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CHAPTER 2

RECOGNITION OF PROBLEM AREAS

2-1. Site selection

The choice of the construction site is often limited. It
is important to recognize the existence of swelling soils
on potential sites and to understand the problems that
can occur with these soils as early as possible. A sur-
face examination of the potential site as discussed in
paragraph 3-2 should be conducted and available soil
data studied during the site selection.

a. Avoidance of potential problems. If practical,
the foundation should be located on uniform soils sub-
ject to the least swelling or volume change. Discon-
tinuities or significant lateral variations in the soil
strata should be avoided. Swampy areas, backfilled
ponds, and areas near trees and other heavy vegetation
should be avoided, Specia attention should be given to
adequate compaction of filled areas, types of fill, and
leveling of doped sites (para 7-1).

(1) Undeveloped sites. Undeveloped sites general-
ly have little or no subsurface soil information avail-
able and require subsurface exploration (para 3-3).

(a) Substantial differential heave may occur be-
neath structures constructed on previously undevel-
oped sites where trees and other heavy vegetation had
been removed prior to construction, Soil moisture will
tend to increase since loss of heavy vegetation reduces
the transpiration of moisture. Construction of the
foundation over the soil will tend to further increase
soil moisture because of reduced evaporation of mois-
ture from the ground surface.

(b) Swampy or ponded areas may contain great-
er quantities of plastic fine particles with a greater
tendency to swell than other areas on the site.

(c) Future irrigation of landscaped areas and
leakage from future sewer and other water utility lines
following development of the site may substantially
increase soil moisture and cause a water table to rise or
to develop if one had not previously existed. Filled
areas may also settle if not properly compacted.

(2) Developed sites. Subsurface  exploration
should be conducted if sufficient soil data from earlier
borings are not available for the site selection and/or
problems had occurred with previous structures. Some
subsurface exploration is always necessary for site se-
lection of any structure of economic significance, par-
ticularly multistory buildings and structures with spe-
cia requirements of limited differential distortion.

(a) An advantage of construction on developed

sites is the experience gained from previous construc-
tion and observation of successful or unsuccessful past
performance. Local builders should be consulted to ob-
tain their experience in areas near the site. Existing
structures should be observed to provide hints of prob-
lem soil areas.

(b) The soil moisture may tend to be much closer
to an equilibrium profile than that of an undeveloped
site. Differential movement may not be a problem be-
cause previous irrigation, leaking underground water
lines, and previous foundations on the site may have
stabilized the soil moisture toward an equilibrium pro-
file. Significant differential movement, however, is
gtill possible if new construction leads to changes in
soil moisture. For example, trees or shrubs planted too
close to the structure or trees removed from the site,
change in the previous irrigation pattern following
construction, lack of adequate drainage from the struc-
ture, and improper maintenance of drainage provi-
sions may lead to localized changes in soil moisture
and differential heave. Edge movement of dlab-on-
grade foundations from seasonal changes in climate
may continue to be a problem and should be minimized
as discussed in chapter 7.

(3) Sidenhill or sloped sites. Structures construct-
ed on sites in which the topography relief is greater
than 5 degrees (9 percent gradient) may sustain dam-
age from downhill creep of expansive clay surface soil.
Sidehill sites and sites requiring split-level construc-
tion can, therefore, be expected to complicate the de-
sign. See chapter 7 for details on minimization of foun-
dation soil movement.

b. Soil surveys, Among the best methods available
for qualitatively recognizing the extent of the swelling
soil problem for the selected site is a careful examina-
tion of al available documented evidence on soil condi-
tions near the vicinity of the site. Local geological rec-
ords and publications and federal, state, and institu-
tional surveys provide good sources of information on
subsurface soil features. Hazard maps described in
paragraph 2-2 document surveys available for esti-
mating the extent of swelling soil problem areas.

2-2. Hazard maps

Hazard maps provide a useful first-order approxi-
mation of and guide to the distribution and relative ex-
pansiveness of problem soils. These maps should be
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used in conjunction with local experience and locally
available soil surveys and boring data. The maps dis-
cussed in aand b below are generally consistent with
each other and tend to delineate similar areas of
moderately or highly expansive soil.

a. Waterways Experiment Station (WES) Map. This
map, which was prepared for the Federal Highway Ad-
ministration (FHWA), summarizes the areas of the
United States, except Alaska and Hawaii, where swell-
ing soil problems are likely to occur (fig. 2-1). The ba-
sis for classification depends primarily on the esti-
mated volume change of argillaceous or clayey mate-
rials within the geologic unit, the presence of mont-
morillonite, the geologic age, and reported problems

due to expansive materials. The stratigraphy and min-
eralogy are key elements in the classification.

(1) Classification. The soils are classified into
categories of High, Medium, Low, and Nonexpansive
as shown in figure 2-1. The distribution of expansive
materials is categorized by the geologic unit on the ba-
sis of the degree of expansiveness that relates to the
expected presence of montmorillonite and the fre-
guency of occurrence that relates to the amount of clay
or shale. The amount refers most significantly to the
vertical thickness of the geologic unit, but the areal ex-
tent was also considered in the classification. The
premises in table 2-1 guide the categorization of soils.

Table 2-1. Premises for Categorization of Soils by the
WES Hazard Map

1. Any area underlain by argillaceous rocks, sediments, or soils will exhibit some degree of expan-

siveness.

2. The degree of expansiveness is a function of the amount of expandable clay minerals present.

3. Generally, the Mesozoic and Cenozoic rocks and sediments contain significantly more mont-
morillonite than the Paleozoic (or older) rocks. (Damage to structures founded on Permian (Up-

per Paleozoic) has also been observed.)

4. Areas underlain by rocks or sediments of mixed textural compositions (e.g., sandy shales or sandy
clays) or shales or clays interbedded with other rock types or sediments are considered on the
basis of geologic age and the amount of agrillaceous material present.

5. Generally, those areas lying north of the glacial boundary are nonexpansive due to glacial drift

cover.

6. Soils derived from weathering of igneous and metamorphic rocks are generally nonexpansive.

7. Climate or other environmental aspects are not considered.

8. Argillaceous rocks or sediments originally composed of expandable clay minerals do not exhibit
significant volume change when subjected to tectonic folding, deep burial, or metamorphism.

9. Volcanic areas consisting mainly of extruded basalts and kindred rocks may also contain tuffs and
volcanic ash deposits that have devitrified and altered to montmorillonite.

10. Areas along the glaciated boundary may have such a thin cover of drift that the expansive char-
acter of the materials under the drift may predominate.

(2) Physiographic provinces. Table 2-2 summar-
izes the potentially expansive geologic units on the ba-
sis of the 20 first-order physiographic provinces. Fig-
ure 2-1 shows the locations of the physiographic prov-
inces.

b. Other maps.

(1) Area map of susceptible soil expansion prob-
lems. A hazard map was developed by M, W. Witczak
(Transportation Research Board, Report 132) on the
basis of the occurrence and distribution of expansive
soils and expansive geologic units, the pedologic analy-
sis, and climatic data to delineate areas susceptible to
expansion problems. Some geologic units for which
engineering experiences were not available may have
been omitted, and the significance of pedological soil
on expansion was not shown on the map.
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(2) Assessment map of expansive soils within the
United States. The major categories for classification
of the severity of the swelling soil problem presented
by J. P. Krohn and J. E. Slosson (American Society of
Civil Engineers, Proceedings of the Fourth Interna-
tional Conference on Expansive Soils, Volume 1 (see
app. A) correspond to the following modified shrink-
swell categories of the Soil Conservation Service (SCS)
of the U. S. Department of Agriculture:

High: Soils containing large amounts of montmorillonite
and clay (COLE >6 percent)

Soils containing moderate amounts of clay with

some montmorillonitic minerals (3 percent <

COLE < 6 percent)

Low: Soils containing some clay with the clay consist-
ing mostly of kaolinite and/or other low swelling
clay minerds (COLE <3 percent).

Moderate:
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These categories of classification use the coefficient of
linear extensibility (COLE), which is a measure of the
change in linear dimension from the dry to a moist
state, and it is related to the cube root of the volume
change. Premises guiding the categorization of the
Krohn and Slosson map include: degree of expansion
as a function of the amount of expandable clay; cover
of nonexpansive glacia deposits; and low-rated areas
with nonexpansive and small quantities of expansive
soils. Environmental factors, such as climatic effects,
vegetation, drainage, and effects of man, were not con-
sidered.

(3) Soil Conservation Service county soil surveys.
Survey maps by SCS provide the most detailed surfi-
cia soil maps available, but not al of the United
States is mapped. Soil surveys completed during the
1970's contain engineering test data, estimates of soil
engineering properties, and interpretations of proper-
ties for each of the major soil series within the given
county. The maps usually treat only the upper 30 to 60
inches of soil and, therefore, may not fully define the
foundation soil problem.

(4) U.S. and State Geological Survey maps. The
U.S. Geologica Survey is currently preparing hazard
maps that will include expansive soils.

c. Application of hazard maps. Hazard maps provide
basic information indicative of the probable degree of
expansiveness and/or frequency of occurrence of swell-
ing soils. These data lead to initial estimates for the lo-
cation and relative magnitude of the swelling problem
to be expected from the foundation soils. The SCS

2-8

count y survey maps prepared after 1970, if available,
provide more detail on surface soils than do the other
maps discussed in b above. The other maps used in con-
junction with the SCS maps provide a better basis for
election of the construction site.

(1) Recognition of the problem area at the construc-
tion site provides an aid for the planning of field ex-
ploration that will lead to the determination of the
areal extent of the swelling soil formations and sam-
ples for the positive identification and evaluation of
potential swell of the foundation soils and probable
soil movements beneath the structure.

(2) Problem areas that rate highly or moderately
expansive on any of the hazard maps should be ex-
plored to investigate the extent and nature of the
swelling soils. Structures in even low-rated areas of po-
tential swell may also be susceptible to damages from
heaving soil depending on the ability of the structure
to tolerate differential foundation movement. These
low-rated areas can exhibit significant differential soil
heave if construction leads to sufficiently large
changes in soil moisture and uneven distribution of
loads. Also, low-rated areas on hazard maps may in-
clude some highly swelling soil that had been neglect-
ed.

(3) Figure 2-1 indicates that most problems with
swelling soils can be expected in the northern central,
central, and southern states of the continental United
States. The Aliamanu crater region of Fort Shafter,
Hawaii, is another example of a problem area.



