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EXECUTIVE SUMMARY

PROJECT IMPLEMENTATION:
CLASSIFICATION OF ORGANIC SOILS AND
CLASSIFICATION OF MARLS—TRAINING OF
INDOT PERSONNEL

Introduction

This is an implementation project for the research completed as
part of two projects: SPR-3005, Classification of Organic Soils,
and SPR-3227, Classification of Marl Soils. The methods
developed for the classification of both soils have been incorpo-
rated in Indiana Department of Transportation (INDOT)
standard specifications 903.05 and 903.06, respectively. Both
projects included recommendations for implementation that
reflected input from the project administrator and study advisory
committee. A specific recommendation from both projects was
that INDOT soil technicians be trained to perform the required
tests and to classify soils based on the revised classification
systems. This project was initiated to carry out the implementation
of those recommendations.

The project scope includes developing training materials,
training pertinent INDOT personnel, integrating the revised
classification system into INDOT’s standards, and establishing a
resource database for future training of INDOT personnel.

Findings

® The presence of organics in soils can create problems in
geotechnical practice by increasing the soil’s compressibility
and creep potential, decreasing its maximum dry density and
strength, and potentially interfering with the soil’s stabiliza-
tion or modification with cement, lime, and cement or lime
byproducts.

® Such problems are recognized in current INDOT specifica-
tions, which have strict limits on the percentage of organic
matter allowed for certain applications. Thus, identification of
organic soils and quantification of the percentage of organic
matter is critical in many engineering projects. The method

that was previously employed by INDOT to determine
organic content tends to overestimate the percentage of
organic matter. This is problematic because misclassification
of organic soils can lead to significant costs that could be
avoided.

® Marls typically have low dry density, very high moisture
content, and low shear strength. As a result, they are
considered problem soils and their correct identification and
classification is critical in geotechnical engineering practice.

® Because of the generally unsatisfactory geotechnical properties
of marls, INDOT specifications restrict the amount of calcium
and magnesium carbonate that can be present in soils for a
number of applications, similarly to how they restrict the
presence of organic matter. The methodologies that are
available for determining the calcium carbonate content are
either very complex (e.g., the chemical determination of
CaCOs), or not sufficiently sensitive (e.g., the effervescent
action of hydrochloric acid on the carbonate). As with organic
soils, misclassification of marl soils can be costly.

® As a result, classification systems were developed to classify
organics soils (SPR-3005) and marls (SPR-3227) more
accurately and in a relatively easy manner.

® This project: (1) administers training to INDOT personnel
and interested representatives from the geotechnical consult-
ing/construction community, and (2) develops training mate-
rials to be used by INDOT to train additional personnel.

Implementation

This project was implemented based on four specific tasks:

[

Collection of sample soils for testing and classification.

2. Development of training material, namely: a PowerPoint
presentation with concise instructional handouts; supporting
classification examples for a variety of soils; and a manual
summarizing the classification system for both soils with
supporting examples.

3. Delivery of training sessions to INDOT personnel, as well as
representatives from select geotechnical consulting firms and
contractors.

4. Production of a training video.
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1. INTRODUCTION: BACKGROUND AND SCOPE

This is an implementation project for the research
completed as part of two projects: SPR-3005, Classification
of Organic Soils, and SPR-3227, Classification of Marl
Soils. The methods developed for the classification of both
soils have been incorporated in INDOT standard specifi-
cation 903.05 and 903.06 respectively.

SPR-3005 addressed the classification of organic
soils and the quantification of organic matter in soils.
The study was motivated by the realization that the
methods previously employed by INDOT to quantify
organic matter content and the strict guidelines on
organic content used to determine the acceptability of a
soil for a given application could lead to incorrect
classification of soils. This, in turn, could lead to
erroneously considering a material unviable for a given
application, and to unnecessary costs for material
replacement/treatment.

The research conducted as part of SPR-3005 involved
two main work streams: a review of the literature and a
focused experimental effort. The former reviewed
existing classification systems for organic soils, the
effects of organic matter on the geotechnical properties
of soils, and the methods for determination of organic
content. The experimental component of the research
involved performing loss on ignition tests, Atterberg
limits, colorimetric tests, dry combustion tests, thermal
analyses, and X-ray diffraction analyses on natural soils
with varying organic content, as well as on laboratory
prepared (“artificial”) organic soils.

The work led to the proposition of a revised system for
classifying soils in four groups (peats; organic soils;
mineral soils with organic matter; and mineral soils)
based on the percentage of organic matter estimated
from the loss on ignition (LOI) in combination with the
liquid limit ratio and the results of the colorimetric test.
These methods were validated with tests on a variety of
soils. It was found that based on the LOI results, some
soils that might be considered unviable for roadway
construction, did not instead contain significant
amounts of organics. These observations were supported
by in-laboratory chemical measurements.

SPR-3227 addressed the classification of marl soils—
soft, carbonate-rich, low-organic, light gray colored clay
or silt deposits (fine-grained soils only) that are formed
by precipitation of calcite below an organic soil deposit.
Marly soils, which are also often characterized by the
presence of organic matter (4-20%), are not generally
well described with existing soil classification systems,
and the methodologies available for their identification
in the laboratory or in the field are either not adequate
or not effective. To address this, the project involved
testing of marl samples obtained from three INDOT
road construction projects. The experimental program
included determinations of the CaCOj; percentage using
three different approaches (chemically; through thermo-
gravimetric analysis (TGA); and through a “sequential”
loss on ignition (LOI) test), as well as XRD analyses, pH
tests, and Atterberg limit tests.

The experimental work: (a) re-endorsed the classifi-
cation previously used by INDOT that classifies soils
into five groups based on the % of CaCOj; (“soil with
trace of marl”; “soil with little marl”; “soil with some
marl”; “marly soil”; “marl”); (b) validated the use of any
of the methods above for measuring the % of CaCO;
(with the sequential LOI test having the advantage of
also providing an estimate of the organic content); and
(c) proposed a simple classification procedure to
identify a marl soil in the field, based on the color of
the dry soil and its reaction with a 1M HCL solution.

Both SPR-3005 and SPR-3227 included recommen-
dations for implementation that reflected input from
the project administrator (PA) and study advisory
committee (SAC). A specific recommendation from
both projects was that INDOT soil technicians be
trained to perform the required tests and classify soils
based on the revised classification systems.

This project was initiated to carry out the imple-
mentation of those recommendations. The project
scope includes development of training material for
instruction in performance of the revised classification
tests and methods, delivery of that training to pertinent
INDOT personnel, integration of the revised classifica-
tion system into INDOT’s standards (specifications
903.05 and 903.06), and establishment of a resource
database for future training of personnel.

2. PROJECT OBJECTIVES

Within the general scope outlined above, the specific
objectives of the proposed work are to:

1. Administer training to select INDOT personnel and
interested representatives from the geotechnical consult-
ing/construction community.

2. Develop training materials to be used by INDOT to train
additional personnel.

3. PROJECT TASKS

The two objectives outlined above were accom-
plished through the completion of four specific tasks.

Task 1: Collection of Sample Soils for Testing and
Classification

Task Description

Demonstration of the classification method and
testing procedures required that several sample soils
be obtained from different locations around Indiana.
Thus, a small collection program was necessary to
acquire the needed samples.

Task Completion

The first task for this project was to identify/test
reference soils to be used as supporting classification
examples. Specifically, efforts focused on finding reference

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22 1



soils with different percentages of organics and calcium
carbonate that fell in the following categories:

1. 1 to 2 organic soils with no CaCO;

2. 1 to 2 marly soils with no organics

3. 1 to 2 soils with both organics and CaCOj (critical to
examine the combined use of the two classification
systems)

4. 1 mineral soil

5. 1 soil that provided a false positive to the presence of

organics based on the LOI test

In order to collect information on site locations that
may have organic and/or marl soils with the character-
istics listed above, fact-finding interviews were con-
ducted with a number of persons, including INDOT
personnel, private contractors, and consultants: Tom
Coffey (Alt & Witzing Engineering); Michael Wigger
and Darren Pleiman (Earth Exploration Inc.); Shawn
Marcum (ATC Associates); Firooz Zandi (K&S
Engineers Inc.); Radha Daita (H.C. Nutting,
Terracon Co.); and Joey Franzino, Jonathan Paauwe

Additional samples were taken from a fourth site,
part of section 3, segment 13 (Daviess, Indiana) of 1-69,
in conjunction with another currently ongoing JTRP
Project (SPR-3639, Engineering Properties of Marls).
Details on the sampling operations are provided in the
report for that project.

Task 2: Development of Training Material

Task Description

Materials were to be developed providing ade-
quate instruction in both the revised classification
system (for organic and marl soils) and the testing
methods necessary to perform the classification. The
training material was to be designed in such a
manner as to be conducive to administration in a
small “classroom” setting, with a target training time
of approximately 3 hours. Specifically, the materials
were to include:

and Youlanda Belew (INDOT). As a result of these 1. A PowerPoint presentation supported by concise instruc-
efforts, samples were obtained from three different tional handouts.
sources (Figures 3.1 through 3.3). From 12 samples 2. Supporting classification examples for a variety of soils.
tested, 7 were chosen to be used as reference soils for 3. A short manual summarizing the classification system for
supporting classification examples (Table 3.1). both soils with supporting examples.
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In addition to the hard copies provided to INDOT,
digital copies of the aforementioned materials were to be
uploaded to an internet repository for future access by
INDOT personnel. The repository was also to include
results from testing/classification of sample soils.

Task Completion

The following items were developed for the purpose
of training INDOT personnel in the revised classifica- .
tion systems (for organic and marl soils) and the
associated tests required for classifications. Copies of
these items are included in the appendices of this report.

® PowerPoint Presentation—The presentation (Appendix
1) contains a short background section, which describes o
the need for a revised classification system for both
organics and marls. The rest of the presentation is
divided into “organic,” “marl,” and “combined” sections,
which describe the required tests (LOI, colorimetric, and
LLR for organic soils; sequential LOI for marls), outline 4
the respective classification procedure, and present
classification examples (using some the sample soils
presented in Table 3.1).

® Lab Manual—A short manual was compiled (Appendix
2) that summarizes the objectives, procedures, and results
from SPR-3005 and SPR-3227. The manual includes
references for further inquiry.

® Short Procedure for Identification and Classification of
Organic Soils—This document (Appendix 3) outlines the

references, scope, apparatus, procedure, calculations, and
report required for performance of the tests necessary for
classification of organic soils (LOI, colorimetric, and LLR).
It also includes sample data sheets for each of the tests.
Short Procedure for Identification and Classification of
Marly Soils—This document (Appendix 4) outlines the
references, scope, apparatus, procedure, calculations,
and report required for performance of the test necessary
for classification of marly soils (sequential LOI). It also
includes sample data sheets for the test.

Classification Charts—These flowcharts (Appendix 5)
demonstrate graphically the classification process for
organic soils, marly soils, and combined (organic and
marly) soils. They are necessary for the actual classifica-
tion of soils (using the results from the tests in the Short
Procedure above).

Classification Checklists—These checklists (Appendix 6)
provide bullet point steps for classification of organic
soils, marly soils, and combined soils. They are to be used
in conjunction with the Classification Charts (Appendix
5) as a quick reference for the classification procedure.
Supporting Classification Examples—These items consist
of sample data sheets (Appendix 7) with test results for
the sample soils collected for demonstration of the testing
procedure. They were designed to be used as accessory
practice problems in the training sessions (see Task 3
below). However, they are also useful for classification
practice, as the data sheets (containing raw data) can be
used in conjunction with the PowerPoint presentation
(containing the actual classification of the soils based on
the data) for “self-study.”

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22 3
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Task 3: Delivery of Training Sessions

Task Description

Training sessions were to cover the classification
system and necessary testing methods, and to be
administered to INDOT technicians, lab managers,
geologists, engineers, and any other pertinent personnel,
as well as representatives from select geotechnical
consultants and contractors. Three to four sessions of
approximately half a day (~4 hours) in length were to be
held at several locations around the state, with the
locations selected by INDOT.

Task Completion

A total of four training sessions were held at INDOT
facilities around the state. First, a pilot session was held
at INDOT'’s Indianapolis Materials Tests facility,
where the attendees were primarily engineering staff
and testing lab managers. This served as a trial run for the
subsequent training sessions. Feedback was collected for
improving the PowerPoint presentation, the handouts,
and the delivery.

The remaining sessions were held at the Seymour
District Office (which included representatives from
Seymour and Indianapolis), the LaPorte District Office

TABLE 3.1

Sample soils used as supporting classification examples

Soil # Soil name LOI (%) CaCOj; (%) Source
1 “Soil with trace marl & organic matter” 8.0 2.4 Daviess, Indiana (EEI)
2 “Marl” 2.2 62.6 Daviess, Indiana (EEI)
3 “Soil with some marl” 2.4 21.1 Daviess, Indiana (EEI)
4 “Marly soil with organic matter” 7.3 26.2 Hobart, Indiana (EEI)
5 “Soil with some marl & organic matter” 6.8 239 Hobart, Indiana (EEI)
6 “Soil with trace marl” 2.3 3.2 Daviess, Indiana (EEI)
7 “Soil with trace marl—false positive” 3.6 4.7 ASTM CL

4 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22



(which included representatives from LaPorte and Ft.
Wayne), and finally at INDOT's Indianapolis Materials
Tests facility, which included representatives from India-
napolis, Greenfield, and several geotechnical consultants
and contractors. A complete listing of dates, locations,
attendees, and affiliations, is included as Appendix 8.

The training sessions were delivered by Alain El
Howayek, MSCE. First, a short background was pro-
vided on the necessity for improved classification systems
for both organic and marly soils. Next, the test procedures
required for each classification system were described.
The colorimetric test in particular was demonstrated at
each location, as not all attendees were familiar with its
procedure. Following description of the required tests, the
classification systems themselves were outlined. Finally,
classification examples were demonstrated using actual
test data (from the collected samples).

Attendees were issued an information packet upon
arrival at the training sessions. The packets contained
printouts of the PowerPoint presentation, “short
procedures,” classification charts, classification check-
lists, and supporting example data sheets. A CD was
also included within each packet, containing electronic
copies of the aforementioned items, as well as a copy of
the lab manual summarizing SPR-3005 and SPR-3227.
Feedback was collected following each training session
through anonymous response forms and was used to
improve and refine the sessions that followed. A copy
of the feedback form is included as Appendix 9.

Task 4: Production of Training Video

Task Description

A short training video was to be prepared covering
the materials from the training presentation, such that
interested INDOT personnel could independently learn
the classification system and testing procedures through
self-study. The video was to include classification
examples and demonstrations of the required tests. A
hard disc copy of the video was to be delivered to
INDOT for usage as necessary.

Task Completion

A short training video was developed covering the
materials from the training presentation, such that
INDOT personnel could learn the classification system
and testing procedures through self-study. The video has

been uploaded to an online Joint Transportation Research
Program repository at the following URL: http:/dx.doi.
org/10.5703/1288284315027. It includes a full description
of the classification systems as well as examples and visual
demonstrations of the required tests.

4. ACKNOWLEDGMENTS

This training program was developed as part of SPR-
3517. The principal investigators were Professors
Marika Santagata and Antonio Bobet of Purdue
University, and Mr. Nayyar Zia Siddiki of INDOT’s
Geotechnical Office. A number of people contributed
to this work. The classification procedures were
developed as part of two previous JTRP projects by
Mr. Pao Tsung Huang, for organic soils, and by Dr.
Chul Min Jung, for marly soils. A team of Purdue
students was responsible for developing all training
material for this implementation project. The team was
headed by Mr. Alain El Howayek, and included Mr.
Sulaiman Dawood, Mr. Andrew Ferdon, Mr. Alex
Sangermano (voice on the video), and Mr. Michael
Stockwell. Several members of INDOT have contrib-
uted to this training program, in particular Mr. Athar
Khan, Manager of INDOT’s Geotechnical Services,
and Mr. Brian Dunbar, Mr. Ron Fine, Mr. Igbal
Khan, Dr. Tommy Nantung, and Mr. Mike Nelson,
who participated in the pilot training program, and
provided feedback on this presentation.

5. CONCLUSIONS

This implementation project, SPR-3517, completed
the proposed objectives. Training was successfully
administered to INDOT personnel and interested
representatives from the geotechnical consulting/con-
struction community on the revised classification
methods for organic and marly soils developed in
SPR-3005 and SPR-3227. Training materials were
developed for use by INDOT in future training.

The accessory tasks were also successfully completed.
Training materials were uploaded to an online reposi-
tory for easy access by INDOT personnel. The INDOT
Geotechnical Manual was updated to include the
classifications systems developed in SPR-3005 and
SPR-3227. A training video was produced and made
available to INDOT for usage in future training
sessions, and soil samples were collected from around
the state for demonstration of the classification system.
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http://dx.doi.org/10.5703/1288284315027
http://dx.doi.org/10.5703/1288284315027

APPENDIX 1

PURDU‘]E_;

UNIVERS

WHY ARE WE HERE?

TRA'N'NG PROGRAM Background to Training Program

= 2008: Purdue study for INDOT on “Classification of Organic Soils”
< funded through JTRP (SPR-3005)

Classification of Organic Soils

< report available http:/docs.lib.purdue.edu/jtrp/1186

& CIaSS|f|Cat|On Of Mar|S = 2009: Purdue study for INDOT on “Classification of Marl Soils”
< funded through JTRP (SPR-3227)
Developed fOF |NDOT by Purdue University < report available http://docs.lib.purdue.edu/jtrp/1144,

. . . : To impl findings from ab jects INDOT
Funded through Joint Transportation Research Program (SPR-3517) 2011 Toimplementfindings from above projects

commissioned Purdue the development of a training program

4 Funded through JTRP (SPR-3517)

OUTLINE HAT IS SOIL ORGANIC MATTER? o

Q MOTIVATION — WHY ARE WE HERE? “Soil Organic Matter”

4 OBJECTIVES & RESOURCES
“The organic fraction of soil, including plant,

0 PROPOSED CLASSIFICATION METHODS animal, and microbial residues, fresh and at all
0 ORGANIC SOILS stages of decomposition...”
ad MARLS (Soil Science Society of America, 1979)

0 MARLY & ORGANIC SOILS
Q SELF LEARNING EXAMPLES

OUTLINE i WHY ARE WE HERE?

Q MOTIVATION — WHY ARE WE HERE? The Presence of Organic Matter Can...

= Increase Soil Compressibility

= Increase Creep Potential

= Decrease Maximum Dry Density
= Decrease Soil Strength

= |nterfere with Soil Stabilization/Modification
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APPENDIX 1

WHY ARE WE HERE?

Significance of Problem — ORGANIC SOILS

= Current INDOT specifications have strict limits on % of
organics allowed in subgrade soils and backfills

= Previously used methods can overestimate organic %

= Misclassification of organic soils
can lead to costly operations of
soil excavation/replacement

WHY ARE WE HERE?

= INDOT Specifications
“Soils containing greater than 3%
[...] organic material, or with a
maximum dry density of less than
100 pcf [....] will not be permitted
[in the roadway subgrade]”

(INDOT Standard Specification 207.03)

“Soils containing greater than 7%

[...] organic material, or with a

maximum dry density of less than

90 pcf [....] will not be permitted in
the embankment”

(INDOT Standard Specification 203.09)

WHY ARE WE HERE?

= Misclassification can be costly
INDOT project in Porter County (2006-2007)*

- Removal of 23,000 yd? (17,500 m3)
of soil considered unsuitable for
roadway construction

- Ifsoil excavation and
replacement could have been
avoided, this would have
resulted in a saving of $650,525

* Forillustration purposes only.

Soil data from this project was not available for
development of this program

WHY ARE WE HERE?

WHAT ARE MARLS?

“Marls”

= Light gray, to almost white, fine-grained soil
(silts and clays)

= Calcium Carbonate (CaCOg) rich

= Formed by precipitation of calcite at the
bottom of lakes or swamps

= Typically have: low dry density, very high
moisture content, & low shear strength

WHY ARE WE HERE?

= Problems with previously used methods

- Theloss on ignition method can overestimate true
organic content.

7
.
. .
. S s
- Theerror can be especially < e
= .
significant for values <15% £ ~15% ¢
3 7’
S B
2 .
)
5
N
=l LOI > Organic content
.

Loss on ignition (%)

*based on dry oxidation test

Significance of Problem — MARL SOILS

= Current INDOT specifications have strict limits on % of

carbonates allowed in subgrade soils

= Calcium and magnesium carbonate are commonly found in soft,

fine-grained soils called marls

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22
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= Carbonates commonly present in marls

: T
i Z|w o % |ATTERBERG
Marl A-8, Light Gray, Very Moist, Very [ - % §§ E|ge| 2 |
Soft, (Lab No. G-009 Lo | 8l2%|>2|52
‘ : 52 |£[28]58|28|28.5, LOI = 3.7%||
\ Ca/Mg = 51.3%
400 | :
i 001 [ 100 a7
sl
I 100
arso|
H F 1)s, swong
,( 000 100|382 A3+ Reacion
poail
iiiiﬁiiiﬁiﬁiﬁi
Soft, (Lab No. G-009)
4o
H
vl 000 | 100|503
]
I 100 | 38.9 | 89.0 013
seso|
H 25 L01=37%
x 000 | 100|579 Catlg 2513%

WHY ARE WE HERE?

PURDUE

AASHTO CLASSIFICATION

Issues:

= AASHTO Classification is deficient when it comes to
organic and marly soils

= “A-#” groups classification do not take into account
the % of organic matter & carbonate content

Highly organic soils & marls (included in group A-8)
are classified based solely on visual inspection

= INDOT needs a classification terminology that
provides information on organic & carbonate content,
in addition to AASHTO soil type

OUTLINE

= INDOT Specifications
“Soils containing greater than 3% |...]
calcium, magnesium carbonate, or
with a maximum dry density of less
than 100 pcf [....] will not be permitted
[in the roadway subgrade]” &

(INDOT Standard Specification 207.03)

“Soils containing greater than 7% |...]
calcium, magnesium carbonate, or
with a maximum dry density of less

than 90 pcf [....] will not be permitted
 in the embankment”’

(INDOT Standard Specification 203.09)

WHY ARE WE HERE?
Significance of Problem — MARL SOILS

= Methodologies available for marl identification are either complex
(e.g. *chemical determination of CaCQOj) or not sufficiently
sensitive (e.g. **HCI reaction)

= Misclassification of marl soils can be costly

*ASTM C25
**ASTM D4373

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22

0 OBJECTIVES & RESOURCES

WHAT WILL YOU LEARN?

= Atthe end of this presentation you will be able to:

+ Classify organic soils

« Classify marly soils

« Perform the laboratory procedures required for soil
classification

« Conduct the necessary calculations required for soil

classification




APPENDIX 1

RESOURCES

= Resources associated with these videos:

« Concise handouts with step-by-step classification

procedures
* Ashort manual for both organic soils and marls
containing:
o Literature review
o Description of the proposed classification systems

o Supporting classification examples

OUTLINE

D CLASSIFICATION OF ORGANICS™

= This classification system is based on the combined
results from three different tests, performed on
specimens from same sample:

I. Loss on Ignition (LOI)

1. Colorimetric Test

I11. Liquid Limit Ratio (LLR)

DUE

CLASSIFICATION OF ORGANICS ™

U PROPOSED CLASSIFICATION METHODS
O ORGANIC SOILS

= Afour tier-classification based on organic content (%)
Classification Organic Content (%)
OC < 3%
3% < 0C < 15%
15% < OC < 30%
OC > 30%

Mineral soils

Mineral soils with organics

Organic soils

Highly organic soils or peats

CLASSIFICATION OF ORGANICS "

= Afour tier-classification based on organic content (%)
Classification Organic Content (%)
OC < 3%
3% < OC < 15%
15% < OC < 30%
OC > 30%

Mineral soils*

Mineral soils* with organics

Organic soils

Highly organic soils or peats

* “Mineral soils” designated through AASHTO
terminology

DUE

O CLASSIFICATION OF ORGANICS ™

= Afour tier-classification based on organic content (%)

Classification Organic Content (%)
0C=3%
3% < OC < 15%
15% < OC = 30%

OC > 30%

Mineral soils

Mineral soils with organics

Organic soils

Highly organic soils or peats

DUE

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22
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APPENDIX 1

DUE

= Afour tier-classification based on organic content (%)

LOI

Classification
Mineral soils 0OC=<3%
3% < OC £ 15%
15% < OC < 30%
OC > 30%

Organic Content (%)
+

[ Colorimetric }

Mineral soils with organics

+ Organic soils

Highly organic soils or peats

DUE

CLASSIFICATION OF ORGANICS "

Figure 02 3%< L0l < 15%
(@ -> Color

. - - No.3 - Organic plate No.3
Coarse-grained Fine-grained | | Lir > Jiquid Limit Ratio
L soil soil

Potential false positive
Always CONSERVATIVE

Fine fraction < 12% Finefraction > 12% siltand clay
orAd,A3 orA2 orA-4,A5,A6, A7, A8

‘ Colorimetric testJ {Co\onmetnctestJ—+—>{Liquid Limit Ratio}
( C>No.3
C<No.3 [
LLR<0.92
€>No3 . . Mineral soil with
Mineral soil .
LLR>0.92 organic matter |

4
v

CLASSIFICATION OF ORGANICS ™

Figure O1
LOI
LOI< 3% 3% <LOI<15% 15% < LOI < 30% LOI> 30%
{Mmera\soil} {Mineralsoil} {Organic soil} { Peat }

or

[ Mineral soil with organic matter]

Based on colorimetric test
and liquid limit ratio

I. Loss on Ignition LOI

In brief....

Heat oven dried sample
to 455°C and measure

resulting mass loss

Standards:
(ASTM D2974 — 07a, AASHTO T267 — 86)

CLASSIFICATION OF ORGANICS "

Figure O1

LOI< 3% 3% <LOI<15% 15% < LOI < 30% LOI> 30%

| l | J

{Mineralsoﬂ] [Mineral soil] {Organic soil} { Peat }

or

[Mineral soil with organic matter]

Based on colorimetric test
and liquid limit ratio

DUE

I. Loss on Ignition LOI

Premise
= organic matter is burnt by heating
to 455°C

Concern
= other materials (e.g. some clay

minerals) can also burn in this
temperature range leading to

overestimate organic content.

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22
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l. Loss on Ignition LOI

l. Loss on Ignition LOI

1. Air dry and crush

2. Sieve on the No.
10 sieve

Important Notes

= Furnace temperature and heating duration can
affect results - control T carefully and regularly
calibrate furnace

= Samples should be positioned in the geometric
center of furnace

» HIGHLY recommend that multiple LOI

determinations be performed, and then averaged

3. Oven dry at 110°C for 24 hours*

4. Burn in a muffle furnace at 455°C for 6 hours

* Until no mass
loss is observed

In brief....

Observe color of

supernatant (liquid at top of
sample) after exposing soil
to NaOH (basic) solution

Standards:
(ASTM C40 — 04, ASTM D1544 — 04, AASHTO T21 - 05)

l. Loss on Ignition LOI

Il. Colorimetric Test

= Calculation of LOI (%)

M110cc—Mysee
LOI = 110°C 455°C X 100
M110°C_MC

Where M, = mass of crucible

Premise

= Organic matter is leached
out from the soil in a a
NaOH (basic) solution, —ﬁl

changing the color of the

supernatant

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22
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Il. Colorimetric Test

Il. Colorimetric Test

Concerns
= The presence of certain compounds (e.g. containing
iron) can produce a false positive
= Testresult is only “Yes or No” — not sensitive to %
organic matter
= False positive can also occur even when % organic

matter < 3%, especially in coarse soils

Il. Colorimetric Test

1. Air dry and crush

2. Sieve on the No.
10 sieve

4. Fill the glass bottle 5. Add the NaOH solution up
with soil to 130 ml mark to 200 ml mark and mix

Il. Colorimetric Test

3. Prepare a 3% sodium hydroxide solution (NaOH)
(dissolve 3g of NaOH in 979 of water)

Il. Colorimetric Test

6. Wait24 hours (IMPORTANT!) and compare the

color of the supernatant liquid to glass color standard

Il. Colorimetric Test

Let's make a guess!
What color is this?!!!

12 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22
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Il. Colorimetric Test

Let's make a guess!
How about this one?!!

e f

Il. Colorimetric Test

Let's make a guess!
And this one is...

PR gy

Il. Colorimetric Test

= Criterion

Color <3 » Organic content does not
exceed 3%.

- Following ASTM D1544, AASHTO T21
- Validated through laboratory study
... BUT, color > 3 does NOT necessarily mean the
organic content is >3% (i.e. black supernatant liquid
could still be organic free)

Il. Colorimetric Test

Important Notes

= Other compounds can cause

dark supernatant liquid = test a

may not be decisive

—

= Assess color after 24 hrs - Time matters!

Il. Colorimetric Test

Soil1-0hr

Soil1—1hr Soil1-2hrs

Soil2—-0hr

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22
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in liquid limit (LL) after
oven drying soil

Standards:
(ASTM D4318 — 10, AASHTO T89 — 10)

[I. Liquid Limit Ratio

Premise

= Qven drying at 110 °C affects the ability of organic

matter to “hold on” to water, reducing the LL

Concern

= Test repeatability also affects LL,,;, (especially if
different operators and laboratories)

2. Sieve on the

No. 40 sieve

3. Mix with distilled water to
obtain a soil paste

*Or any other controlled environment

4. Place in a humid room*
for 24 hrs to temper

5. Place soil in the Casagrande cup
to a maximum depth of Yzinch

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22
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[ll. Liquid Limit Ratio

7. Turn the crank at a rate of 2 blows/sec until the Important Notes
groove closes for a length of Yz inch (13 mm)

= Repeatability of test can affect results - both limits
should be performed:
a) In same laboratory
b) With same Casagrande cup

c) By same Operator

= None of these three tests can work ALONE.

Effective in COMBINATION!

O CLASSIFICATION OF ORGANICS ™

Figure O1

9. Repeat determination of
Liquid Limit

LOI< 3% 3% <LOI<15% 15% < LOI < 30% LOI> 30%

| l |
{Mineralsoi]] [Mineral soil] {Organic soil} { Peat J

or

[Mineral soil with organic matter]

* Until no loss in mass is observed

Based on colorimetric test
and liquid limit ratio

[Il. Liquid Limit Ratio

CLASSIFICATION OF ORGANICS ™

= Calculation of Liquid Limit ratio

Figure O2 3% < L0l < 15%
c > cok
LLOven dried - - - No.3 > Oor:a’nrc plate No.3
LLratio e ——— Coarse-glramed Flne-grlalned LR - Liquid Limit Ratio
LLnot dried ( soil soil

Potential false positive
Fine fraction < 12% Finefraction > 12% Siltand clay
orA-1,A3
= Criterion

Always CONSERVATIVE
orA-2 orA-4,A-5,A6,A7,A8
Only need to perform LLratio for soils with color >3 in ‘ColonmetrictestJ {Co\onmetnctestJ—+—>{Liquid Limit Ratio]
colorimetric test ) €>No3

> No.
C<No.3 ‘
\—l—‘ LLRjO._‘?Z
If LLratio > 092 » Organic content is < 3% C>No.3 [,Minem\soil\ S [Mmera\soilw'\th\
>0.

organic matter |
4
-+

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22 15
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CLASSIFICATION OF ORGANICS "

Figure 02 3% <10l < 15%
c > Color
- No.3 - Organic plate No.3
soil

LR > Liquid Limit Ratio
‘ Fine fraction < 11%} [Finelrsction >12% J ( Siltand clay

Potential false positive
W Always CONSERVATIVE

orA1,A3 orA2 orA4, A5, A6, AT, A8

[ColonmetnctestJ—+—>{Liquid Limit Ratio}
C>No.3

l ColorimetrictestJ

C<No.3 ‘
LLR<0.92
€>No.3 . . Mineral soil with
Mineral soil .
LLR>0.92 organic matter |

4
v

DUE

CLASSIFICATION OF ORGANICS ™

Figure 02 3%< L0l < 15%
c
@#@
¢\_‘S7":L

Potential false positive
Finefraction < 12% Fine fraction > 12% siltand clay Always CONSERVATIVE
orA1,A3 orA2 orA4, A5, A6,A7,A8

[Colorimetric test]—+—{Liquid Limit Ratio}
€>No.3

- Color
No.3 = Organic plate No.3
LR > Liquid Limit Ratio

l ColorimetrictestJ

C<No.3
LLR<0.92
€>No.3 . n Mineral soil with |
Mineral soil .
LLR>0.92 organic matter |

4
v

DUE

CLASSIFICATION OF ORGANICS "

Figure 02 3%< L0l < 15%
c
@#@
¢\_‘S7":L

Potential false positive
‘ Fine fraction < 11%} [Finelrsction >12% J [ siltand clay ] Always CONSERVATIVE

- Color
No.3 - Organic plate No.3
LR > Liquid Limit Ratio

orAd,A3 orA2 or A4, A5, A-6,A7,A-8

‘ Colorimetric testJ [Colorimetric test}—'-—)[l.iquid Limit Ratio]
{ C>No.3

C<No.3 [
LLR<0.92
R b
€>No.3 . . Mineral soil with
Mineral soil .
LLR>0.92 organic matter |

4
v

CLASSIFICATION OF ORGANICS "

Figure O2 3% <101 < 15%
‘ Coarse-grained
L soil
2 12 Potential false positive

Finefraction < 12% Finefraction > 12% siltand clay * Always CONSERVATIVE
orAd,A3 orA2 or A4, A5, A-6,A7,A-8

[Colorimetric test]—+—{Liquid Limit Ratio}
€>No.3

l
LIR<0.92
|

c = Color
No.3 = Organic plate No.3
LR > Liquid Limit Ratio

l ColorimetrictestJ

C<No.3

Mineral soil

Mineral soil with |
LLR>0.92

organic matter |

4
v

DUE

CLASSIFICATION OF ORGANICS ™

Figure O2 3% < LOI < 15%
c
‘ Coarse-grained Fine-grained
L soil

Potential false positive
Finefraction < 12% Fine fraction > 12% siltand clay Always CONSERVATIVE
orA1,A3 orA2 orA4, A5, A6,A7,A8

[Colorimetric test}—'-—)[l.iquid Limit Ratio]
C>No.3

ColorimetrictestJ
[
LLR<0.92

- Color
No.3 = Organic plate No.3
LR > Liquid Limit Ratio

C<No.3

C>No.3
Mineral soil

[Mlneral soil with |

LLR>0.92 organic matter |

4
v

DUE

CLASSIFICATION OF ORGANICS "

Figure 02
c
L soil
l::V Potential false positive

Finefraction < 12% Finefraction > 12% siltand clay * Always CONSERVATIVE
orAd,A3 orA2 or A4, A5, A-6,A7,A-8

[Colorimetric test}—'-—)[l.iquid Limit Ratio]
C>No.3

l ColorimetrictestJ

C<No.3 I
LLR<0.92
C>No.3 (- ) Mineral soil with
Mineral soil
LLR>0.92

4
v

- Color
No.3 = Organic plate No.3
LR > Liquid Limit Ratio

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22
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RDUE

O COLORIMETRIC SCREENING ™

O cassiFicaTION OF ORGANICS™

Figure 02 = If absolutely necessary, the Colorimetric Test can be
used as a screening tool

¢ > Color

/0.3 -> Organic plate No.3

Fine-grlained ﬁk > Liquid Limit Ratio
soil soil = The test can be performed to give a “Yes” or “No” for the

presence of Organics

Potential false positive
Always CONSERVATIVE

Fine fraction < 12% Finefraction > 12% siltand clay
orA-1, A3 orA2 orA-4,A5,A6,A7, A8

R P B, * HOWEVER, (conservative)
[Colorlmetrlctest] [Coior met ctestm{muld Limit Ratlo} false positives are a pOSSibi"ty

\ . )
\—1—‘“”"'3 unsos2 if full procedure (LOI, LLRY) is
C>No3 [’—M_ n {m not performed
ineral soil }(— .
LLR>0.92 organic matter |
- B

4
v

CLASSIFICATION OF ORGANICS ™

Figure 02 3%< L0l < 15%

c - Color
/0.3 - Organic plate No.3

N
Coarse-grained Fine-grained | | Lir > Jiquid Limit Ratio
soil soil
PRACTICE TIME

% Finefraction > 12% siltand clay Always CONSERVATIVE
orA2 orA-4,A5,A6,A7, A8

Fine fraction < 12
orA-1,A-3

[Colorimetric test] [Coionmetnc testJ—+—>{Liquid Limit Ratio}
C>No.3 I

C<No.3

LLR<0.92

o
[Minera\ soil with ‘

organic matter |

C>No.3

Mineral soil

LLR>0.92

pa'and ‘Classification charts.pdf’

Referto ‘Cl

e

DUE PURDUE

CLASSIFICATION OF ORGANICS " CLASSIFICATION OF SOIL |

Figure 02 3%< L0l < 15%

c - Color
/0.3 - Organic plate No.3

N
Coarse-grained Fine-grained | | Lir > Jiquid Limit Ratio
soil soil

Potential false positive

Fine fraction < 12% Fine fraction > 12% siltand clay Always CONSERVATIVE
orA,A3 orA2 orA4, A5, A6, AT, A8

Step1:

Mj10:c—Masse
LOI = Muoe=Massc 400
Mi10:c=Mc

> 35% passing sieve #200

\ C) Organic plate no. ...

[Colorimetric test] [Coionmetnc testJ—+—>{Liquid Limit Ratio}
C>No.3

C<No.3 ‘
LLR<0.92
€>No:3 [\ n Mineral soil with
Mineral soil N
LLR>0.92 organic matter

I\
+

— LLoven dried
D) Llratio = ——2¥eeEes
LLnot dried

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22 17
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PURDUE

© CLASSIFICATION OF SOIL |

CLASSIFICATION OF SOIL |

LOSS ONIGNITION (LOI) - Sample Sheet

> 35% passing #200
c - Color

No.3 - Organic plate No.3

Soil Sample: ol Date Sat 102212011
Location:  169-Sec3 Seg13 Time 11:00am

Boring No: 3317824 Testedby: AH Coarse-grained !

Sample No. Description:  Black -sity sogil LR - Liquid Limit Ratio

Sample Depth:  30to 32ft (Bottom)

455 (Bhrs) 800(6hrs)

LOla = 2222229205 100 = 6.6%

Test No 1 2 3 4 5 30.02-17.67
Crucible No A B c D F
76 | 179t
28.44-27.47
EEN B LOlg=———x100=9.3%
3002 | 2844 28.44-17.94
Masscructs+Ash (@ 4570 Me 2920 | 2747
Loss onlgnition LOI (%)
LOIA+LOIg _ 6.6+93
LOlavg = % =-——=80%

Average Loss onlgnition LOI (%)

CLASSIFICATION OF SOIL |

LOI=8.0%
LOI
LOI< 3% 3%<10I<15% 15%< LOI < 30% LOI> 30%
[Mineral soiIJ [Mineralsoil] [Organicsoil] [ Peat J

or

[Mineral soil with organic matter]

Based on colorimetric test
and liquid limit ratio

PURDUE

CLASSIFICATION OF SOIL |

3% <10I<15%
c - Color
- - No.3 - Organic plate No.3
Fme-grﬁmed LR > Liquid Limit Ratio
SOl

Potential false positive
{Fmefraclion < mﬂ [Finelrscuon >12% J ( siltand clay W Always CONSERVATIVE

Coarse-grained
soil

orAd,A3 orA2 orA-4,A5,A6, A7, A8

‘ Colorimetric testJ [Co\onmetnctestJ—+—>{Liquid Limit Ratio}
L C>No.3

C<No.3 ‘
LLR<0.92
€>No.3 . n Mineral soil with |
Mineral soil .
LLR>0.92 organic matter |
4
RS

‘ Potential false positive
siltand clay Always CONSERVATIVE
orA4, A5, A6,A7,A8

Fine fraction < 12% Finefraction > 12%
orAd,A3 orA2

‘ Colorimetric testJ [c«:lorimetric test]—+—>{Liquid Limit Ratio}
{ C>No.3

C<No.3 ‘
LLR<0.92
—t b
€>No.3 . . Mineral soil with
Mineral soil .
LLR>0.92 organic matter |

4
v

18

PURDUE

CLASSIFICATION OF SOIL |
e

No.3 = Organic plate No.3
LR > Liquid Limit Ratio

Coarse-grained
soil

+ Potential false positive
siltand clay Always CONSERVATIVE
orA1,A3 orA2 orA4, A5, A6,A7,A8

‘ Colorimetric testJ [Colorimetric testHLiquid Limit Ratio]
( C>No.3

C<No.3 [
LLR<0.92
R L
€>No.3 . . Mineral soil with
Mineral soil .
LLR>0.92 organic matter |

4
v

{Fmefraclion < mﬂ [Finelrscuon >12% J

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22
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CLASSIFICATION OF SOIL |

3% <10I<15%

LLR=0.81

Coarse-grained
soil

c - Color
/0.3 - Organic plate No.3

N
Flne-gr:med LR > Liquid Limit Ratio
sol

Finefraction < 12% Finefraction > 12%
orAd, A3 orA2

[

siltand clay

Potential false positive
‘ Always CONSERVATIVE
orA4, A5, A6,A7,A8

‘ ColonmetrictestJ

[Colorimetric testHLiquid Limit Ratio]
C>No.3

PURD
LIQUID LIMIT TEST (LL) - Sample Sheet LIQUID LIMIT TEST (LL) - Sample Sheet
Soi Date: hu tor272011 oae Tha 0272011
loosecasegts  Time T1:30am Time. 11308
3917820 Testeaby.  AHMS Testeaby  AHMS
Descrplon:  Black - siy Descrpton:  lack - i
455 (6hrs) 600(0tvs) mple Depin 3010 321 (Bofiom) 455 (6hrs) 600(6S)
0 PROPOSED CLASSIFICATION METHODS
T z B i Tesi o i 2 3 3
x 5 c o Gructe o x 5 c o
T | v | w0 | ia ez | e | 1w | e
534 489 648 605 450 49 4o 560 a MARLS
a0 | o1 | 4 | am 557 | se | e | aor
Viter content v (x 779 | 61 | 455 | 19 509 | 67 | w2 | w6
Number of iows " 2 2 B " 2 % w
Laua s = [ oo, Uaua L =
LL _ LLovendried _ 460 _ 0.81
rato = ———— = ——-=U.
LLnot dried 56.7

CLASSIFICATION OF MARLS "

A five tier-classification based on calcium carbonate
content (%). APPLICABLE TO FINE-GRAINED SOILS ONLY!

Classification

Soil* with trace of marl

Calcium Carbonate
Content (%)

1% < CaCOj3 < 9%

Soil* with little marl

10% < CaCO; < 17%

Soil* with some marl

18% < CaCOj; < 25%

RDUE

cenos T Marly soil* 26% < CaCOj3 < 40%
LLR<0.92 Marl CaCO; > 40%
o3 {Minem\ soil }(—
LiR>0.92 organic matter * “Soil” designated through AASHTO terminology

4
v

PURDUE

CLASSIFICATION OF MARLS

= This classification system is based on the % of
CaCO; determined from the “sequential” LOI test
(ASTM D2974-07a)

LOI = 8.0% (btw/ 3% & 15%)
Fine-grained Soil
C) Organic plate color no. 5 (>3)
D)LLR =0.81 (<0.92)

Mineral soil with organic matter

LL=56.7% AASHTO: A-5 with organic matter

Pl=10% INDOT: Silty loam with organic matter

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22
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PURDUE

CLASSIFICATION OF MARLS

. Loss of soil mass
between 455°C and 800°C

Calciumcarbonate
content

1%< CaC0, <9% 18%< CaC0, <25% €ac0;>40%
Soil with trace marl Soil with some marl Marl

10%< CaC0,<17% 26%< CaC0; <40%
Soil with little marl Marly soil

PURDUE

Sequential Loss on Ignition LOI

1. Air dry and crush

2. Sieve on the No.
10 sieve

PURDUE

Sequential Loss on Ignition LOI

In brief....

Heat oven dried sample first to
455°C, and then to 800°C, and
measure the mass loss

associated with the second

heating stage.

PURDUE

Sequential Loss on Ignition LOI

3. Oven-dry at 110°C for 24 hours*

4. Burn in a muffle furnace at 455°C for 6 hours — allow
to cool and measure mass

‘

5. Burn in a muffle
furnace at 800°C
for 6 hours —
allow to cool and
measure mass

* Until no loss in
mass is observed

PURDUE

Sequential Loss on Ignition LOI

Premise

= Calcium carbonate burns at temperatures between

455°C and 800°C

Concern
= Other materials (e.g. some clay minerals) can also

burn in this temperature range, leading to
overestimation of the carbonate content

PURDUE

CLASSIFICATION OF MARLS

= Calculation of CaCO; content (%)

100 Mys5oc —Mggoo
CaCOs =%x —485°C_800°C 1000

Mi10°c—Mc

Correction factor to convert
Where M, = mass of crucjbiem CO, to CaCO,

CaCO; > CaO + CO,
(100g/mol)  (56g/mol) (44g/mol)

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/22




APPENDIX 1

PURDUE

CLASSIFICATION OF MARLS

Important Notes

= Other minerals can burn in this same temperature
range -> marl content can be overestimated
(effect significant, especially for low marl %)

= True carbonate content can be determined
chemically (ASTM D4373 or ASTM C25)

= Test applicable to fine grained soils. NOT TO BE
USED FOR COARSE GRAINED SOILS

PURDUE

CLASSIFICATION OF SOIL I

SEQUENTIAL LOSS ON IGNITION (LOI) - Sample Sheet

SoilSample.  Sail Due  SaymE
Locatin:  I65-sec3Seq 3 Tme:  11dsam

o sarT81 Testadby: A

SampieNo Descrption Dark Gray - Clayey CaC0s = 100y MisscManorc 40y
Sample Depth 24t 26t (Bottom) 455 (Bhrs) 800(Bhrs) 4 My0c—Mc

T3 (CaCOs)a = 220 x BE212, 400 = 57.4%
IR
[ A (CaCOs)p = 220 x 215872508, 40 = 56.4%

%53 | 3323 4a 7 2780-17.71

3003 | 2780
2981 | 2758

2724 | %508 (CaCO3)avg= 56.9%

MORE PRACTICE

Jl
®)

Referto ‘Classificati pdf’and ‘Classification charts.pdf’

CLASSIFICATION OF SOIL Il ™™

. Loss of soil mass
| between 110°C and 455°C

“f Loss of soil mass
between 455°C and 800°C

Calcium carbonate
content
! 1 7

1%< CaC0, <9% 18% < CaC0, <25% Caco, > 40%
Soil with trace marl Soil with some marl Marl

Soil with little marl

10%< Cac0; <17%
Marly soil

[ 26%< caco, <a0% ]
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CLASSIFICATION OF SOIL i
SN

SolII \

\

\
;\ Step1:
i

—

|\
\N‘. CaCOs = —'ff X 7'“";‘”:"“;:“ x 100
\ oc-Me

See handout for data

CLASSIFICATION OF SOIL I 7™

CaCO; = 56.9% (> 40%)

Marl
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APPENDIX 1

OUTLINE

U PROPOSED CLASSIFICATION METHODS

0 MARLY & ORGANIC SOILS

ganics > Warls 3

CLASSIFICATION OF SOIL Il

Mj0°c—Mysse
LOI = MuocMissc 409
Miio:c=Me

> 35% passing sieve #200
) Organic plate no: ...
— LLoven dried
D) Llratio = Lot aried
Step2:

CaCOs = 120y M.
44

See handout for additional data E—

ganics > Warts 3

MARLY AND ORGANIC soiL ™

Loss of soil mass
between 455°C and 800°C

Loss of soil mass.
between 110°C and 455°C

Togetherwith
colorimetrictest
and Ly,

Calciumcarbonate
content

v
‘ Organiccontent [ ) l

{1%<CACD;<9%} {18%<C3C03<25% { Caco; > 40% }
Marl

Soil with trace marl Soil with some marl

Classification
accordingto [

figures 01 & 02

10%< CaCo; <17% 26%< CaC0; <40%
Soil with little marl Marly soil

ganics > Warls 3

SEQUENTIAL LOSS ON IGNITION (LOI) - Sample Sheet

SoilSample:  Soilll Date Saoa0n
Location:  Lake George (Hobar)  Time: T1:00am
Borngo:  C6A Testedby: A -
SampleNo. T3 Descripton: Dark Gray —Soft LOI = Musee=Measse 400
SampleDeptt 2102410 155 (ive) B00(60s) MizorcMe
25.42-2486
- =719
Testo T2 3[4 (LONA =S e X 100=71%
Cucblefo Al 8 [ c[o
) 768 | 1794 | 2060 | 1845 (LOl)g = 22872840, 400 = 7.2%
EE N E B 2596-1794
a2 | 259 | 240 | 7601 28.40-2781
- =759
208 | 2540 | 2781 | 5545 (LONe = 5005 % 100=7.5%
7010 | 2458 | 2697 | 2461
2601-2545
(Lol = X 100=7.5%
TLoss on gniion LOI (%) 260171845
CaC03 conten (%)

(LOl)avg=7.3%

Average loss on ignition (%) -

Average CaCOz content (%) [
ganics o Waris 3 Gombines

PRACTICE, PRACTICE
& PRACTICE

Referto ‘Classificati pdf’and ‘Classification charts.pdf’

ganics > Warls 3
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LOI

LOI< 3% 3%<10I<15% 15%< LOI < 30% LOI> 30%

} I |

[ Mineral soil } [Mineral soil] [ Organicsoil ] [ Peat J

or
[Mineral soil 