve deliberate construction, time and facilities may be available for a reasonably complete field and laboratory study of soils encountered on the project.  Our sister services can provide this capability when deployed in a joint or combined environment.  However, due to our expeditionary nature, time and facilities may not be available.  Accordingly, the engineer must be able to judge soils from visual inspection and field classifications.  He must be able to decide promptly which of the available soils is best suited for construction, the type and extent of drainage required, whether soil is frost sensitive, what type of soil stabilization may be practical and the scope of engineer effort to work with the soil.

3.
Soil is defined as the entire unconsolidated material that overlies bedrock and is clearly distinguishable from bedrock.  It is composed principally of the disintegrated and decomposed products of rock.  It contains air and water, as well as organic matter derived from the decomposition of plants and animals.

4.
Gradation
a.
Soils may be divided into several different groups on the basis of the size of particles included in each group.  The scale used in the Unified Soil Classification System (USCS) is shown in Table 1.  Several methods may be employed to determine the size of soil particles contained in a soil and the distribution of particle sizes.  The most common method is the sieve analysis.  In this method, the soil is separated into its fractions by shaking the material through a nest of sieves of increasing fineness.  Commonly used sieves are designated as 3, 2, 1 1/2, 1, 3/4, and 1/4 inch sieves and US Standard No. 4, 10, 20, 40, 60, 100 and 200 sieves.  A No. 4 sieve has 4 groupings per lineal inch or 16 openings per square inch, and so on.
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b.
The gradation can be further broken down into its distribution.  Figure 1     illustrates these distributions.
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(1)
Well-graded soils.  A soil having a good representation of all particle sizes from the largest to the smallest.

(2)
Poorly-graded soils.  Those not meeting the conditions of the well-graded are called Poorly-graded soils.  These can be further broken down into two types:

(a)
Uniformly-graded soils.  Soil that consists of particles which are predominantly of the same size.

(b)
Gap-graded soils.  Soils that contain some large and some small particles but the continuity of gradation between them is broken by the absence of certain mid-sized particles.

c.
Effect of Gradation

(1)
Coarse materials that are well-graded are usually preferable for bearing from an engineering standpoint, since good gradation usually is conducive to high density and stability.

(2)
By proportioning components to obtain a well-graded soil, it is possible to provide for maximum density.  Such proportioning develops an "interlocking" of particles with smaller particles filling the voids.  This makes the soil stronger and more capable of supporting heavier loads.

5.
Unified Soils Classification System (USCS)
a. Soils seldom exist in nature separately as sand, gravel, or any other single component, but are usually found as mixtures with varying proportions of particles of different sizes.  Each component contributes its characteristics to the mixture.  The USCS is based on those characteristics of the soils that indicate how it will behave as a construction material.

b. Under the USCS, all soils are divided into three major categories:

(1)  Coarse-grained soils

(2)  Fine-grained soils

(3)  Organic soils

Coarse-grained and fine-grained soils are differentiated by grain size.  Organic soils are identified by the presence of large amounts of organic material (such as peat).

c.
The Unified Soil Classification System further divides soils that have been classified into the major soil categories by using letter symbols.  The basic categories are:

(1)
Gravel = G

(2)
Sand = S

(3)
Clay = C

(4)
Silts = M

(5)
Organic = O

These can be further broken down into two-letter symbols.  Appendix A and B provide a breakdown of these categories and symbols, in addition to providing useful information on the applicability of these soils for construction efforts.

d.
Coarse-grained soils are defined as those in which at least half the material by weight is larger than (retained on) a No. 200 sieve.  They are divided into two of the major divisions: gravel and sands.  This is determined by the sieve analysis.  These gravel and sand coarse-grained soils can also be further broken down into sub-groups, as illustrated in Appendix A.

e.
Fine-grained soils are those in which more than half the material is smaller than (passes) a No. 200 sieve.  These are not classified on the basis of grain size distribution, but according to plasticity and compressibility.  Fine-grained soils are further classified into two groups, with the symbols L and H.  L groups have liquid limits less than 50 percent and H groups, which have liquid limits equal to and greater than 50 percent.  Basically, the L and H have general meanings of low and high compressibility, respectively.

6.
Characteristics of Soil Groups
a.
Desirable Properties.  The properties desired in soils for foundations under roads and airfields and for base courses under flexible pavements are: adequate strength, good compaction characteristics, adequate drainage, resistance to frost action in areas where frost is a factor, and acceptable compression and expansion characteristics.  General characteristics of the soils groups pertinent to roads and airfields are presented in Appendix C.  This table has columns 1 through 5 showing the major soil divisions, group symbols, hatching and color symbols, and column 6 gives the name of the soil types.  Columns 7 through 9 evaluate the performance (strength) of the soils groups when used as a sub-grade, sub-base, and base course material.  Potential frost action is shown in column 10; compressibility and expansion characteristics are shown in column 11; and column 12 shows their drainage characteristics.  Types of compaction equipment which perform satisfactorily on the various soil groups are shown in column 13; column 14 shows ranges of unit dry weight for compacted soils.  Column 15 shows ranges of typical California Bearing Ratio (CBR) values to be anticipated for use in airfield design, and column 16 gives range of modulus of sub-grade reaction, k.

b.
The information in Appendix C provides an excellent overview of soils and their characteristics for construction of roads and airfields.  Some highlighted information to assist the planner includes:

(1)
Coarse-grained soils generally make the best sub-grade, sub-base, and base coarse materials.

(2)
Poor gradation of the soils may reduce their value and offer only moderate strength.

(3)
Reduced qualities in soil can be compensated for in flexible pavement design by increasing the thickness of the overlying base material, and in rigid pavement design by increasing the pavement thickness or by the addition of a base course layer.

(4)
For wearing surfaces on unprepared roads, sand-clay-gravel mixtures (GC) are generally considered the most satisfactory.

(5)
If materials with good drainage characteristics are not available, then a properly designed drainage system is required.

(6)
Good compression (or compaction) is required to provide stability to the soil.

7.
California Bearing Ratio (CBR)
a.
We mentioned the term California Bearing Ratio (CBR).  California Bearing Ratio is defined as a measure of the shearing resistance of a soil under carefully controlled conditions of density and moisture.  The CBR is determined by a penetration shear test and is used with empirical curves for designing flexible pavements.  CBR values may range from 5 or less for highly plastic, inorganic clays (CH) to as high as 80 for well-graded gravel and gravel-sand mixtures.  The CBR value basically identifies the soil’s capability to withstand a load, thus providing stability to a road or airfield construction project.

b.
A tool that can be used to measure CBR is the Dual Mass Dynamic Cone Penetrometer, or DCP.  This tool has recently been introduced to the Marine Corps throughout the EAF section of the MWSS.  The DCP is used to measure soil strength and correlating DCP index with CBR strength values required for operation of aircraft and military vehicles on unprepared surfaces.  Procedures also exist to evaluate aggregate surfaced roads and airfields for military operations based on existing soil strength conditions.  Appendix C provides information on CBR values required in the construction of roads and airfields.

8.
Airfield Index.  Another value that can be used to give engineer personnel an index of soil strength is the Airfield Index (AI).  This is found by the use of an airfield cone penetrometer, or Soil Assessment Cone Penetrometer (SACP).  The SACP is compact, sturdy, and simple enough to be used by military personnel inexperienced in soil strength determination.  The SACP provides readings from 0 to 15 and indicates the Airfield Index (AI).  Figure 2 provides a means of correlating CBR with an AI value.  The SACP works well in silt or clay.  In gravel, the readings are meaningless, due to the hardness of the material.  In sand, the SACP requires special treatment.  When dry, sands occur in a loose state, thus the initial 2-inch depth index is often low - about AI 3 or 4.  In these conditions, only aircraft such as the C-130 class can operate, as the strength of the sand increases under the confining action of the aircraft tires.
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C.
Airfield Design Characteristics
1.
Design Considerations  

a.
Pavement structures may be rigid or flexible.  In rigid pavements, the wearing surface is made of Portland cement concrete.  A rigid pavement made of concrete will have great flexural strength, permitting it to act as a beam and allowing it to bridge over minor irregularities that may occur in the base or the sub-grade upon which it rests.

b.
All other types of pavements are classified as flexible.  In a flexible pavement, any distortion or displacement occurring in the sub-grade is reflected in the base course and continues upward into the surface course. Flexible denotes the tendency of all courses in this type of structure to conform to the same shape under traffic.

c.
Flexible pavements are used almost exclusively for road and rear area airfield construction.  They are adaptable to almost any situation, and they fall within the construction capabilities of the combat heavy type engineer battalions and Naval Construction Forces.

d.
A typical flexible-pavement structure is shown in Figure 3.  It illustrates the terms used to identify the various layers.  All the layers shown in Figure 3 may not be present in every flexible pavement.  Flexible pavement design is based on the principle that the magnitude of stress induced by a wheel load decreases with depth below the surface.  Consequently, the stresses induced on a given sub-grade material can be decreased by increasing the thickness of the overlying layers (sub-base, base, and surface courses).  Appendix C lists different soil classifications and their respective performances as a sub-grade, sub-base, and base course.
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e. Sub-grades

(1) The sub-grade is generally that part of the soil profile that acts as the foundation for all loads applied above it.  It may consist of both uncompacted sub-grade (or existing subsoil) and compacted sub-grade, as shown in Figure 3.  Generally, it is only stabilized through compaction, which increases the strength of the sub-grade soils.

(2)
Some general factors to determine the suitability of the sub-grade are:

(a)
General characteristics of the sub-grade soils

(b)
Depth to bedrock

(c)
Depth to the water table

(d)
Compaction that can be attained in the sub-grade

(e)
CBR values of uncompacted and compacted sub-grades

(f)
Presence of weak, soft layers, or organic material in the subsoil

(g)
Susceptibility to detrimental frost action or excessive swell

f.
Select Materials and Sub-base Courses

(1)
When designing flexible pavements, locally available or other inexpensive materials may be used between the sub-grade and base course.  These layers are designated as either select materials or sub-bases.  Those with CBR values less than or equal to 20 are called select materials, and those with CBR values greater than 20 are called sub-bases.

(2)
Select materials will normally be locally available, coarse-grained soils (class G or S).  Sub-base materials may consist of naturally occurring, coarse-grained soils or blended and processed soils.  Lime rock, coral, shell, cinders, caliche, and disintegrated granite may be used as a sub-base material.  The soil may be stabilized through a variety of methods, such as Portland cement, hydrated lime and bituminous materials.  Normally, the select materials and sub-base can be processed and compacted using normal compaction procedures.

g. Base Course

(1) The Base course is that part of the soil profile immediately under the
wearing surface.  The purpose of the base course is to distribute the induced stresses from the wheel load so that it will not exceed the strength of the underlying soil layers.  For instance, if the sub-grade strength is low, the stress must be reduced to a low value and a thick base course is needed.  When the sub-grade strength is higher, a thinner base course will provide adequate stress distribution.  The base course is normally the highest quality structural material used in a flexible-pavement structure, having CBR values near that of crushed limestone.

(2) Careful attention needs to be placed on the selection of materials for base courses.  The materials should be dense and uniformly graded so that no differential settlement occurs.  The base course must meet certain gradation requirements, plasticity index and liquid limit requirements, as well as compaction.  The base course may be stabilized, but usually is compacted to the highest design specification and lift thickness.  Additionally, the degree to which the base course is graded (or finished) will determine the smoothness of the finished flexible pavement.  This includes furnishing a crowned, tight, water-shedding surface free of ruts and depressions.

D.
Soil Stabilization
1. Soil stabilization may be broadly defined as the alteration or preservation of one or more soil properties to improve a soil's engineering characteristics and performance.  Soil stabilization may be used for various reasons, whether to improve upon expedient construction, which quite often requires responding to severe constraints of materials, equipment, and time in a given theater of operation or to increase the habitability and trafficability of existing roads and areas deployed to.

2. There are three primary functions served by soil stabilization:

a.
Strength improvement.  Increase the stability of the existing soil to enhance its load-carrying capability.

b.
Dust control.  Eliminate or alleviate dust generated by the operations of aircraft and vehicles during dry weather or in arid climates.

c.
Soil waterproofing.  Preserve the natural or constructed strengths of a soil by preventing the ingress of surface water.

3. The decision to stabilize the existing soil depends on the type of material available, drainage characteristics of the terrain, equipment required, and the prevailing weather conditions during the proposed construction and deployment period.

4. Additionally, there are several factors to be addressed when choosing a specific stabilization technique.  These are generally discussed below.

a. Airfield usage.  The required soil stabilization technique will be influenced by the intended use of the airfield.  Often, we discuss expedient construction (EAF).  Expedient indicates a short-lived, rapidly constructed pavement or design.  Additionally, this is based on what type aircraft will be utilizing the airfield and the classification of the airfield.

b.
Soil Type and Strength.  The classification and in-situ strength of the sub-grade soils at the elevation of the airfield pavement for the selected airfield site will be the major factors influencing the need for and the choice of an appropriate technique for stabilizing the in-situ materials, if required.  The Marine Corps has no real means of testing the soil, but any major airfield construction project will employ the Naval Construction Forces, who do possess this capability.

c.
Environmental conditions.  The environmental conditions under which the soil stabilization system must be constructed and under which it will have to perform during the design life of the completed facility has a major impact on the suitability of the various methods.  These conditions include temperature, wind, humidity, precipitation, and groundwater.  Since these factors are subject to change, and cannot necessarily be determined on the basis of a short field reconnaissance, information related to these factors should also be obtained from other sources, such as meteorological reports, geologic surveys, intelligence reports, and past data from nearby installations, if available.

d.
Construction Limitations.  Military engineers are often faced with rapid mobilization and accelerated construction targets and schedules.  Knowledge of the type of equipment suitable for implementation of the various types of soil stabilization techniques is an important planning tool in the theater of operations.  This enables the Engineer to anticipate the type of equipment necessary to perform a specific stabilization job with the locally available soils and soil aggregates.  Likewise, knowledge of the possible sources of the required type of stabilizer is also useful, as are their timely shipment and storage needs.

5. There are several conventional methods that may be used to stabilize the soil.  The main four are mechanical, chemical, geotextile, and subsurface drainage.  Additionally, a combination of these four may be used.  A brief overview is provided regarding these methods.

a.
Mechanical stabilization.  In many instances, the sub-grade conditions at the site of the proposed expeditionary airfield can be improved by mechanical stabilization techniques that include compaction, blending of soils, and excavation/replacement.  Frequently, the soil is of proper gradation and type that the grading and compacting of earth-moving equipment (graders, bulldozers, front-end loaders, and compactors) will attain the required stability and strength required.  In other cases, unsuitable soil may have to be removed and replaced with a suitable soil or soil aggregate.

b.
Chemical (or admixture) stabilization.  One of the primary methods of soil stabilization is to add a chemical admixture, called a stabilizer, to the natural or borrow soils in order to improve the stability and strength of the sub-grade materials.  The most commonly used stabilizers include lime, cement, bituminous materials, fly ash, salt, lignins, or a combination thereof.  Each provides its' own unique advantages and disadvantages, depending on the soil type and application process.  Additionally, the planner needs to be aware of environmental conditions and hazardous qualities associated with the chemical admixture used.  Chemical stabilization is also an excellent means of providing dust and Foreign Object Debris (FOD) control around the airfield, base camp, and on theater of operation roads.

c.
Geotextiles.  A relatively new method of soil stabilization is the use of geotextiles with an overlying coarse-grained soil layer placed over an inadequate sub-grade. Geotextiles is a generic name applied to a wide variety of synthetic fabrics used in the construction industry.  The geotextile is placed directly on a minimally prepared weak sub-grade (usually fine-grained soils) and then covered with a coarse aggregate layer.  The geotextile prevents the intrusion of the aggregate into the sub-grade soils while at the same time prevents the sub-grade soils from pumping into the aggregate.  The geotextile also mobilizes tensile strength enabling the geotextile/aggregate system to resist deflection under loading. The coarse aggregate layer primarily provides the strength improvement.

d.
Sub-surface Drainage. It is possible that construction of an expeditionary airfield may be desired at sites where unstable sub-grade conditions exist due to poor drainage.  These conditions often exist on flood plains adjacent to rivers and other low-lying areas.  Typically, these areas are flat and would provide suitable airfield sites except for the sub-grade conditions.  Depending on the type, stratification and permeability of the natural soils, they may be sufficiently free draining such that the installation of sub-surface drains would be effective.  Once free water has drained from the natural soils, compaction of these materials may be performed to provide the necessary sub-grade improvement.

III. Summary
Today we have covered soils and soil classification, to include what soil is, how it is classified by gradation and per the USCS scale, and certain characteristics of soil.  Additionally, we defined what the California Bearing Ratio (CBR) is and the Airfield Index.  We discussed the flexible-pavement structure and the layers that make up a flexible-pavement structure.  Lastly, we discussed what soil stabilization is and presented several techniques to accomplish soil stabilization and dust control. 
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