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Soils and Soils Explorations
Foundations

Basement Construction

ELEMENT A: SUBSTRUCTURE

INTRODUCTION

Well-designed foundations are a necessity to building design. A basic understanding of factors that influence facil-
ity substructure design — bearing strata, settlement, and the effects of adjacent structures, slopes, and building
modification that either physically expand the structure or change the use of a structure—is essential for good
building design.

This chapter provides a basic vocabulary for the design team to use to communicate when assisting in the design
of the optimum foundation system to satisfy cost, schedule, and building constraints. This chapter also focuses on
the work of the geotechnical engineer, who, together with the structural engineer, creates solutions to complex
design constraints. When engineering insight is combined with practical construction methods to produce struc-
tures that support increasingly larger loads in more efficient way, it reduces the risk that the effectiveness of struc-
tures above grade will be diminished by a misunderstanding or lack of attention to an important detail below grade.

In addition to exploring soils and geotechnical investigation, this chapter examines climatic and seismic consider-
ations relating to the facility substructure and provides a review of special foundations, including basement con-
struction. The topic of basement construction addresses basement excavation, soil support, shoring strategies, and
basement wall construction, using both concrete and masonry, and methods of waterproofing or dampproofing
these elements.
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SOILS AND SOILS EXPLORATIONS

Bringing together project team design professionals, including
geotechnical engineers, structural engineers, and architects to dis-
cuss the matter of soils and foundations is fundamental to ensure
that the foundation selected satisfies the constraints of the project
budget as well as the functionality of the structure.

Understanding the vocabulary of geotechnical science (for exam-
ple, the difference between “cohesive” and “cohesionless” soils)
is the first step toward fostering collaborative communication,
which becomes increasingly important as the process continues.
What should be tested, what the test should be, why it is important,
and what the limitations of the test are must be addressed.
Likewise, identifying foundation and ground modification alterna-
tives (as well as their pros and cons) will aid in the preliminary
design phase, when the building foundations are being developed.

Understanding the geotechnical investigation report and geo-
graphical variations such as climate and seismic conditions will
assist the design professionals in discussing important foundation
issues.

SOILS DEFINITIONS: TERMS AND
CLASSIFICATIONS

It is critical that geotechnical and structural engineering informa-
tion be understood properly; to that end, the following definitions
of common soils and other terms are included for reference:

Clay: Determined by the size of particles and composition, clays
are chemically different from their parent materials as a result
of weathering. Clays are typically inorganic and have grain sizes
less then 0.0002 in. in diameter. This material contains charged
particles and has an affinity for water. Because of their size and
chemical composition, clays exhibit cohesion and plasticity.
Clays can be classified as stiff, medium, or soft, depending on
the moisture content, with drier clays typically being stiffer.
Clays make a satisfactory bearing material under some condi-
tions. Long-term settlement can sometimes control the allow-
able bearing pressure. Because of the cohesive nature of clay,
excavations can have steep slopes for short periods of time.
Silt: Silt consists of inorganic particles between 0.003 in. and
0.0002 in. in diameter. These fine-grained particles are similar in
composition to the rocks from which they are derived, and are
not plastic in nature. Organic silt is found on the bottom of lakes
and river deltas.

Sand- Classifications of sand vary from fine to coarse, these rock
particles range in size from 0.003 in. to 0.079 in. in diameter.
Adequately compacted, sand makes an ideal bearing material.
The coarser the sand, the higher the allowable bearing pres-
sures. Fine sands are susceptible to becoming quick when sub-
jected to unbalanced hydrostatic pressures, and may liquify
when they are loose, saturated, or subjected to seismic forces.
Settlement is usually immediate, with little long-term settlement.
Gravel- Classifications of gravel vary from fine to coarse, and
these unconsolidated rock fragments range from .75 in. to about
3 in. Except for gravels composed of shale, this material makes
a good foundation material. Depending on the compactness and
the underling material, very high bearing pressures are allowed
by some building codes.

Cobbles: Ranging in size from about 3 in. to about 10 in., these
rock fragments can make reliable foundation-bearing materials,
but can be difficult to properly compact when used for fill.
Cobble-sized materials can interfere with pile driving and
drilled-pier construction causing significant problems.
Boulders: Typically classified as rock fragments greater than 10
in., boulders can be used as part of a fill mass if the voids
between the boulders are filled with finer-grained sands and
silts. These materials are generally not considered suitable for
direct foundation support because of their size and shape, and
the difficulty in excavating the material to desired shapes. As
with cobbles, boulders can cause significant problems during
construction.

Bedrock: Unbroken hard rock that is not over any other materi-
alis considered bedrock. Depending upon its composition, it can
be capable of withstanding extremely high bearing pressure,
and is desirable for foundations supporting high loads. If the
rock has been weathered or is cracked, its bearing capacity may
be compromised. Settlement of buildings on bedrock is primari-
ly limited to the elastic settlement of the foundation.

Residuum: Residuum consists of soil derived from the in-place
decomposition of bedrock materials. In general, these soils are
more weathered near the surface, and gradually transition to a
more rocklike material with depth. Where residual soils reveal
evidence of the stratification and structure of the parent rock,
they are known as saprolitic materials.

Alluvial soils: Because materials are eroded, transported, and
deposited through the action of flowing water, these soils are
typically loose and saturated, hence often are unsuitable for
support of structures or pavements.

Colluvial soils: Because materials are transported by gravity,
typically associated with landslides, these soils are generally
irregular in composition and loose. They require improvement
prior to being used to support buildings and pavements.
Aeolian soils: These soils are transported and deposited by the

SOIL TYPES AND THEIR PROPERTIES

wind. Typically, they consist of silt or sand-sized soils. Loess, one
of the more common types of aeolian soils, is composed of fine
cemented silt. While this material may be competent in place, it
loses much of its strength when disturbed or recompacted.

Till: Till is a mixture of clay, silt, sand, gravel, and boulders
deposited by glaciers. Consolidated tills that are well graded
(indicated by a uniform distribution of particle size) are excep-
tionally strong and make excellent foundation strata. Loose tills
can cause differential settlements if used as a bearing material.
Loam:This organic material, made up of humus and sand, silt, or
clay, provides excellent material for agriculture but should not
be used for foundations. Organic materials will settle a great
deal over time, and even lightly loaded slabs on grade will settle
if bearing on loam.

Cohesionless soils: These types of soils consist of cobbles, grav-
els, sands, and nonplastic silts. They are generally formed from
the mechanical weathering of bedrock brought about by water,
ice, heat, and cold. They are typically composed of the same min-
erals as the parent rock. The strength of cohesionless materials
is derived primarily from interparticle friction.

Cohesive soils: These types of soils contain clay minerals with an
unbalanced chemical charge. As a result, they tend to attract

1.1
VALUE AS A
SYMBOLS FOUNDATION | FROST
DIVISION LETTER | HATCHING COLOR SOIL DESCRIPTION MATERIAL ACTION | DRAINAGE
Gravel and GW o Red Well-graded gravel, or gravel sand mixture; Excellent None Excellent
gravelly soils @ little or no fines
GP & Red Poorly graded gravel, or gravel-sand mixtures; Good None Excellent
L 4 little or no fines
GM r H Yellow Silty gravels, gravel sand-silt mixtures Good Slight Poor
GC % Yellow | Clayey gravels, gravel clay-sand mixtures Good Slight Poor
Sand and N % 8 SERV) Red Well-graded sands, or gravelly sands; Good None Excellent
sandy soils o 009 little or no fines
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SP e .‘.‘ : Red Poorly graded sands, or gravelly sands; Fair None Excellent
little or no fines
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SM A s Y \ Y| vellow Silty sands, sand-silt mixtures Fair Slight Fair
A IS
SC Yellow Clayey sands, sand-clay mixtures Fair Medium | Poor
Silts and clays ML Green Inorganic silt, rock flour, silty or clayey fine Fair Very high | Poor
Liquid Limit sands, or clayey silts with slight plasticity
CL Green Inorganic clays of low to medium plasticity, Fair Medium Impervious
gravelly clays, silty clays, lean clays
oL ‘ ‘ ‘ Green Organic silt-clays of low plasticity Poor High Impervious
Silts and MH Blue Inorganic silts, micaceous ordiatamaceous
clays Liquid fine sandy or silty soils, elastic silts Poor Very high [ Poor
Limit >50 5
CH y/// Blue Inorganic clays of high plasticity, fat clays Very poor Medium Impervious
Z.
OH y//// // /, // Blue Organic clays of medium to high plasticity, Very poor Medium Impervious
WA organic silts
LI
Highly organic Pt NN Orange | Peat and other highly organic soil Not suitable | Slight Poor
soils NN NN
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water and bond together. The strength of cohesive materials is
derived from a combination of these chemical bonds and from
interparticle friction.

Consolidation: When soils are subjected to loads, water within
the void spaces initially supports the change in stress through
an increase in pressure. Excess pressures gradually dissipate in
proportion to the permeability of the soil. Coarse-grained mate-
rials drain rapidly, while finer-grained silts and clays drain more
slowly. As the excess pore pressures dissipate, the void spaces
compress and transfer the loads to the soil grains. The resulting
reduction in volume over time is known as consolidation.
Underconsolidated soils: Soils that have built up in river deltas
and other water bodies are deposited in a very loose state.
These soils are often underconsolidated, in that they have never
experienced stresses equal to or greater than current overbur-
den stresses. These materials tend to consolidate under their
own weight over time, until all excess pore pressures have been
dissipated and the soils become “normally consolidated.”
Foundations bearing on underconsolidated soils can typically
expect large short- and long-term settlement.
Overconsolidated soils: Unlike many other types of materials,
soils are not elastic. When stresses are applied to soils, they
compress. However, when the same stress is removed, they do
not rebound to the same height. When reloaded, the soils
“remember” previously loaded conditions and compress to their
historical level of stress. Soils that have previously been loaded
to stresses above those created by the current soil overburden
are considered to be overconsolidated. Foundations bearing on
overconsolidated soils can typically expect less short- and long-
term settlements.

Desiccation: All soils typically contain some moisture within the
voids between soil particles. When soils are dried, capillary ten-
sion tends to pull the soil grains together, causing the soil to
shrink and lose volume. This action can cause the soil to become
overconsolidated, as the capillary tension results in stress.

SOIL STUDIES AND REPORTS
READING A SOILS REPORT

A geotechnical report helps the design team understand the site on
which the structure is to be built. Most geotechnical reports con-
tain the following information, based on the previously defined
scope of exploration:

Report summary

Project information
Exploration methods
Description of soil and groundwater conditions
Design recommendations
Construction considerations
Appendix

Location diagram
Soil-boring or test pit logs
Soil profiles

Laboratory test results

The report summary is generally one to two pages long, and pro-
vides the most salient information and recommendations of the
report. Use the summary as quick reference, but read the entire
report for details and qualifications/limitations. Most reports can
be read within 30 minutes. Check and verify the project information
and criteria (i.e., building height, structural loads, floor/basement
levels, and so on). The scope of the evaluation and recommenda-
tions are based on this information. Also included in the report
would be project information describing the building and site char-
acteristics such as number of stories, building construction mate-
rials, foundation loadings, basement data if applicable, and grades.
The exploration section defines how the geotechnical engineer
obtained the soil information required to describe the foundation
this would include number, location and depth of soil borings and
test pits, and laboratory and field testing to be performed.

The general soil and groundwater conditions include a general
overview of the results of the geotechnical engineer’s tests. More
detailed information is contained in the soil-boring and test pit
logs, which can be reviewed when required.

The design recommendations section is of greatest interest to the
project design team, as it makes specific recommendations con-
cerning the design of foundations, grade slab, walls, drainage
requirements, and other key building components. It should be
read together with the section on construction considerations,
which identifies potential problems during construction that can be
avoided or minimized by both the design team and contractor when
everyone understands the challenges for the project.

Often reports will provide a transverse section of the soil profile,
combining the soil-boring information in a convenient picture. This
will enable the reader to better understand approximately how the
soil properties vary across the site.

SLAB-ON-GRADE CONSTRUCTION IN COLD CLIMATES

1.2

INSULATED, SEALED GAP
ISOLATES SLAB FROM FROST
WALL AND BLOCKS RADON ENTRY

OPTIONAL SLOPED INSULATION
DRAINS WATER AWAY FROM
FOUNDATION AND ALLOWS
SHALLOWER FOOTINGS WHEN
BUILDING HEAT WARMS SOIL

A COARSE GRAVEL

DRAIN BED SURROUNDED
BY FILTER FABRIC AND
DRAINED WITH 4"

MINIMUM PERFORATED PIPE

FOUNDATION WALL

THICKENED SLAB EDGE
MAY BE SUBSTITUTED FOR
FOOTING IN WELL-DRAINED
NONFROST-SUSCEPTIBLE SOILS

BASEMENT CONSTRUCTION IN COLD CLIMATES
1.3

AIR-VAPOR RETARDERS SHOULD BE OVERLAPPED
AND SEALED AT CHANGES IN CONSTRUCTION

HEATED BASEMENTS SHOULD HAVE INSULATED
FOUNDATIONS; EXTERIOR INSULATION (WITH
PROTECTIVE COATING) HELPS TO REDUCE THERMAL
BRIDGING, KEEPING THE FOUNDATION AND
FOOTINGS WARM TO MINIMIZE FROST PROBLEMS

INSULATED, SEALED GAP
ISOLATES SLAB FROM FROST WALL
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BASEMENT WALL OF CONCRETE OR CMU

CONTINUOUS VAPOR RETARDER UNDER THE SLAB

CLIMATIC FOUNDATION ISSUES

DESIGNING FOR COLD AND
UNDERHEATED CLIMATES

Cold and underheated climate conditions occur over the northern
half of the United States and in mountainous regions. These condi-
tions can be generally quantified as where the frost depth is 12 in.
or greater. Designing foundations for these conditions is treated in
a more typical manner, such as: providing a foundation below the
frost depth, including a basement, and providing insulation on the
exterior to reduce the chances of cold ground temperatures reach-
ing the structure.





























































