
1 
 

LONGEVITY OF ADMIXTURE TREATMENT OF SOILS 

 

Summary findings 

 
CONSORTIUM FOR EDUCATION AND RESEARCH IN GEOENGINEERING PRACTICE 

 

Texas A&M University 

 

Research Supervisors: Anand J. Puppala (anandp@tamu.edu) & Dallas Little (d-little@tamu.edu) 

Researchers: Sayantan Chakraborty & Nripojyoti Biswas 

Project period: January 2020 – May 2020 

 

BACKGROUND:  

 

Calcium-based stabilizers are widely used to improve the engineering properties of different types 

of problematic soils. However, the longevity or durability of stabilized geomaterials is affected 

when exposed to different environmental conditions, including moisture intrusion, wet-dry, and 

freeze-thaw cycles. The CERGEP members requested a literature review addressing the current 

state of practice and guidelines recommended by different Federal and State agencies for stabilizer 

mix design and durability assessment of geomaterials treated with traditional calcium-based 

stabilizer. 

 

WHAT THE RESEARCHERS DID:  

 

Information collected from a review of existing knowledge was completed covering the work of 

state agencies, federal agencies, and university research studies. This information was summarized 

in a report. The reference is: 

 

Chakraborty S., Biswas N., Puppala A.J., Little D.N., 2020, “Longevity of Admixture Treatment 

of Soils”, CERGEP Report No.11 – SI/US units, Civil engineering, Texas A&M University. 

 

WHAT THE RESEARCHERS FOUND:  

 

Lime, cement, fly ash, or a combination of these are the most commonly used traditional stabilizers 

used to treat different soil types. Lime stabilization is most suitable for treating clayey soils with 

high plasticity index. Cement treatment is preferred for granular soils or soils with low plasticity. 

Fly ash is applicable for stabilizing a wide range of soil types ranging from clayey soil to sandy 

soil and is mostly used as a co-additive with lime, cement, or a combination of these. 

The final strength contributing cementitious formed in lime, cement, or fly ash treated soils are the 

same C-S-H and C-A-H phases. However, the mechanisms by which the cementing compounds 

are formed depend on the stabilizer used. The high pH environment provided by the lime dissolves 

the clay particles and reacts with the silicates and aluminates provided by the clay to form the 

cementitious phases. Cement consists of C3S, C2S, and C3A, which hydrates to form C-S-H and 

C-A-H. Cement hydration also produces Ca(OH)2 as a byproduct that further sustains the 

pozzolanic reaction. Fly ash serves as a rich source of pozzolans and produces the same cementing 

compounds in the presence of a calcium activator. 
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Most of the Federal and transportation agencies in the USA rely on basic soil characterization test 

results such as grain size distribution and plasticity index for the stabilizer mix design. All the 

design manuals provide some form of design chart or table to select the stabilizer type and initial 

dosage for the trial mix design.  

The mix design process is mostly based on trial-and-error, where the soil is treated at different trial 

dosages around the initial recommended dosage. Cylindrical specimens of the treated soil are 

compacted at density and moisture conditions expected in the field or other target combinations 

determined based on moisture-density tests. The compacted treated specimens are cured for the 

recommended time duration in controlled environmental conditions and tested for strength 

properties, with or without moisture conditioning.  

Most of the agencies recommend some form of durability testing to assess the long-term 

performance of the stabilized soils. Wet-dry, freeze-thaw, and exposure to capillary soaking are 

some of the recommended modes of durability testing. The minimum stabilizer dosage that 

satisfies the strength and durability requirements is selected as the design stabilizer dosage. The 

stabilizer dosage may need to be increased to account for non-uniform mixing in the field, presence 

of deleterious substances in the soil, and to address other project-specific needs. The mix design 

procedures recommended by different agencies are compiled and presented in Tables I and II. 

Although the PI-based mix design process recommended by different agencies is widely used in 

practice, it does not account for the impact of clay mineralogy that fundamentally governs the 

extent of chemical reaction with the stabilizer. Some recent research studies reported that soils 

with similar plasticity indices, but different montmorillonite content, exhibit very different 

durability characteristics after the same chemical treatment. This highlights the need to incorporate 

the effect of clay mineralogy into the existing mix design procedure. 

Past studies have identified several factors that affect the durability and longevity of the treated 

soil. The major factors include characteristics of the soil, stabilizer type and dosage, and extent of 

curing. Soils with high plasticity, which are treated with inadequate stabilizer dosage, are most 

vulnerable to harsh environmental conditions, especially in the early stages of curing. Breakage of 

cementitious bonds in the stabilized soil matrix, degradation, and reversal of cementitious 

compounds, carbonation, and leaching of stabilizers, are some of the probable reasons responsible 

for the long-term durability issues experienced by stabilized materials. A comprehensive ‘cradle 

to grave’ study is required that addresses the different factors which affect the durability or 

longevity of soils treated with calcium-based stabilizers, and can potentially provide a framework 

to predict the performance of stabilized geomaterials versus elapsed time after treatment.   
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Table I: Mix design procedure recommended by Federal agencies    

 

 

 

Agency

Stabilizer 

selection based 

on 

Stabilizer 

type
Suitable for

Initial doage 

selection based on 
Trial dosages

Curing 

condition

Evaluation of 

improvements
Durability testing

Acceptance 

criteria

Lime

PI>12 and 

classified as CH, 

CL, MH, ML, 

SC, and GC 

(USCS 

Classification)

pH test Initial, Initial +2%, Initial +4%
28 days at 21°C/ 

7 days at 40°C

UCS and Resilient 

modulus testing

Not mentioned 

explicitly (Project-

sepcific)

Project-specific (at 

least 50 psi to be 

considered as 

stabilization)

Cement

PI<20         

Low-plasticity 

clays, sandy 

soils, and 

granular soils 

Table provided in 

manual; dosage 

selection based on 

soil type 

Initial, Initial -2%, Initial +2%
7 days at room 

temperature
UCS testing

Wet-dry or freeze-

thaw (omit wire 

brush)

Project-specific (at 

least 150 psi to be 

considered as 

stabilization)

Lime-fly 

ash/Lime-

cement-fly ash

Fine and coarse-

grained soil

Moisture-density 

tests;                    

FA dosage vs MDD

10% to 20% FA (2% increments); 

L:FA = 1:3, 1:4, 1:5;           

Cement 1-2%

Not specified UCS testing
Freeze-thaw (omit 

wire brush)
Project-specific

Lime

Most suitable for 

fine-grained soil 

with high PI

pH test Initial, Initial +2%, Initial +4%
28 days at 21°C/ 

7 days at 40°C

UCS testing and 

Resilient modulus

Not mentioned 

explicitly (Project-

sepcific)

Cement

Most suitable for 

coarse-grained 

soil and low PI 

soils

Table provided in 

manual 
Initial, Initial -2%, Initial +2%

7 days at room 

temperature
UCS testing

Wet-dry or freeze-

thaw (omit wire 

brush)

Lime-fly 

ash/Lime-

cement-fly ash

Fine and coarse-

grained soil

Moisture-density 

tests;                    

FA dosage vs MDD

10% to 20% FA (2% increments); 

L:FA = 1:3, 1:4, 1:5;           

Cement 1-2%

Not specified UCS testing
Freeze-thaw (omit 

wire brush)

FHWA

Soil type, grain 

size distribution, 

and PI (Tables 

provided in the 

Manual for 

stabilizer 

selection)

USACE/

DOD

Soil type, grain 

size distribution, 

and PI (Tables 

and charts 

provided in the 

Manual for 

stabilizer 

selection)

Minimum UCS and 

durability 

requirements 

provided in Manual 

based on use as 

base/subbase layer 

in rigid/flexible 

pavement and soil 

type
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Table II: Mix design procedure recommended by transportation agencies

 

Agency

Stabilizer 

selection based 

on 

Stabilizer 

type
Suitable for

Initial doage 

selection based on 
Trial dosages

Curing 

condition

Evaluation of 

improvements
Durability testing

Acceptance 

criteria

Lime

Soils with 

PI>15; 

AASHTO 

classification A-

4, A-5, A-6, A-

7, A-2-6, and A-

2-7 

pH test Initial, Initial +1%, Initial +2%

28 days at 

normal 

temperature/ 7 

days at 40°C

UCS testing after 

min. 24 hours 

capillary soaking

May be performed

Cement

Soils with 

PI<15; 

AASHTO 

classifcation A-2 

and A-3  are 

most suitable

Table provided in 

the Manual 
Initial, Initial -2%, Initial +2%

7 days or 28 

days  at room 

temperature

UCS testing after 

4 hours of 

immersion in water 

May be performed 

(UCS as a measure 

of durability)

Lime-fly 

ash/Lime-

cement-fly ash

Sand, gravel, 

crushed stones, 

pozzolanically 

unreactive clays, 

moderately 

plastic soils, and 

plastic soils after 

pretreated with 

lime or cement

Moisture-density 

tests

Class C FA: Project-specific 

dosage; OMC from moisture 

content-strength relationship      

Class F FA: 5 dosages of FA  

between 6% and 20%; FA dosage 

based on moisture-density 

relationship                    

Activator:FA = 1:3 to 1:4

7 days at 38˚C if 

lime is used as 

activator and 7 

days at 22˚C if 

cement is used as 

activator

UCS testing after 

4 hours of 

immersion in water 

or after min. 24 

hours of capillary 

soaking

May be performed   400 psi for LFA

Lime Soils with PI>15

pH test/chart 

provided in the 

Manual

Not specified
7 days at room 

temperature

Air drying to 

remove 1/3 to 1/2 

of molding water 

followed by 10 

days capillary 

soaking, followed 

by  UCS testing 

Not specified

150 psi for base 

material and 50 psi 

for subgrade 

material

Cement Soils with PI<15 6% 4%, 6%, 8%, and 10%
7 days at room 

temperature

UCS testing 

without capillary 

soaking

Not specified

500 psi for Class L 

(rigid pavements) 

and 300 psi for 

Class M (flexible 

pavements)

Lime-fly 

ash/Lime-

cement-fly ash

Both low PI and 

high PI soils
Not specified Not specified

7 days at room 

temperature

Air drying to 

remove 1/3 to 1/2 

of molding water 

followed by 10 

days capillary 

soaking, followed 

by  UCS testing 

Not specified 150 psi for subbase

NCHRP

Soil type, grain 

size distribution, 

and PI (Decision 

tree provided in 

the Manual)

TxDOT

Soil type, grain 

size distribution, 

and PI (Decision 

tree provided in 

Manual)

Minimum UCS and 

durability 

requirements 

provided in Manual 

based on  use as 

base/subbase layer 

in rigid/flexible 

pavement and soil 

type 


