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➢ Understanding of Your Objectives

➢ Choosing the Right Construction Materials 

➢ Properly Designing Those Materials 

➢ Constructing with Quality

➢ Ensuring That You Have Created an Adequate
Foundation

Depends On A Combination Of Factors

Optimum Pavement Performance
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Estimated Population, Texas Counties, 2024 

Source: U.S. Census Bureau, Vintage 2024 

Population Estimates 



Goals to ensure an adequate 
foundation (subgrade)

➢ Reduce soil PI and clay/silt-sized particles 

➢ Improve workability and constructability

➢ Reduce shrink/swell characteristics of expansive soils

➢ Improve strength and stiffness/modulus

➢ Improve stability and durability

➢ Reduce moisture susceptibility
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Expansive Soil and Expansive Clay



Moisture is the enemy of successful 
pavement performance



Problems Associated w/Clay Soils

➢Typically moisture sensitive

• expansion potential & swell pressure

➢Exhibit poor pavement support

• low R-values, CBRs, & unconfined 
compressive strengths

➢Constructability problems

• highly plastic - poor workability
• hard to compact
• yield or pump when wet
• shrink when dry
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Foundation Problems – Soil Moisture Fluctuation



Need Uniform, Quality Layers Beneath 
HMA Surface

Moduli ≈ 10 ksi

Surface Course

Base Course

Create a Uniform Sub-Base
(Treat Raw Subgrade)

Raw 
Subgrade 

Moduli ≈ 30-50 ksi

Moduli ≈ 50 

ksi

Moduli ≈ 500 ksi



Purpose of the Treatment Guidelines
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http://ftp.dot.state.tx.us/pub/txdot/mtd/treatment-guidelines.pdf

➢ Provide personnel with all levels of experience with 

enough information to

➢

▪ Determine project suitability,

▪ Identify goals of treatment, 

▪ Select appropriate type of additives, 

▪ Determine  optimum amount of selected 

additives, and 

▪ Identify appropriate construction processes. 

➢ The information in this document is applicable to 

both construction and maintenance.

http://ftp.dot.state.tx.us/pub/txdot/mtd/treatment-guidelines.pdf
http://ftp.dot.state.tx.us/pub/txdot/mtd/treatment-guidelines.pdf
http://ftp.dot.state.tx.us/pub/txdot/mtd/treatment-guidelines.pdf


TxDOT Guidelines for Soil Treatment

Subgrade

≥ 25% Passing No. 200 Sieve

15 ≤ PI < 35PI <15 PI ≥ 35

Sieve Analysis,

Atterberg Limits

Cement  

Asphalt (PI < 6)

Lime- Fly Ash 

(FS)

Lime

Lime-Cement

Lime-Fly Ash 

(FS) 

Fly Ash (CS)

Cement

Lime 

Lime-Cement

Lime-Fly Ash 

(FS)

Base

< 25% Passing No. 200 Sieve

PI <12 PI ≥ 12

Cement  

Fly Ash (CS)

Asphalt (PI < 6)

Lime

Lime-Cement 

Lime–Fly Ash 

(FS)

Lime

Cement
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Select  Additive(s) – Lab Mix Design

➢ Select Additives
➢ Select the appropriate type of additive based on the goals of 

soil treatment and the project-specific soil classification 

(gradation and PI)

➢ Perform the lab mix designs to determine the optimum 

amount of the selected additive on a project basis for the 

desired engineering properties

➢ Soil-Lime (Tex-121-E); DMS 6350

➢ Soil-Cement (Tex-120-E); DMS 4600

➢ Lime-Fly Ash (Tex-127-E); DMS 4615

➢ Asphalt Treated Base (Tex-126-E)
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Key Points of Guidelines

Soils are different

Additives are different

Reactions between soils and additives are 
different (binding versus chemically 
changing)

DO A MIX DESIGN

Evaluate the material engineering  
properties and field performance

Key Points of Soil Treatments
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Base Materials

➢ Provide structure and support for asphalt layer

➢ Bases can be untreated, utilizing good source material

➢ Marginal quality materials can be used for bases

❖ Must be treated w/ stabilizers if they are marginal in quality

➢ Improve strength and stiffness /modulus

➢ Improve stability and durability

➢ Reduce moisture susceptibility (typical crushed stone base can 

lose up to 90% of its strength when completely saturated)

➢ This is why its so important to protect the base from moisture 

damage
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Base Failure Will Lead to Asphalt Failure

But Then We Hear “the Asphalt Didn’t Last”



Base Materials

➢ Texas is a very large and geologically 
diverse state

➢ Budget and other practical constraints 
require, to the extent possible, the use of 
local materials

➢ Local materials can vary in quality 
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Full Depth Reclamation (FDR)









Common Misconceptions for treating expansive 
clay subgrade Soils

➢ Wrong Stabilizer

➢ Remove and Replace Existing Subgrade / Embankment

➢ Additional Base or Pavement Thickness Instead of 
Treating the Subgrade

➢ Alternative Stabilizers (Proprietary Liquids or Dry)
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➢ Cement, by its chemical nature, does not 

complete the pozzolanic reaction that will 

permanently change the structure of clay

➢ Cement will set up rapidly (3 hours), and does 

not have the time nor the available calcium to 

achieve what lime does to highly plastic clay 

on a one-to-one basis

Cement instead of lime



Remove poor soils and import select fill or  base material



➢ Typically not as cost effective compared to soil treatment

➢ Highly variable determining cost of import material due to source 

and haul distance

➢ Can be other problems associated with this concept that aren’t 

considered (variability of import fill source that isn’t properly 

monitored) 

➢ You will not significantly improve the long-term strength of the 

layer by importing fill

Remove expansive clay soils and import select fill or 
base material ( cut and fill )



➢ This alternative appears most commonly in municipal, commercial and 

subdivision type projects

➢ The engineer/architect or sometimes a contractor will convince a developer or 

a smaller local agency to do away with subgrade treatment by adding an 

extra inch of concrete pavement, or extra flex base and sometimes Hot Mix 

Asphalt (HMA)

➢ This is a strategy that is driven by the belief you can save cost and time

➢ This will, in almost all cases, lead to poor performance for roadways, parking 

lots, and foundations because nothing has been done to treat the underlying 

problems of marginal / poor subgrade soils

Increasing thickness of other layers in the 
pavement section 



The use of GeoGrid in place of soil stabilization



The use of GeoGrid in place of soil stabilization

• Using Geogrid directly on compacted but untreated high PI 

subgrade will not provide the benefits achieved by creating a 

uniform stabilized layer.

• Moisture and the fines in the untreated subgrade layer will work their way up 

into the crushed stone base (fluctuations in moisture condition and capillary 

rise). This weakens the base layer significantly over time and can lead to 

premature failure of the pavement structure.

• A properly treated sub-base layer provides significant protection for the 

overlying base layer by adding strength, waterproofing and stopping the 

swell potential of the treated layer that will not happen using Geogrid alone



(1.) ionic stabilizers, reported to work through 
cation exchange within the clay mineral

(2.) enzyme stabilizers, described as consisting 
of various organic catalysts

(3.) polymer and “Bio-Polymer” stabilizers, 
comprised of various organic and inorganic 
polymers

Use of proprietary liquid or dry stabilization 
products



“Supplier claims of product effectiveness are often not 
well substantiated with independent field or laboratory 
evaluations performed under controlled conditions. The 
chemical composition of these products is usually 
considered proprietary, and the suppliers often give 
minimal or incomprehensible information regarding the 
mechanisms of soil modification.”
--------------------------------------------------------------------------------------------------------------------------------------------------

AN ANALYSIS OF THE MECHANISMS AND EFFICACY OF THREE LIQUID CHEMICAL SOIL STABILIZERS: VOLUME 1 

May 2003 

Alan F. Rauch, Lynn E. Katz, and Howard M. Liljestrand

Use of proprietary liquid or dry stabilization 
products



Construction Specifications

➢ A Perfect Laboratory Mix Design Will 
Only Work in the Field if Proper 
Construction Procedures Are 
Followed
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TxDOT Soil Treatment Construction Specifications
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Item Treatment Special Requirements

260 Lime (road mixed) Mellowing requirements apply depending on the type of lime and 

sulfate content of the material. 

263 Lime (plant mixed) Cure at least 7 days by sprinkling or by asphalt membrane.

265 Fly ash or lime-fly 

ash (road mixed)

Complete compaction within 6 hours of application of Class FS 

ash and within 2 hours of application of Class CS ash. Cure FS 

ash 7 days; CS at least 24 hours.

275 Cement (road 

mixed)

Complete compaction within 2 hours. Microcrack to reduce 

shrinkage cracks. Cure at least 3 days by sprinkling or asphalt 

membrane.

276 Cement (plant 

mixed)

Microcrack to reduce shrinkage cracks. Cure at least 3 days by 

sprinkling or asphalt membrane.

Asphalt 

Emulsion

Emulsion (road 

mixed)

Cure to 2 percentage points below optimum before placing the 

next course.

Foamed 

Asphalt

Foamed Asphalt

(road mixed)

Special equipment is needed. Cure a minimum of 2 hours.



Proof Rolling

• Proof rolling provides a method to examine the 

entire subgrade or base surface as a compliment 

to standard random acceptance testing

• Simple, low-cost method to ensure prepared 

subgrade or base layer is good prior to next layer 

placement

• Will identify areas that need to be reworked

• Referenced in some specifications but often 

overlooked
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Proof Rolling
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Use the resources available to you

40
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Smooth, Durable Asphalt Streets and Roads Can 
and Should be Expected. Let’s Design and 

Build the Best!! 



QUESTIONS?
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