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Common Misunderstandings
with Geotechnical Work
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Figure 1. Geotechnical risk spectrum.

n his December 2015 editorial, the presi-

dent of the Structural Engineering Institute

of ASCE, David Odeh, suggested that the

increasing complexity of design necessi-
tated that structural engineers interact more with
people in other disciplines. While great innova-
tion can come from a better interaction between
structural and geotechnical engineers, there is
also a potential for
tremendous savings
for clients."A reduc-
tion in cost can come
from simple but criti-
cal improvemefits in
communi¢atidn: This
article-provides some
examples of how that‘comnrunication can be
improved and-of freqient misunderstandings
that can arie. These misunderstandings can both
drive up project costs and increase risk.

Common Misunderstandings

Uncertainty and Risk

While owners are usually less aware, most structural
engineers understand that there is considerable
uncertainty in geotechnical work. This uncertainty
is driven by variations in soils under the site, the
fact that the geotechnical engineer develops their
understanding of the soils by sampling only about
0.000015% of the soil under the site, and the very
large coefficient of variation for the properties of
the soils. The uncertainty caused by these factors
means that there is not one correct, code-based
answer, but rather a range of possible answers,
each with a different associated risk.

This collection of possible answers ranges from
one extreme where the solution could mean fail-
ure to another extreme where considerable money
would be wasted on unnecessary site improve-
ments or expensive foundation systems. Figure 1
depicts a range of owners and their aversion to
risk. Some owners are willing to allow increases
in structural and geotechnical costs to minimize
risk (Owner A), and other owners want to reduce
every possible cost and are willing to experience
some structure distress/maintenance (Owner C).

~.’ conservative
{wasted money)

In situations where the geotechnical engineer
is working for a more sophisticated owner, there
can be a conversation about the balance between
cost and risk{However, on most projects, the
geotechnical engineer is left to guess about the
owner’s preferences to balance risk and costs.
Many ewners and structural engineers may think
that thewvatiations in answers they get from geo-
technicaliengineers on the same site are due to
the level of conservatism of particular engineers.
However, most of the variation comes from a
lack of direction from the owner establishing
4 preference between risk and cost. Moreover,
when the geotechnical engineer has to guess about
the owner’s tolerance for risk, the building costs
usually go up.

Allowable Bearing Pressure

The typical project design process involves con-
ducting the geotechnical work, finalizing the
position of the structure on the site, deciding
on-site grading, and then starting the structural
design work. As you can see in Figure 2, if the
geotechnical engineer does not know what the
site grades will be or whether or not the building
will have a basement, the geotechnical engineer
cannot know what soils the footings will bear on.
And, if the structural design has not started, the
geotechnical engineer will not know the loads on
the foundation system.

Frequently, when the analyses are conducted, the
geotechnical engineer does not usually know what
soils will be below the footings nor do they know
the loads (and therefore the sizes of the footings).
This information is essential for calculating bear-
ing capacity and settlement, and for selecting the

Figure 2. Unknown information at the time of
geotechnical design.
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allowable bearing pressure. The geotechnical
engineer must guess at these conditions and
then hope that, if the guesses are incorrect,
someone will contact them for revised bear-
ing pressures. Since the geotechnical engineer
is rarely contacted and asked to verify their
original assumptions and, if needed, modify
their report, they make conservative guesses
which result in conservative allowable bear-
ing pressures.

The allowable bearing pressures could often
be increased if the geotechnical engineer
would be allowed to revisit their assumptions
and analyses after site grading, footings loads,
and footing elevations are available.

Subgrade Modulus

Subgrade modulus values are sometimes mis-
understood or incorrect. The most common
misunderstanding occurs when the geotech-
nical report does not make it clear whether
the value reported is for a 1- x 1-foot plate
(k1x1) or a value already scaled for the size
of the mat/combined footing. If the report
does not say the modulus value is for a 1x1
plate, the geotechnical engineer should be
contacted to provide clarification.

Incorrect subgrade moduluss¥alues are
sometimes developed beeause of insufficient
information or geotechnical scopeWhen
there is little informatiofimavailable on the
proposed structure, and no scope to interact
with the structural engineer;ym0st geotechni-
cal engineers will select a modulus value from
a table based on the properties of the soil
layer anticipated to be immediately below
the foundation system (e.g. the “Sand &
Gravel” unit in Figure 3). This works if
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Figure 3. Subgrade modulus zone of influence.

Allowable Settlement and What
Settlement Matters?

The “allowable settlement” for a structure is
one of the most significant areas of misundet-
standing between geotechhical and strugtural
engineers, and theflack of conversation about
this subject can result in large; unnecessary
projeet costs. In particular, in localities where
there ate sighificant thicknesses of soft clays
or earthquake prone areas with soilliquefac-
tion settlements, the allowableand’maximum
setlement is critical. Ideally-“dllowable settle-
ment” should-nét be-expressed to the owner
until thestriicrutal and geotechnical engineer
havé anlopportunity to talk. While it might be
tempting to say “the allowable settlement is 1
inch” when asked what settlement a structure
can tolerate, this is likely a very conservative
number which could result in very large build-
ing and ground improvement costs.

If the scope allows time for the geotechnical
and structural engineer to discuss settle-
ment, the settlement can be broken into
components based on when they will occur
(e.g. before the fagade is placed, before con-
struction is completed, after construction).
Moreover, with this level of refinement, the
geotechnical engineer may be able to reduce
foundation and ground improvement costs
on some projects.

The possible effects of various amounts of
settlement on structural performance and
costs is an important topic that the structural
and geotechnical engineer must discuss with
the owner.

Dynamic Lateral Earth Pressure

Insareas whereseismic accelerations can be
large, structural engineers say they appear to
getdiffering recommendations regarding the
lateral dynamic earth pressure for foundation
or retaining wall design, and that sometimes
they find it almost impossible to produce
a reasonable design. Given the changes in
design methodologies and misunderstand-
ings about dynamic lateral earth pressures, it
is not surprising that differences exist in the
recommendations made by the geotechnical
engineer. In the past, the dynamic earth pres-
sure was expressed as an inverted triangular
distribution. Recent research has concluded
that the actual distribution is more likely a
curved distribution, low on the top and low
on the bottom (Figure 4). The current state
of practice in most regions is to simplify this
curved distribution to a uniform distribution,
with a resultant load acting half way up the

the soil type does not change in the “zone
of influence” below the foundation ele-
ment. However, to design the mat shown
in Figure 3, the soils that determine the
actual modulus experienced by the mat
are the soils to a depth equal to about
twice the width of the mat. The easiest
way to evaluate subgrade modulus, in
this case, is to calculate settlement below
the mat (elastic and consolidation settle-
ments) and then create an initial modulus
by dividing the load by that settlement.
This value can be further refined by
comparing the structural engineer’s cal-
culated deformation with the estimated
settlement, and then iterating between
the structural and geotechnical analy-
ses if there is a significant difference in
deformation. Leaving out the interaction
between the structural and geotechnical
engineer, in this case, results in wrong
estimates of the mat’s settlement/deflec-
tion and incorrect reinforcing,.
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wall. Having the resultant half way down the
wall, rather than %5 of the way down, can lead
to more practical wall designs.

If it is not clear from the geotechnical report
which methodology was used, the structural
engineer should contact the geotechnical engi-
neer for clarification.

How Structural Design
Can Be Improved

Given the examples provided above, geotech-
nical and structural engineers can improve the
cost effectiveness of the design and reduce
risk by:

1) More interaction between the geotechni-
cal and structural engineer after the structural
engineer has reviewed the geotechnical report
and started design work. During this conver-
sation, the structural engineer should:

* Talk through their understanding of
the geotechnical recommendations.
Explain what has been done or will
be done concerning site grading,
basements, building location, and
footing bearing elevations.

Provide the magnitude of the loads on
the footings.

Break out the live loads between
persistent and transient loads so

that transient live loadsidoe, not drive
the design.

Explain the range of foeting sizes

that will be used with the allowable
bearing pressure provided in the
geotechnical report.

For combined footings or a mat that
uses a subgrade modulus, give the
geotechnical engineer the elevation

and size of the mat/footing, and ask if
the subgrade modulus is applicable or
needs to be modified.

Request that the geotechnical engineer
checks their recommended bearing
pressures to see if the bearing pressure
can be increased now that they have
actual loads and know what soils the
footings will bear on.

If the geotechnical engineer does not have
work scope to revisit the project, speak with
the owner and request that they provide
the geotechnical engineer with additional
scope. Explain to the owner that, with
additional, critical information, it is likely
that either project costs will go down or
that the risk of serious problems with the
building will be identified and resolved. The
author’s experience in Utah would suggest
that, knowing actual loads and knowing the
soils that the footings will bear on, a revised
bearing pressure will likely cost less than

STRUCTURE magazine

$500 and will typically reduce
the cost of footings by $15K to
$35K (from 40,000 square-foot
to 100,000 square-foot struc-
tures), perhaps more.

2) Suggest that the owner
includes the following stages in
the geotechnical work scope:

Oid Comect
Pressure Pressure
Diagram Dlagram

* Initial geotechnical design.
* Discussion/meeting with

the structural engineer
after the building is
set in location and
elevation, and the loads
are available, so that this information
can be passed on to the geotechnical
engineer and alternate foundation
systems can be considered.
Geotechnical revisions: either

an addendum letter or revised
geotechnical report

3) On projécts where conditions are difs
ficult, or there i§"a sophisticated owner,
engage the owner and geotechnical engineer
in a®onversation about uncertainty/risk/
costs so the designimeets both the mini-
mum code requirements and _thg owner’s
desired level.of risk.

4) Be careful when-télling-the owner what
to expect for gedtechmical issues and design
based onexperiences on a nearby project. Soil
corditions can vary. Moreover, generalizations
of the anticipated soil conditions can make it
difficult for an owner to accept differences in
soil conditions on their site that may impact
the structure design.
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Figure 4. Dynamic lateral earth pressures.

surprises €an be minimized and resolved
quiekly and\inexpensively.

6) Help fight the commoditization of
geotechnical work. As a structural engi-
neet, this may not seem like your battle.
However, as engineers, we all have an obli-
gation to work toward efficient designs.
When a structure performs poorly, we
are,all drawn into the ensuing dispute.
And the structural engineer is uniquely
positioned to explain to the owner how
the recommendations in the geotechnical
report impact the cost of the structure,
and why they should invest in more and
better geotechnical work.

Making these changes to interactions with
the geotechnical engineer and how the geo-
technical work is performed will both reduce
project costs and reduce the risk of failure or
poor performance.®

Why Was the Geotechnical Scope Insufficient on My Project?

Geotechnical work scopes on proj-
ects have continued to shrink over
the last three decades, such that
owners pay less for the geotech-
nical work but far more for their
structures because of the resulting
recommendations.

This problem is driven by clients
who think that they need “a Geotech
report’ versus recommendations
that will produce the lowest cost
project at a desired level of risk. This
lack of understanding on the part
of clients forces geotechnical firms
to reduce their proposed scope to
make sure they get the project and
stay in business.
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As an example of how much has changed, test boring spacing has continually increased
over the last 35 years. In Utah, geotechnical firms are doing 10% to 15% of the number
of borings that were done in the early 1980s, and the borings continue to be done to lesser
depths. This decrease in information increases risks as well as structure and site costs.
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