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YOU’RE STUCK

1. Excavate/replace with select fill
Special Backfill
Modified Subbase
Macadam Stone
Select Soil

2. Geotextiles
3. Chemical stabilization

If soil has swell potential, you need to
do more than just dry the soll

Images: ACA (top), Corey Zollinger (bottom)
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HOW TO MITIGATE SOIL THAT HAS
SWELL POTENTIAL?

These may stabilize, but do not mitigate swell

1. Moisture treatment only
2. Core out and place aggregate subbase
3. Geotextiles

How to Mitigate Swell

1. Reduce soil moisture susceptibility
2. Change the soil properties by chemical stabilization

SSSSSSSSSSSSSSSSS



STABILIZER SELECTION

SUDAS Chapter 6H

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

US DOT, 1976

Figure 6H-1.01: Sclection of Stabilizer

LIME.CEMENT-FLY ASH
STABILIZATION

CEMENT STABILIZATION

LIME STARILIZATION

LIME-CEMENT-FLY ASH
STABILIZATION

LIME STABILIZATION

CEMENT STABILIZATION
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BITUMINOUS STABILIZATION

CEMENT STABILIZATION

Ple2s
.»:S!.. -
rwor | | 5% |
SIEVE K-
ANALYSIS NO, 200
PiI>10
Pre2s
»25%
e PASS 10<P¥<30
PERFORM NO. 200
ATTERBERG o
LRI ADD SUFFICIENT
LIME TO REDUCE
4 mloUBGRADE)
FHANASE COLRSH)
ADDSLENCINY
LUME TOREDUCE |
e o
PI>30

LIME STABILIZATION

Source: US. Department of Transportation 1976




CHEMICAL STABILIZATION

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%)

SNYDER & ASSOCIATES 7



Cement Compared to Lime

* Time Savings over lime (1 day vs 3 days for ‘mellowing’)

« Comparable performance to
* Reduces swell, PI
 Increase strength

« Similar application %

* Will remain permanent
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Plasticity Index Reduction for Clay Soil (FM 1343) with Cement vs Lime
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Figure 2.1 — Plastic Index of Soils after Being Stabilized

(Scullion, et al, 2005)




TERMINOLOGY OF CEMENT TREATED MATERIALS

Soil-Cement Cement-Modified Soil Cement-Stabilized Subgrade Cement-Treated Full-Depth Reclamation

Type (CMS) (CSS) Base (CTB) (FDR)

* Provides all the benefits of CMS
plus the following:
- Potentially allows for a

Purpose  « Promotes soil drying
* Provides a significant

Provides a strong, Provides a strong, frost-

improvement to the . . , ee——— :
wclr]rkci]n Ieatfn?m reduction in pavement thickness frost-resistant base resistant base layer
. Prwidgspa armanent or increased pavement life layer for asphalt or for asphalt or concrete
P - Increases the bearing capacity concrete pavements pavements

soil modification

(does not leach) for building slabs, footings, and

other structural elements

Materials - | * Primarily ‘ . Pulverized‘asphhalt‘
* Primarily fine-grained - . i coarse-grained blended with existing
: * Primarily fine-grained soils
soils . 3%-6% cement manufactured pavement base, subbase,
* 2%—4% cement materials and/or subgrade
« 3%—6% cement * 3%—6% cement
i 300-600 psi(2.1-4.1 .
Material . -
. * Reduced moisture * 100-300 psi (0.7-2.1 MPa) seven- MPa) seven-day 300600 psi (2.14.1 MPH}
Properties o ) : seven-day compressive
susceptibility day compressive strength compressive
strength
strength
= [ ] Tal = 0
Construction « Minimum 95% of . . . Mm'ml.lm B gs.fﬁ * Minimum 95%-98% of
Practi . . * Minimum 95% of maximum density of maximum density . .
ractices maximum density . . maximum density
. * Mixed in place * Mixed in place or at . T
* Mixed in place S » Typically mixed in place

Uniformity

SNYDER & ASSOCIATES



WHAT SOILS CAN BE IMPROVED WITH CEMENT
STABILIZATION? ... couscocscsonson

Clayey SO”S Wlth hlgh Swe” Geasral Cisssifiention (35% or less of total semple passing No. 200 [0.075 mm]) “':,E::s?: :"Hfa:ﬂ‘lf[:]::;:lﬁsr:mﬂle

potential typically exhibit a high ” " —

Plasticity Index (PI) indicating a3 —— — H A i
high clay content and ae [ s 24 [ Aos | b2 [ na1 aree | ar|
significant volume changes

Sieve Analysis (Percent Passing)

. . 50%

due to moisture fluctuations. Not02o0mml e | | T
No. 40(0.425 mm) W% | x| 9% _ | _ _
. . Mo. 200 (0.07% mm) 15% 25% 0% 35.% % min. % min

These expansive soils, — max_| max_| max | min, | 3% min | %
common |n Iowa, are Characteristics of Fraction Passing No. 40 (0.425 mm)
genera”y CIaSS|f|ed aS A_6 Or Liquid Limit — — — A0 max. | 41 min. | 40 max. | 41 min. rntﬂ:-:. rr|4|]n
A-7-6 SOlIS, featurlng hlgh Plasticity Index 6max. | 6max MNP 10 max. ml:lx 11 min. | 11 min. “::I: m];]x
|IqUId IImItS and SenSItIVIty to Usual Types of Significant | Stone fragments, | Fine il . . _

1 Constituent Materials ravel, and sand | sand by or clinyey gravel and sand Silty soils Clayey soils
water, which leads to groval
Shnnklng and Swelllng General Subgrade Rating Exdellent to Good Fairta Poor

* For A-7-5, Pl = LL = 30

* For A-7-6, Pl = LI - 30

Source: Table 1 of B 145-91 [2017) in Standarg Specifications for Transpartation Materials and Methods of Sampling and Testing, by the American Association of State Highway and
SNYDER & ASSOCIATES Transpaoriation Officials, Washingion, DC, used with explicit permission



BENEFITS OF CEMENT-STABILIZED
SUBGRADE SOILS (CSS)

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. s |

Lowers plasticity index (P1) and improves volume stability g i
Improves bearing capacity & uniformity of soil
Provides a construction platform
Provides permanent modification

SNYDER & ASSOCIATES 11



HOW DOES IT WORK?

Modification Mechanisms

Sand, Gravel Silt

Cation Exchange 0 - 2 hours
Particle Restructuring X 0 =2 hours
Cementitious Hydration X X 1 - 28 days

Pozzolanic Reaction X Months - years

: SNYDER & ASSOCIATES 12



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

SNYDER & ASSOCIATES

Clay particle

Sodium ions

Negatively g 8 9% @%JG)@@@@

charged ®°0@®° e

clay surface

®© ® @@G)/
febeage, |
\

Dipolar H,0

Reduced
spacing
after ion
exchange
and
shrinkage
of water
layer

H

Calcium ions

0 -2 hours
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Particle Restructuring

lon 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

SNYDER & ASSOCIATES

Unmodified clay particles

/\J a\'l I Il /\ \' \ _‘

Clay particles after
flocculation / agglomeration

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

unhydrated
cement grain

clay particle
\

clay-cement
bonds

ement hydration products
(CSH and CAH)

1 - 28 days

: SNYDER & ASSOCIATES
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Pozzolanic Reaction

In addition to CSH and CAH, cement also
forms calcium hydroxide, Ca(OH), 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

SNYDER & ASSOCIATES

cementitious
material from
cement hydration

cHON.

clay particle

cementitious
material from
pozzolanic GV comentliytionide
reactions cement f Y t
(CSH and CAH) bonds s
hydration

Months - years
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Atterberg Limits

AASHTO T 90; ASTM D4318

_iquid Limit (LL)
Plastic Limit (PL)
Plasticity Index (LL - PL = PI)

AASHTO T-92; ASTM D4943
 Shrinkage Limit (SL)

SNYDER & ASSOCIATES

Image: Corey Zollinger
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Soil Phases

The moisture content

where no additional
shrinkage will occur and
the indication of how
much moisture (%) the
soil can absorb without

The moisture content
where the soil changes
from a semi-solid state
to a plastic state.

swelling. The higher the

value the less expansive
the soil.

Solid Semisolid Plastic

Shrinkage Plastic
Limit Limit

The plasticity index (Pl) is a measurement of a soils cohesive
properties and is indicative of the amount and nature of clay in
the soil. Materials with a large Pl can be unstable and cohesive
when wet, and have the potential for high volume changes
during wetting and drying. By adding cement the Pl is reduced
to regionally acceptable levels.

Plasticity Index

The moisture content
where the soil changes
from a plastic stateto a
liquid state.

Liquid
Limit

Liquid

Moisture
Content,
w %

Adapted from Halsted et al. 2008, © 2008 PCA

18



Effect of 3% Cement on Cohesive Soils

Plasticity Index LL

SL PL
Very Dry Very Wet
Before ‘ 42 ,
CMS Solid Semi- Plastic Liquid
solid
18 21 63

Plasticity Index (Target 12-14)

12
O/ BTST very ony o Py Very Wet
adding 3%
cement Solid Semisolid |Plastic Liquid

SL=Shrinkage Limit (While drying, no more shrinkage)
PL=Plastic Limit (Beginning of Plastic State. The higher, the more swelling) 31 37 49
LL=Liquid Limit (Beginning of Liquid State. The higher, the greater compressibility)
Pl=Plasticity Index (LL-PL) (The higher, the more plastic the soil and higher swell)

SNYDER & ASSOCIATES



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

Moisture Content, %

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

SNYDER & ASSOCIATES
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A-7 Clayey Soll

Plastic Limit

Shrinkage Limit
Plasticity Index

0 (Day Q) 3 (Day 1) 3 (Day7) 6 (Day 1)

Cement Content, %

Comparative Performance of Portland Cement and Stabilization of
Moderate to High Plasticity Clay Soils, Bhattacharja et al., 2003
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CSS Mixture Design

Images: Raba g
Kistner, Inc

Run MDR

1. Determine In Situ Moisture
Content & Classify Soil

A 4

2. Determine Cement Type and
Estimated Dosage Rate

A 4

3. Determine Chemical
Compatability (If Necessary)

A 4

4. Determine Atterberg Limits of
Three Different Cement Content
Samples

Moisture-Density Relationship

on 3 mixes o

300

Cement Content vs. Unconfined Compressive Strength

250

with varying| “*/\
cement % 100

200

o/

/

Dry Density (Ib/cf)

Optimum Moisture

Run UCS on 7

Unconfined Compressive Strength (psi)
g

B
A -

3 mixes at
80

OM 5 17 19 2 23 2% X 28 3 Un

Moisture Content AASHTO T134 (%)

2 3 4 5 ] 7

Cement Content by Weight (%)

A 4

*5. Determine Optimum Moisture
Content and Maximum Dry
Density

A 4

6. Determine the Unconfined
Compressive Strength at three
different cement contents
(Optional for CMS)

A 4

7. Plot Unconfined Compressive
Strength to Verify Cement
Content

SNYDER & ASSOCIATES
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Construction — Cement Application

Bulk Cement Slurry Cement
» Lowest Cost » Solves Dust Problem
* Dusty * Increased Cost

Fis

*‘-

Image: Corey Zollinger

: SNYDER & ASSOCIATES 22



Construction — Cement Spread Rates

Typical cement spread rates (US customary units)

20 Ibs/yd? 30 lbs/yd? 40 Ibs/yd? 50 lbs/yd?

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

Dry Unit
Weight of

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

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

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

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

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

Ib b (i
Rate (3?52) = Percent Cef;':m X DryUnit Weight (fTi) X (9 x (%z(m))) Adapted from Halsted et al. 2008

: SNYDER & ASSOCIATES 23



Operating Direction

Milling Drum
e ] Subgrade
Material

: SNYDER & ASSOCIATES 24
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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

SNYDER & ASSOCIATES

Type of
Soil-Cement

Cement-
Stabilized
subgrade

Cement-
Treated Base

Full-Depth
Reclamation

Minimum Percent Passing

3in. 2 1. 1% in. No. 4
(7Smm) | (50mm)} | (38 mm} | (4.75 mm)
Sieve Sieve Sieve Sieve

100 1]
100 95 — b5
100 95 — b5

25



Reclaimer Mlxmg
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Compaction

Initial compaction is ty
for clayey and silty soi

nically required with a vibrtatory sheepsfoot roller
s, followed by a vibratory smooth drum roller.

Compact to specified d

= s

R & ASSO
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ensity.




ompaction

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

W

SNYDER & ASSOCIATES




Shape to Final Grade

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

: SNYDER & ASSOCIATES
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Field Inspection and Testing

!

Sieve Analysis | o e stacked
' (badld(or

Atterberg Limits
Laboratory

Tests on

Netrel Satl Moisture-Density

Soil Classification

Treated Atterberg Limits

Treated Moisture - Density

Laboratory

Tests on Compressive Strength (Dry / Wet)
Stabilized Soil

Durability (Freeze-Thaw)

Cement Spread Rate

SNYDER & ASSOCIATES 30



GUIDE TO CEMENT-STABILIZED SUBGRADE SOILS

Stan Bland, Southeast Cement Promotion Association

Brendan Daly, LafareeHolcim s ’
n o o Thank you, TAC Cement-Stabilized Subgrade Soils
Marco Estrada, Pavement Recycling Systems Inc. mem b ers & .

Gregory Halsted, Portdand Cement Association t e Ch n I c3 I 9 uth ors ' '

Andrew Johnson, Southeast Cement Promotion
Association
David Meyer, Continental Cement Company _ _ ‘
James Bertsch, Certified Testing Services
Brady Pryvor, Ash Grove Resources
T Sybil Ferrier, Construction Materials Testing

Andrea Marsh, Snyder & Associates, Inc.

Dane Redinger, Resource International, Inc.

Garth Benjamin Reese, Raba Kistner, Inc.
Matthew Singel, Cement Council of Texas
Kimbel Stokes, The Miller Group, Inc.
David Stowell, New Field Inc.

Matt Wood, Ash Grove Cement Company (formerly)

. . 2 I‘" e Pavement | [OWA STATE
dKE Il y 4 INISTNET, 1NC. 7 : o UNIVERSITY

Bl k w ht Rab K t r 1 51”(91916 3 :

America's Cement Manufacturers rrlnmn;';::::;

Jett Wykoff, California Nevada Cement Association

Corey Zollinger, CEMEX
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Case Study

Year Constructed 2019

Case Type Construction

Facility Location lowa State University
Existing Soil Conditions Silty clay (A-6)

Civil Firm Snyder and Associates, Inc.
Construction Contractor Manatt’s, Inc.

6% cement utilized
Reduced HMA thickness from 8” to 7”
Improved construction schedule

*Consider incorporating aggregate into CSS

SNYDER & ASSOCIATES 32



Case Study

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.

4% cement utilized
UCS goal of 125 psi

CSS yielded an increase of 100 — 300% in strength
Saved time and cost

i
SNYDER & ASSOCIATES



Guideline Construction Specifications

Appendix A: Suggested Construction Specification for Cement-Stabilized

SUDAS 7091, lowa DOT 2116
Full Depth Reclamation

Stabilizing agents:

Cement

* Fly ash

 Lime

* Limestone fines (lowa DOT
Calcium chloride (SUDAS

SNYDER & ASSOCIATES

Subgrade Soils

1. General

1.1 Description. Cement-stabilized subgrade (CSS)
soils shall consist of soil/aggregate, portland cement, and
water proportioned, mixed, compacted, and cured in
accordance with this specification and shall conform o
the lines, grades, thicknesses, and typical cross sections
shown in the plans.

1.2 Caveat. In terms of format and content, this
specification is intended to provide information regarding
typical CSS construction. Most projects have features or
requirements not covered by this specification that should
be incorporated into the project documents.

2. Referenced Documents

Four American Association of State Highway and
Transportation Officials (AASHTO) specifications with
corresponding ASTM International (ASTM) designations
and one ASTM specification:

AASHTO M 85
Specification for Portland Cement (ASTM C150)

AASHTO M 240
Specification for Blended Hydraulic Cements
(ASTM C595)

ASTM C1157
Performance Specification for Hydraulic Cement

AASHTOT 134
Moisture-Density Relations of Soil-Cement Mixtures
(ASTM D558)

AASHTOT 310

In-Place Density and Warter Content of Soil and
Soil-Aggregate by Nuclear Methods (Shallow Deprh)
(ASTM D6938)

3. Submittals

3.1 Submittal Requirements. The contractor shall
submit the following to the engineer at least 30 days
before start of any production of CSS:

3.1.1 Certifications. Certifications for portland cement
as required by the engineer.

3.1.2 Specifications. Manufacturers’ dara and
specifications for equipment, including capaciries to be
used in mixing and compacting CSS.

3.1.3 Proposed CSS Mix Design. If the proposed

mix design is developed by the contractor or a change
to the mix design is suggested, the mix design must

be submitted to the engineer for approval at least two
weeks prior to CSS construction. This mix design shall
include details on soil/aggregare gradartion, cementitious
materials, and the required moisture and density to be
achieved during compaction.

4. Materials

4.1 Soil/Aggregate. Soil/aggregate may consist of (1)
any combination of gravel, stone, sand, silt, and clay;
(2) miscellaneous material such as caliche, scoria, slag,
sandshell, cinders, and ash; and/or (3) waste material
from aggregate production plants. No topsoil or organic
content greater than two (2) percent may be present.

4.2 Portland Cement. All portland cement used shall
comply with the latest specifications for portland
cement (AASHTO M 85 or ASTM C150) or blended
hydraulic cements (AASHTO M 240, ASTM C595, or
ASTM C1157).

4.3 Water. All water used shall be free from substances
deleterious to the processing of CSS material.

5. Equipment

5.1 Descriptions. CSS may be constructed with any
machine or combination of machines or equipment

that will produce completed CSS material meeting

the requirements for gradation, cement and water
application, mixing, compacring, finishing, and curing as
provided in this specification.

5.2 Mixing Methods. Mixing shall be accomplished in
place using a single-shaft reclaimer machine. Agriculrural
disks, graders, or other scarifying equipment may be
used to initially blend the cement into the soil/aggregate
material but should not be used for final mixing.

5.3 Cement Proportioning. The cement spreader

used for in-place mixing shall be capable of uniformly
distributing the cement at the specified rate. Cement
may be added in dry or slurry form. If applied in slurry
form, the slurry mixer and spreading equipment shall be
capable of completely dispersing the cement and water
and maintaining a uniform, consistent shurry without
separation throughour the slurry placement.

42 Guide to Cement-Stabilized Subgrade Soils




PCC Pavement Application

How does the use of CSS affect PCC pavement design?

Pavementdesigner.org inc

CTB

FDR

LCB

Bituminous

CSS

Lime Stabilization
Granular Base

SNYDER & ASSOCIATES

udes these support layer options:

Layer Type Resilient Modulus Layer Thickness

25,000

Granular Base A

12 in

Cement-Treated Base (CTR)

Full-Depth Reclamation
Lean Concrete Base (LCB, Econoorels)
Hot-Mix or Warm-Mix Asphalt Base

- Bituminous Stabilized Base SUBGRADE

Cement Stabifized Subgrade
Lime Stabilized Subgrade ie of Substructure Override

Granular Base

100,000

“\
1 315 psifin ) (]
\ A

35



STRUCTURE

Pavementdesigner.org -

Layer Type Resilient Modulus Layer Thickness

* Minor arterial Puton 8 Coen v o
Granular Base —— ' :

* S0-year service life

Calculated Composite K-Value of Substructure Override

* 100 trucks per day o -
« 1.5% traffic growth |

A\ 4

Calculated Minimum Thickness

* 1 million ESALs over 50 years .- e

* 90% reliability Gl G
* 10% cracked slabs at end of life 2 Recommendsa Design Tckness /
 CBR: 1 B sy A
. 500 psi flexural strength @ 28 days Gl @&l
« 8" Granular Base — Mammmsmmw =

8.5” PCC, 15’ joint spacing — n:m )

SNYDER & ASSOCIATES 36



Pavementdesigner.org = o Ay e

 Minor arterial PCC on 8”
* 50-year service life Granular Base
» 100 trucks per day & 127 Lime e —— =

N

» 1.5% traffic growth

Calculated Minimum Thickness

* 1 million ESALs over 50 years D Undoveled

* 90% reliability G G
* 10% cracked slabs at end of life S s

* CBR: 1 o Ay

« 500 psi flexural strength @ 28 days Lz Mmzm mi;m g}
« 12” Limes SS, 8” Granular Base —= ==
7.75” PCC, 13’ joint spacing aEr &

SNYDER & ASSOCIATES 37



Pavementdesigner.org

Minor arterial PCC on 8”
50-year service life Granular Base
& 12” CSS

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

SNYDER & ASSOCIATES

STRUCTURE

Subbase Layers

ment biized Subgra v
SUBGRADE

Calculated Composite K-Value of Substructure

/ A
( 315 psifin )]
k- N

Calculated Minimum Thickness

Doweled Undoweled

N\ Y
( 7.50 in /:I \ 7.50

Recommended Design Thickness

Doweled Undoweled

< 7.50 in) ( 7.50

Maximum Joint Spacing

Doweled Undoweled

N -
12 ft ) ( 12

38



Thank you!

Jerod Gross, PE, LEEL
Jjgross@snyder-ass
515-669-7644

|
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