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This publication provides introductory technical guidance for civil engineers, geotechnical
engineers and other professional engineers and construction managers interested in soils
engineering. Here is what is discussed: 1. BEARING CAPACITY ANALYSIS, 2. DISTRIBUTION
OF STRESSES IN SOIL, 3. ENGINEERING PROPERTIES OF SOIL AND ROCK, 4.
LABORATORY TESTING OF SOILS, 5. SEEPAGE AND DRAINAGE, 6. SETTLEMENT AND
VOLUME EXPANSION, 7. SLOPE STABILITY ANALYSIS, 8. SOIL GROUTING.

About the AuthorPaul Guyer is a registered civil engineer, mechanical engineer, fire protection
engineer and architect with 35 years of experience designing buildings and related
infrastructure. For an additional 9 years he was a principal staff advisor to the California
Legislature on capital outlay and infrastructure issues. He is a graduate of Stanford University
and has held numerous national, state and local offices with the American Society of Civil
Engineers, Architectural Engineering Institute and National Society of Professional Engineers.
He is a Fellow of ASCE and AEI. --This text refers to the paperback edition.
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Bearing capacity of soils. Stresses transmitted by a foundation to underlying soils must not
cause bearing-capacity failure or excessive foundation settlement. The design bearing pressure
equals the ultimate bearing capacity divided by a suitable factor of safety. The ultimate bearing
capacity is the loading intensity that causes failure and lateral displacement of foundation
materials and rapid settlement. The ultimate bearing capacity depends on the size and shape of
the loaded area, the depth of the loaded area below the ground surface, groundwater



conditions, the type and strength of foundation materials, and the manner in which the load is
applied. Allowable bearing pressures may be estimated from table 1 on the basis of a
description of foundation materials. Bearing-capacity analyses are summarized below. 1.2 Shear
strength parameters. 1.2.1 APPROPRIATE analyses. Bearing-capacity calculations assume that
strength parameters for foundation soils are accurately known within the depth of influence of
the footing. The depth is generally about 2 to 4 times the footing width but is deeper if subsoils
are highly compressible. 1.2.1.1 Cohesionless soils. Estimate Φ’ from the Standard Penetration
Test (table 5) or the cone penetration resistance. For conservative values, use Φ’ = 30
degrees. 1.2.1.2 COHESIVE soils. For a short-term analysis, estimate su1, from the Standard
Penetration Test (table 5) or the vane shear resistance. For long-term loadings, estimate Φ’ from
correlations with index properties for normally consolidated soils. 1.2.2 DETAILED
analyses. 1.2.2.1 COHESIONLESS soils. Determine Φ’ from drained (S) triaxial tests on
undisturbed samples from test pits or borings. 1.2.2.2 COHESIVE soils. For a short-term
analysis, determine s, from Q triaxial tests on undisturbed samples with 03 equal to overburden
pressure. For a long-term analysis, obtain Φ’ from drained direct shear (S) tests on undisturbed
samples. For transient loadings after consolidation, obtain f and c parameters from
consolidated-undrained (R) triaxial tests with pore pressure measurements on undisturbed
samples. If the soil is dilative, the strength should be determined from drained S tests. 1.3
Methods of analysis. 1.3.1 Shallow foundations. 1.3.1.1 GROUNDWATER level (GWL). The
ultimate bearing capacity of shallow foundations subjected to vertical, eccentric loads can be
computed by means of the formulas shown in figure 1. For a groundwater level well below the
bottom of the footing, use a moist unit soil weight in the equations given in figure 1. If the
groundwater level is at ground surface, use a submerged unit soil weight in the
equations. 1.3.1.2 INTERMEDIATE groundwater levels. Where the groundwater level is neither
at the surface nor so deep as not to influence the ultimate bearing capacity, use graphs and
equations given in figure 2. 1.3.1.3 Eccentric or inclined footing loads. In practice, many
structure foundations are subjected to horizontal thrust and bending moment in addition to
vertical loading. The effect of these loadings is accounted for by substituting equivalent eccentric
and/or inclined loads. Bearing capacity formulas for this condition are shown in figure 3. An
example of the method for computing the ultimate bearing capacity foran eccentric inclined load
on a footing is shown in figure 4. 1.3.1.4 Loading combinations and safety factors. The ultimate
bearing capacity should be determined for all combinations of simultaneous loadings. A
distinction is made between normal and maximum live load in bearing capacity computations.
The normal live load is that part of the total live load that acts on the foundation at least once a
year; the maximum live load acts only during the simultaneous occurrence of several exceptional
events during the design life of the structure. A minimum factor of safety of 2.0 to 3.0 is required
for dead load plus normal live load, and 1.5 for dead load plus maximum live load. Safety factors
selected should be based on the extent of loadings, and consequences of failure. Also, high
safety factors should be selected if settlement estimates are not made. In general, separate



settlement analysis should be made. 1.3.2 DEEP foundations. Methods for computing the
ultimate bearing capacity of deep foundations are summarized in figure 5. These analyses are
applicable to the design of deep piers and pile foundations, as subsequently described. When
the base of the foundation is located below the ground surface at a depth greater than the width
of the foundation, the factor of safety should be applied to the net load (total weight of structure
minus weight of displaced soil). 1.3.3 STRATIFIED subsoils. Where subsoils are variable with
depth, the average shear strength within a depth below the base equal to the width of the loaded
area controls the bearing capacity, provided the strength at a depth equal to the width of the
loaded area or lower is not less than one-third the average shear strength of the upper layer;
otherwise, the bearing capacity is governed by the weaker lower layer. For stratified cohesive
soils, calculate the ultimate bearing capacity. The bearing pressure on the weaker lower layer
can be calculated by distributing the surface load to the lower layer at an angle of 30 degrees to
the vertical. Table 1Estimates of allowable bearing pressure Figure 1Ultimate bearing capacity of
shallow foundations under vertical eccentric loads Figure 2Ultimate bearing capacity with
groundwater effect Figure 3Ultimate bearing capacity of shallow foundations under eccentric
inclined loads 1.4 Tension forces. Footings subjected to a sustained uplift force, Tu, should be
designed with a minimum factor of safety of 1.5 with respect to weight forces resisting pullout
expressed as: W/TU > 1.5 (eq 1) where W is the total
effective weight of soil and concrete located within the prism bounded by vertical lines at the
base of the footing. Use total unit weights above the water table and the buoyant unit weight
below. If the shear resistance on the vertical sides of the prism defined above is considered, a
minimum safety factor of 2 should be used. The lateral earth pressure on the vertical sides of the
prism should not exceed earth pressure at rest and should be considered as active earth
pressure if the soil is not well compacted. 1.5 Bearing capacity of rock. For a structure founded
on rock, adequate exploration is necessary to determine the number and extent of defects, such
as joints, shear zones, and solution features. Estimates of the allowable bearing pressure can be
obtained from table 1. Conservative estimates of the allowable bearing pressure can be
obtained from the following expression: Qa = 0.2 qu
(eq 2) Allowable bearing pressures for jointed rock can also be estimated from RQD values
using table 2. Local experience should always be ascertained. Figure 4Example of bearing
capacity computation for inclinedeccentric load on rectangular footing Figure 5Ultimate bearing
capacity of deep foundations Table 2Allowable Bearing Pressure for Jointed Rock 1.6
SELECTION OF FOUNDATION TYPE 1.6.1 FOUNDATION - selection considerations.
Selection of an appropriate foundation depends upon the structure function, soil and
groundwater conditions, construction schedules, construction economy, value of basement
area, and other factors. On the basis of preliminary information concerning the purpose of the
structure, foundation loads, and subsurface soil conditions, evaluate alternative types of
foundations for the bearing capacity and total and differential settlements. Some foundation
alternatives for different subsoil conditions are summarized in table 6. 1.6.1.1 SOME foundation



alternatives may not be initially obvious. For example, preliminary plans may not provide for a
basement, but when cost studies show that a basement permits a floating foundation that
reduces consolidation settlements at little or no increase in construction cost, or even at a cost
reduction, the value of a basement may be substantial. Benefits of basement areas include
needed garage space, office or storage space, and space for air conditioning and other
equipment. The last item otherwise may require valuable building space or disfigure a
roofline. 1.6.1.2 WHILE mat foundations are more expensive to design than individual spread
footings, they usually result in considerable cost reduction, provided the total area of spread
footings is a large percentage of the basement area. Mat foundations may decrease the required
excavation area, compared with spread footings. 1.6.1.3 THE most promising foundation types
should be designed, in a preliminary manner, for detailed cost comparisons. Carry these
designs far enough to determine the approximate size of footings, length and number of piles
required, etc. Estimate the magnitude of differential and total foundation movements and the
effect on structure. The behavior of similar foundation types in the area should be
ascertained. 1.6.1.4 FINAL foundation design should not be started until alternative types have
been evaluated. Also, the effect of subsurface conditions (bearing capacity and settlement) on
each alternative should be at least qualitatively evaluated. Table 7Checklist for Influence of Site
Characteristics onFoundation Selection for Residential Housing 1.6.2 ADVERSE subsurface
conditions. If poor soil conditions are encountered, procedures that may be used to ensure
satisfactory foundation performance include the following: 1.6.2.1 BYPASS the poor soil by
means of deep foundations extending to or into a suitable bearing material. 1.6.2.2 DESIGN the
structure foundations to accommodate expected differential settlements. Distinguish between
settlements during construction that affect a structure and those that occur during construction
before a structure is affected by differential settlements. 1.6.2.3 REMOVE the poor material, and
either treat and replace it or substitute good compacted fill material. 1.6.2.4 TREAT the soil in
place prior to construction to improve its properties. This procedure generally requires
considerable time. The latter two procedures are carried out using various techniques of soil
stabilization. 1.6.3 COST estimates and final selection. 1.6.3.1 ON the basis of tentative
designs, the cost of each promising alternative should be estimated. Estimate sheets should
show orderly entries of items, dimensions, quantities, unit material and labor costs, and cost
extensions. Use local labor and material costs. 1.6.3.2 THE preliminary foundation designs that
are compared must be sufficiently completed to include all relevant aspects. For example, the
increased cost of piling may be partially offset by pile caps that are smaller and less costly than
spread footings. Similarly, mat or pile foundations may require less excavation. Foundation
dewatering during construction may be a large item that is significantly different for some
foundation alternatives. 1.6.3.3 THE most appropriate type of foundation generally represents a
compromise between performance, construction cost, design cost, and time. Of these, design
cost is generally the least important and should not be permitted to be a controlling factor. If a
lower construction cost can be achieved by an alternative that is more expensive to design,



construction cost should generally govern. 1.6.3.4 FOUNDATION soils pretreatment by
precompression under temporary surcharge fill, regardless of whether vertical sand drains are
provided to accelerate consolidation, requires a surcharge loading period of about 6 months to a
year. The time required may not be available unless early planning studies recognized the
possible foundation cost reduction that may be achieved. Precompression is frequently
advantageous for warehouses and one-story structures. Precompression design should be
covered as a separate design feature and not considered inherent in structure design. 1.7
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New York, 1969. CHAPTER 2: DISTRIBUTION OF STRESSES IN SOIL 2.1
INTRODUCTION 2.1.1 SCOPE. This publication covers the analysis of stress conditions at a
point, stresses beneath structures and embankments, and empirical methods for estimating
loads on buried pipes, conduits, shafts, and tunnels. 2.1.2 STATE OF STRESS. Stresses in earth
masses are analyzed using two basic and different assumptions. One assumes elastic
conditions, and the other assumes full mobilization of shear strength (plastic equilibrium). Elastic
solutions apply to problems for which shear failure is unlikely. If the safety factor against shear
failure exceeds about 3, stresses are roughly equal to values computed from elastic theory.
Plastic equilibrium applies in problems of foundation or slope stability and wall pressures where
shear strength may be completely mobilized. 2.2 STRESS CONDITIONS AT A POINT 2.2.1
MOHR'S CIRCLE OF STRESS. If normal and shear stresses at one orientation on an element in
an earth mass are known, stresses at all other orientations may be determined from Mohr's
circle. Examples of stress transformation are given in Figure 1. 2.2.1.1 PLASTIC EQUILIBRIUM.
The use of Mohr's circle for plastic equilibrium is illustrated by analysis of triaxial shear test
results. 2.2.2 STRESSES IN SOILS. The normal stress at any orientation in a saturated soil
mass equals the sum of two elements: (a) pore water pressure carried by fluid in soil spaces,
and (b) effective stress carried by the grain skeleton of the soil. 2.2.2.1 TOTAL STRESS. The
total stress at any point is produced by the overburden pressure plus any applied loads. 2.2.2.2
PORE WATER PRESSURE. Pore water pressure may consist of (a) hydrostatic pressure, (b)
capillary pressure, (c) seepage or (d) pressure resulting from applied loads to soils which drain
slowly. 2.2.2.3 EFFECTIVE STRESS. Effective stress equals the total stress minus the pore



water pressure, or the total force in the soil grains divided by the gross cross-sectional area over
which the force acts.
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