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CAPTION GOES HERE

CSS Design

CSS Benefits

Cement-Stabilized Subgrade Soils

Stabilization Options

Soil Challenges

WHAT WE WILL COVER

CSS Construction
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1. Excavate/replace with select fill

 Special Backfill

 Modified Subbase

 Macadam Stone

 Select Soil

2. Geotextiles

3. Chemical stabilization

What are the options?

YOU’RE STUCK

Images: ACA (top), Corey Zollinger (bottom)

If soil has swell potential, you need to 

do more than just dry the soil
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HOW TO MITIGATE SOIL THAT HAS 
SWELL POTENTIAL?

How to Mitigate Swell

1. Reduce soil moisture susceptibility 

2. Change the soil properties by chemical stabilization

These may stabilize, but do not mitigate swell 

1. Moisture treatment only

2. Core out and place aggregate subbase

3. Geotextiles
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SUDAS Chapter 6H

1976 flowchart based 
selection on % 
passing No. 200 
sieve & Plasticity 
Index (PI)

STABILIZER SELECTION

US DOT, 1976
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Method to strengthen weak soils and restrict the volume change 
potential of highly plastic or compressible soils

Stabilizing agents and application rates:

Fly ash (15 to 18% by volume)

Lime (3 to 8%)

Cement (3 to 6%)

CHEMICAL STABILIZATION
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• Time Savings over lime (1 day vs 3 days for ‘mellowing’)

• Comparable performance to lime

• Reduces swell, PI

• Increase strength

• Similar application %

• Will remain permanent

Cement Compared to Lime
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TERMINOLOGY OF CEMENT TREATED MATERIALS

Uniformity
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Clayey soils with high swell 
potential typically exhibit a high 
Plasticity Index (PI) indicating 
high clay content and 
significant volume changes 
due to moisture fluctuations. 

These expansive soils, 
common in Iowa, are 
generally classified as A-6 or 
A-7-6 soils, featuring high 
liquid limits and sensitivity to 
water, which leads to 
shrinking and swelling.

WHAT SOILS CAN BE IMPROVED WITH CEMENT 
STABILIZATION?
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• Eliminates removal/replace of inferior soils

• Reduces construction time as compared to lime or others

• Works for wide range of soils-granular to clay

• Small quantity of cement (3-6%) added to soils to change 
properties. 

• Lowers plasticity index (PI) and improves volume stability

• Improves bearing capacity & uniformity of soil

• Provides a construction platform

• Provides permanent modification

BENEFITS OF CEMENT-STABILIZED 
SUBGRADE SOILS (CSS) 
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Mechanism
Sand, Gravel, Silt 

(non-cohesive)
Clay (cohesive) Time

Cation Exchange X 0 – 2 hours

Particle Restructuring X
0 – 2 hours

Cementitious Hydration X X 1 – 28 days

Pozzolanic Reaction X Months - years

Modification Mechanisms
HOW DOES IT WORK?    
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Cation Exchange

• Clay surfaces have a negative charge from 
the silica & alumina layers

• Sodium ions in high plastic clays have a 
+1 cation charge

• Calcium in cement has a +2 cation charge 
& replaces the weaker dipolar water 
molecules

• Calcium ion exchange results in a thinner 
layer of water between the clay layer

• Reduces the capacity of the clay to hold 
water resulting in a lower plasticity

0 – 2 hours
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Particle Restructuring
• Ion exchange also causes changes in the clay 

texture

• Clay particles change their arrangement from 

flat to a more resistant alignment through 

random edge-to-face orientation

• The material changes from plastic/fine grained 

to friable/granular

• Agglomeration refers to the weak bonding at the 

edge-surface interface, forming large aggregate 

size particles from the finely divided clay

• Result is higher shear strength and improved 

texture

0 – 2 hours
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Cementitious Hydration

• Cement hydration produces 
calcium silicate hydrate (CSH) and 
calcium aluminum hydrate (CAH) 
act as the “glue” that bounds the 
clay particles

1 – 28 days
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Pozzolanic Reaction

• In addition to CSH and CAH, cement also 
forms calcium hydroxide, Ca(OH)2 which 
enters into a pozzolanic reaction

• This secondary soil modification is a lesser 
degree than hydration

• Pozzolanic reactions take place slowly and 
can further strengthen the modified soil as 
well as reduce its plasticity

Months - years



17SNYDER & ASSOCIATES

Image: Corey Zollinger

Atterberg Limits

AASHTO T 90; ASTM D4318

• Liquid Limit (LL)

• Plastic Limit (PL)

• Plasticity Index (LL - PL = PI)

AASHTO T-92; ASTM D4943

• Shrinkage Limit (SL) 
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Soil Phases
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Effect of 3%Cement on Cohesive Soils

SL=Shrinkage Limit (While drying, no more shrinkage)

PL=Plastic Limit (Beginning of Plastic State. The higher, the more swelling)

LL=Liquid Limit (Beginning of Liquid State. The higher, the greater compressibility)

PI=Plasticity Index (LL-PL) (The higher, the more plastic the soil and higher swell)

37 49

SL PL LL
12

SemisolidSolid Plastic Liquid

Very WetVery Dry

Plasticity Index (Target 12-14)

31

7 days after 

adding 3% 

cement

21 63

SL PL LL
42

Semi-

solid
Solid Plastic Liquid

Very WetVery Dry

Plasticity Index

18

Before 

CMS
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Effect of Cement Content and Time

• Cement stabilization can 
reduce the PI:
• A-7-6  reduced by 15-20

• A-6 reduced by 
approximately 10-15

Comparative Performance of Portland Cement and Stabilization of 

Moderate to High Plasticity Clay Soils, Bhattacharja  et al., 2003 

A-7 Clayey Soil

SL increased meaning the 
soil can absorb more water 
before it tends to swell
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Images: Raba 

Kistner, Inc

CSS Mixture Design

Run MDR 

on 3 mixes 

with varying 

cement %

Run UCS on 

3 mixes at 

OM
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Construction – Cement Application

Bulk Cement

• Lowest Cost

• Dusty

Slurry Cement

• Solves Dust Problem

• Increased Cost

Image: Corey Zollinger
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Dry Unit 

Weight of 

Soil 

(lbs/ft3)

20 lbs/yd2 30 lbs/yd2 40 lbs/yd2 50 lbs/yd2

Depth of Stabilization (in.) Depth of Stabilization (in.) Depth of Stabilization (in.) Depth of Stabilization (in.)

6 8 10 12 6 8 10 12 6 8 10 12 6 8 10 12

90 5% 4% 3% 3% 7% 6% 4% 4% 10% 7% 6% 5% 12% 9% 7% 6%

100 4% 3% 3% 2% 7% 5% 4% 3% 9% 7% 5% 4% 11% 8% 7% 6%

110 4% 3% 2% 2% 6% 5% 4% 3% 8% 6% 5% 4% 10% 8% 6% 5%

120 4% 3% 2% 2% 6% 4% 3% 3% 7% 6% 4% 4% 9% 7% 6% 5%

130 3% 3% 2% 2% 5% 4% 3% 3% 7% 5% 4% 3% 9% 6% 5% 4%

Typical cement spread rates (US customary units)

Adapted from Halsted et al. 2008

Construction – Cement Spread Rates
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Mixing

Left image: Jeff Wykoff
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Mixing

• Mixing should be done 

within 30 minutes of 

applying cement

• Equipment can now mix 

up to 24 inches in depth

• Additional depth can be 

achieved if constructed in 

layers
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Reclaimer Mixing
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Compaction

Initial compaction is typically required with a vibrtatory sheepsfoot roller 
for clayey and silty soils, followed by a vibratory smooth drum roller. 
Compact to specified density.

Images: Pavement Recycling (PRS), Inc.
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After mixing, the mixture is compacted with traditional compaction equipment and subsequently proof-rolled.  

Typically, compaction must be completed within 2-4 hours of cement mixing into soil

Compaction
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Last step includes final grading.  Curing can be accomplished with water, tack coat / 

emulsion as appropriate.

Shape to Final Grade
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• Treated Atterberg Limits

• Treated Moisture - Density

• Compressive Strength (Dry / Wet)

• Durability (Freeze-Thaw)

• Cement Spread Rate

• Sieve Analysis 

• Atterberg Limits

• Moisture-Density 

• Soil Classification

Field Inspection and Testing

Laboratory 

Tests on 

Natural Soil

Laboratory 

Tests on 

Stabilized Soil
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Thank you, TAC 
members & 

technical authors!!

GUIDE TO CEMENT-STABILIZED SUBGRADE SOILS
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Case Study

6% cement utilized 

Reduced HMA thickness from 8” to 7”

Improved construction schedule

*Consider incorporating aggregate into CSS

Year Constructed 2019

Case Type Construction

Facility Location Iowa State University

Existing Soil Conditions Silty clay (A-6)

Civil Firm Snyder and Associates, Inc.

Construction Contractor Manatt’s, Inc. 
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Case Study

4% cement utilized

UCS goal of 125 psi

CSS yielded an increase of 100 – 300% in strength

Saved time and cost

Year Constructed 2018

Case Type Design

Facility Location Des Moines International Airport

Existing Soil Conditions Silty clay (A-6)

Civil Firm Foth Infrastructure & Environment, LLC

Construction Contractor Flynn Co., Inc.

Construction Subcontractor Manatt’s, Inc. 
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Guideline Construction Specifications

SUDAS 7091, Iowa DOT 2116

(Full Depth Reclamation)

Stabilizing agents:

• Cement

• Fly ash

• Lime

• Limestone fines (Iowa DOT)

• Calcium chloride (SUDAS)
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How does the use of CSS affect PCC pavement design?

Pavementdesigner.org includes these support layer options:

• CTB

• FDR

• LCB

• Bituminous

• CSS

• Lime Stabilization

• Granular Base

PCC Pavement Application
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Pavementdesigner.org

• Minor arterial

• 50-year service life

• 100 trucks per day

• 1.5% traffic growth

• 1 million ESALs over 50 years

• 90% reliability

• 10% cracked slabs at end of life

• CBR: 1 

• 500 psi flexural strength @ 28 days

• 8” Granular Base

8.5” PCC, 15’ joint spacing

PCC on 8” 

Granular Base
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Pavementdesigner.org

• Minor arterial

• 50-year service life

• 100 trucks per day

• 1.5% traffic growth

• 1 million ESALs over 50 years

• 90% reliability

• 10% cracked slabs at end of life

• CBR: 1 

• 500 psi flexural strength @ 28 days

• 12” Limes SS, 8” Granular Base

7.75” PCC, 13’ joint spacing

PCC on 8” 

Granular Base  

& 12” Lime
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Pavementdesigner.org

• Minor arterial

• 50-year service life

• 100 trucks per day

• 1.5% traffic growth

• 1 million ESALs over 50 years

• 90% reliability

• 10% cracked slabs at end of life

• CBR: 1 

• 500 psi flexural strength @ 28 days

• 12” CSS, 8” Granular Base

7.5” PCC, 12’ joint spacing

PCC on 8” 

Granular Base  

& 12” CSS
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Thank you!

Jerod Gross, PE, LEED AP

jgross@snyder-associates.com

515-669-7644

mailto:jgross@snyder-associates.com

	Slide 1: Engineering the Foundation:  Stable Subgrades for Durable Concrete Pavements
	Slide 2: What we will cover
	Slide 3: Acknowledgements
	Slide 4: You’re stuck
	Slide 5: HOW TO MITIGATE SOIL THAT HAS SWELL POTENTIAL?
	Slide 6: Stabilizer Selection
	Slide 7: Chemical Stabilization
	Slide 8: Cement Compared to Lime
	Slide 9: Terminology of Cement Treated Materials
	Slide 10: What Soils Can Be Improved with Cement Stabilization?
	Slide 11: Benefits of Cement-Stabilized Subgrade Soils (CSS) 
	Slide 12: How does it work?    
	Slide 13: Cation Exchange
	Slide 14: Particle Restructuring
	Slide 15: Cementitious Hydration
	Slide 16: Pozzolanic Reaction
	Slide 17
	Slide 18: Soil Phases
	Slide 19
	Slide 20: Effect of Cement Content and Time
	Slide 21: CSS Mixture Design
	Slide 22: Construction – Cement Application
	Slide 23: Construction – Cement Spread Rates
	Slide 24: Mixing
	Slide 25: Mixing
	Slide 26
	Slide 27: Compaction
	Slide 28
	Slide 29: Shape to Final Grade
	Slide 30: Field Inspection and Testing
	Slide 31: Guide to Cement-Stabilized Subgrade Soils
	Slide 32: Case Study
	Slide 33: Case Study
	Slide 34: Guideline Construction Specifications
	Slide 35: PCC Pavement Application
	Slide 36: Pavementdesigner.org 
	Slide 37: Pavementdesigner.org 
	Slide 38: Pavementdesigner.org 
	Slide 39

