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F. Influence of Aggregate Properties on Permeability of Pavement Bases 
 

The drainability of a pavement subbase is measured using the coefficient of permeability, denoted as 

k, which defines the quantity of water that flows through a material for a given set of conditions.  The 

quantity of flow through a given medium increases as the coefficient of permeability increases. 

 

The coefficient of permeability is defined as “the rate of discharge of water at 20
o
 C under conditions 

of laminar flow through a unit cross-sectional area of a soil medium under a unit hydraulic gradient” 

(Thornton and Leong 1995).  Coefficient of permeability measured in pavement subbases is denoted 

as hydraulic conductivity, which has the same units as velocity, and is expressed in units of length per 

time (cm/sec or feet per day).  (Note: 1 cm/s = 2835 feet per day).  Various properties that influence 

hydraulic conductivity of a pavement subbase include: gradation and shape of aggregate, hydraulic 

gradient, viscosity of the permeant, porosity and void ratio of the mix, and degree of saturation (Das 

1990). 

 

1. Effect of Gradation and Shape of Aggregate:  According to Cedergren (1974), the life of a 

poorly drained pavement is reduced to one-third or even less of the life of a well drained 

pavement. 

 

Miyagawa (1991) conducted both laboratory and in-situ hydraulic conductivity tests on a wide 

range of pavement subbases in Iowa.  Laboratory test results indicate that crushed limestone has 

higher hydraulic conductivity with a range of 7,000 to 36,900 feet per day, compared to crushed 

concrete with a range of about 340 to 12,780 feet per day.  A procedure was developed to obtain a 

relative idea of in-situ hydraulic conductivity tests.  This consisted of coring out an approximately 

4 inch diameter hole to a depth of 4 to 5 inches, filling the hole with 1 liter of water, and 

measuring the time taken to drain the water from the hole.  Compared to laboratory test results, 

in-situ tests produce on the order of 20 to 1,000 feet per day.  This reduction is believed to be a 

result of changes in gradation during compaction of the subbase material. 

 

2. Thickness Design for Achieving Desired Drainability:  The major sources of water in 

pavement systems are surface infiltration, ground water seepage, and melting of ice lenses.  A 

complete pavement drainage system is typically composed of an aggregate subbase, subdrains, 

and connections to storm sewage systems (see 6G-1 - Subsurface Drainage Systems).  A positive 

drainage system should transport water from the point of infiltration to the final exit (transverse 

drains) through material having high hydraulic conductivity and should eliminate any conditions 

that would restrict the flow (Moulton 1980). 

 

G. Construction Methods  
 

Benefits of using open-graded permeable subbase layers are widely accepted throughout the world.  

But working with open-graded material in the field and obtaining a workable platform for the 

overlying surface is not yet well defined.  According to White et al. (2004), significant segregation of 

fines is observed on subbase projects in Iowa, thus contributing to the high variation (coefficient of 

variation = 100%) in the measured in-place permeability.  To reduce segregation, the following 

construction operations were recommended: 

 A motor grader with a sharp angle (i.e., 45 degrees), should be used to push the aggregate 

transversely from a center windrow/pile, instead of spreading the aggregate material 

longitudinally along the pavement section (Pavement Technology Workshop 2000). 

 When recycled PCC is used for granular subbases, construction traffic on the subbase should be 

minimized. 

 A motor grader with GPS-assisted grading (i.e., stakeless grading control should be used to 

prepare the final surface for paving, rather than trimming equipment. 
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If trimming equipment must be used, the aggregate should be delivered to the site with sufficient 

water content (7% to 10%) to bind the fines during trimming to prevent segregation. 

 

The key to a properly constructed subbase is keeping the material uniformly moist and 

homogeneously blended.  The modified subbase material may be placed and trimmed with an auto-

trimmer or dumped from trucks and spread with a motorgrader.  The placement and compaction 

should be completed to minimize segregation and with a minimal increase in fines. 

 

H. Quality Control/Quality Assurance Testing 
 

1. In-situ Measurement of Stability of Aggregate Subbase: 

 

a. Dynamic Cone Penetrometer (DCP) Test:  DCP is an instrument designed for rapid in-situ 

measurement of the structural properties of existing pavements with unbound granular 

materials (Ese et al.1994).  The cone penetration is inversely related to the strength of the 

material.  DCP test is conducted according to ASTM D 6951 (Standard Test Method for Use 

of Dynamic Cone Penetrometer in Shallow Pavement Applications), which was first released 

in 2003.  This test involves measurement of penetration rate per each blow of a standard 17.6-

pound hammer, through undisturbed and/or compacted materials.  Primary advantages of this 

test are its availability at lower costs and ease to collect and analyze the data rapidly (See 

Section 6E-1 - Subgrade Design and Construction, for more information). 

 

b. Clegg Impact Hammer Test:  This test was standardized in 1995 as ASTM D 5874, 

(Standard Test Method for Determination of the Impact Value IV of a Soil).  This is a simple 

and rapid in-situ test that can be performed on subbase and subgrade materials.  This test 

method is suitable to evaluate the strength characteristics of soils and soil aggregates having 

maximum particle size less than 1.5 inches (ASTM D 5874). 

 

c. GeoGauge Vibration Stiffness Test:  The GeoGauge is a 22 pound electro-mechanical 

instrument, which provides a direct measure of in-situ stiffness (MN/m) and modulus (MPa).  

The test is a simple non-nuclear test on soils and granular materials that can be performed 

without penetrating into the ground. 

 

d. Portable Falling Weight Deflectometer (PFWD) Test:  The PFWD test is a simple and 

rapid non-destructive test that does not entail removal of pavement materials, and hence is 

often preferred over other destructive methods.  In addition, the testing apparatus is easily 

transported.  Layer moduli can be back-calculated from the observed dynamic response of the 

subbase surface to an impulse load. 

 

e. Falling Weight Deflectometer (FWD) Test:  The FWD is a trailer-mounted system that is 

similar to the PFWD but generally imparts a higher load pulse to simulate vehicle wheel 

loads.  FWD tests are normally performed on the pavement surface, but, with special testing 

criteria, they can be performed directly on granular base layers and can be used to back-

calculate layer moduli up to about 6 feet deep.  FWD results are often dependent on factors 

such as the particular model of the test device, the specific testing procedure, and the method 

of back-calculation (FAA 2004). 
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Subsurface Drainage Systems 
 

A. General Information 
 

Subsurface drainage is a key element in the design of pavement systems.  Indiscriminate exclusion of 

this element will assuredly lead to the premature failure of pavement systems, thereby resulting in 

high life-cycle costs.  Faulting and associated pumping in rigid pavements systems, extensive 

cracking from loss of subgrade support in flexible pavements, and distress from frost heave are clear 

signs of inadequate drainage.  The two basic design strategies promoted are to (1) prevent water from 

entering in the first place and (2) quickly remove any water that does infiltrate.  After years of 

unsuccessful sealing attempts, the profession has learned that we cannot prevent water from entering 

a pavement and that removal of water is essential for the pavement elements to perform as desired 

(Christopher and McGuffey 1997). 

 

Proper drainage cannot be overstressed in road construction.  Water affects the entire serviceability of 

a road.  In general, Iowa soils are fine-grained with low permeability.  Coupled with a wet climate, if 

there is no subsurface drainage in pavement construction, the subgrade and subbase can be saturated 

for long periods.  Starting from the bottom up, subsurface drainage may be the most important factor 

contributing to the longevity of a pavement section.  Water in the subgrade and subbase weakens the 

support provided to the pavement.  Maintaining the integrity of the subgrade and subbase can be 

accomplished through subsurface drainage and separation of the subbase from the subgrade using 

geotextiles. 

 

Urban pavements with curbs are generally designed to direct surface stormwater within the right-of-

way and adjacent property toward the pavement, where it is intercepted and transported by a system 

of stormwater intakes and pipes.  This encourages the introduction of additional subsurface and 

surface water to the pavement system.  Footing drains for adjacent structures may drain to this storm 

sewer system, a specially-constructed footing drain collector, or a combination subdrain/footing drain 

collector. 

 

Proper surface drainage can reduce the amount of water infiltrating through the pavement and is a 

strategy that goes hand in hand with proper subsurface drainage.  Most free water will enter the 

pavement through joints, cracks, and pores in the surface of the pavement.  Water also will enter from 

backup in ditches and groundwater sources.  Drainage prevents the buildup of free water in the 

pavement section, thereby reducing the damaging effects of load and environment.  Based on 

documented case histories, studies have shown that pavement life can be extended up to three times if 

adequate subsurface drainage systems are installed and maintained (Cedergren 1989). 

 

The importance and design of subgrade and subbase drainage is discussed in Section 6E-1 - Subgrade 

Design and Construction, and Section 6F-1 - Pavement Subbase Design and Construction.  Generally, 

Iowa’s soils are fine-grained and will have low permeability as indicated in the state permeability 

map shown in Figure 6G-1.01.  Most subgrade soils in Iowa have poor drainage quality by AASHTO 

standards, less than 10 feet per day (< 5 inches/hour).  Coupled with the fact that Iowa receives over 

20 inches of precipitation a year and is considered a wet climate, subgrades and subbases can be 

saturated for long periods if subsurface drainage is not accommodated in pavement system 

construction.  Subdrain systems, specifically designed to drain subsurface water, are a solution to 

remove water from permeable subbases and drainable subgrades.  The advantage of a functional 
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subsurface pavement drainage system will vary based on climate, subgrade soils, and the design of 

overall pavement system. 

 

Figure 6G-1.01:  Permeability of Iowa Soils 
 

 
 

Source:  Eash 2001 
 

Unless a subsurface exploration determines subsurface drainage systems are not necessary, they 

should be installed for most paving projects in Iowa.  A successful drainage design process must 

adequately and consistently address the following: 

 Evaluation of the need for subdrainage. 

 Determination of the necessary subdrainage components for the given situation. 

 The hydraulic and structural design of subsurface drainage systems and their integration into the 

overall pavement design process. 

 Property specifications of drainage materials for achieving long-term performance.  

 Documentation of special construction and maintenance considerations. 
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B. Need for Subsurface Drainage 
 

The damaging effects of excess moisture on pavement have long been recognized.  Moisture from a 

variety of sources can enter a pavement structure.  Figure 6G-1.02 shows that moisture in the 

subgrade and pavement structure can come from many different sources.  Water may seep upward 

from a high ground water table, or it may flow laterally from the pavement edges.  Knowledge of 

ground water and its movement are critical to the performance of pavement as well as the stability of 

adjacent sideslopes.  Ground water can be particularly troublesome for pavements in low-lying areas.  

When pavements are constructed below the permanent or a seasonally high water table, drainage 

systems must perform or rapid pavement failure will occur.  This moisture, when combined with 

traffics loads, voids in pavement sections, and freezing temperatures, can have a negative effect on 

both material properties and overall performance of a pavement system. 

 

The most significant source of excess water in pavements is typically infiltration through the surface 

through joints, cracks, and other defects in the surface that provide an easy path for water.  The 

problem only worsens with time.  As pavements age and deteriorate, cracks become wider and more 

abundant and joints and edges deteriorate into channels through which water is free to flow.  The 

result is more water being allowed into the pavement structure with increasing age, which leads to 

accelerated development of moisture-related distresses and pavement deterioration.  Excess moisture 

in a pavement structure can adversely affect pavement performance.  While a pavement structure can 

be stable at given moisture contents, the pavement structure may become unstable if the materials 

become saturated.  High water pressures can develop under traffic loads.  Water in the pavement 

structure can freeze and expand, developing high internal pressures on the pavement structure.  

Flowing water can carry soil particles and lead to clogging of drains and, in combination with traffic, 

lead to pumping of fines from the subbase or the subgrade. 

 

Figure 6G-1.02:  Sources of Moisture in Pavement Systems 
 

 
 

Source:  Based on FHWA-NHI 2004 
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C. Types of Drainage Systems  
 

To avoid moisture-related problems, a major objective in pavement design should be to keep the 

subgrade, subbase, and pavement structure from becoming saturated or exposed to high moisture 

levels.  Three approaches exist for controlling or reducing the problems caused by moisture: 

 

1. Prevent moisture from entering the pavement system 

 

2. Use materials and design features that are insensitive to the effects of moisture 

 

3. Quickly remove moisture that enters the pavement system. 

 

No single approach can completely negate the effects of moisture on the pavement system over a 

period of many years.  It is practically impossible to effectively seal the pavement from water 

intrusion.  While materials that resist moisture can be incorporated, this is often not cost effective and 

in many cases such materials are simply not available locally.  Indeed, subgrades that are susceptible 

to moisture deterioration cannot easily or cost effectively be replaced.  Thus, the need for drainage 

systems that can quickly and effectively remove water from the pavement system is necessary. 

 

Positive drainage can be affected with three elements: 

 

1. Subbase to provide rapid drainage of free water that may enter the pavement structure. 

 

2. Longitudinal subdrain collector system to convey accumulated water from the subbase. 

 

3. Filter-separator layer to prevent the migration of fines (minus 200 sieve material) into the subbase 

from the subgrade (see Figure 6G-1.03, Cases A and C). 

 

Unrestricted flow to the subbase must be ensured.  The filter-separator layer, whether aggregate or 

geotextile, must be properly designed to prevent migration of fines and possible base contamination.  

Since many existing pavements have been designed and constructed with impermeable subgrades, 

rapid lateral drainage from the base of these rehabilitated pavement sections is not feasible.  Here, 

retrofit with longitudinal subdrains can affect drainage of water that has infiltrated the pavement 

structure and migrated to the slab/subgrade interface.  Subdrains placed adjacent to the pavement can 

intercept this water and shorten the time it is present at the interface, thereby minimizing the potential 

degradation effects (see Figure 6G-1.03, Case B). 

 

Generally, footing drains for adjacent structures may drain to a storm sewer system or a combination 

subdrain/footing drain collector.  However, a combination subdrain/footing drain collector, as shown 

in Figure 6G-1.03, Cases D and E, may be installed to serve both purposes.  See Chapter 2 - 

Stormwater, for guidance on sizing of footing drain collectors; normally pipe sizes range from 8 to 12 

inches in diameter. 
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Figure 6G-1.03:  Subdrains 

(SUDAS Specifications Figure 4040.231) 
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D. Design 
 

Design of subsurface pavement drainage systems consists of balancing permeability and stability and 

removing collected water rapidly.  Important components consist of subbase material, a separating 

layer to prevent infiltration of subgrade materials into the subbase, and a collection and removal 

system.  Design approaches for each of the components are summarized below. 

 

1. Subbase:  For the design of subbases, see Section 6F-1 - Pavement Subbase Design and 

Construction.  One of the purposes of the subbase is to remove infiltration water.  The subbase 

should consist of durable, crushed, angular aggregate with the best porosity so that it will release 

the maximum amount of water.  However, the structural requirements for the overall pavement 

section must be met using appropriate pavement design practices.  The subbase can be stabilized 

or unstabilized.  Effective subbase design must address structural, hydraulic, material durability 

and quality, constructability, and maintenance requirements. 

 

Hydraulic requirements must be addressed for specific project conditions; however, the time 

period that free water is present within the pavement structure should be minimized, preferably 

less than 2 hours following end of precipitation.  To maintain positive flow through the base, the 

road section should be sloped as much as possible, with a minimum cross slope of 2%.  The 

highest permeability materials are unstable under construction traffic; therefore, it is desirable to 

use a more stable material with a lower permeability, such as 150 to 350 feet per day (75 to 175 

inches per hour). 

 

FHWA (1992) guidelines indicate that the quality of crushed aggregates is the single most 

important factor for the stability of a subbase.  Breakdown of the aggregate could cause both loss 

of support and a decrease in permeability.  Los Angeles Abrasion Wear should not exceed 50%, 

and aggregate soundness loss should not exceed the requirements for a Class B aggregate as 

specified by AASHTO M 283 (i.e., 12% for sodium sulfate test or 18% for magnesium sulfate 

test). 

 

To enable proper construction of subbases, several construction guidelines have been proposed 

(Christopher and McGuffey 1997).  Unstabilized materials generally are used in thicknesses of 4 

inches or more.  Asphalt and cement stabilized materials can be built as thin as 2 inches, however, 

4 inches is recommended as a minimum.  Material gradations vary widely; see White et al. (2004) 

for a review. 

 

Of the subbase materials included in SUDAS Specifications Section 2010, only granular subbase 

and modified subbase will provide adequate permeability.  Granular subbase provides the highest 

permeability, however it is generally unstable under construction traffic.  Modified subbase 

provides both stability and good permeability. 

 

2. Separator/Filter Layers:  There is usually a need for a separator/filter layer between the subbase 

and the subgrade.  Filtration compatibility of the subbase must be evaluated with respect to both 

the subgrade and the subbase to prevent migration of the subgrade into the subbase. 

 

Geotextiles are commonly used as separators/filters.  The FHWA geosynthetics manual (Holtz et 

al. 1995) provides guidelines on design procedures.  Care must be exercised in the amount of 

cover material over geotextiles as there is potential for damage from equipment.  Normally, 6 

inches is considered the minimum thickness when earthmoving equipment is used for placement. 

 

Dense-graded (low permeability) subbase can be placed below the permeable subbase and 

provide adequate separation.  Filter criteria need to be checked for impermeable subbase 

materials that will be adjacent to the permeable subbase. 





Chapter 6 - Geotechnical Section 6G-1 - Subsurface Drainage Systems 

 

 8 Revised:  2013 Edition 

 

c. Geocomposite Subdrains:  Prefabricated, geocomposite subdrains (PGEDs) have recently 

been in high use and have been found to be very effective in removing water, with drainage 

rates equal to or better than pipe drains.  Although many states have found PGEDs to be cost 

effective for retrofit applications, problems of clogging and intrusion of fines and buckling 

during construction have somewhat limited their use.  Design considerations for PGEDs are 

detailed in NCHRP Report 367 (Koerner et al. 1994). 

 

E. Construction Issues 
 
Construction decisions and actions can have a significant impact on the performance of the pavement 

section.  The design and construction groups must consider (1) each phase of construction, including 

subgrade preparation, placement of separation/filtration layers, construction of drains, placement of 

subbase, and construction of the pavement section; and (2) how the decisions of one group will affect 

the actions and decisions of the other group. 

 

In the design phase, the designer must be concerned with how construction details, sequencing of 

work, site accessibility, and protection of drainage components will integrate with both the methods 

and equipment that can be used for pavement and drainage facility construction.  Design decisions 

such as location of collector pipes and outlets, temporary and permanent surface drainage, and 

aesthetic treatments will influence how construction can be conducted.  Such decisions will affect the 

right-of-way required for construction of the drainage systems. 

 

Sequencing is best left to the contractor unless there is a significant impact on the performance of the 

drainage system.  An important construction related design consideration is pipe access at the 

upstream end of a segment so that inspection and maintenance flushing activities can take place. 

 

One of the primary reasons for bringing construction personnel in at the design phase is to acquaint 

them with the impact of construction on design.  Care exercised during construction of the designed 

section without compromising the effectiveness of the design is essential to the pavement’s long-term 

performance.  Key performance elements for construction personnel include the following 

(Christopher and McGuffey 1997). 

 Good pavement starts with a good foundation.  A stable platform is required for construction of 

the subbase. 

 Quality of aggregate and its ability to meet gradation requirements is essential for meeting 

expected design performance levels. 

 Awareness is needed concerning the fact that the introduction of fines into the subbase during 

construction could result in premature failure of the pavement. 

 Unstabilized base tends to displace under traffic loadings. 

 Too much compaction or fine grading can significantly reduce the expected permeability of the 

subbase. 

 

1. Subgrade Preparation:  The foundation/subgrade surfaces are required to be level, somewhat 

smooth, and constructed to required grades.  On drainable pavement sections, constructing and 

maintaining required subsurface grades is essential to maintain positive drainage until the 

pavement is constructed.  Local depressions resulting from soft areas or depressions from 

equipment trafficking can lead to ponding of water below the pavement structure and subsequent 

loss of foundation support. 

 

2. Separator/Filter Layers:  For granular subbase separator/filter layers, the gradation of materials 

needs to be checked carefully against the design specifications.  Materials that are more openly-

graded than specified requirements may allow migration of fines through or from the subbase, 

which can contaminate the permeable layer.  Good compaction of the separator/filter layer is 
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essential for placement of the subbase.  The subbase should be observed for rutting during 

compaction and subsequent trafficking; surface rutting may be an indication of subgrade rutting, 

which requires immediate attention.  Increasingly, geotextile separation/filter layers are being 

used.  For these, material and certification should be checked against the design requirements to 

ensure that the proper materials have been received and are being use.  In constructing geotextile 

separation or filter layer, a smooth subgrade surface is essential.  Therefore, sharp rock protrusion 

and loose rocks should be removed to avoid damage to the geotextile. 

 

3. Subdrains:  Proper grade control is required for subdrains to be effective.  Undulating lines are 

not acceptable because water will accumulate in depressed portions of the pipe.  Good practice 

dictates that subdrains be properly connected to the subbase and the outlets.  For maintenance 

purposes, outlet spacing is limited to 300 feet.  Subdrains need to be properly connected to the 

permeable subbase and outlets.  Outlets are required to be set at the proper grades, and ditch lines 

are graded according to drainage requirements.  Subdrain lines should be carefully marked to 

avoid damage due to construction equipment.  Therefore, subdrains can sometimes be constructed 

after pavement construction.  In this case, temporary subdrains are required for the permeable 

subbase. 

 

4. Permeable Subbase Materials:  Unstabilized subbase material requires close control of material 

gradation and activities that might produce segregation of the material during placement. 

 

Subbase materials are very susceptible to segregation during placement.  Special care is needed to 

prevent fines from migrating into the material and clogging the system.  The addition of 2% to 

3% water by weight reduces the potential for segregation during hauling and placement. 

 

Excessive compaction with heavy vibratory compactors is not recommended on subbases because 

of the potential for damage and reduced permeability.  Adequate compaction may be achieved 

with lightweight vibratory compactors or smooth drum rollers because of the relatively narrow 

gradation range of subbase. 

 

Care is required to protect the subbase from contamination from dirty equipment, adjacent 

backfilling operations, or erosion sediment.  The subbase should not be allowed to be used as a 

haul road.  Good practice dictates that traffic be minimized and restricted to low speeds with 

minimal turning.  No equipment should be allowed on the permeable materials until the complete 

drainage of the base and subbase has been confirmed. 

 

F. Maintenance 
 

Maintenance of pavement subsurface drainage systems has been identified as essential to the long-

term success of drainage systems and, subsequently, pavements.  The most effective maintenance 

programs use a five-phase approach: 

 Routine inspection and monitoring 

 Routine preventive maintenance 

 Spot detection of problems (occurrences) 

 Repair 

 Continued monitoring and feedback 

 

Budget constraints have resulted in usually only two phases being conducted: spot detection and 

repair.  Studies show that inspection in conjunction with preventative maintenance can be very cost 

effective with $3 to $4 return in benefits for every $1 invested (Christopher and McGuffey 1997). 
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Foundation Improvement and Stabilization 
 

A. General Information 
 

Soft subgrade and moisture-sensitive soils such as expansive soils, frost-prone soils, and collapsing 

soils present a construction challenge as well as a pavement performance challenge.  Proper treatment 

of problem soils and the preparation of the foundation are important to ensure a long-lasting 

pavement structure that does not require excessive maintenance.  Such soils can be stabilized to form 

a construction pad or a long-term subsurface layer capable of carrying pavement applied loads.  In all 

cases, the provision for a uniform soil relative to textural classification, moisture, and density in the 

upper portion of the subgrade cannot be over emphasized.  This uniformity can be achieved through 

soil sub-cutting or other techniques.  Five techniques can be used to improve the strength and reduce 

the climatic variation of the foundation on pavement performance:  stabilization of weak or moisture-

sensitive soils, thick granular layers, subsurface drainage systems, geosynthetics, and soil 

encapsulation.  Thick granular layers are generally greater than 18 inches in thickness and require 

readily accessible, good quality aggregates.  Therefore, thick granular layers are seldom used in Iowa 

and will not be discussed further in this section. 

 

B. Stabilization 
 

Soil that is highly susceptible to volume and strength changes can cause severe roughness and 

accelerate the deterioration of the pavement structure in the form of increased cracking and decreased 

ride quality when combined with truck traffic.  Generally, the strength and stiffness of some soils are 

highly dependent on moisture and stress state.  In some cases, the subgrade soil can be treated with 

various materials to improve the strength and stiffness characteristics of the soil.  Stabilization of soils 

is usually performed for two reasons: 

 

1. As a construction foundation to dry very wet soils and facilitate compaction of the upper layers.  

In this case, the stabilized soil is usually not considered as a structural layer in the pavement 

design process.  This process is also sometimes referred to as soil modification. 

 

2. To strengthen a weak soil and restrict the volume change potential of a highly plastic or 

compressible soil.  In this case, the stabilized soil is usually given some structural value in the 

pavement design process. 

 

Lime, fly ash, cement, and asphalt stabilization have been used for controlling the swelling and 

frost heave of soils and improving the strength characteristics of unsuitable soils.  For 

stabilization or modification of cohesive soils, hydrated lime is most widely used.  Lime 

modification is used in many areas of the U.S. to obtain a good construction foundation in wet 

weather above highly plastic clays and other fine-grained soils.  Lime is applicable in clayey soils 

(i.e., CH and CL type soils) and in granular soils containing clay binder (i.e., GC and SC), while 

Portland cement is more commonly used in non-plastic soils.  Lime reduces the Plasticity Index 

(PI) and renders a clay soil less sensitive to moisture changes.  The use of lime should be 

considered whenever the PI of the soil is greater than 10.  It is important to note that changing the 

physical properties of a soil through chemical stabilization can produce a soil that is susceptible 

to frost heave. 
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Some basic definitions of soil modification and stabilization using lime, cement, and asphalt are 

provided below.  Additional guidance on how stabilization is achieved using lime, cement, and 

asphalt can be found in TRB 1987; PCA 1995; and AI MS19, respectively.  A flow chart for the 

determination of chemical treatment options for soil stabilization based on the percent passing the 

No. 200 sieve and the plasticity index of the soil is shown in Figure 6H-1.01. 

 

Figure 6H-1.01:  Selection of Stabilizer 
 

 

 

Source:  U.S. Department of Transportation 1976 
 

a. Lime Treatment:  Lime treatment or modification consists of the application of 1 to 3% 

hydrated lime to aid drying of the soil and permit compaction.  As such, it is useful in the 

construction of a working foundation to expedite construction.  Lime modification may also 

be considered to condition a soil for follow-up stabilization with cement or asphalt.  Lime 

treatment of subgrade soils is intended to expedite construction, and no reduction in the 

required pavement thickness should be made. 

 

b. Lime Stabilization:  Lime stabilization of soils improves the strength characteristics and 

changes the chemical composition of some soils.  The strength of fine-grained soils can be 

improved significantly with lime stabilization, while the strength of coarse-grained soils is 

usually moderately improved.  Lime has been found most effective with highly plastic clay 

soils containing montmorillonite (expansive clay mineral). 

 

Lime stabilization has been found to be an effective method to reduce the volume change 

potential of many soils.  However, lime treatment of soils can convert soil that shows 

negligible-to-moderate frost heave potential into a soil that is highly susceptible to frost 

heave, acquiring characteristics more typically associated with silts.  It has been reported that 

this adverse effect has been caused by an insufficient curing period accompanied by an 

inadequate compaction effort.  Adequate curing is also important if the strength 
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characteristics of the soil are to be improved. 

 

For successful lime stabilization of clay (or other highly plastic) soils, the lime content should 

be from 3 to 8% of the dry weight of the soil, and the cured mass should have an unconfined 

compressive strength increase of at least 50 psi after a 28 day curing period over the uncured 

material.  The optimum lime content should be determined with the use of unconfined 

compressive strength and the Atterberg limits tests on laboratory lime-soil mixtures molded 

at varying percentages of lime.  The lime-stabilized subgrade layer should be compacted to a 

minimum density of 95%, as defined by Standard Proctor density.  The minimum strength 

requirement for this material is a function of pavement type and the importance of the layer 

within the pavement structure. 

 

When soils are treated properly with lime, it has been observed that the lime-soil mixture may 

be subject to durability problems caused by the cyclic freezing and thawing of the soil. 

 

Lime-fly ash stabilization is applicable to a broader range of soils because the cementing 

action of the material is less dependent on the fines contained within the soil.  However, long-

term durability studies of pavements with lime-fly ash stabilization are rather limited. 

 

Soils classified as CH, CL, MH, ML, SM, SC, and GC with a plasticity index greater than 10 

and with at least 25% passing the No. 200 sieve potentially are suitable for stabilization with 

lime.  Hydrated lime, in powder form or mixed with water as slurry, is used most often for 

stabilization.  Figure 2 can be used to estimate the design lime content for a subgrade.  The 

quantities found from this chart should be used as a guideline, and laboratory testing mix 

design studies should be conducted for specific applications.  Additional information can be 

obtained in the National Lime Association’s Lime Stabilization Construction Manual (1972). 

 

Figure 6H-1.02:  Recommended Amounts of Lime for Stabilization of Subgrade and Bases 
 

 
Source:  National Lime Association 1972 
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a. Cement Stabilization:  Portland cement is used widely for stabilizing low-plasticity clays, 

sandy soils, and granular soils to improve the engineering properties of strength and stiffness.  

Increasing the cement content increases the quality of the mixture.  At low cement contents, 

the product is generally termed cement-modified soil.  A cement-modified soil has improved 

properties of reduced plasticity or expansive characteristics and reduced frost susceptibility.  

At higher cement contents, the end product is termed soil-cement.  Higher cement contents 

will unavoidably induce higher incidences of shrinkage cracking caused by 

moisture/temperature changes. 

 

For soils to be stabilized with cement, proper mixing requires that the soil have a PI of less 

than 20 and a minimum of 45% passing the No. 40 sieve.  However, highly plastic clays that 

have been pre-treated with lime or fly ash are sometimes suitable for subsequent treatment.  

For cement stabilization of granular and/or non-plastic soils, the cement content should be 3 

to 10% of the dry weight of the soil, and the cured material should have an unconfined 

compressive strength of at least 150 psi within seven days.  The Portland cement should meet 

the minimum requirements of AASHTO M 85.  The cement-stabilized subgrade should be 

compacted to a minimum density of 95%, as defined by AASHTO T 134.  Only fine-grained 

soils can be treated effectively with lime for marginal strength improvement. 

 

b. Asphalt Stabilization:  Generally, asphalt-stabilized soils are used for subbase construction.  

Use of asphalt as a stabilizing agent produces different effects, depending on the soil, and 

may be divided into three major groups: 

1) Sand-asphalt, which produces strength in cohesionless soils, such as clean sands, or acts 

as a binder or cementing agent 

2) Soil-asphalt, which stabilizes the moisture content of cohesive fine-grained soils 

3) Sand-gravel asphalt, which provides cohesive strength and waterproofs pit-run gravelly 

soils with inherent frictional strength.  The durability of asphalt-stabilized mixtures 

generally can be assessed by measurement of their water absorption characteristics. 

 

c. Fly Ash Stabilization:  Fly ash and similar materials can be used in the stabilization of clay 

soils either in place of lime or cement or in combination with lime and cement.  Generally, 

the use of fly ash and similar materials reduces the shrink-swell properties of the soils.  

Additionally, the act of drying the soil facilitates soil compaction.  These materials are used 

with clay-type soils that are above the optimum water content. 

 

3. Characteristics of Stabilized Soils:  The improvement of subgrade or unbound aggregate by 

application of a stabilizing agent is intended to cause the improvements outlined above.  These 

improvements arise from several important mechanisms that must be considered and understood 

by the pavement designer.  Subgrade stabilizing agents may fill or partially fill the voids between 

the soil particles.  This reduces the permeability of the soil by increasing the tortuosity of the 

pathways for water to migrate through the soil.  Reduction of permeability may be relied upon to 

create a waterproof surface to protect underlying, water-sensitive soils from the intrusion of 

surface water.  This mechanism must be accompanied by other aspects of the geometric design 

into a comprehensive system.  The reduction of void spaces may also tend to change the volume 

change under shear from a contractive to a dilative condition.  The stabilizing agent also acts by 

binding the particles of soil together, adding cohesive shear strength, and increasing the difficulty 

with which particles can move into a denser packing under load.  Particle binding serves to 

reduce swelling by resisting the tendency of particles to move apart.  The particles may be bound 

together by the action of the stabilizing agent itself (as in the case of asphalt cement), or may be 

cemented by byproducts of chemical reactions between the soil and stabilizing agent (as in the 

case of lime or portland cement). 
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The zone that may be selected for improvement depends upon a number of factors.  Among these 

are the depth of soft soil, anticipated traffic loads, the importance of the transportation network, 

and the drainage characteristics of the geometric design and the underlying soil.  When only a 

thin zone is subject to improvement, removal and replacement will usually be the preferred 

alternative by most agencies, unless a suitable replacement soil is not economically available.  

The zone can be described as thick or thin, based primarily on the economics of the earthwork 

requirements and the depth of influence for the vehicle loads. 

 

4. Pavement Design Considerations for Stabilized Subgrades:  The application of the stabilizing 

agent will usually increase the strength properties of the soil.  This increase will generally appear 

in the pavement design process as an increase in the modulus of the improved soil, reducing the 

pavement structural layer thicknesses.  The cost of the stabilization process, therefore, can be 

offset by savings in the pavement structural layers.  However, it is important that the actual 

increase used in the design process be matched in the constructed product, making construction 

quality control and quality assurance programs very important.  When pavement design is 

performed using only a single parameter to describe the subgrade condition, the thickness of the 

stabilized zone is a critical component in determining the increased modulus to use in design. 

 

The thickness of the improved subgrade zone is both a design and a construction consideration.  

From the design standpoint, it would obviously be advantageous to stabilize and improve the 

properties of a zone as thick as may be reasonably stabilized.  From a constructability 

perspective, there are practical and economic implications related to the thickness of the 

stabilized zone.  Stabilization requires that the agent be thoroughly distributed into the soil 

matrix, and that the soil matrix must be well pulverized to prevent unimproved clumps from 

remaining isolated within the mass.  The construction equipment used to mix must be capable of 

achieving high levels of uniformity throughout the depth of desired improvement.  If the zone to 

be improved is very thick, it may be necessary to process the stabilized soil in multiple lifts, 

which will usually require the stripping and stockpiling of upper lifts within the subgrade.  

Stabilization therefore rarely exceeds a few inches in depth in transportation applications, except 

for deep mixing applications that might be used in the vicinity of bridge foundations or abutments 

to provide improved foundation support. 

 

C. Subsurface Drainage 
 

Subsurface drainage systems are used for three basic reasons: 

 To lower the groundwater level 

 To intercept the lateral flow of subsurface water beneath the pavement structure 

 To remove the water that infiltrates the pavement's surface 

 

Deep subdrains (below frost line) are usually installed to handle groundwater problems.  The design 

and placement of these subdrains should be handled as part of the geotechnical investigation of the 

site.  Edgedrains placed in trenches under the shoulders at shallower depths are used to handle water 

infiltrating the pavement from above.  The design and placement of these drainage systems is 

discussed in Section 6G-1 - Subsurface Drainage Systems. 
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D. Geosynthetics 
 

Geosynthetics are a class of geomaterials that are used to improve soil conditions for a number of 

applications.  They consist of manufactured polymeric materials used in contact with soil materials or 

pavements as an integral part of a man-made system (ASTM D 4439).  The most common 

applications in general use are in pavement systems for both paved and unpaved roadways, for 

reinforcing embankments and foundation soils, for creating barriers to water flow in liners and 

cutoffs, and for improving drainage.  The generic term “geosynthetic” is often used to cover a wide 

range of different materials, including geotextiles, geogrids, and geomembranes.  Combinations of 

these materials in layered systems are usually called geocomposites. 

 

1. Materials: 

 

a. Geotextiles:  A geotextile, as defined by ASTM D 4439, is “a permeable geosynthetic 

comprised solely of textiles.”  These materials are also known as engineering fabrics.  Fabrics 

are usually created from polymers, most commonly polypropylene, but also potentially 

including polyester, polyethylene, or nylon (Koerner 1998).  Geotextiles are usually classified 

by their manufacturing process as either woven or non-woven.  Both kinds of geosynthetics 

use a polymer fiber as raw material.  Depending on the application, the fibers may be used 

singly or spun into yarns by wrapping several fibers together, or created by a slit film process.  

Woven geosynthetics are manufactured by weaving fibers or yarns together in the same way 

as any form of textile, although generally only fairly simply weaving patterns are used.  Non-

woven geosynthetics are made by placing fibers in a bed, either in full-length or in short 

sections.  The fibers are then bonded together, either by raising the temperature, applying an 

adhesive chemical, or by mechanical means (usually punching the bed of fabric with barbed 

needles, in essence, tangling them into a tight mat). 

 

b. Geogrids:  Geogrids, as their name suggests, consist of a regular grid of plastic with large 

openings (called apertures) between the tensile elements.  The function of the apertures is to 

allow the surrounding soil materials to interlock across the plane of the geogrid; hence, the 

selection of the size of the aperture is partially dependent on the gradation of the material into 

which it will be placed.  The geogrid is manufactured using high-density polymers of higher 

stiffnesses than are common for geotextiles.  These polymers are then punched in a regular 

pattern and drawn in one or two directions.  Alternatively, a weaving process may be used in 

which the crossing fibers are left wide apart and the junctions between them are reinforced. 

 

c. Geomembranes:  Geomembranes are used to retard or prevent fluid from penetrating the soil 

and as such consist of continuous sheets of low permeability materials.  These materials are 

made by forming the polymer into a flat sheet, which may have a roughened surface created 

to aid in the performance of the membrane by increasing friction with the adjacent soil layer. 

 

Several other kinds of geosynthetic materials may be made by slight variations of these 

general types.  For example, geonets are similar in appearance to geogrids but are 

manufactured slightly differently so that the individual elements of the geonet are at acute 

angles to each other.  These materials are usually used in drainage applications. 

 

d. Geocomposites:  Geocomposite materials are often created by combining two or more of the 

specific types of products described previously to take advantage of multiple benefits.  

Further, geocomposites may be formed by combining geosynthetics with more traditional 

geomaterials, the most common example being the geosynthetic clay liner.  A geosynthetic 

clay liner consists of a layer of bentonite sandwiched together with geomembrane or 

geotextile materials to create a very low permeability barrier. 
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