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DESIGN OF SHALLOW FOUNDATIONS ON LOESS

INTRODUCTION TO LOESS
Definition
"Loess is a wind-deposited sediment that is commonly
unsatratified and unconsolidated and is composed
dominantly of silt-size particles." (Ruhe,b1969)

Special characteristics commonly associated with loess

Open structure of loosely packed silt grains lightly
cemented by clay

Collapsibility (dramatic compression at constant
load when saturated)

Low density

Low moisture content

Low plasticity

Great thicknesses of unsaturated material

Ability to stand in high, steep cuts

Highly erodible

The above characteristics are associated with
"classic" locess. Classic loess is best known because
of its unusual properties. We will focus on classic
loess because it has unique hazards and requires

special treatment.

The classic properties are related to the open
structure. (Figures A and B)

Variations

There are extensive deposits of loess that lack any
or all of the above characteristics.
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ORIGIN AND DISTRIBUTION OF LOESS
Origin
From Pleistocene glacial alluvium

", ..the finely divided rock-powder silt of which
loess 1is primarily composed was produced by
interaction of several geological process, but mainly
by abrasion resulting from movements of continental
glaciers. With retreat of the continental glaciers,
the silt was deposited along flood plains of rivers.

This silt was then transported, sorted, and
redeposited by wind action." (Gibbs and Holland,
1960)

Rivers that served as major sources included the
Mississippi, Missouri, Illinois, Green, Platte, and
Republican in the central United States. The sand
hills of western Nebraska and eastern Coloradoc were
also important sources.

Distribution
North America (Figure 1)
Nebraska (Figure 2)
Iowa (Figure 3)
China (Figure 3A)

Loess deposits cover about 11% of the land area of
the world. 1In the United States, the figure is 17%,
and in Iowa, 38%. (Turnbull, 1968, and Lutenegger,
1979) . Loess deposits cover 6% of China. (Kie,
1988) There are important deposits in eastern Europe
and Russia.

GEOLOGIC AGE AND ASSOCIATION
All loess I have heard about is of Pleistocene age.

Principal North American deposits are associated with the
Wisconsinan and Illinoisan glaciations.
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Wisconsin loess
Age
Ruhe (1969) dates Wisconsin loess in Iowa as
pre-Cary, with the base ranging from 16,500 to
29,000 years and the top at 14,000 years.
Subgroups
Bignell
Peorian
Roxanna
The entire Wisconsinan deposit is commonly called
Peorian. It 1is found at the ground surface
throughout most of its area of occurrence, overlain
only by glacial deposits of the Cary lobe and locally
by alluvium.
Distribution
Figure 3 shows the distribution in Iowa.
Illinoisan Loess
Age (Post=Yarmouth, pre-Sangamon)

Subgroups

The Loveland is stratified, but the subgroups
are not commonly differentiated.

Paleosol

The Sangamon paleosol at the surface of the
Loveland loess 1is strongly developed and a
distinctive marker bed. It is often absent due
to erosion. Where present, it can be a
convenient bearing formation for belled piers.
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Distribution

In Iowa, the Loveland is less extensive than the
Wisconsin, extending only about 30 to 60 miles
eastward of the Missouri River (Ruhe, 1969).

Most of the Loveland loess I have encountered is too
dense to be collapse-susceptible. It can be normally
consolidated if nearly saturated. Some deep older
loesses in China have been shown to be collapse-
susceptible, probably due to drier conditions.

Underlying deposits

When underlain by relatively impermeable clay till,
the loess often includes a water table. Where
underlain by aeoclian sand, as in western Nebraska,
it may be dry. Alluvium, residual soils, terraces,
and bedrocks are also commonly found below loess in
the midwest.

TYPICAL PROPERTIES OF LOESS

Variation of properties with distance from source

Thickness (Figures 4 and 5)
Grain Size (Figures 4 and 5)
Weathering Profiles (Figure 6)

Range of properties of North American loess
Grain Size (Figure 7)
Specific Gravity 2+.57 to 2,79

Plasticity (Figures 8 and 9)

Permeability (Figure 10)
Vertical root holes often result in a higher vertical
than horizontal permeability. Kie (1988) presents
evidence that swelling of the clay particles may lead

to a reduction in permeability with time.

Dry Density - 66 to 104 pcf (Sheeler, 1968)
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Other variables

Erodibility

Carbonate content and state of oxidation
Compressibility

Compressibility is the most important property for
foundation design on loess.

Compression at natural water content (Figures 12B-12D)
Compression Index (Cc), commonly 0.15 to 0.5
Recompression Index (Cr), commonly 0.01 to 0.05
Apparent preconsolidation pressure (Pc)

Description: Although the loess may never have
supported more overburden than presently exists,
it often displays an apparent overconsclidation.
This behavior can be observed both in laboratory
consolidation tests and in the field.

Example (Figures 13 and 133)

Range: a few hundred psf to 20,000 psf or more
(Figure 15)

Kane of Iowa, Bally of Romania, and Milovic of
Yugoslavia have separately studied the effect
of water content on compressibility. (Figures
13B-14B)

For unsaturated loess, Pc appears to be related
to moisture content, density, and clay content.

Lin and Wang (1988) have proposed a simple
relationship between Pc and unconfined
compressive strength. (Figure 14C)

Saturated loess is often normally consolidated,
but not always. (Figure 14D)

For saturated loess, Pc is probably most

strongly related to overburden, water table
fluctuations and desiccation.
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Consolidation after saturation (Figure 15)

After saturation, a collapse-susceptible loess
exhibits a reduced apparent preconsolidation
pressure, above which much greater compressions occur
in the saturated state. (Figure 15)

Collapse on saturation

Description: An unsaturated soil supporting load at
natural water content may become under-consolidated
and undergo large compression at unchanged load when
the moisture content is raised to near saturation.
(Figure 16)

Some loess will collapse under its own weight when
saturated. Ponding, canal construction, and
irrigation have resulted in large ground settlements.
(Figure 16A)

Some loess will collapse under a higher pressure, but
not under overburden stress. (Figure 16B)

If the density of the soil is low enough that
theoretical water content at saturation is greater
than the 1liquid 1limit, collapse can be expected.
(Figure 16C)

The minimum pressure at which collapse will occur is
about the same as the "preconsolidation pressure"
determined from a consolidation test on a saturated
sample. (Figure 16D)

In general, loess with a low density and low water
content can be expected to have a high collapse
potential. (Figure 16E)

Consolidation upon gradual increase in water content
Evidence: Settlement of light buildings beginning
several years after construction has been observed,

usually associated with permanent £ill loads.
(Figures 17 and 17A) Example (Figures 17AA-17AE)
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Rules of thumb
Avoid net fills of more than 3-4 feet.

If loess is moist, preloading with a surcharge
may prevent delayed settlement. Example (Figure
17B and C)

Various factors can cause the moisture content
to increase; not all such factors can be
foreseen.

Conceptual model (Figure 17D)

The water content of a loess deposit has
probably varied during is history. When the
water content was at its highest, the loess
became normally consclidated. A linear increase
in density with depth may indicate a profile
that has been normally consolidated. (Figure
17E)

At the present water content, the loess may be
overconsolidated. Large compressions may occur
if the loess is loaded to a higher pressure and
the water content subsequently rises to its
highest previous value. ;

The concept of a critical water content as
proposed by Kane (Figure 13C) suggests that if
the maximum past water content exceeded the
critical water content, the soil will be stable
even if the new water content exceeds the
previous maximum, so long as the past overburden
pressure is not exceeded.

Importance to Design

Fill-induced settlements that occur after
building construction can be large, highly
differential, and damaging. Correction can be
very difficult. Avoiding such settlements is
crucial to shallow foundation design.

Page 7



Causes of Moisture Increases

Poor drainage, 1leaky pipes, and irrigation
(Figure 17F)

Grading (Figure 17G)
Example (Figures 17H-17K)
Shear Strength
Effective stress parameters (Figures 18, 18A)
According to Gibbs and Holland and Milovic, @ ranges
from 28 to 38 degrees for silty loess, possibly lower

for clayey loess.

C ranges from near zero for saturated silty loess to
several ksf for dense, dry, clayey loess.

Consolidated-undrained parameters (Figure 19)

Pore pressures affect the friction angle of saturated
loess. (Figure 19)

Kie (1988) indicates that @ increases with confining
stress for unsaturated loess. (Figure 19A) For wet,
low density loess, there may be a critical pressure
at which strength decreases.

Undrained strength varies widely depending on water
content, density, and clay content. (Figure 19B)

Modulus varies widely with density and water content.
(Figure 19C) Milovic proposes the empirical relationship
E=100Qu for Yugoslav loess.
INVESTIGATIONS FOR FOUNDATION DESIGN
Geologic studies
Drilling
Flight augers

Hollow stem augers
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Air rotary
Sampling
Special sample disturbance problems
Porous structure is subject to densification.
Friction on sides of sample develops compressive
stresses; when collapse pressure is exceeded,
compaction begins.
Large-diameter samplers with substantial clearance
ratios are better. (Figures 20 and 21) Block
samples are best. (Figure 21)
A suggested order of increasing quality:
Split-spoon ’
Liner sampler
Thin-walled tubes
Dennison sampler
Hollow stem / continuous sampling system

Block samples

Cleéning the hole and removing the compacted zone
before sampling are important.

High-quality samples can be extruded from the tube
with little force.

Laboratory testing
Index properties
Water content
Density
Atterberg limits

Clay content
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Strength

Unconfined compression (premature brittle failure may
be a problem).

Triaxial compression
Penetrometer
Compressibility
Oedometer
Collapse-consolidation test
Penetrometer
"Thumb" consistency
Field Testing
Plate load tests (Figures 22 and 23)
Standard penetration test
Bore-hole shear
Marchetti dilatometer

Others

BEARING CAPACITY ANALYSIS
Drainage conditions

Drained behavior can be expected in unsaturated
loess. Because the permeability is high, drainage
usually occurs in saturated loess under normal rates
of construction. Ultimate bearing capacity can be
fairly high due to the high friction angle. (Figure
24)

Bearing capacity formulas

The bearing capacity factors proposed by Terzaghi for
"]ocal shear" may be appropriate for low density
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loess, because much movement may be needed to
mobilize the peak strength. (Figure 24)

Cases where bearing capacity may control
Shallow, narrow footing on wet loess

Heavy, settlement-tolerant structure that can be
loaded rapidly

SETTLEMENT ANALYSIS
One-dimensional consolidation analysis

Classical consolidation analysis appears to predict
settlement with reasonable accuracy where the soil
is stressed well into virgin consolidation. A
sufficient number of cedometer tests at natural water
content on high quality samples is needed to evaluate
stress history and compression index.

Recompression Index

For pressures in the recompression range, one-
dimensional consolidation analysis based on
recompression index from oedometer tests appears to
overestimate settlement.

Elastic Analysis

Elastic analysis may be useful for estimating footing
settlements at pressures in the recompression range,
if the modulus can be accurately determined.
Unconfined and triaxial compression tests appear to
underestimate modulus (overestimate settlement).
Milovic's results suggest this may be due largely to
sample disturbance. Milovic also shows that loess
is anisotropic and proposed special influence factors
for settlement predictions.

Elastic analysis may form a basis for extending the

results of footing settlement measurements or plate
load tests to larger foundations.
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Moisture Changes

Settlement resulting from saturation of collapse-
susceptible loess can be estimated with limited
accuracy from collapse-consolidation tests.

There is presently no accepted method for predicting
moisture increases short of saturation and the
resulting settlement.

PRESUMPTIVE BEARING CAPACITIES

Correlation with SPT per Riggs. (Figure 25) This
correlation is for dense, moist, plastic loess.

Correlation with consistency

Resistance to penetration by the fingers has been
correlated with unconfined compressive strength for
clays. For loess it may be related to the apparent
preconsolidation pressure. The unconfined strengths
commonly associated with consistency may Dbe
reasonable allowable bearing pressures. (Figure 26)

Lin and Wang's correlation (Figure 16C) suggests that

settlements will be small for bearing pressures

approximately equal to the unconfined strength.
RISK REDUCTION

Reduced Bearing Pressures

Reduce likelihood of exceeding preconsolidation
pressure under present or future moisture conditions.

Footings lowered to better soil

Structural fill rafts or blankets (Figure 27)
Provide a 1layer with high strength and 1low
compressibility in the highly-stressed zone beneath
the footing.
Provide a cap with low permeability to reduce the

infiltration of water from rain, irrigation, or
accidental sources.
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Precompression

Accelerate settlement induced by fill loads

Reduce footing settlement by precompressing the soil
under pressures higher than will be imposed by the
footing.

Precompression is ineffective if soil is so dry that
it does not compress significantly under the
surcharge.

Structural details

Grade beam reinforcement of foundation wall can help
distribute movements. Control joints in walls reduce
cracking.

Water control

Site details can greatly reduce infiltration of water
than can lead to settlement. Examples:

Conduct roof drains to storm sewers
Shape site for positive drainage
Avoid planters without water-tight bottoms

Test utilities

Soil Improvement

Replacement, compaction, and precompression are
widely used in the U.S.A. Many other methods have
been tried in eastern Europe, some with considerable
success. Evstatiev (1988, Figure 28) gives a summary.

SELECTION OF A FOUNDATION SYSTEM FOR LIGHTLY LOADED
STRUCTURES ON LOW DENSITY LOESS

Will there be net f£ill loads?

Are there normally consolidated layers at depth?

Consider preloading
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Are low density soils moist?
Consider preloading
If soils are dry, may they moisten with time?
Consider redesign to eliminate fill
Is risk of collapse-induced settlement excessive? (High
collapse index, low moisture, critical structure, poor
drainage, water sources)
Consider structural fill layer
Under footings

Under entire structure

Select bearing pressure that is lower than the apparent
preconsolidation pressure to limit settlement.

Is structure unusually settlement-sensitive?

Estimate settlements based on elastic or
recompression analysis

Reduce bearing pressure or use structural fill
if necessary to reduce settlement

In all cases, include proper water control features in the
design.
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MICRO STRUCTURE OF LOESS

FROM TAN TJONG KIE, 1988
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ELECTRON MICRO GRAPHS OF LOESS STRUCTURE

Ea) Clay-coated silt grains (c) silt-size aggregate of clay
h) Clay bridge (d) clean, angular silt fabric
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FIG. 2.2. Loess thickness in Iowa. Contours in feet. Note de-
crease in thickness away from the Missouri River Valley and
around the periphery of the Iowan erosion surface in northeast
Iowa (cf. pl. 1). Shaded areas are essentially loess-free. (Modified
from Thorp and Smith, 1952.)
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FIG. 2.3. Relations of loess thickness, particle size, and carbonate
content of Wisconsin loess at primary- and secondary-divide ridge
crests along the Rock Island Railroad from Bentley to Adair,

Iowa.
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(a). Failure Mohr’s circles and envelope from triaxial testing. (b). Failure envelope
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TABLE 4

Guide for Consistency of Fine-Grained Soils

Estimated Range of
Unconfined Compres—
SPT Penetration sive Strength
(blows/foot) Estimated Consistency tons/sq. ft.
<2 Very soft <0.25

(extruded between fingers
when squeezed)

2 -4 Soft 0.25 - 0.50
(molded by light finger
pressure)

4 - 8 Medium 0.50 - 1.00
(molded by strong finger
pressure)

8 - 15 Stiff _ 1.00 = 2.00

. (readily indented by

thumb but penetrated with
great effort)

15 - 30 Very stiff 2.00 - 4,00
(readily indented by
thumbnail)

>30 Hard 24.00

(indented with difficulty
by thumbnail)

FROM DEPARTMENT OF THE NAVY

(DM7.23),

138z

FIGURE 26



USE OF A STRUCTURAL FILL MAT
TO DISTRIBUTE FOUNDATION LOADS
AND REDUCE INFILTRATION

FIGURE 27



Methods

Type of loess base

Kind of construction

Deyree ol elaboration

H

1

13 b= g e

Caompaction by:

Rollers, light tampers, vibration plates all types all kinds high, instructions
Heavy tampers " civil, water irrigation high, instructions
Short pyramidal piles * civil high, instructions
Ribbed foundations I; civil medium, publications
Soil piles 1? and 1I* civil high, instructions
Gas explosions 1: and !I: civil, water irrigation medium, publications
Compaction injections I and I1 civil experimentation
Injection of clay suspension 1° and 1I* civil good, publications
Moistening ?: and II:’ wal:rr irrigation, civil l'ughc.l instruetions
Moistening and deep vibration and II ivil good, publications
Moistzning and surface explosions 1? and II* civil, water irrigation high, publications

Moistening and deep explosions

1®, [I* and II®

eivil, water irrigation

high, instructions

.l-salbl-'

iala;-ldt—-v—td

3 L o o L L I L

[

‘l.il'.n'l

P e
P

£

o

#ow
1 i
=

=

2

-l
e L

i gl ik

o o b

e e e e R N W

[njection of vapour ;¥ civil experimentation

Water stream 1I* and 11® eivil experimentation

[mprovement of the granulometric all types road, water irrigation good, literature

compuosiiion

Stabilization

Surface stabilization by:

Cament, lime and waste materials all types road, water irrigation high, instructions

Situmen and bituminous emulsions all types road, water irrigation good, literature

Maeromoliecular compounds all types road, water irrigation medium, literature

Salts, acids and alkali . ail types road, water irrigation experimentation

Stabilization in depth by:

[njection of silicate grouts; Electro- 1° and II* civil high, regulations

and gas silicatization

[njection of gases I° and I* civil medium, literacture

Injection of cement, lime and [® and O* civil medium, literature

other grouts

Injection of large molecular compounds I: and I* eivil experimentation

Mechanical mixing with Portland 1? and 1I* - eivil good, literature

cement and lime i

qais " " : B red b S

.\Eur.u_\g wt:l:;_cm:nan: by jet-grouting }b, O%and 0 eivil goad, litarature
2:;:::::;? :;'d e ad eivil high, regulations
g:ﬂdc:::;?:n . i civil and water irrigatioa good, inscructions
Soil-cement cushion g and I° cm;: !?Od._lstanl;u‘rs
Cement-bentonite grout introduced I° and II* ",‘:ﬂ high, instructions
by jet:grouting e good, literature
g:;nﬂf::t;::’:i ﬁ types civil ar_ld _rnm_d . good, IEtaramu
Deikiastion tes types water irrigation and civil good, literature
Surfaca draining all types eivil high, regulations
et e e isecions
Electro-osmosis all :;:: "'“"'; i ~ #00d, literature
Hygroscopic substances all types ",“ﬂ alaid Imr'!‘ Bm.'m"
Correction, terracing, grassing and all t e Sysium, Hiteature

. 14 Ypes all kinds high, literature

afforestation of slopes

Classification of loess improvement methods

FROM EVSTATIEV, 1988 ’

FIGURE 28




APPENDIX A

Bibliographic Review of Geotechnical Investigations of
Loess in North America

By
Alan J. Lutenegger

Loess Letter Supplement No. 7

Published by Department of Earth Sciences

University of Waterloo
Waterloo, Ontario, Canada

February, 1383
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SHALLOW FOUNDATIONS ON LOESS
WCC OMAHA PRACTICE

BACKGROUND

Loess in eastern Nebraska and western Iowa includes the Peorian Loess of Wisconsin age
and the underlying Loveland Loess of Illinoisan age. The maximum thickness of each
formation is generally about 50 feet, although much greater thicknesses are found in the
bluffs adjacent to the Missouri River Valley. Thickness varies widely with such factors as
distance from the source, slope and erosion, and either formation may be absent. Kansan
Till most commonly underlies the loess, and its lower permeability often results in a water
table perched in the loess above the till. This saturated zone may be absent beneath the
hilltops and thickens towards the valleys. In some places the loess is underlain by granular
outwash or sedimentary bedrocks. Certain Wisconsin-age terraces along the Missouri River

have only Peorian Loess underlain by fine and coarse grained alluvium.

Most of the Peorian and Loveland Loess classifies as CL, but extensive deposits of ML
occur close to the source; for example, in Council Bluffs. At greater distance from the
sources the loess is more clayey and may classify as CH. The modern A horizon is usually
less than 1 foot thick. The B horizon is commonly about 2 feet thick and may classify as
CL or CH. The Sangamon Paleosol at the surface of the Loveland Loess can be a very stff,
highly plastic clay as much as 5 or 6 feet thick, but it may be thinner, less pronounced or

absent. Several modified zones may be found within the Loveland Formation.

The writer has practiced geotechnical engineering in Omaha since 1970 and has adopted
many of the practices of Howard McMaster, who founded the local practice of Woodward-
Clyde Consultants in 1956, and of Kenneth Nass, who has directed the Omaha operation

since 1964. The traditions and guidelines of this practice are based largely on experience.
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Departures from the general guidelines described below can be made based on more
extensive laboratory testing, analyses, and field observations where the scope of the project

and the potential savings justify the expenditures.

PRINCIPLES

Formulation of design recommendations for site development and building foundations on

loess are based largely on the generalizations and assumptions summarized below:

1. Unsaturated Peorian Loess is assumed to be collapse-susceptible until demonstrated
otherwise, using the relationship between density and liquid limit, consolidation tests
with water added at some selected pressure, or densities generally above 90 pounds

per cubic foot.

2. Unsaturated loess is easily compressed during sampling, so considerable care is
necessary in selecting samples for density testing. If the samples from a building site
show a wide variation in density, the low densities usually control the
recommendations. If the low densities are confined to a fairly shallow layer, this
layer can be replaced with structural fill, or footings can be lowered to bear below
it.

5 Saturated Peorian Loess is presumed to be normally consolidated until demonstrated
otherwise by consolidation testing or field measurements of embankment settlements.
Although deposits of overconsolidated saturated Peorian Loess are fairly common,
their occurrence cannot yet be predicted using geology. Dry loess deposits (water
contents less than about 15 percent) with low densities are considered particularly

susceptible to collapse.
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4. Man’s activities such as forest removal, cultivation, grading, building construction,
installation of plumbing, and irrigation, generally lead to increases in infiltration.
This can raise the water content of the loess and possibly result in settlement.
Loosely placed backfill, poorly defined surface drainage, and poor maintenance of

roof drains are common sources of concentrated infiltration near foundations.

- Loading the loess with earth fills more than about 3 or 4 feet thick can be expected
to result in settlement sooner or later. If the water content of the loess is above the
plastic limit, settlements may begin immediately, but can continue for some time due
to secondary consolidation or a similar phenomenon Preloading the site with a
temporary surcharge of additional fill can greatly reduce future settlement. If the
loess is dry, it will not compress immediately under the new fill loads, but it may
begin to compress at some future time due to a rise in the water table or to a general
increase in water content that may result from cutting off the surface evaporation.

Preloading is not effective in preventing this future settlement.

6. The Loveland Loess is generally not collapse susceptible, exhibiting dry unit weights
of 90 pounds per cubic foot or higher. The Loveland Loess is generally moderately
overconsolidated, even where saturated. Where the loess thickness is great and the
loads to be applied are large, the overconsolidation ratio of Loveland Loess should

be investigated by testing.

p ! Any of the non-organic loess can be used to construct a stable structural fill by
compaction at water contents generally within about 4 percent below to 3 percent
above optimum per ASTM D698 (standard Proctor). Specified minimum relative
compaction is usually 95% for routine structural fill, 98 % where the construction is
more critical or a very stiff subgrade is desired, and occasionally 100% where heavy
footing loads will be supported. The workable moisture range for compaction is

narrower for ML loess, and fills constructed with CH loess may be expansive.
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Compacted loess has a much lower permeability than natural loess and can be used

to construct a protective barrier to reduce the risk of moisture increases.

PROCEDURES

Investigations of loess sites for support of 1- to 3- story buildings usually proceed more or

less as follows:

L Information is obtained regarding planned grading, basements, and expected

foundation loads.

2 Borings are located at least at the 4 corners of the building and at intermediate
locations for larger buildings. If substantial fills are planned, one or more borings
are extended through all loess and compressible alluvium to relatively incompressible
soils. If expected foundations loads exceed about 200 kips, exploration will be
continued to Loveland Loess or underlying stronger soils under the assumption that

shallow footings may not be feasible.

3. Borings are drilled using continuous flight augers. Samples are obtained at 2-1/2 to
5 foot intervals using a California Sampler (2-inch ID solid barrel sampler with thin
brass liners). If consolidation testing is planned or if many of the samples are
compressed during sampling, 3-inch thin-walled tube samples will be taken at selected
depths. In special cases, 4-1/4 inch thin-walled tubes will be used with special
sampling techniques, or test pits may be excavated and block samples cut by hand.
First groundwater 'entry is noted in each boring, and delayed water levels are

obtained 24 hours after drilling.
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4. The engineer examines the recovered samples with particular attention to consistency
and sample quality. Samples that appear to have been compressed can be tested for
water content and Atterberg limits, but should not be evaluated for strength,
compressibility or density. Such samples are often hard to extrude from the tubes,
exhibit a subtle "shaley" structure, and may not have visible root holes. Testing
usually consists of density, water content, and possibly penetrometer strength at a
number of depths in each boring; Atterberg limits on a few selected samples; and
possibly unconfined compression on carefully selected samples. Unconfirmed tests

may underestimate strength because samples are brittle and may fail at low strains.

5. If the building area is to receive more than about 3 to 4 feet of net new fill and water
contents are above the plastic limit, a temporary surcharge is often recommended.
Various methods may be used to design the surcharge, but usually the weight of the
surcharge is equal at least to 50% of the permanent fill weight plus 150% of the
expected building weight. Settlements are monitored, and surcharge is left in place
until settlement is essentially complete, which is usually accomplished within 60 days.
If the water contents are below the plastic limit, the grading design should be
changed to eliminate thick fills in the building area, or the building should be
supported on a deep foundation.

6. If proposed fills are thin, foundation loads are less than about 150 kips, densities
generally exceed 80 pounds per cubic foot and water contents are between 15 and
25%, the building may be supported on the loess using spread footings. After
existing fills and top soils are removed, the site is levelled using structural fill.
Footings can then be placed on both loess and fill; design criteria are based on the
loess. Bearing pressures are based largely on consistency and range from about 1500
pounds per square foot for firm loess to 3,500 pounds per square foot for very stiff,
medium dense loess. Higher loads and higher bearing pressures can be supported on

dense loess if justified by testing and analyses. The loess is considered frost-
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susceptible, and exterior footings are placed at the depths required by local codes for

frost protection.

T If the loess has lower densities or water contents than listed above, or if the facility
is considered particularly critical, the loess may be overexcavated and replaced with
structural fill to depths of 2 to 4 feet below the footings. Areas between footings
may be overexcavated only 1 to 2 feet, although contractors often choose to excavate
the entire building area rather than dig trenches along the foundation lines. Structural
fill is extended 3 to 5 feet beyond the outside edges of the foundation.

8. For somewhat higher foundation loads, or where the loess is moist and appears
compressible, a combination of structural fill and surcharge may be used to provide
footing support. The intent of the design is to preconsolidate compressible soils
under pressures at least as high as would be expected beneath the footing using 2-

layer stress distribution theory.

9. Multi-story structures, heavy storage structures, water reservoirs, and other unusual

facilities require special testing, analysis and design, or deep foundations.
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In Situ Testing in Loess

The use of in situ testing to evaluate the engineering properties of soil in place is
increasing at a rapid pace around the world. Some test methods such as the standard
penetration test have a long history in North America; other test methods such as the
Marchetti Dilatometer have seen limited applications in North America.

Application of in situ testing techniques to evaluate sites underlain by loess has
several advantages including: 1) the ability to efficiently obtain relatively large amounts of
data, 2) rapid determination of geotechnical properties, and 3) reduction of uncertainties
associated with sampling disturbance.

Representative test data for mechanical cone penetrometer, dilatometer and standard
penetration tests are compared to laboratory preconsolidation stress measurements in
Figure 1. The in situ test data clearly identifies relatively strong and weak zones in the loess
that probably developed from the effects of desication and weathering during deposition.
In the Omaha, Nebraska area the cone penetrometer is commonly used to identify the
profile of strength variations with depth and to guide the locations for special sampling and
laboratory testing.

In most instances, the in situ test methods do not directly measure geotechnical
properties, but rely on empirical correlations. The engineering literature contains a large
number of reports on in situ test methods that can be used to evaluate the geotechnical
properties of soils. A limited reference listing is attached. Unfortunately, the applicability
of most in situ test methods for loess has not been documented, and site specific validation

of the empirical correlations must be made.

INSITU.SS 1 02/03/92



References
Jamiolkowski M., V.N. Ghionna, R. Lancellotta, and E. Pasqualini. 1988, New Correlations
of Penetration Tests for Design Practice, Penetration Testing 1988, ISOPT-1,

Orlando, Florida.

Lukas R.H.,, and B. Leceerc de Bossy 1976. Pressuremeter and Laboratory Test

Correlations for Clays, JGTE ASCE, Vol 102, No GT9, September, 1976, pp945-961.

Lutenegger A.J., 1988, Current Status of the Marchetti Dilatometer Test, Penetration

Testing 1988, ISOPT-1, Orlando, Florida.

Marchetti, S. 1980, Insitu Tests by the Flat Dilatometer. JGTE ASCE, Vol 106, pp 229-321.

Mayne, P.W. and J.B. Kemper. 1988. Profiling OCR in Stiff Clays by CPT and SPT,

Geotechnical Testing Journal GTJODJ, Vol 11, No. 2, June 1988, pp 139-147.

Mitchell, JJK. and W.S. Gardner, 1975, In Situ Measurement of Volume Change

Characteristics. Insitu Measurement of Soil Properties, ASCE GED, Raleigh, North

Carolina.

INSITU.SS 2 02/03/92



YISYYEIN ‘YHYWO ‘3LIS ¥I0AY3ISIY IAISLSIM

¥1V¥0 1S3L NLIS Ni OGNV AYOLVHOBY'

L 3yNd 14

W VIOV

1711

SS301
VddvsS

S$S§301
ANVI3A0T|

b — s ]

1108
|[NOWVONYS

SS307
VNNVYXOH

SS307
ﬁzq_ H03d

o
0

s o0 Q O
S 8 ®» ¢
H* HLd3q

9 v 2

dvg ‘ONIQv3y od
d3413A01VId

02 Ol
‘1L4/SMO19 °N

Ot 02 31140ud
7108
s} oL,

‘INNOD MO8 ‘IONVISISIY

NOILVYH 1 3N3d

dll 3NOD

J4VANVLS  TVOINVHOEIW

o S

jod ‘oAl 'SS3YIS
NOILVYJI TOSNOD3IHd
AH0LvHOaY






