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Explore the first of a three-part
series of articles that will be
continued in the Fall & Winter
issues brought to you by Fernando
Garcia, PE and Diana Salazar,
Msc, MBA of our Salisbury office. [
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The purpose of the following series of articles is to give
a brief description of soil exploration, in-situ testing and
all the efforts that Geotechnical Engineers take to obtain
the soils “engineering” parameters or characteristics that
allow us to proceed with reasonable recommendations
for excavation, backfilling, grading, and foundations for
new structures, renovations and building additions.

Starting with the basics of soil mechanics, we can say
that soil behavior is relatively close to a solid behavior
and for that reason we can use all of the mechanics

of a continuous media to understand the soils. The
analysis as a solid establishes some fundamental
characteristics that are not true, but in order to develop
a “soil mechanics” it is necessary to assume that these
characteristics are valid with some limitations. Some of
these characteristics would be:

* The soils are continuous

* The soils are homogeneous
¢ The soils are isotropic

* The soils are linearly elastic

If we define each one of these parameters beginning
with continuity, the soils are considered a group of solid
particles with some spaces in between particles. These
spaces can be filled with a fluid (mostly water) or can be
completely void. The characteristics of continuity for soil
mechanics establish the soils for analysis as part solid,
part void (air) and part liquid (water) as shown in Figure
1.
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Based on this discussion it is clear that soil is not truly
a continuous body and cannot follow the continuous
mechanics completely; however, it is a very good
approximation.

Anyone involved with soils, which has taken a sample
of soil in their hands (i.e. topsoil, sand, clay or
combinations), has surely noticed that soil particles are
different from each other. Some particles are rounded
while some are flat, particles are different colors and
have different textures. So, generally speaking, we can
say the soils are not homogeneous.

Isotropy is the property of being independent of
direction. For this property we need to talk about a three
dimensional Cartesian coordinate system utilizing X,
Y, and Z coordinates. Considering the XY plane as the
surface plane that defines the flat surface that we can
see normally, then the Z coordinate is the depth where
the XZ and YZ planes are vertical planes as shown on
Figure 2. Soils have different origins. To simplify this
article we will only mention two main groups of soils. The
first group of soils is called residual soils that are created
in-situ by rock decomposition (weathering). The second
group of soils is the group of soils that have been
transported by water or air and are called sedimentary
deposits.

continued on next page >>
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Figure 1. Soils Structure
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Now Offering
11 Locations

Our offices provide a full range of
services including: exploratory
drilling & geotechnical engineering,
environmental assessment &
precondition surveys, construction
inspection & materials testing,
structural & forensic engineering,
third party (building code) inspections,
and specialized construction services
(grouting and shoring). Our offices are
fully staffed to meet the demands of
any multi-task job. Call us today!

Corporate Headquarters
10975 Guilford Road, Suite A

Annapolis Junction, MD 20701

Phone 410.880.4788 Fax 410.880.4098

Maryland Offices

4959 New Design Road, Suite 107
Frederick, MD 21703

Phone 301.662.2522 Fax 301.662.5575

10228 Governor Lane Blvd., Suite 3007
Williamsport, MD 21795
Phone 301.582.4662 Fax 301.582.4614

421 Snow Hill Road
Salisbury, MD 21801
Phone 410.749.0940 Fax 410.749.2815

12200 Billingsley Road, Suite 200
Waldorf, MD 20602
Phone 301.638.1824 Fax 301.632.2086

43925 Commerce Avenue
Hollywood, MD 20636

10999 Red Run Boulevard, Suite 214
Owings Mills, MD 20601
Phone 410.902.0013

Delaware Offices

19 Ridgely Street

Dover, DE 19901

Phone 302.744.9855 Fax 302.744.9160

31 Blevins Drive, Suite C
New Castle, DE 19720
Phone 302.325.3160 Fax 302.325.3163

Virginia Offices

14155 Sullyfield Circle, Suite A

Chantilly, VA 20151

Phone 703.817.1106 Fax 703.817.1170

Pennsylvania Office

25 Decibel Road, Suite 201

State College, PA 16801

Phone 814.231.0552 Fax 814.231.0695
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Figure 2. Planes

Depending how the transportation
occurred or how the rock was oriented
and weathered, the stress conditions
and other parameters should be
different in each direction. From
simple observation we can conclude
the soils are not isotropic.

Finally, if we observe the graph shown
in Figure 3 for a stress-strain test
performed on a sample of soil where
the slope of the plot is the Elasticity
Modulus, we can conclude that the

material is Linearly Elastic for a
small strain or basically that the soils
are elastic in a short range (in this
particular case close to 3 percent).

For this brief discussion about

soil behavior, we have needed to
understand the limitations of soil
mechanics under an elastic model and
the advantages of the same model
when it applies.
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The Red Devils is a Maryland
organization that funds services

to improve the quality of life for
breast cancer patients and their
families. On June 3rd, amid grey
skies and a gentle rain, 400 people
made strides to raise funds in the
5th Annual Heart & Sole Stroll.

This year's emcees, Mary Beth
Marsden and Brian Wood from ABC
2 News, set the tone for the day by
applauding everyone’s commitment,
rain or shine, to raise funds for
essential support services for breast
cancer patients. A total of 28 teams
were present for the fundraising
event.

Fifteen associates and friends of
Hillis-Carnes were in attendance
this year to lend support to this
worthy cause. Mr. Bill Carnes, PE
accepted the Team Spirit Award

on behalf of our team, the “Hillis-
Carnes High Risers”, for the special
logo t-shirts that were created for
the team members during the Stroll.
As annual participants in this event,
we look forward to offering our
support again next year.

For more information about The
Red Devils organization and what
you can do to help in this effort,
please visit their website at www.
thereddevils.org or call toll free
(877) 643-0202. §
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Of course, soil mechanics has
improved significantly over time and we
now have more sophisticated models
and technologies to analyze soil
behavior under different conditions.

We more recently have visco-elastic
models that can be used since one of
the components of soil is water. As a
fluid, the viscosity of water is one of
the main parameters. We also have
elastic-visco-plastic models which
include the behavior of the soil after
some permanent deformation has
taken place. Mathematical models that
can be used for this type of analysis
include Von-Mises, Mohr-Coulomb
and Drucker-Prager models. There are
models that originally were developed
only for clays but recently have been
used for different type of soils like

the Camclay model or the modified
Camclay model developed at the
Massachusetts Institute of Technology
(MIT) in Cambridge, MA. These
models include critical state theory
and can also be used with computers
and mathematical tools such as finite
element and finite difference methods
to evaluate specific cases. The most
recent models have been developed
using hypo-elasticity models.

No matter which model we use or apply
to a specific project and situation for

a very specific soil condition, the most
important parts of the analysis are

the understanding of the soil behavior
and obtaining the most reliable and
representative soil parameters so that
the analysis is valid and applies to
reality.

Independent of the model that we
assume is the right model to analyze
a specific situation or project, there

are some basic parameters that must
be collected in the field using soil
exploration techniques. On site we can
perform the Standard Penetration Test
(SPT) which is a dynamic and energy
correlated test. The soil exploration
includes augering into the ground to
determine the type of soils below the
existing grade and to obtain samples
to be later evaluated in the soils
laboratory.

To conclude this part of the soils
exploration series, it is important

to call the reader’s attention to the
sensitive and unknown part of the
soil mechanics. If we add a poor soil
exploration or deficient testing to this,
any conclusion could be catastrophic.

In future articles we will include
discussions about soil exploration,
Standard Penetration Testing
(SPT), Cone Penetrometer Testing
(CPT), Dilatometer Testing (DMT),
Pressuremeter Testing (PMT) and
laboratory testing to get a more
complete picture of the different
means of obtaining soil information
before moving on to foundation
recommendations and design. §
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