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CONVERSION FACTORS, NON-SI TO SI (METRIC)

UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply

By

To Obtain

feet

inches

kips (force) per square foot
pounds (force)

pounds (force) per square foot
pounds (force) per square inch

pounds (mass) per cubic foot

tons (mass) per cubic foot

tons per square foot

0.3048
2.54
47.88026
4.448222
47 .88
6,894.757
16.01846

32,036.9

0.976486

meters
centimeters
kilopascals
newtons
pascals
pascals

kilograms per cubic
meter

kilograms per cubic
metre

kilograms per square
centimeter



SETTLEMENT OF SHALLOW FOOTINGS ON SAND: REPORT AND USER'S
GUIDE FOR COMPUTER PROGRAM CSANDSET

PART I: REPORT OVERVIEW

Introduction

1. This report explains the use and background of the computer program
CSANDSET, CORPS Library Program I0030. CSANDSET computes predictions of set-
tlement for a loaded footing founded on sand. The footings of concern are
"shallow" foundations, those where the depth of embedment is less than or
equal to the width of the footing. There are many methods presented in liter-
ature and textbooks for predicting the settlement of shallow foundations on
sand. Depending upon which method is used, this calculation can be a very
simple one or can be moderately complex, and the resulting prediction can
differ greagly. Fifteen of the many methods available for predicting settle-

ment on sand are covered in this report. The methods are:

a. Terzaghi and Peck (1948, 1967).

b. Teng (1962).

c. Alpan (1964).

d. Elastic Theory.

e. D'Appolonia, D'Appolonia, and Brissette (1968).
f. D'Appolonia, D'Appolonia, and Brissette (1970).
g. Peck and Bazaraa (1969).

h. Schmertmann (1970).

i. Schmertmann, Hartman, and Brown (1978).

j. Schultze and Sherif (1973).

k. Meyerhof (1974).

1. Peck, Hanson, and Thornburn (1974).

m. Bowles (1977, 1982).

n. Oweis (1979).

o. NAVFAC DM 7.1 (Department of Navy 1982).



Purpose of CSANDSET

2. Based on experience, an engineer may prefer one method over another

for its reliability in predicting settlement for the types of footings or the
region where he works. The purpose of this report is not to tell the engineer

which method to use, but to present procedures and backgrounds so that the

reader can make an engineering judgment of each.

Objectives

3. The objectives of the CSANDSET project are:

a. To present and describe some of the various methods found in
engineering publications for computing the settlement of shallow

foundations on sand.

b. To develop an easily usable computer program which computes
settlement according to the methods in consideration.
c. To provide a brief theoretical background of various aspects

involved in the settlement of shallow foundations on sand for
the reader’s use in assessing each method.

Report Description

4. Part II of this report discusses the theoretical background of sand-
settlement computation. Factors and variables affecting settlement are pre-
sented. Correction factors found with the different methods of settlement
computation are explained and compared.

5. The 15 settlement procedures chosen for study are described in
Part III. For each of the methods, the background, the procedure, and all
related equations and figures are presented.

6. Part IV describes the computer program CSANDSET. Special program-
ming considerations of some of the settlement methods are discussed, and data
entry for both interactive and data file input are explained.

7. Appendix A shows three example problems which have been worked By
hand for each of the 15 settlement methods. These hand results are compared

to CSANDSET results for verification of the program.



PART II: SETTLEMENT THEORY AND CALCULATION

8. The unanticipated settlement of a structure, whether total or dif-
ferential, can have devastating effects on its performance. Settlement of the
foundation must be accurately accounted for in foundation design. It is
important to determine the magnitude of foundation settlement to assess and
control differential movements or movements caused by changes in the loading
or soil conditions.

9. Consolidation settlement of structures founded on clay-type soils is
very slow. Terzaghi’s one-dimensional consolidation theory is usually applied
in engineering design for settlement predictions of clay. For structures
founded on sand, settlement is relatively quick, often complete by the end of
the construction period. Many different methods have been developed to calcu-
late the settlement of a shallow foundation on sand. Most of these procedures
are straightforward and involve brief computations. The difficulty comes in
choosing the procedure to use. This part presents the basis of the theoreti-
cal computation of settlement on sand. Factors that affect settlement and the
variables involved will be discussed so that a background for the methods

presented in Part III is established.

Background

10. Settlement is inversely related to bearing capacity in the design
and analysis of shallow foundations on sand. The key variables in these rela-
tions are the relative density of the soil, the footing width, and the magni-
tude of the load.

Relative density

11. Relative density is the degree of compactness of a sand deposit
relative to its fully compacted state, as measured by the void ratio. In
general, the magnitude of a footing settlement is inversely proportional to
the relative density of the sand on which it is founded. Relative density was
described in terms of the SPT (Standard Penetration Test) blowcount by Terza-
ghi and Peck (1948). This relation is shown in Table 1. Gibbs and Holtz
(1957) expanded on this relation using results from laboratory tests in work
at the United States Bureau of Reclamation (USBR). They showed the relation-
ship of the blowcount to the overburden pressure at which the SPT was per-

formed. They produced the well-known family of curves shown in Figure 1.

9



TABLE 1. Correlation of Relative Density with SPT Blowcount

Relative Density Very Loose Loose  Medium Dense Very Dense

e . =

SPT Blowcount Value 0 -4 4 - 10 10 - 30 30 - 50 > 50

—

(After Terzaghi and Peck 1948. Numerical ranges for relative density not provided.)

e |
b4 Coarse sand, air-dry and moist '
= — = — Fine sand, oir-dry

80 |~ mmmm  Averoge curves considered —

|occeptable for cohesioniess
| sands af qir-dry and moist |
§ conaitions i
O ! i
> 60 J
ﬁ &
v 401b./sq.in.
S
g 40
v :
S 50mfx;
Jsqun.

Q /I

20 Igal_'iﬂ'

0 20 40 60 80 100
Relative density "
0 15 35 65 85 /00
Very Loose Medium Dense Very
loose dense

Figure 1. Relationship between SPT

blowcount, relative density, and over-

burden pressure (Gibbs and Holtz 1957)

(Permission to reprint granted by

W. G. Holtz)

Others (Bazaraa (1967): Schultze and Menzenbach (1961); Marcuson and Bieganou-
sky (1977a,b)) have also developed correlations between these variables.
Another interpretation by Das (1985) is shown in Table 2.

Footing width

12. The relationship between settlement and footing width was described
by Terzaghi and Peck (1948) from the results of numerous load tests on sand.

This is shown in Figure 2. For the same load on the same soil, the

10



Table 2. Approximate Relation Between Blowcount,
Relative Density, and Friction Angle for Sand

Corrected Relative Internal Friction

SPT Blowcount Density (%) Angle, (degrees) |
0 =3 D+ o 26 - 30 '
5 - 10 g = 30 28 - 35

10 - 30 30 - 60 30— 42

30 - 50 60 - 95 38 - 46

(after Das 1985)

Values of 5/S,
S N &
[
i =t

oSN R O
l
\
\
\
S
|

10 /5 20
Wiath 8 of Footing -r*

S
n

Figure 2. Relationships between
footing width, B , and ratio of
footing settlement to settlement
of 1-ft square plate under same
load on sand (Terzaghi and Peck
1948) (Permission to reprint
granted by Ralph B. Peck)

j



settlement, S ,* is related to the square of the footing width, B , through

the settlement of a 1-ft square plate, S; , by:

2
S =58, [‘E—IE ] (1)

13. Some form of this relation is applied in many of the different

settlement-computing methods.
Applied load

14. The magnitude of settlement is also directly proportional to the
magnitude of the applied load up to the allowable bearing pressure, with all
else constant. Loads above the allowable pressure will eventually cause fail-
ure, either in bearing, in settlement, or both, depending on the definition of

failure for each case.

Settlement Models

15. Most of the settlement methods can be placed within one of two cat-
egories; some are modeled after the Terzaghi and Peck (1948) bearing capacity
and settlement-footing width relationship, and others are modeled after elas-
ticity methods. A few methods combine some aspects of both. The backgrounds
for both the Terzaghi-based settlement methods and elastic-based settlement
methods are described briefly.

Terzaghi-based settlement

16. Based on the relations discussed in paragraph 12 and from experi-
ence with footings on sand, Terzaghi and Peck (1948) developed the well-known
design chart, Figure 3, for estimating allowable bearing pressures for shallow
foundations on sand using blowcount and footing width. These design curves
correspond to a maximum footing settlement of 1 in. and total differential
settlement of 3/4 in.** Data was interpreted conservatively in the develop-

ment of this chart. Often, practice has shown this method to produce very

* For convenience, symbols and definitions are listed and identified in the
Notation (Appendix B).

*%* A table of factors for converting non-SI units of measurement to SI
(metric) units is presented on page 6.

12
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Figure 3., Terzaghi and
Peck's Design Chart for
allowable bearing pressure,
based on footing size and
blowcount value (1948)
(Permission to reprint
granted by Ralph B. Peck)

conservative values for bearing pressure. Modifications to these values for
less conservatism have been made by many engineers and scientists in the prac-
tice of foundation design. The computation of settlement by the Terzaghi and
Peck chart was defined by Meyerhof (1956) in the form of equations represent-
ing the bearing capacity curves. These include the footing width, the rela-
tive density (expressed by the blowcount), and the net applied load. A

general expression for this relation is in the form:

S=C[E][B ]2 (2)
N||B+1
where

S = settlement

g = net applied load

B = footing width

N = blowcount

C = empirical constant determined by observation and/or experimentation

13



Terzaghi's charts give C = 8 for footings less than 4 ft, and C = 12 for
footings greater than 4 ft in width.

Elastic soil settlement

17. Soil is often treated as an elastic medium, linear or non-linear,
to which the elastic theory assumptions and principles of stress and strain
are applied. Settlement computations of this form use the elastic properties
of Poisson’s ratio and Young's modulus to represent the soil. A general

expression for the elastic settlement relation is:

_ gBIv (3)
§ E

in which S, g , and B are described in paragraph 16, and where
v = Poisson'’s ratio
E = elastic modulus

I = influence factor based on footing shape, depth, and the extent of
the elastic region of settlement

18. One main difference between the Terzaghi model and the elastic
model is the relationship between footing width, and settlement. The elastic
theory models a linear relation between settlement and footing width, while
Terzaghi’'s work shows this to be a nonlinear relation as shown in Figure 2.
Elastic theory settlement methods can account for this nonlinear relationship
through an appropriate use of the elastic or compressibility modulus based on
the SPT value. D'Appolonia, D'Appolonia, and Brissette (1970) address this in
their elastic settlement model.

Summary

19. Some procedures for computing settlement of shallow foundations on
sand are modifications of Terzaghi and Peck (1948) work. Other procedures are
based on elastic strain theory. Some are a combination of both. In general,
the three basic components of most settlement-predicting techniques are: the
applied load, some measure of the footing size or shape, and a representﬁtion
of soil bearing strength.

20. There are many other factors affecting the settlement of a founda-
tion on sand which should be included somehow in the settlement computation.
Of the three variables listed, usually the one with the most uncertainty is

the soil strength. Factors dealing with the soil strength are presented in

14



the remainder of this part. These are: the blowcount or SPT value, embedment
of the foundation, and the effect of groundwater. The settlement methods

presented in Part III may account for all or some of these factors, while

others account for none at all.

Standard Penetration Test

21. The relative density of sand can be indirectly determined by its
resistance to penetration. Presently, the SPT is the most widely used test in
the United States for determining the penetration resistance of soils. A
description of the test procedure and the apparatus can be found in most foun-
dation and soils text books. Basically, the test consists of driving the
standard split-barrel sampler into the bottom of a boring for a distance of
18 in. The number of hammer blows needed to drive the sampler the last 12 in.
is counted. This is referred to as the "blowcount" or SPT number. The hammer
should weigh 140 1b and drive the sampler by free-fall from a height of 30 in.
The penetration resistance is used both directly and indirectly in almost all
of the settlement procedures described in Part III.

22. The Cone Penetration Test (CPT) is another means of measuring the
penetration resistance of a deposit. This test is widely used in Europe and
is experiencing increased use in the United States. The CPT can be either a
static test (pushed continuously into the soil) or a dynamic test (driven into
the soil). The SPT is a dynamic test. Often, the CPT value is correlated
with the SPT value. Some design methods use it directly. Specifically,
Schmertmann (1970), Schmertmann, Hartman, and Brown (1978), and Meyerhof (1956
and 1974) incorporate the CPT value in their procedures and provide correla-
tions with the SPT value. Robertson and Campanella (1983) discuss various
aspects of the CPT, including SPT-CPT correlations, and its use in engineering

practice for determining soil classification and certain parameters.

Factors Affecting the SPT Value

23. The blowcount value obtained from the field can be affected by a
number of factors. Whether or not to correct the blowcount for these should

be taken into consideration before a final representative blowcount is
selected for design. A specific numeric correction factor is not always

available for the consideration of each effect. In all cases engineering
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judgment should be exercised. Some of these aspects are briefly discussed in

the following paragraphs and references are provided for additional review.

Overburden pressure
24. One of the most influential and widely known of the factors affect-

ing the measured SPT value is the overburden pressure. Since it is desired to
determine the relative density of a sand from the blowcount, ideally the
changes in the blowcount should represent the changes in relative density.
This is not always the case. For example, in a homogeneous deposit where
relative density and friction angle are constant with depth, an increasing
blowcount is measured. This is due to increasing overburden and confining
pressures which increase soil resistance to the sampler’s penetration. For
this reason, each measured SPT value should be corrected for the influence of
its corresponding overburden pressure. Then a representative blowcount can
determined. For a shallow foundation, a representative blowcount is often
taken as the lowest average value of corrected blowcounts below the base of
the footing over a depth approﬁimately equal to the footing width.

25. There are many techniques available to correct the SPT value for
overburden pressure. In general, it involves determining a correction factor,
C, , based on the effective overburden pressure, o, , and the field blow-
count, N , so that N is normalized to a standard reference overburden pres-
sure. The corrected field blowcount, N, , is calculated as: N, = NC, .
Blowcount correction factors for overburden developed by various authors are
plotted in Figure 4. The corresponding equations are shown in Table 3.

26. Excluding the Teng (1962) curve, all the plots in Figure 4 are in
close agreement in the range of effective overburden pressures greater than
about 0.5 tsf. For pressures less than 0.5 tsf, the curves diverge into two
general areas: 1in one group are Peck and Bazaraa (1969) with Liao and Whitman
(1986); in the other group are Skempton (1986) with Peck, Hanson, and Thorn-
burn (1974). The Teng (1962) curve is unrelated to the others due to the
reference pressure used.

27. The reference pressure is the overburden pressure to which a cor-
rection factor normalizes the blowcount. This is the overburden pressure at
which €, = 1 . Typically, 1 tsf is the reference pressure used. However,
Peck and Bazaraa (1969) normalize to 0.75 tsf and Teng uses 40 psi, which is
2.88 tsf. The Terzaghi and Peck (1948) classification, Table 1, was based on
blowcounts at an overburden pressure of approximately 0.75 tsf. C, is

greater than 1.0
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blowcount from various authors

for overburden pressures less than the reference pressure, and is less than
1.0 for overburden pressures greater than the reference pressure.

28. Some procedures for computing settlement do not advocate correcting
the blowcount for overburden but use the blowcount values as obtained from the
field. Most experiments and theories show that this correction is necessary,
and recommend that the field blowcount be corrected for overburden. One of
the relationships shown in Figure 4 (excluding Teng (1962) due to the refer-
ence pressure difference) is appropriate, or another which plots in the same
region. The method by Peck, Hanson, and Thornburn (1974) is widely used in
engineering practice.

Testing/equipment

29. In the SPT test itself, variations in the borehole diameter, rod

length, and hammer release mechanism produce different blowcounts for sands at
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Table 3. Overburden Correction Factors

I Rafer_anca e Equ;Inn for Correction Factor, C, Units for o
# E— ——
2
fine to
medium sand 1 + o
3 (o, = effective overburden
pressure)
Skempton coarse,
(1986) dense sand 2 + 0o,
tsf
overconsol- 1.7
idated fine
sand 0.7 +ag/ |
Peck, Hanson 20
& Thornburn 0.77 log —— tsf
(1974) i 5 05
4
g, < 1.5 ksf
1 + 20
Bazaraa (1967) z kst
g, > 1.5 ksf
3.25+0.54, eyl
i 50
Teng (1962) psi
g’ + 10
Liao and
126 )2 tsf
Whitman (1986) viZayi) f

the same overburden and relative density values. Skempton (1986) suggests
normalizing the blowcount to a standard rod energy ratio of 60 percent and
provides corrections for this, as well as for the borehole diameter, the pres-
ence of a sampler liner, and differences in rod length. Gibbs and Holtz
(1957) and Bazaraa (1967) also studied the effects of different rod lengths
and rod weights on the blowcount value.

30. There are other conditions of the equipment and the test procedure
which should be considered. For example, the height of the hammer fall
(standard, 30 in.) and the weight of the hammer (standard, 140 1lb) determine
the energy imparted in the blow. Deviations from these standards produce
blowcounts that are not applicable for analyses that were developed based on
blowcounts from standard equipment and procedures. Other variations include
whether or not the casing was cleaned before the blows started, differences in
the length of the sampler used, and differences in the method of drilling.
Fletcher (1965), Palmer and Stuart (1957), Skempton (1986), and NAVFAC DM 7.1

(Department of the Navy 1982) provide excellent discussions of these areas of
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concern dealing with the SPT test equipment and procedures and how the mea-
sured blowcount is affected.
Overconsolidation

31. The effect of overconsolidation on the blowcount and relative den-
sity is another aspect to be considered. In general, an overconsolidated soil
has a higher blowcount than a normally consolidated soil at the same relative
density. This effect is related to, but separate from, overburden pressure.
Marcuson and Bieganousky (1977a) developed equations relating the relative
density, overburden pressure, and overconsolidation ratio (OCR) to the blow-
count based on results from laboratory tests on prepared samples. Skempton
(1986) shows the effects of OCR on the mean effective stress which controls
the penetration resistance and has developed an overburden correction factor
for overconsolidated fine sands. Mansur and Kaufman (1958) and Mansur and
Hunter (1970) report decreases in blowcount at the same site after an excava-
tion at about the same relative density. They attribute this to the effect of
overconsolidation. Based on the latter two and other similar reports, Mosher
(1984) used a l-percent reduction in blowcount per 1 ft of excavation to cor-
rect the blowcount for overconsolidation at sites where the SPT was performed
prior to excavation.
Type of sand

32. Different gradations for sand deposits at the same overburden and
relative density can also influence the blowcount values. Marcuson and Biega-
nousky (1977b) present a relationship between blowcount, overburden, relative
density, and OCR, which also includes a uniformity coefficient term to account
for minor blowcount differences observed from different types of sands tested.
Some of the settlément predicting methods have individual equations for dif-
ferent categories of sands: Meyerhof (1956, 1965, 1974) and Skempton (1986)
account for grain size in their correlations of blowcount to relative density.
In general, increasing grain size increases the blowcount for sand at the same
overburden pressure and relative density. Meigh and Nixon (1961) found that
while the SPT gives reasonable estimates of bearing capacity for footings on
fine sand, it underestimates the bearing capacity (overestimates settlement)
of footings on sandy gravels and, to some extent, gravelly and well-graded

sands. This is based on comparison of the SPT with plate load test results at

the same site.
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Blowcount in submerged sand
33. In sand below the water table, the effective soil pressure and the

confining pressure are less than in the sand above the water table. Water

lubricates the soil grains lowering intergranular, frictional resistance to
shear and increasing slip potential. These conditions allow the sampler to
penetrate a loose saturated soil with less blows than required in the same

soil when dry or moist. Also, moist soil above the water table exhibits a

slight cohesion which may add to its measured resistance. This cohesive

effect is lost below the water table.

34. The effect of groundwater on the measured blowcount value has been
addressed by many. Bazaraa (1967) studied 11 sites and compared blowcounts
measured 3 ft above and 3 ft below the water table in fairly uniform sand.

The data shows little change in the blowcount: some of the SPT values mea-
sured below the water table were greater, while others were less, than those
measured above the water table.

35. Terzaghi and Peck (1967) state that the SPT value is not signifi-
cantly affected by submergence for soils of intermediate grain sizes.

Schultze and Menzenbach (1961) found an average decrease of 15 percent in the
blowcount below the water table in fine sand. This reduction was especially
pronounced for loose fine sand. Gibbs and Holtz (1957) evaluated USBR labora-
tory test data and compared blowcounts of moist sand to those of saturated
sand. Their results show little reduction in blowcount for the coarse sand
below water, but significant reduction for fine sands below water. Meyerhof
(1956, 1965) holds that the blowcounts in sand below water have a lowered
value from that in the same sand above water.

36. In a saturated, very fine or silty, dense sand, the blowcount
values may be excessively large because this type of material tends to dilate
upon shearing, and water movement becomes restricted among the fine densely
packed grains. Terzaghi and Peck (1948) proposed a correction for this
phenomenon for a sand with a blowcount less than 15 which meets these condi-
tions. This is: N, =15 + 0.5(N - 15) where N, 1is the corrected blowcount
and N is the measured value. Meyerhof (1956) also recommends using this
procedure,

37. One other aspect of the submerged sand blowcount value relates to
the SPT procedure itself. When performing the SPT below the groundwater table
in very loose sand, the sand in the bottom of the borehole can boil and become

"quick" if water is allowed to seep upward into the hole. The measured blows
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will be abnormally low. This may be corrected by maintaining the level of

water in the borehole at the level of the adjacent groundwater table, as mea-
sured by peizometers.

Embedment Effects on Settlement

- 38. A footing embedded below the ground surface, can be expected to
settle less than a footing at the surface. The soil above the base of the
footing acts as a surcharge, increasing the confining pressure of the soil

below the base of the footing. This provides greater bearing capacity and
less settlement.

39. Figure 5 shows some of the settlement method embedment factors
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Figure 5. Embedment correction factor from various authors

plotted for various depths of embedment, D , normalized to footing width
(D/B). The Fox (1948) equations for embedment correction are based on elastic
settlement, and plots are shown for two different values of the Poisson ratio,
v=0.3 and v = 0.5

40. The depth correction factor reduces the calculated settlement to

account for the increase in bearing capacity achieved by embedment. However,
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this assumes that the pressure applied by the original soil above the footing
is replaced by the concrete mass and applied load. If this is not the case,
the increase in bearing capacity due to the surrounding surcharge may be com-
pensated for by a decrease in bearing immediately under the footing if there
is a net loss of overburden. Therefore, depth correction factors for bearing
or settlement should include some relation between the applied pressure and
the released pressure. Bazaraa (1967) and Schmertmann (1970) use this
principle in their embedment correction factors. Figure 6 plots their

1.0 10' x 10' footing,
= ) i net applied load:
5.6 | s h:‘ = R Schmertmann
B i IR - a = 3 ey
..5 9 h\-\‘x& B i3 25N b =2 tsf
. ~ e = [ st
\\ ; X By s Bazaraa & Peck
G KH‘\-.. i \M\R d == 3 t.Sf
i __ < . y
@ 8 [ 2N "‘““*--_H e = 2 tsf
E \an f =1 tsf
Q i sss
E i &E.h‘—\h‘“\_
O 7 *\
)
2
e
)
Q. b6 et————
)
EEY
i i 3 . A\
0 e 4 6 8 1.0

Ratio, Depth/Width

Figure 6. Embedment correction factors from

Schmertmann (1973) and Peck and Bazaraa (1969)
equations for a 10- by 10-ft footing at varying depths, for three values of
net applied load. The two sets of plots, Figures 5 and 6, are superimposed in
Figure 7. For the 10- by 10-ft footing, Bazaraa's relation plots reasonably
close to the group of plots numbered (1) to (5) in Figure 5, and Schmertmann'’s
relation is also consistent with this group for net loads between 1 and 2 tsf.
All embedment equations are shown in Table 4. In general, there is very close
agreement among all the embedment corrections except for Teng (1962) and
Fox (1948) at Poisson’s ratio of 0.5 (more representative of a cohesive soil

than a granular soil).
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Figure 7. Embedment correction factors from Figures 5 and 6

Table 4. Embedment Correction Factors

I Reference Equation for Embedment Correction Factor, C,
Terzaghi and -
Pavk iy C, = 1 - 0.25(D/B)
Schultz and !
Sherif (1973) .S
| 1 + 0.4(D/B)
‘ E:;;:::::;?Eﬁ?mma' (equation developed from curve-fitting procedures)
(Janbu, Bjerrum, and K]aernsli = _ ] 2
| Curves 1956) C, = 0.729 - 0.484 log(D/B) - 0.224[log(D/B)]
Fox (1948) too extensive to show here.
1
Bowles (1977) C;, =
1 + 0.33(D/B)
1
Teng (1962) Co =
1 + D/B
ARSI % 4 R }, D (1/2)
Bazaraa (1969) C,=1- 04—
: i 12 B g
Schmertmann (1970) y D
Schmertmann, Hartman, and C,b=1-05
Brown (1978) qg*= i

Terms: D = foundation depth, B = foundation width, q = loading pressure
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Water Effects on Settlement

41. Complete submergence of a footing by the groundwater decreases the
soil's bearing capacity by approximately one-half. This is caused by a
decrease in effective unit weight and confining pressure of the soil by about
one-half. In turn, this approximately doubles the settlement. Terzaghi and
many others use this point to suggest that the calculated dry sand settlement
be doubled in the case of complete submergence of a footing on the ground
surface.

42. The depth below the footing at which groundwater is considered to
have no effect on the settlement or bearing capacity is not strictly agreed
upon. Generally, it is taken to be in the range of one and one-half to two
times the footing width below the base of the footing.

43. The effect on footing settlement of a water level between these two
depths (footing base to two times footing width below the base) is not well
known. Many different methods have been developed to account for this.
Terzaghi and Peck (1948, 1967) proposed a linear interpolation over this
range. Other methods provide a nonlinear relationship. Meyerhof (1956) and
others hold that the effect of water on the soil is reflected in the blow-
count, which is lower below the water table, and do not correct the settlement
for the effect of water. However, if the groundwater table rises from below
after the SPT was conducted, the effect of water cannot be included in the
blowcount. The bearing capacity of this material decreases and settlement
problems could result.

44, The embedment of the footing is also important in determining the
effect of the water table on settlement. According to Terzaghi and Peck
(1948, 1967), submergence of a footing at a depth, D , equal to its width,

B , increases the calculated dry settlement value by only 1.5 instead of by
2.0 for submerged surface footings. This is because the weight of the sur-
charge due to embedment partly accounts for the decrease in bearing capacity
(increase in settlement) caused by the water.

45. All of the water correction factors for settlement used in the
methods of Part III involve three variables: (a) depth of water, (b) depth of
embedment, and (c) width of the footing. These correction factors are plotted
in Figures 8a through c, for a range of the water table from O to 2B below the

ground surface, and for three different embedments of the footing: D = 0
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(surface), D = 0.58B , and D = B . Table 5 lists the equations of these
water correction factors.

46. A wide range of correction factors exists in all three cases shown
in Figure 8, Bazaraa's (1967) correction being the least conservative and
Terzaghi and Peck (1948, 1967) being the most. Terzaghi and Peck do not pro-
vide corrections for the water table when footings are embedded, except for
the case of their complete submergence, as noted above. The Bazaraa correc-
tion factor is based on the effectivé unit weight of the soil at a depth
D + 0.5B 1in the dry state compared to when the water is present. The Bazaraa
plot shown in Figure 8 is for a soil with a dry/moist unit weight of 110 pcf

and a saturated unit weight of 125 pcf.

Summary

47. The calculation of shallow foundation settlement is based on the
size of the footing, the magnitude of the applied load, and the capacity of
the soil to bear the load. The soil'’s capacity is affected by a variety of
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Table 5. Water Correction Factors

Equation for Watar%nrréction Factor, C,
Cuw = 2 - (W/2B) (for surface footings)

‘}". ‘D + Bd"z)nnw-hr
Bazaraa (1967) Cy = —

Y (D + B/2) water present

1
Cu= > 1.0
0.5 + 0.5[W/(D + B)]

1

Reference

Terzaghi (1987)

T
| |

Peck, Hanson, and
Thornburn (1974)

Teng (1962) C,. = < 2.0 for water at and
0.5 + 0.5[(W = D)/B] below footing base
Alpan (1984) C., = 2 - 0.5(D/B) for W = D (approx.)

NAVFAC DM 7.1
(Dept. of the Navy 1982) C. =2 - [(W - D)/1.5B]

Bowles (1977) C. =2 - [W/(D + B)]

Terms: W = depth of water from ground surface
D = foundation depth
B = foundation width

factors related to in situ conditions as well as testing procedures. Those
factors discussed in this part are briefly summarized.

a. Blowcount - with all else the same, the larger the blowcount
(corrected), the less the settlement.

(1) Overburden - this changes the blowcount from the value at
which it represents the sand’s relative density for a
given reference overburden pressure.

(2) Test/equipment - improper test procedures and inconsistent
equipment can cause the measured blowcount to be above or
below the "true" value as measured from standard proce-
dures and equipment.

(3) Overconsolidation - this increases the blowcount measured
from that of normally consolidated sand at the same rela-

tive density.

(4) Type of sand - generally, the larger the grain size, the
larger the blowcount value, for the same overburden pres-
sure and relative density.

(5) Saturated sand - the blowcount may change from above to
below the water table in a uniform sand. This change
could be a slight decrease in a coarse sand, and a more
notable decrease (up to 15 percent) in a fine sand. The
blowcount may be sharply increased in a saturated, dense,
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very fine, or silty sand due to dilation of the grains
upon shearing from the SPT.

Embedment - this decreases the settlement due to increased
confinement from the soil surcharge, provided the removed sur-
charge pressure is replaced.

Water - this increases settlement when located in the range
from the footing base or above to a depth of one and one-half
to two times the footing width. This is caused by a decrease
in the confining pressure and bearing capacity of the soil.
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PART III: SETTLEMENT-COMPUTING METHODS

48. In this part of the report, 15 methods of computing the settlement

of a shallow foundation on sand are presented.

For each method, the theoreti-

cal background is briefly discussed and the procedure is given.

49. Unless otherwise noted, the terms in the settlement equations shown

in this part are used according to the definitions given in Table 6.

Table 6. Summary of Terms Used in Settlement Equations

Definitinﬁ

Symbol Units
S footing Settlement inch
q net applied loading pressure tsf (tons per square foot)
B footing width feet
L footing length feet
footing depth from
D g dop feet
ground surface
thickness of compressible
H stratum, from ground surface feet
to rigid base
depth to water table from
w feet
ground surface
uncorrected SPT blowcount,
N lowest average value over the blows per foot
range D to D+B.
P ’
N, corrected SPT blowcount Hiwiknaria
= (Cy) N
C, blowcount correction factor unitless
C, depth correction factor unitless
Cw water table correction factor unitless
D of O effective overburden pressure psf (pounds per square foot)
¥ unit weight of soil pet
v Poisson’s Ratio - unitless
E Young's modulus of elasticity tsf

Terzaghi and Peck (1948, 1967)

50. The Terzaghi and Peck settlement method is based on the bearing

capacity charts shown in Figure 3 of Part II.
developed by Meyerhof (1956).

The equations shown were

The chart is used to determine the allowable

bearing capacity for a range of footing widths and SPT blowcount values with

maximum settlement not to exceed 1 in.

exceed 3/4 in.
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51. Field tests and the observance of structural settlements led to the
development of the relation between bearing capacity and footing width
(Figure 2). According to Terzaghi and Peck, square and strip footings of the
same width show no significant difference in their settlements for the same
load and soil.

52. The water correction factor for this method applies to cases where
water is at or above the base of the footing (complete submergence). For
partial submergence (water from depths D to D + B), a correction factor is
given for surface footings only (no embedment). In current practice, the
water correction is often not used with the Terzaghi and Peck settlement,
because the method is considered to be over conservative already. Applying
the water correction factor makes it even more over conservative.

53. The depth correction factor following paragraph 54 is described in
the text of Terzaghi and Peck (1967) and quantified by D'Appolonia,
D'Appolonia, and Brissette (1970).

54. Calculation of settlement should not be attempted with Terzaghi'’s
modulus of subgrade reaction theory. This is explicitly stated in his paper
(Terzaghi 1955): the subgrade reaction modulus is reliable for computing
stresses, bending moments, and the distribution of contact pressure in foot-

ings or mats, but not for the settlement of a foundation.

Settlement expression

S = ..Bﬁ‘.?. (C.Ca) for B <4 ft
12¢ [ B T

g = = %] (CCq) for B= 4 ft

S = 1_1?;_2 (CCa) for rafts
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Water: C, = 2 - [.2;%] < 2.0 (for surface footings)

G =2 -0.5 [%] <=2.0 (for a fully submerged,
embedded footing; W < D)

Depth: Cy =1 - 0.25 [.g.]

Blowcount: Use the measured SPT blowcount value. If the sand is

saturated, dense, and very fine or silty, correct the
blowcount by:

N, =15 +0.5(N - 15), for N greater than 15

Ten 1962

55. Teng's method for computing the settlement of shallow foundations
on sand is an interpretation of the Terzaghi and Peck (1948) bearing capacity
chart (Figure 3). Teng includes corrections for depth of embedment, the pres-
ence of water, and the blowcount. The blowcount correction equation is an

approximation of the Gibbs and Holtz (1957) curves shown in Figure 1.

Settlement expression

where

g = net pressure in psf
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Correction factors

W -D
Water: C, =0.5 + 0.5 —— > 0.5, for water at
i [ ] and below footing base

Depth: Cy4

1 % [%]52.0

: ¥ 50
Blowcount: N, =N [m

p’ = effective overburden at median blowcount depth,

about D + .‘; , in psi (= 40 psi)

Alpan (1964)

56. Alpan’'s settlement method was derived from the Terzaghi and Peck
(1948) method. However, instead of directly using the blowcount he developed
a modulus of subgrade reaction based on the corrected blowcount. Alpan recom-
mends correcting the blowcount with the Gibbs and Holtz (1957) chart of
Figure 1. This chart was modified for easier use by Coffman (1960) as shown
in Figure 9a. Use of the chart is explained in paragraph 57 and shown in
Figure 9b. The "Terzaghi-Peck" curve in Figure 9b was added by Alpan.

57. Alpan also accounts for submerged soil conditions as well as the

shape of the footing in his settlement prediction method.
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SPT Blowcount — N

Effective Overburden Pressure (psi)

a. Blowcount correction based on Gibbs and Holtz
(1957) chart

SPT Blowcounl - N
8 ] Fg-) J0 Yo K- e re d &

T

Effective Overburden Pressure (psi)

o - | S—

b. Example showing use of chart
Figure 9. Blowcount correction for use with Alpan’'s

(1964) method (Permission to reprint granted by
Morgan Grampian (Construction Press) Ltd.)
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Settlement expression

where

a = coefficient based on blowcount (in-ft?/ton), Figure 10.

Correction factors

Water:

Shape:

Co = 2.0 =05 [‘IE}] < 2.0, for water immediately below the footing

m = shape factor, obtained from Figure 11

Procedure to correct
blowcount for Alpan Method

58. These steps can be followed to arrive at a corrected blowcount for

the Alpan (1966) Method.

_g.-

b.

o

o

j

Enter Figure 9(a) with field blowcount and corresponding over-
burden pressure (in pounds per square inch).

From this location, travel parallel to the relative density
lines to the curve labeled "Terzaghi-Peck."

From the "Terzaghi-Peck" curve, travel vertically to the hori-
zontal axis and read the corrected blowcount, N, .

For submerged, dense, very fine or silty sand, correct the
blowcount again using the Terzaghi and Peck (1948) equation:

N, = 15 +:0.5(N; = 15); "for' N, > 15

Use the final corrected blowcount (from step ¢ or d) in
Figure 10a or b, to determine alpha, a .
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Figure 11. Alpan's (1964) footing shape correction
factor, m

Elastic Theory

59. Settlement computed by elastic theory uses elastic parameters
(modulus and Poisson’s ratio) to model a homogeneous, linearly elastic medium,
The elastic modulus of a soil depends upon confinement and is assumed in
elastic theory to be constant with depth. For uniform saturated cohesive
soils, this assumption is usually valid. For cohesionless soils, elastic
methods can be inappropriate because the modulus often increases with depth.
However, the immediate settlement of sand is often considered to be elastic
within a small strain range and is easily modeled as such, using an average
modulus value over the depth equal to 2B below the footing base.

60. The elastic theory settlement calculation presented here uses equa-
tions found in the text of Das (1983) for the influence factor, and the charts
by Fox (1948) for embedment. Tables of precalculated influence factors for

elastic settlement on a semi-infinite stratum can be found in many texts for
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use in hand calculations. Table 7 summarizes these factors. Estimates of the
modulus of elasticity and Poisson’s ratio are also readily found in the liter-
ature. Some of these are shown in Tables 8 through 10.

6l. The expression below is for settlement at the surface of a semi -
infinite, homogeneous half-space. To calculate the elastic settlement of a
footing on a finite compressible layer, the value calculated from the follow-
ing equation is reduced by subtracting from it the settlement calculated for
the same loaded footing as if it were at a depth in the semi-infinite homoge-
neous half-space, equal to the depth of the bottom of the finite compressible
layer. This procedure is explained in paragraph 62.

Settlement expression

- W
s = qa1 UL EV) g,

where
S, = settlement in ft on a semi-infinite, homogeneous half-space

I = influence factor based on shape, aspect ratio, footing flexibility,
and depth to a rigid base, Table 7/

E = soil modulus of elasticity (tsf), values shown in Tables 8 and 9

v = Poisson’s ratio, values shown in Table 10

Correction factors

Depth: C; = value from Fox’s chart (Figure 12) based on
v, L/B, and D/B

Elastic settlement on finite
compressible layer (H < 10B)

62. These steps can be followed to compute elastic settlement of a
footing on a finite layer instead of an infinite mass as shown in paragraph 61

(Das, 1983).

a. Compute S. , the settlement at the center of a flexible
footing on a semi-infinite half-space, by the equation in

paragraph 61.
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TABLE 7. Summary of Elasticity Influence Factors for Footing
on Semi-infinite, Homogeneous, Linearly Elastic Medium

Length/Width Flexible Footing
Center Corner fveraga
Gircle 1.00 0.64 0.85
1.0 1.122 0.561 0.951
1.5 1.36 0.67 1.15
1.532 0.766 1.299
1.783 0.892 1.912
2.105 1.053 1.785
10. 2.544 1.272 2.157
20. 2.985 1.493 2.531
50. 3.568 1.784 3.026
100. 4.010 2.005 3.400
1,000. 5.47 2.7T5 5.15

(after Das 1983, and Winterkorn and Fang 1975)

Table 8. Equations for Stress-Strain Modulus, E
from SPT and CPT Test Methods

Soil SPT, units in kPa * CPT, units of q,

Sand E = 500(N + 15) E = (2 to 4) q.
E = 18,000 + 750N E = 2(1 + D3)q.
E = (15,200 to 22,000)In N

Clayey sand E = 320(N + 15) E = (3 to 6) q.

Silty sand E = 300(N + 6) E = (1 to 2)iq;.

Gravelly sand E = 1,200(N + 6)

Soft clay E = (6 to 8) q.

* Divide kPa by 50 to get ksf
(after Bowles 1982)
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Table 9. Range of Elastic Modulus, E

Soil Young's Modulus, E
(psi)
Soft Clay 250 - 500
Hard Clay 850 - 2,000
Loose Sand 1,500 - 4,000
Dense Sand 5,000 - 10,000

(after Das 1985)

Table 10. Range of Values for Poisson’'s Ratio

Soil Poisson's Ratio
Loose Sand 0.2 - 0.4
Medium Sand 0.25 - 0.4
Dense Sand 0.3 - 0.45
Silty Sand 0.2 - 0.4
Soft Clay 0.15 - 0.25
Medium Clay 0.2 -~ 0.5

(after Das 1985)
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Figure 12. Depth correction factor by Fox (1948)

for elastic methods (Bowles (1982)) (Permission

to reprint granted by the International Society
for Soil Mechanics and Foundation Engineering)

If desired, compute S, , the average settlement of the flex-
ible footing, and S, , the settlement of a rigid footing, on a
semi-infinite half-space. This is calculated from S, by:

S. = 0.848(S;) and S, = 0.93(S,)

Compute S’, settlement of one corner of the footing, at a depth
equal to the bottom of the compressible layer (H).

= BT g, o = 2y
S (1 V)F3 S Iq]
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where

’ B
B’ =
2
f 1/2 1/2 i
I§=%1n(1+mz+nz) ¢ Mo (1+mz+nz) + 1
_ (1+mz+n2): - m 1 +m?+n?)'% -1
I = B tan m
% n(].-1'11124”'12)%rz
L/2
m = and
B/2
n =

The tan™! angle is in radians.

d. Compute S  , settlement at the center of a flexible footing
on a finite compressible layer, by:
Sce =S, - (4xS)
e. Compute S, , average settlement of a flexible footing, and

S.¢ , settlement of a rigid footing, on a finite compressible
layer, by:

Saf = O.BQS(Scf) and Srf - 0'93(SCf)

D’'Appolonia, D'Appolonia, and Brissette (1968)

63. In this paper, D'Appolonia, D’Appolonia, and Brissette (1968) re-
port the results from an extensive study performed with the Terzaghi and Peck
(1948, 1967) and Meyerhof (1956, 1965) settlement methods versus measured
settlements. They concluded:

a. Use the Terzaghi equations with a 50-percent increase in bear-
ing capacity (two-thirds decrease of settlement) as proposed by
Meyerhof (1956).
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b. Correct the blowcount with the Gibbs and Holtz (1957) curves,
Figure 1.

c. Do not correct for the water table with this procedure, also
proposed by Meyerhof.

64. These conclusions are valid for overconsolidated, vibratory
compacted, dune sand, on which the comparisons were made. Extrapolation to
soils other than this may produce erroneous results. The depth correction
factor shown below was not explicitly stated as part of this procedure. It

is, however, part of Meyerhof's procedure, on which this one is based.

Settlement expression

S C; for B=<4 ft

. 169
EIC

2
- 8¢ B > t
S A ETT_I] Cqy forB=4 £

S = _qu C4 for rafts

c

Correction factors

Depth: C; =1 -0.25 [%], from Meyerhof (1956)

Blowcount: use N, value from Gibbs and Holtz (1957) curves (Figure 1)

D'Appolonia, D’Appolonia, and Brissette (1970)

65. This procedure was presented in the 1970 closure article to the
authors’ 1968 paper. It is similar to an elastic settlement method, using an
elastic modulus of compressibility, M , that is determined from the field
blowcount. A separate modulus of compressibility was developed for prélﬂaded

soil to account for the influence of stress history on soil behavior. A water
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table correction is not used in this method.

The effect of groundwater on
settlement (and bearing) is believed to be measured in the blowcount.

66. An influence factor,

I , is computed as the product of B, and
p#y from Figure 13. These are factors developed by Janbu, Bjerrum, and

Kjaernsli (1956) to account for the length and depth of the footing and the

30
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Figure 13. Influence factors p; and pu, from

Janbu, Bjerrum, and Kjaernsli (1956) used in the

D’'Appolonia, D’'Appolonia, and Brissette (1970)

method (Permission to reprint granted by the
National Research Council of Canada)

depth to a rigid base.

These curves have been modified by Christian and

Carrier (1978) to account for a wider range of Poisson'’s ratio.

from Janbu’s curves for values of H/B < 5

those of Figure 13.

Settlement expression
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where

S = settlement (ft)

I = influence factor based on footing shape and embedment and depth to
a rigid base

I = (p,) (py) , see Figures 13a and b
M = modulus of compressibility (tsf), Figure 14
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Figure 14. D'Appolonia, D’Appolonia, and Brissette
(1970) compressibility modulus

Peck and Bazaraa (1969)

67. This method is similar to Terzaghi and Peck (1948, 1967) but pre-
dicts a less conservative settlement value and corrects the blowcount for
overburden. In an extensive research effort, Bazaraa (1967) developed a means
to correct the field blowcount for overburden effects. This was an effort to
clear inconsistencies found with the Gibbs and Holtz (1957) method of blow-
count correction (Figure 1). Also developed was a new bearing capacity chart
which modifies the Terzaghi and Peck chart (Figure 3) to less conservative
estimates by increasing the allowable bearing capacity by 50 percent. Water
and depth effects were studied and corrections were developed for these fac-

tors as well.
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Settlement expression

S=—3Ng(CdC,) for B < 4 ft

2
- 8q B
S_W:[-B_I+ ](CdC,,) for B> 4 ft

8
S = T‘E (Ca D) for rafts
Correction factors
o, (dry)
Water: C .= Y . AL B
" errey o, 1s computed at D + 7

Note: C, is the ratio of the effective overburden pressure at D + B/2
of dry soil to effective overburden pressure at D + B/2 when

the water table is at the appropriate location.
water is below the depth D + B/2 , then C, = 1.0.

/2
Depth: C;=1.0 - 0.4 l_]
q

Blowcount: N, = T fl‘;p' for p» <1.5 ksf
_ 4N e
AT for p* = 1.5 kst

p’ = effective overburden pressure corresponding to the

blowcount (at approximately D + B/2)

Schmertmann (1970)

68. Schmertmann proposes calculating total settlement by subdividing
the compressible stratum and summing the settlements of each sublayer.
sublayer boundaries are defined by changes in the SPT or CPT profile.

profile is used to determine the elastic modulus as it changes with depth.
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the SPT (or CPT) is fairly constant with depth (to depth D + 2B), then the
elastic modulus will be constant with depth and the layered approach is not

necessary. A simplified settlement expression for this case is provided in

paragraph 70.
69. This method is similar to elasticity procedures. Results from

tests which studied vertical strain distribution below loaded footings were
used to develop the vertical strain influence diagram shown in Figure 15. The
strain influence diagram models the strain distribution below the footing.
This method applies to rigid footings as well as to flexible ones. The effect

of creep settlement over a given period of time 1is included in the creep

factor, G -

00 0.1 0.2 0.3 04 0.5 0.6

% B = FOOTING WIDTH
@
':i‘ Z = DEPTH BELOW BOTTOM OF
FOOTING TO MIDPOINT OF
’ SOIL LAYER
E 10
<
o
T
-
o
T,
Q LS
20

Figure 15. Strain influence factor diagram for Schmertmann (19?0)L
settlement method

70. The strain factor chart for this method (Figure 15), is often
called the "2B-0.6I," distribution. It was modified by Schmertmann, Hartman,
and Brown (1978) to model changes found in the strain diagram caused by dif-

ferent footing shapes and loading intensities.
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S = settlement (ft)

I, = vertical strain influence factor, Figure 15
E; = modulus of elasticity (tsf)
= 2q. (tsf)
g. = cone penetrometer strength (tsf)
= 2N, for fine or silty sand, or silt
= 3.5N, for medium or slightly silty sand
= 5N, for coarse and gravelly sands
z = thickness of soil layer (ft) in terms of B
n = total number of soil layers in the subdivided compressible stratum
i = individual soil layer
If E, 1is constant over 2B below the footing base (i.e., SPT or CPT values

are constant) the simplified expression is:

0.6B

S = qCC, ——
5

where 0.6B 1is the sum of the (I,)(z) area under the strain influence diagram

in terms of B . No sublayers are needed.

Correction factors

Depth: C4=1.0 - 0.5 ['Y_f]ao.s

Creep: C,

1.0+0.2 log [UET] , t = time period (years)
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Procedure
71. The following steps comprise the procedure for calculating total

settlement.

a. Divide the compressible stratum into layers, based on a CPT or
an SPT profile.

b. For each layer determine thickness, z , and depth (in terms of
footing width, B) to the layer midpoint, Z , measured from
the bottom of the footing.

c. Calculate the elastic modulus for each layer, from CPT or blow-
count values, as described above.

d. Use the vertical strain influence diagram of Figure 15 to
determine the influence factor, I, , for each layer midpoint.

e. Compute (I,/E.);(z;) for each soil layer.

f. Calculate total settlement of the stratum:

B I
S = EF z

g. Multiply the calculated settlement by C4 and C, , if
appropriate.

Schmertmann, Hartman, and Brown (1978)

72. This method differs from the Schmertmann (1970) method in that the
strain influence diagram must be constructed for each individual case. Its
dimensions are based on the shape of the footing, as measured by the length-
to-width ratio, L/B , and the net loading intensity, gq . The diagram varies
from square to strip footings, where L/B =1 to L/B = 10 , respectively.
Another difference from the 1970 method is the computation of the elastic
modulus for each soil layer. This also is based on L/B as well as CPT or

SPT wvalues.

48



Eggtlgment expression

S 3 I,
" chct, E F— Zy
L ;!

i=1

S = settlement (ft)

I, = vertical strain influence factor, Figure 16
Es = soil modulus of elasticity (tsf)
= Rq,
R=(1/9)[(L/B) - 1] + 2.5 < 3.5

gc. = cone penetrometer (CPT) strength (tsf) (see Schmertmann (1970)
method for correlation with blowcount values if g. not available)

z = thickness of soil layer in terms of B (ft)

n = total number of soil layers in the subdivided compressible
stratum

i = individual layer

Correction factors

Depth: €;=1.0 -0.5 T_;)] > 0.5

]

Creep: C;

1.0 +0.2 log {UET] , t = time (years)

Procedure

73. Three (x,y) coordinate points are required to construct the strain-
influence diagram. These are described in terms of I, and Z/B coordinates
for the x and y axes, respectively. Figure 16 shows the general form of this
diagram. Note, 2z = thickness of the sublayer, while Z = depth from footing

base to midpoint of the sublayer.
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Point 1:

- (B)[6)- oo

1/2
I, - peak =0.5 + 0.1 [F({-]

p’ = effective overburden pressure at D + Z,

Point 2:

x =1, - intercept , y =0
I, - intercept = 1 Ll - 1]+ 0. 1202
“ 90 B

Point 3:

G- ee

Draw the influence diagram through these three points as shown
in Figure 16, then follow the procedure for the Schmertmann
(1970) method, beginning with step 1 and using this vertical
strain-influence diagram to obtain the I, wvalues at layer

midpoints, defined by Z/B .

If the elastic modulus is constant with depth (constant SPT or
CPT), layers need not be formed. Simply sum the area under the
influence diagram in terms of B , divide this by the modulus,
and multiply by the load and correction factors:

(sum)B
E

S = qC4C,

5
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0 | I, peak

Z, /B

B=Footing Width

Z=Depth below
footing base
to midpoint of
soil layer

Z> /B (

vZ/B

Figure 16. Strain influence factor diagram
for Schmertmann, Hartman, and Brown (1978)
settlement method

Schultze and Sherif (1973)

/4. Schultze and Sherif derived an empirical settlement calculation
method from the results of a study of observed settlements from 48 sites. The
reported accuracy of this method is + 40 percent. The exponent, 0.87, on the
blowcount value was determined from a statistical study of their results. The

factor, F, , accounts for footing shape and the depth of the compressible

stratum.

Settlement expression

QFC
(NY*=% ¢

where
S = settlement (cm)

Q = gross contact pressure at foundation level (kg/cm?) (surcharge not
subtracted)
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F, = influence factor based on footing shape and depth to a rigid base
(em®/kg) shown in Figures 17a and b

Note: All dimensions, B, L, D, and H , are in centimeters. See
the conversion table on page 6 for metric conversion.

Correction factors

Depth: C3 =1+ 0.4 ['j?] <1l.4

Meyerhof (1974)

75. Meyerhof'’s more recent settlement equation (1974) is presented
here. It is a modification of his earlier ones (1956, 1965), generally con-
sidered to be overconservative.

76. Meyerhof does not provide a correction factor for water, but claims
that the presence of water is reflected in the field blowcount. That is, the
blowcount is decreased in the presence of water and this causes the computed
bearing capacity to be less than for dry soil. He does note that upon full
submergence approximately 50 percent loss in bearing capacity occurs (or,
twice the settlement) and that the engineer should consider this in the
analysis.

/7. In earlier reports, Meyerhof (1956, 1965) proposes using the

Terzaghi and Peck (1948) correction to the field blowcount for submerged,

compact, and dense, very fine, or silty sand. This correction is not included

with Meyerhof'’'s (1974) method. A separate equation is provided for very fine

or silty sands.
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Settlement expression

where

B = footing width (in.)

Correction factors

Depth: C; =1 - 0.25 [_g'.]

Peck, Hanson, and Thornburn (1974
78. This method is a modification of the Terzaghi and Peck (1948, 1967)

settlement method. Corrections were developed for the overburden effect on

field blowcount and for the effect of water near the footing base.

Settlement expression

S = 9 for intermediate width

et ey footings (>2 ft)

S = A for rafts
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Correct factors

Water: C,=0.5+0.5 [])_I-;:-’_B'] for water from O to D + B

Blowcount: N. = NC

C, =0.77 log [%2]

p’ = effective overburden pressure for the measured
blowcount at (D + B/2) in tsf > 0.25 tsf. For

p’ <0.25, use Figure 18

Correction Factor, Cy

0.0 0.5 1.0 1.9 2.0

0 ———

=
Q
5%
- 1.0
|
S
> 3
<o P
= 250
o B
9 -
Q

3.0
.
L
L
P |
= 4.0 /
ey
| _—
ca |

5.0 x

Figure 18. Peck, Hanson, and Thornburn
(1974) overburden correction for
blowcount

Bowles (1977. 1982)

79. Bowles' settlement method is based on the Terzaghi and Peck (1948,
1967) method, but is modified to produce results which are not as

conservative.
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80. The water correction factor was interpreted from the text by the
writer; the settlement doubles with water at the footing base, while the depth
at which water has no influence is stated to be [0.5B tan(45 + ¢/2)]. This
ranges from approximately 0.75B to 1.0B for typical wvalues of ¢ , the internal
friction angle. To be conservative, this extent of water influence was taken
to be 1.0B below the footing base, and the correction factor was determined

from this.

8l. The blowcount is used directly as measured in the field.

Settlement expression

S-25q Cu for B <4 ft
e

C
S iq [C:] for mats

where

q = applied pressure (ksf)

Correction factors

Water: C, = 2 - [_._W_.] <2.0 and 21.0

D + B

Depth: C; =1 +0.33 [g] =1, 33

Oweis (1979)

82. This settlement prediction method called the "Equivalent Linear
Model" involves computing settlement at the midheight of several sublayers of

the stratum, then summing these to get the total settlement of the stratum.
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This technique is based on elastic theory and the emphasis is on the determi-

nation of the deformation (elastic) modulus, E , over the depth of the

stratum. The procedure to calculate settlement is described in paragraph 83.

An example chart for keeping track of computations is shown as Table 11.

Settlement expression

where

S o a9 O

i

rocedure

83.
the following steps.

n q’i
S = gB —

settlement (ft)

net applied pressure (ksf)

settlement factor

modulus of elasticity at 0.001 strain (ksf)

total number of layers in the subdivided compressible stratum

individual layer

A description of the procedure to calculate settlement is given in

él

log

o]

Divide the compressible stratum (to a depth of at least

D + 2B) into layers. The layers need not be of equal thick-
ness. It will be useful to define layers at locations of dif-
ferent soil properties, the water table, different blowcount or
CPT values, and other distinct areas, If the stratum is uni-
form with no distinct property variations, the writer suggests
subdividing a depth from D to D + 2B into at least four or
five layers.

For each soil layer, correct the blowcount for the correspond-
ing overburden using the Peck and Bazaraa (1969) correction in

paragraph 67.

For each soil layer, calculate the effective vertical stress,
p’ , from the ground surface to the midpoint of each layer if
different from the corresponding midlayer overburden from

step b.
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TABLE 11. Chart for Use With Oweis Settlement Computations

For: (Center Edge Rigid} Settlement.

86

Layer | 11icimess | per foot, | bloweount | o | stresw, o, | z-miatayer | ¥PP8 | Aew |\ | E. |zton | zcbottom | ttop) |oom | | A | E | E | &
No. h N ' N fp;” fDl‘ﬂ' u 0.5B factor | (psf) ~* | (kst) | 0.5B 0.5B Faa F, ' (%) B (kst) | (feel)
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Depth, Z/(B/2)

d. Compute the mean effective normal stress of each layer:

1-#2K; '
"m”—3—P

where

Omo = mean effective normal stress (psf)
K, = coefficient of horizontal earth pressure, at rest
p’ = effective overburden pressure from step c (psf)

€. Calculate the change in the mean effective normal stress,
Ao, , at the midpoint of each layer, due to the applied load:

Ao, = aq (psf)

where

a = factor from curves of Figure 19 (Z = depth to midpoint
of layer, from footing base).

q = net applied pressure (psf)

Ratio of Stress Change to Applied Load, «
(@ = Aom/q) for Flexible Circular Footing

. 0 0.2 0.4 0.6 0.8 1.0
— — —
/ -_______________.,.--——
Edge fﬂ,f’“fﬂ .ﬂffff*“””#EH#T:~Cenier
) /"’-
1 S
T
B
| |
2
3 #
Estimate for Rigid Footing
4 Roughly Halfway Between -
Center and Edge Curves
(writer)
i P

Figure 19. Oweis’ (1979) coefficient for stress increase
in soil under loaded footing
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Depth, Z/(B/2)

=

E.

I=

Calculate the factor, K, , for each soil layer.

Kmu.' =17.2 (Nc)(UAZ)

For each layer, calculate the maximum elastic modulus.

Emax ¥ Kmax ﬂam 2 ﬁam)

Enax units are in kips per square foot, o,, and Ag, are in
pounds per square foot.

Obtain settlement factors, F , for the top and bottom of each
soil layer using Figure 20. (F;-, = top, F; = bottom,

Z;-1 = depth to top of layer, Z; = depth to bottom of layer,
measured from footing base).

Settlement Factor, F
(for Circular Footings)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

/]
A/
/

- Center
N \<\

\\\

YF— Higid

Edge —

Figure 20. Oweis' (1979) settlement factor, F
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Compute

Use Figure

¥; and J); for each layer:

¥y = (F;) = (Fi)
¥, gB
2 E

max

z = layer thickness (ft)
g = net load (ksf)
E,.x = maximum modulus (ksf)

strain parameter

21 with X; to determine the ratio

each soil layer.

1.00 71 ; T 1
L+ 4 .| ¥ 3
E4 +1 E 1 i ¥ L H
050 HeHHH it =3 i
= EE EE= uﬁ..
= _"4: H shias ! ] IFH I H]E - L HH
goaghis: il BE 1 EErEH 1
HHE i i il =
E/E S L U
max H i
{4 { ! 1 J ! 2
= 12 b 1 - 1 ] {
0 1‘“ t '-4 1! j + = ‘ |
s A R
E r f
H | hd
- 4 L LHI 1111 S R |
.‘ -  §4 T - o -i:“'I . :"
Seg=Snisslini! 'Hi 11 * .15’1:1 S ] ¥ \
005 SBE=R88E888851: il * ":r::':_.:__‘: +H 1] ! b
EEEHEE T H EE t.l 3 Hifhekd tH pHHL . ;
i TV R (G 2 2 ~ T 8 B
- = : fanh HH i 1 414 1 :
SSEcpesigiiniian by 4] 1 i "IE E : +1H T e .E: : 1
= ..= . i E .'I I JI! fi Eas 1 H : ‘_.: { i
+H 3 i HiH i == HILHR T THA
HHEHE A Tl
afs H it H IT‘ 1] ! .h« LT
] Tl (1] il ime 2 CUTT Rt L
oy P = - -|mﬂl i 1
5 - s 1 ‘. i - - H | {l‘ i
o0 i GE R

0.001

Figure 21.

0.005 0 01

Strain Parameter, A (percent)

Oweis' (1979) relation of secant modulus,
strain parameter, A
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k. Calculate the elastic modulus, E; , for each soil layer:
Ei . (E/ Emax)i (Emu)
ratio from value from
step j step g
l. For each soil layer, calculate settlement:
- | 9B
s ¥ (ft)
o
m Compute the total settlement of the stratum,

NAVFAC DM 7.1 (Department of the Navy (1982))

84. The NAVFAC method is similar to the Terzaghi and Peck (1948, 1967)
method but uses a modulus of vertical subgrade reaction based on the soil’s
relative density. 1If not known, relative density can be obtained from the

field blowcount using the Terzaghi correlations (Table 1), other correlations,

or by using Bazaraa's (1967) equations.

Settlement expression

where
S = settlement (ft)

K, = modulus of vertical subgrade reaction (tcf), Figure 22

C = coefficient based on footing width

4.0 + (20 - B)/10, for 20 ft < B < 40 ft
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= 4.0 for B < 20 ft
= 2.0 for B > 40 ft

Correction factors

Water:

Shape:

CLAY #E."EC'T MEDIUM STIFF

|SN1'| it VERY STIFF

3%0r
I 2 3
UNCONFINED COMPRESSIVE STRENGTH ay ,TSF

00—

|
200

0l I 1 i
SAND \Il‘beﬂ!l LOOSE l MEDILME DENMSE

G, =2,0 = [W o D] < 2.0, for water to a depth of
1.5B below the footing

For a strip footing, double the calculated settlement.
Strip footing is not quantified in this method. The
writer suggests considering footings where L/B = 10
to be strip footings.

Ky FOR COARSE-QRAINED SOILS

K, FOR FINE-
GRAINED SOILS

0 20 40

Relative Density D,, (%)

Figure 22. Vertical subgrade reaction
modulus, K, , for the NAVFAC DM 7.1

(Department of the Navy (1982)) settle-
ment method
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Bazaraa (1967)
equations for relative density

where

- + P

N
:ZUT3.23i+-U.5p’5

/2
& ]1 for p’ <1.5 ksf

/2
]1 for p* > 1.5 kst

D, = relative density (decimal number)

p’ = effective overburden pressure corresponding to the blowcount (at

approximately D + B/2

85.

Part III in terms of variables and correction factors.

Table 12. Summary of Settlement Methods

Table 12 summarizes the settlement-predicting methods presented in

Method Blowcount Water Table Embedment Compressible Depth Variables Required
Correction Correction Correction Considered (see Tab. 6 for definition)
1

Terzaghi (1967 X (iimited) X q, B, N, D, W
Teng (1962) X X X q, B, N, D, W, »
Alpan (1964) X X q, B, L,N, D, W, »
Elastic Theory X X q B, L, D, v, E, H
D'Appolonia, D'Appolonia,
and Brissette (1968) X X qQ B, N, D, »
D'Appolonia, D'Appolonia,
and Brissette (1970) X X . B, N, D, L,E H
Peck and Bazaraa
(1969) X X X q, B, N, D, W, »
Schmertmann (1870)
Schmertmann, Hartman, and Brown (1978) X q, B, L, g.or N, vy
Schultze and
Sherif (1973 X X q, B, L, N, D, H
Meyerhof (1974) X a, B, N, D
Peck, Hanson, &
Thornburn (1974) 5 & G By Ny DWW,
Bowles (1977/1982) X X q, B, N, D, W
Oweis (1979) X q, B, N, D, 7. K,
NAVFAC DM 7.1 X a, B, L, N, D, W

(Depl. of the Navy 1982)
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PART IV: DESCRIPTION AND USER'S GUIDE FOR
CSANDSET COMPUTER PROGRAM

Overview of Program

86. CSANDSET is a computer program that computes the settlement of

shallow foundations on sand from 15 different settlement methods. The methods

liste& are described in Part III.

a. Terzaghi and Peck (1948, 1967).

b. Teng (1962).

c. Alpan (1964).

d. Elastic Theory.

e. D'Appolonia, D’Appolonia, and Brissette (1968).
f. D'Appolonia, D’Appolonia, and Brissette (1970).
g. Peck and Bazaraa (1969).

h. Schmertmann (1970).

i. Schmertmann, Hartman, and Brown (1978).

ji. Schultze and Sherif (1973).

k. Meyerhof (1974).

l. Peck, Hanson, and Thornburn (1974).

m. Bowles (1977, 1982).

n. Oweis (1979).

o. Department of the Navy (1982).

Program input
87. Data may be entered into the program from a prepared data file or

interactively, at the terminal. Input data contains information about an
individual settlement problem. This input data is described by three

categories:

Required data. This data is necessary for program execution.
It consists of information describing the foundation, the ap-

plied load, and the soil profile and properties.

|

o

Optional data. Optional data items are additional soil data
which may be entered to enhance or give better accuracy to the
computations in some of the settlement methods. Some, all, or
none of the optional data may be entered for a given problem.
For optional data not entered, the program computes default
values. These are discussed in the user's guide for data file

input, paragraph 118d.

Soil layer data. Soil layer data are also optional data de-
scribing the soil properties of a layered system. It is

[

65



beneficial to enter soil layers to model the compressible stra-
tum when there are differences in the blowcount, unit weight,
modulus, or other properties in the soil profile. Soil layers
are needed in the settlement method of Oweis (1979) and can be
used but are not required in the methods by Schmertmann (1970)
and Schmertmann, Hartman, and Brown (1978). If layers are not
entered by the user, the program automatically breaks the
stratum into layers for use in the Oweis method. This is ex-

plained in paragraph 97.

Program output

88. Program output information consists of:

A listing of the input data

I

I

A listing of the intermediate calculations from each method,
such as correction factors, values used from charts, etc.

c. A listing of the computed settlement from each of the 15
methods.

89. The input data listing and settlement calculations are viewed at

the terminal, and may be printed by pressing the Shift and Print Screen keys
at the same time. Input data may be saved to a data file. The intermediate
calculations are directed to a data file only, and may be printed after exit-

ing the program.

Comments on Settlement Methods in CSANDSET

90. This section explains how some of the settlement methods are used
in CSANDSET. Aspects of the programming such as assumptions and limitations,
are discussed. The exact equations shown in Part III are used to calculate
settlement for each method. For those methods in which curves or graphs are
used to determine certain variables, an equation was derived to represent the
curves. This was done by entering points from the curves into the Corps pro-
grams "Curvefit" (MOOOl) and "Multi-Graph." These programs use curve-fitting
techniques to determine equations for a set of coordinate data points. All of
the equations derived for the curves have correlation coefficients greater
than 97.5 percent, with most being greater than 99 percent.

Alpan (1964)

91. Difficulties were encountered in obtaining and developing equations
which accurately represent the Gibbs and Holtz (1957) curves (Figure 1 and
Coffman (1960) version Figure 9a). Therefore, instead of internally calcu-
lating this corrected blowcount value in CSANDSET, the user must enter it in

the optional data input section. The method for determining the Gibbs and
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Holtz corrected blowcount is described in the Alpan (1964) section of Part
III, paragraph 58. If no corrected blowcount value is entered, the Alpan
settlement is not computed. Equations for the other variables, alpha and

m/n , were developed from the curves shown, Figures 10 and 11, using curve-

fitting techniques.

D’'Appolonia,
D'Appolonia, and Brissette (1968)

92. As with the Alpan method, this settlement is only calculated if the

user enters the corrected blowcount from the Gibbs and Holtz (1957) chart.

D'Appolonia,
D'Appolonia, and Brissette (1970)

93. The D’Appolonia method uses a modulus of compressibility in the
settlement equation. This modulus is related to the blowcount for both nor-
mally loaded and preloaded soils, Figure 14. The program will calculate the
preloaded soil modulus if indicated in the optional input by the user, other-
wise, the normally loaded soil modulus is computed. Equations for the Janbu,
Bjerrum, and Kjaernsli (1956) curves, Figure 13, for the influence factor were
developed using curve-fitting techniques with linear interpolation between
CuUrves.

Schmertmann (1970)
Schmertmann, Hartmam, and Brown (1978)

94, In both of the Schmertmann methods, the stratum is defined by soil
layers based on changes in the CPT or SPT profile. The CPT or SPT profile is
used to determine the soil modulus profile. However, if no soil layers are
entered by the user, the modulus is assumed constant over the depth of the
compressible zone, and the program simply computes the area under the
I, -- 2/B curve for both methods. If no modulus is entered, one is computed
from CPT or SPT values according to the equations for the modulus given with
the Schmertmann methods.

Schultze and Sherif (1973)

95. The value, Q , in the settlement equation of Schultze and Sherif,

is defined as the full mean contact pressure, without reduction of the sur-

charge pressure, D . Therefore, in CSANDSET, the surcharge is added to the

applied net pressure, g , entered by the user, and this sum is the value Q .
96. Equations for the settlement factor curves, F, , of Figure 17a

were developed by curve-fitting methods, with linear interpolation for values
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between the curves shown. The same was done for the (H/B) reduction factor,

Figure 17b, using the values shown in the chart.

Oweis (1979)
97. In CSANDSET, the user has the option of entering the soil layers or

allowing the program to subdivide the stratum itself. If the user does not
enter soil layers, CSANDSET breaks the stratum of thickness H into substrata
of thicknesses 0.25B , plus any remainder, from the base of the footing to
depth H . A break is also defined at the water table if it is within this
range. The properties assigned to each layer, unit weight, blowcount, etec.,
are the same as those input for the one soil stratum. The only difference
will be the effective overburden pressure calculated at the midheight of each
layer.

98. The Oweis (1979) settlement factor, F; , is shown in graphical
form in Figure 20 for the center of a flexible footing, the edge of a flexible
footing, and for a rigid footing. The load factor alpha, of Figure 19, is
only provided for the center and edge of flexible footings, and not for rigid
footings. Therefore, a curve was interpolated for a rigid footing approxi-

mately midway between the two flexible footing curves.

99, For the value of E/E

nax » instead of using either the fine sand

curve or the coarse sand curve, an average of the two curves was interpolated
for use in CSANDSET. This plots half-way between the two lines as shown in
Figure 21.

NAVFAC DM 7.1
(Department of the Navy (1982))

100, An equation was developed to represent the K, versus D. curve
for coarse-grained soils of the NAVFAC method, Figure 22, using curve-fitting
techniques. The user may enter a relative density value, D. , in the option-
al data. If not entered, D, is computed from the blowcount using the Bazaraa
(1967) relations shown in paragraph 84.

General rules

101. Note, if layers are entered, they are only used in the Oweis and
Schmertmann methods. Therefore, the soil properties entered under the soil
data section are used in all the other settlement methods and must be repre-
sentative of any soil layer differences immediately under the footing to a
depth of approximately 2B below the footing. That is, values like unit
weights and blowcounts must be averaged for use in all the other settlement

methods,
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User's Guide for CSANDSET

'_—-_-_-_m

General comments

JOZ.

Some general comments which apply to the use of the GSANDSET com-
puter program are listed.

Ic

0

2

I

Each window or menu in the program has an information line at
the bottom of the screen. This contains information about
your selection, input values, units, cursor movement, etc.

During execution of the program, the escape key, <ESC>, can be
used to exit the current screen. The previous screen or the

main menu will then appear. Escape from the main menu exits
the program.

Use the arrow keys to move the cursor/highlight bar to various
parts of the screen or menu. Press the enter key to enter a
value or make a selection.

A complete description of the input data, its limitations,
ranges, and the assumptions and defaults, is covered in the

user’'s guide for data file preparation, paragraphs 113
through 118.

At any time during the program, the current screen or menu may
be printed by pressing the Shift and Print Screen keys at the
same time.

Starting the program

103.

If you have a hard disk system you may wish to copy the program

and example files to a directory on your hard disk and run it from there. The

program may also be run from a floppy disk drive. 1In either case, start the

program by changing to the directory on which the program is located and type

the program number, I0030, or type the full pathname to the directory where

the program is located, ending with \I0030.

104.

The opening screen of CSANDSET is displayed in Figure 23. Press

the escape key, <ESC>, to continue.

Main menu
105,

choose to:

The main menu is shown in Figure 24. From the main menu, one can

a o 1o o

i

Enter data from a prepared data file.

Enter data at the terminal, by typing at the keyboard.
View the current input data on one screen.

Calculate settlement from selected methods.

Save current data to a data file.
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|File = _
Enter File Name
o

Figure 25.

Window to enter input data file name

enter data interactively is shown highlighted. If this is selected, Figure 26

shows the menu which next appears.

The first two choices, A and B as shown on

this menu, the required data, must be entered before any optional data or soil

layers are entered.

ANDSET s mmperioine

A — i in]il%iilii?ii:’,"L |

MMHEMEMMTN S

H R HE AL A R A R e e e R T T

dildnbER L HEERT e ’:-:—rt-it-gufl g g
Hi A En RN R e e e H

RN i i R S N A TR EfTR

Input Or Edit

. Footing Data C(required)
. Soil Data (required)
Optional Soil Data
Soil Layers (optional)
For the Main Menu Press <Esc?>.

Use arrouw key to highlight,

then use ¢(Enter> to select option.

Figure 26. Data Input and Edit menu
a. Footing data. Figure 27 shows the screen for footing data
entry. The information line on the bottom of the screen
explains about each data item.
b. Soil data. The soil data input screen is shown in Figure 28.

If soil lavers will be entered, indicate the number of layers

on this screen. Again,
listed on the bottom of the screen.
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OOOOMMMMN CSANDSET  sexsmmmme

........

Example footing

FEET
FEET
FEET

1.6 S

(PLAN) _I
to exit.

Figure 27. Footing data input screen
-9 MmN  CSANDSET  sssserammmiin v
-E“f1¥ Soil Data
SPT = 12 Blous Per Foot - '— :
CPT = 43 TSF —l L L——_J :ﬁ{
GH = i18  PCF il
GAMS = 125 PCF 1
KO = 8.5 (RIGID LAYER)
H = 55 FEET II
u = 38 FEET '
Number of Soil Sub—-Layers
<Esc?> to exit,
(max. Z8) For ODueis and Schmert. methods. Enter 1 if no layers
,J

I

[a¥

Figure 28. Soil data input screen

Optional soil data. Figure 29 shows the screen for entering
optional data. Some of the default values are already set,
such as Poisson’s ratio (PR) and the unit weight of water
(GAMW). The effective overburden pressure (OVER) at D + B/2
will be internally calculated if it has the value of zero when
this screen is exited. The defaults can be changed by typing
over the values on the screen. The condition or result of
allowing the default value to be set is explained on the right
side of the screen and also in the data file user’'s guide in
paragraph 118b.

Soil layers. The soil layer data entry screen is presented in
Figure 30. Note that the number of soil layers (1 to 20) must
first be entered on the required soil data input screen,
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hnnuuxuuuu CSﬁNDSET 3 DD

OPTIONAL SOIL DATA  Units Default Ualus or Condition :

| GHN = BLOUS/FT. @ = ALPAN and D'APP(’68) Methods Not Computed

TIME = 8 YEARS @ = CREEP NOT COMPUTED |

ES e e TSF = 5(N+15), N = Uncorrected Bloucount b

OVER = @ PSF = EFFECTIVE VERTICAL STRESS AT D+B/2 !

PR = 8.3 = @.38 i

GAMU = 62.4 PCF = 62.4 PCF i

DR =0 o COMPUTED BY BAZARAA METHOD WHEN NEEDED i

MAT = 8 @ = Individual Footing i

PRE = @ @ = SOIL NOT PRELOADED .

FINE = 8 B = CONDITIONS ON INFO LINE DON'T APPLY. i

Enter ¢(Esc> to exit. Enter 8 for the default value. f
Carre:tad bluu:uunt fran Gihhs & Holtz churt

Figure 29. Optional data input screen

& i
MpMpidoimrmx  [CSAMDSET oo
I
gl SOIL LAYER DATA FOR SCHMERTMANN AND OUWEIS METHODS
E I B ; Enter <Esc> to exit.
i | I 8
D+B/2 abcd Example:
1 ! I BOT(1) = a = D+B/72
g u BOT(2) = b
i H BOT(3) = c = U
%, ‘ BOT(4) = d = H
ig (Last BOT MUST equal H)
it
.
|
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% 1 9 118 125 12 43 8.5 @ B )
% Z 15 1108 125 14 a7 8.5 @ 258 e
ﬁ b 3 30 112 a B ) a B 8 %)
g SATURATED SBIL LRYER UHIT UEIGHT = PCF

Figure 30. Soil layer data input screen

Figure 28. Effective overburden is calculated at the mid-
height of the layer in CSANDSET if the user enters 0 (zero)
for this variable (OVER). Also, the elastic modulus (ES) can
be entered as 0 and will be computed in the CSANDSET methods
where required (Schmertmann (1970), Schmertman, Hartman, and
Brown (1978), and Elastic Theory). The values of BOT, GAM,
GAMS, and KO of the first soil layer are initially set to the
values entered in the soil data screen, Figure 28. Type over
these to change any. Note, the variable BOT of the last layer
entered must equal the value of H (depth of compressible
layer) entered on the soil data screen. Enter data in the row
for one soil layer at a time, starting with the top layer and
ending with the bottom layer. The screen will scroll to
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accommodate all soil layers. Use the up-down cursor keys to
move the cursor to previous or forward positions. Enter <ESC>

when data entry is complete.
108. List Current input data. There are two ways to view the values of

all the current input data. One is simply to go back to the data entry
screens, Figures 27 through 30. The other is the main menu selection shown in
Figure 31. With this choice, the window shown in Figure 32 appears on the
screen. This is a concise listing of all the current input and default val-

ues. If soil layers have been entered, a listing of data for these appears on

MropaiaimxM  CSANDSET 000000004

1111

Main

| A. Data File Input.

A

B. Interactive Data Input and Editing.

C.: List Current Input.Data.

D. Settlement Calculations

E. Save Current Data To File,

F. File For Saving Intermediate Calculations.
G. Exit To DOS.

Use arrou kag tn highllght than use <Enterl to select option.

Figure 31. Main menu option to list data

i N
HHHHKHHNHH ESQHDSET uuuuuuuuuu
P | T

CSANDSET - INPUT DATA
Title: Example footing
Footing Data: Optional Soil Data:
Width = 8.88 Ft Gibbs & Holtz Bloucount = 2Z.88 BL/FT
Length = 8.60 Ft Creep Factor Time = B.88 Year(s)
Depth = 5.80 Ft Elastic Modulus = 8.88 TSF
Pressure = 1.68 TSF Poisson's Ratio = 8.38
Bloucount Overburden = 998,88 PSF
Soil Data: Uater Unit Weight = 6Z.48 PCF
Bloucount = 1Z.88 Bl/Ft Soil Relative Density = 68.88 %
Cone Penetrometer = 43.88 TSF
Unit Weight = 118.88 PCF 1=yes, B=no:
Sat’d Unit Ueight = 125,88 PCF Mat Foundation = a
Horiz. Earth Pressure = B8.50 Preloaded Soil = 8
Depth To Rigid Layer = 55.88 Ft Sat’d, dense, fine sand = 8
Depth To Water = 38.88 FT
<Esc? to continue.

Figure 32. Screen showing list of current data
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the next screen when the <ESC> key is entered, Figure 33,
returns to the main menu.

Otherwise, <ESC>

MuHmmmmn CSANDSET Dt e

| [|so1L LavER DATA

il a

f| | LAYER BOT  GAM  GAMS SPT CPT KO OUER  ES

ik 1 3.8 118.8 125.8 12.@ 43.8 0.58 778.8 9.0

i £ 15,990 118.8 125.@ 14.8 47.8 B6.58 1320.@ 250.8
3 38.88 112.8 125.8 18.8 S55.8 9.58 2498.8 0.8
4 S55.8@ 115.@ 128.8 19.8 S5.8 ©.50 4158.8 0.8

CESC»> to exit. <L> return to previous screen.

HEE:
IHHEH -

Figure 33. Screen showing current soil layer data

109. Settlement calculations. The selection of choice D on the main

menu, Figure 34, brings up the screen shown in Figure 35.

The user can select

MMM [CSANDSET

B o o D o D
Ee ﬁm\!ﬂlll e AN i i R GG i
i e i ;“i il o

s

A. Data File Input.
B. Interactive Data Input and Editing.
List Current Input Data.
Settlement Calculations
Save Current Data To File.

File For Saving Intermediate Calculations.

Exit To DOS.

C
D.
E.
F
G

Figure 34. Option to have settlement calculated

individual methods or all the methods to calculate settlement by pressing the

spacebar to indicate yes (Y) at the appropriate locations.

The <ESC> key is

used to enter these selections and produce the calculated settlements screen

shown in Figure 36. If all methods are selected (choice A, Figure 35), then a
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T

:

1] e

R

oe.— i i
#ii{]| SETTLEMENT CALCULATION

Select method(s):
A. ALL METHODS ¢
B. TERZAGHI (1967 N
C. TENG (1962) N
D. ALPAN (1964) L e
E. ELASTIC THEORY N i ;
F. D' APPOLONIA (1968) N :
G. D'APPOLONIA (1897a) N f
H. BRAZARRA (1969) N f
1. SCHMERTMANN (1978 N 2
J. SCHMERTMANN €1978) N i
K. SCHULTZ & SHERIF (1973) N i
L. MEYERHOF (1574) N !
M. PECK, HANSON, THORNBURN <1374) N |
N. BOULES (1977) N E
0. NMAUFAC DH 7.1 (1982) N !
P. OUEIS (1979) N y

Press space bar to select. ¢Esc? to continue. é

=y

Figure 35. Selection of settlement methods

M  [CSANDSET  ssimsapamsirer

Title: Example footing
Settlement (in.) SUMMARY FOR
.87 ALL METHODS
BT
g rMinimum: 8,27
o b maximum: 1.87
- average: g.58
. B7 median: B8.52
vy standard deviation
.29 from average:
.52 8.25
.47
. 50 (Excludes flexible
. 38 footings from
<55 Oueis and Elastic)
.98
, 78
.38
.Bb8
.y
, 36

. Terzaghi

. Teng

. Alpan

Elastic Theory: Rigid
Center
Average

D' Appolonia (1968)

D" Appolonia (1978)

Peck and Bazaraa

Schmertmann (1978)

Schmertmann (1978)

Schultz & Sherif

Meyerhof

Peck., Hanson, Thornburn

Boules

NAUFAC DM 7.1

Oueis: Rigid
Center
Edge

¢Esc?® to return to the main menu.

CZICCXL—-ITOMM

s I~ = s o s o B o O s e e I O B

Figure 36. Settlement calculations

statistical summary of the results is displayed on the right side of the cal-

culated settlements screen, Figure 36.

110. Save current data to a file. Selection of the option to save data
to a file produces the prompt for a file name similar to the input data file
prompt shown in Figure 25. The program will create a new file under the spec-
ified name and write the current input data to it, in the correct format for

an input data file.

111. Intermediate program calculations. If the option to save interme-

diate calculations is selected (choice F on the main menu), a file name must
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be entered at the prompt. Into this file will be written the correction
factors, chart values, and other calculations used in each settlement method
to compute the final settlement shown. An example of these intermediate cal-

culations is listed with the CSANDSET output for Example Problem 1 of
Appendix A.

112. Exit program. Press the enter key at choice G on the main menu,

Figure 24, to leave the program and return to the computer operating system.

Preparation of Input Data File for CSANDSET

Data sections

113. 1In the input guide to follow, data is described by the sections
listed:

a. Title.

b. Footing description.

c. Soil description.

d. Optional data (optional).
€. Soil layer data (optional).
f. Ending.

114. The first three and the last sections are the required data. The
other two sections, as noted, are optional.

115. For each data section, there is always a command line and some-
times additional data lines. The command line must begin with the four-letter
command word for that data section. There may or may not be other data items
on the command line. The command and data lines are boxed in this guide for
easy recognition.

116. In CSANDSET, data items which are "depths" should be entered as

positive numbers, increasing downward. They are measured from the ground

surface to the boundary in question.

sSyntax
117. The data file syntax is the language used in this input guide to

describe how the data for a file should be written.

a. Brackets, [ ] , are used to indicate that the enclosed

characters are optional data items. Therefore, you may choose
whether or not to enter the data shown in the brackets. Do

not enter the brackets.
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Input lines

118.

o

[oF

o]

I

Quotation marks, " " , around underscored words indicate that

the word is to be typed as shown, without the quotation marks
or underscore. These are command words.

The data file is typed line-by-line using the command word and
data line format shown in this guide. Line numbers are not to

be used.

All data entry is in free-field format. Enter at least one
blank space to separate data items on a line. Do not use com-

mas or any other characters to separate data.

English units are used in CSANDSET. Units vary from one data
item to another, therefore, be sure to use the proper units
for the data as noted in this guide and on the program
screens.

Notes about specific data items or their entry may be listed
below the data line descriptions. This is important informa-
tion which should be read for proper understanding of the
input data.

A good way to learn the format for an input data file is to
enter data interactively on the menus, then save it to a file.

The following subparagraphs give a step-by-step description for

writing an input data file.

a.

b.

Title

(1) Command Line.

content: |"TITL"

definition: "TITL" = command word for title of analysis.

(2) Data Line.

content: XAXXAXE. . .

definition: any alphanumeric information, up to 65
characters in length

Footing Description

(1) Command Line.

content: |"FOOT"

definition: "FOOT" = command word for footing data

(2) Data Line.

content: (B LD Q
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d.

definition: = footing width; short dimension (ft)

= footing length; long dimension (ft)
= footing depth from ground surface (ft)
= applied net loading pressure (tsf)

P Bl e i ol < -

Soil Description

(1) Command Line.

content: |"SOIL"

definition: "SOIL" = command word for soil data

(2) Data Line.

content: |SPT CPT GAM GAMS KO H W

definition: SPT

uncorrected SPT blowcount value,
average from D to D + B
(blows/ft)

CPT = cone penetration test value, average
from D to D+ B (tsf)
O, if not available

GAM = total moist or dry soil unit weight
(pef)

GAMS saturated soil unit weight (pcf)

KO = horizontal at-rest earth pressure
coefficient (used in Oweis method)

H = thickness of compressible soil,
measured from the ground surface to
the depth of a rigid layer (ft)

W = depth to the water table from the
ground surface (ft)

Optional Data. Default values are given and the results of
using the default value are explained.

(1) Command Line.

content: |["OPTN" GHN MAT TIME PRE|]
definition: "OPTN" = command word for optional data
GHN = corrected blowcount from Gibbs and

Holtz (1957) chart; used in the
Alpan (1964) and D'Appolonia,
D’Appolonia, and Brissette (1968)
methods, (blows/ft)
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= (0, default: D’'Appolonia,
D'Appolonia, and Brissette (1968)
and Alpan (1964) settlements not
computed

MAT = 1 if foundation is a mat (five
methods provide equations for mats)
= 0, default: foundation is a spread
footing

TIME = period of time for which creep
settlement factor is calculated in
the Schmertmann (1970) and
Schmertmann, Hartman, and Brown
(1978) methods (years)

0, default: creep settlement factor
not applied

PRE = 1 if the soil is preloaded; used in
D'Appolonia, D’Appolonia, and
Brissette (1970) method for
preloaded soil modulus

0, default: soil is normally
loaded.

I

(2) Data Line.

content: |[ES PR OVER GAMW DR NCHG]

elastic soil modulus used in Elastiec
Theory and Schmertmann (1970) and
Schmertmann, Hartman, and Brown (1978)
methods (tsf)

= 0, default: ES = 5(N + 15) tsf

definition: ES

PR = Poisson’'s Ratio
= (0, default: PR = 0.30
OVER = effective overburden pressure

corresponding to the SPT blowcount

(pst)
= 0, default: OVER = GAM(D+B/2)

GAMW = unit weight of water or other fluid
(pef)
= 0, default: GAMW = 62.4 pcf
DR = soil relative density (percent)

= 0, default: computed individually in
methods that use DR '

NCHG = 1 if sand is silty or very fine, and is
saturated and dense; Terzaghi’s blow-
count correction, N, = 15 + 0.5(N
- 15), is applied in methods that use
15
= 0, default: so0il conditions do not
apply
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(3)

Notes.

(a)

(b)

(c)

(d)

If the user desires a default value for any data
item, enter zero (0) in the position of that data
item on the line. The default value shown above
will be internally assigned to that variable.

On the Command Line, only the command word "OPTN" is
required. After this, enter up to the last value
desired only. Defaults will be assigned to the rest
of the data. For example, to indicate a mat founda-
tion with all else default, only the command line
with values for GHN and MAT need to be entered:
"OPTN" GHN MAT. The line entered may look like:
OPTN O 1. The defaults for TIME and PRE will auto-
matically be set,

If only the optional data items on the Command Line
are to be entered, then the entire following Data

Line may be omitted. Default values are assigned
internally.

If only data on the Data Line is to be entered, the
data items following the command word "OPTN" may be
omitted from the Command Line.

e. Soil Layer Data (optional, defaults shown. See notes -
paragraph 118e3)

(1)

(2)

content: |"LAYE" NL

content: |[BOT GAM GAMS SPT KO CPT OVER ES NCHG

definition: BOT

Command Line.

definition: "LAYE" = command word for soil layer data
NL = number of soil layers to be entered
(max. 20)
Data Line -- one per layer, repeat NL times.

depth from ground surface to bottom of
soil layer (ft)

Il

GAM = total moist or dry unit weight of soil
layer (pct)
GAMS = saturated unit weight of soil layer
(pef)
SPT = uncorrected SPT blowcount value for
the soil layer (blows/ft)
KO = horizontal at-rest earth pressure

coefficient (used in Oweis method)
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CPT = cone penetrometer test value for the
soil layer (tsf)
= 0, default: SPT converted to CPT in
Schmertmann methods

OVER = effective overburden pressure for SPT
value (psf)
= 0, default: OVER = effective unit
weight times depth to midlayer

ES = soil modulus for layer; used in
Schmertmann method if entered (tsf)
= 0, default: computed by CPT or SPT
relation to E in Schmertmann method.

NCHG = 1 if layer is silty or very fine sand,
and is saturated and dense. Used in
Schmertmann to convert SPT to CPT if
CPT not entered.

= 0, default: soil conditions do not

apply
(3) Notes.

(a) The value of BOT of the last (lowest) soil layer
must equal the value H , the depth of the compres-
sible zone, entered in the soil data section.

(b) For more accurate results a layer should be defined
Bt:

The level of the groundwater table (if < H).

s

2. The depth D + B/2

(c) 1If all the properties of one soil layer are the same
as those of the immediately preceding layer, just
enter BOT "SAME", for that line, and all values of
the remaining data items for that layer will be
equated to the values of the data items for the
preceding layer (except for overburden which is cal-

culated). An example is shown in the sample data
file of Figure 37.

f. End of Data Entry

Command Line.

content: |"END"

definition: "END" = command word for end of data.
119. Figure 37 is an example data file showing the use of different
input options.
120. Figure 38 shows an example footing with the general dimensions and
terms listed as they are used in the input guide for footing and soil data.

Figure 39 shows the terms for a layered soil system.
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TITL ..cevveveeceeeennenne. (command word)
EXAMPLE DATA FILE FORMAT ..(title information)

FOOT ....ceveeeececeneness. (command word)

g r 2 DEEVE " % aw e snis s wswne (B LD Q)

SOIL .ccccececccsececnsesss (command word)

18 0 100 116 0.5 30 11...(SPT CPT GAM GAMS KO H W)

OPTN 42 0 01 ....cccees0..(command word, GHN MAT TIME PRE)
250 D 0 0 67 0O uaeis . (ES PR OVER GAMW DR NCHG)
LAYE 4 ccccccccssssccnsesss(Ccommand word, NL)

11 100 116 18 .5 0 0 0 O ..(BOT GAM GAMS SPT KO CPT OVER ES NCHG)
eU- 200 1l 22 .5 0 0 0 1 ..(layer 2)

25 SAME ....¢c00::22.2.....(layer 3, same properties as layer 2)
30,100 116#2% .5 0 0 0 0...(layer 4)

B LS We His sk be o n on o atea via o ... (Command word)

Figure 37. Example data file

et
e — = /\
- D
(T 0 o e »
5 H
s
v
NN NN

Figure 38. Example footing showing dimensions and
terms for required input data
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Figure 39. Example problem showing dimensions and terms for

a layered soil system
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APPENDIX A: EXAMPLE SETTLEMENT PROBLEMS

Hand Calculations and Verification of CSANDSET

1. Three example settlement problems are presented in this appendix.
Each is slightly different from the others to show different aspects of set-
tlement calculation. A paragraph and figure describe each example, hand cal-
culations from each of the methods are provided, and the results from the
CSANDSET computer program follow. The calculations follow the procedures
outlined in Part III of the main text.

2. Problem 1 shows more detailed calculations than Problems 2 and 3.
The charts used to obtain values for certain methods are included in the hand
calculations for Problem 1, but are referenced only in Problems 2 and 3. Some
of the hand calculated values are carried out to more decimal places than may
be considered practical. This is done only to provide a better comparison
with the CSANDSET computer program calculations. Slight differences between
hand and computer calculations are mainly due to discrepancies between the
values chosen from graphs and curves. Sometimes, small differences in a vari-
able, such as the alpha value in Alpan’s (1964)%* method, can produce notable
changes in the computed settlement. In the Oweis (1979) method many charts
and curves are used, thus it is possible for cumulative errors to result if
one is not careful and consistent in selecting values.

3. The following symbols used in the problems are assigned the defini-
tions and units listed:

= footing width (ft)
= footing length (ft)
footing depth (ft)
= net applied pressure at footing base (tsf)
= average field blowcount for a distance equal to B below the
footing base (blows/ft)
g. = cone penetrometer test value (tsf)
H = depth to incompressible stratum from ground surface (£E) . IF
not known, assume at least D + 2B .
W = depth to groundwater from surface (ft)
v = total (unsaturated) soil unit weight (pcf)
Yeat’q = Saturated soil unit weight (pcf)

=20 OB
I

* A list of references follows the main text of this report.
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Problem 1

4. This is an example of a fairly simple problem. The footing is
located at the ground surface (no embedment), and there is no groundwater
present within the range of two times the width below the footing. The length
is roughly twice the footing width. Dimensions and parameters are shown in
Figure Al. Table Al lists the hand-calculated settlements from all the
methods. Figures A2 through A7 show screens from the CSANDSET computer pro-

gram for the input, settlement calculations, and intermediate calculations of

Problem 1.

= 15 ft*

= 32.8 ft

0.0 ft

= 0.49 tsf

= 10 bl/ft

g. = 40 tsf

= 110 pef

40 ft

= 40 ft (assumed)

=209 O W
il

T, e
!

o IEY — -

Length = 32.8

0.49 tsf
A
N = 10 bil/ft
ds= 40 tsf
5 = 110, pel
40
! T,

LA LT LR LA L BFFE LA TR LT OTHE L  —

Figure Al. Example problem 1 (Jeyapalen 1982)

* A table of factors for converting non-SI units of measurement to SI
(metric) units is on page 6 of the main text.

A2



a.

o

o

Terzaghi and Peck (1948, 1967)

s O

Teng (1962)

N 50
PRI [m]

P’ =7 [D + _g.] = 110 pcf(O + 7.5 ft) = 825 psf = 5.73 psi

o l,zvz [‘B%I]z (CuCa)

Cd o 1.0

- q
S TR (B

N¢=10[m = 31.8
C.=»1.0 ; 64y=1.0

18 16 Tt

12(0.49 tsf) [15 ft]z

S =0.517 in.

2
2B ] (C. Cy)

7-![Oz.ocm lbL )
ton 30 ft
0.49 tsf T 8= ['I_G_ff]

0.166 in.J

Alpan (1964)

el <
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Correct blowcount for overburden pressure with Alpan's form of
Gibbs and Holtz (1957) chart. N =10 , p’ = 5.73 psi (para-
graph 4b), use Figure 9a (main text):

SPT Blowcounl - N

'a /0 o Jo Yo .131 & e =
"
_il
E
3 4
0 : :
v N .
v \ \\ Terzaghi - Feck”
A. o
; \ \\
=)
=
..:D’ l\ \ h
2 W
>
o
g‘ 5 bo >0
E 1 L K \kx
3]
-
Bl ol L

N, = 28 bl/ft

Use Figure 10a (main text) to get o .

o~ 0.108 in. - ft?

ton

|
o.o0L | \
|
|

2o 30 40 S0 60 80 (00

N =-- Blowcount

AL



Use Figure 11 (main text) to get shape factor, m .

L _32.8ft _, 157

n=.B.—_I.5_f_t

o .0.64
I

m=0.64n

=0.64(2.187)

=1.4
a =
_ \
8
T
n = L/B : \l
: N\
\h.
. <
Ik e
T A
. 6 @/ 032 b)) 0% 0F O4 AT ad ap Lo
m/n
C, = 1.0

Y/

ton

2
o E).IOB i“-'ftz] (0.49 tsf) [,i%_fr‘;] (1.4)(1.0)

S =0.260 in.
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d. Elastic theory.

qBI (1 __72) Gy

S = £
g _ 40 fe 2.7 < 10, therefore, compute settlement of footing
B 15 Ft . :
on finite compressible layer, as shown in
paragraph 62 in Part III of the main text.
(1) S, = settlement at center of flexible footing on
semi-infinite layer
(il uy®)
gBI £

I =~1.54, from Table 7 (main text), for L/B = 2.187

E=5(N+ 15) tsf - from Table 8 (main text), and used in
CSANDSET

= 5010 + 15) = 125 tsf
v = 0.3 (assumed)

I = 0.3
125 taf

S. = (0.49 tsf)(15 £t)(1.54)%
= 0.989 in.

(2) S, = average settlement = 0.848 S, = 0.839 in.

= 0.0824 ft

S, = rigid footing settlement = 0.93 S_ = 0.92 in,

(3) S' = settlement of a corner of the footing at depth

H = 40 ft
== Q.E _ 2 ' (]- = ZT) '
TR B T et

Br=§=?.5 ft

()

0.490, from paragraph 62, m = R TR S 2.187

B/2 el i =

b~
o
I

H 40 ft

I,' = 0.119 - !
4 , from paragraph 62, and n B/2 7 5 £t

= 5,333

Ab



g (0.49 tsf) (7.5 ft)
2(125 tsf)

(1 - 0.3%)

3

il

x 10,490 - 1L = 200.3)] .4 499,
L (1 - 0.3)

= 0.0056 ft = 0.0677 in.

(4) Sc¢ = settlement at center of flexible footing on finite
layer

= S, - (45') = 0.989 in. -(4)(0.0677 in.)
Sﬂf = (0.718 in.

(5) Sa¢ = average settlement of flexible footing on finite
layer

- 0.848 Scf
Slf _— 0.609 il‘l.

o

S;¢ = settlement of rigid footing on finite layer
. 0.93 Scf
S.¢g = 0.668 in.

v

D'Appolonia, D'Appolonia, and Brissette (1968).

2
8q B
= o4 C
2 N, ErifI] d

N, = 28 (Gibbs and Holtz (1957) corrected blowcount)
Cl:l — 1.0
¢ - 8(0.49 tsf) [15 £t
28 16 ft
S =0,123 in.

f. D'Appolonia, D'Appolonia, and Brissette (1970).

I = pop, , from Figure 13 (main text)
po = 1.0 (D/B = 0)
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py = 0.78 (H/B = 2.67, L/B = 2.2)

I=20.78

293

20

-/

FACTOR u,

03

00

1.0
o9
o8
o7

FACTORM U,

o6

°%

FORMULA

Stiugu I P8

L/78 RATIO —=

1
|

I

)

CmcLE

-

|

g1 02 0% 1 2

$ 10 20 30 100 1000

H/8 RATIO

=

I 02 o% 2

5 0 20 %0 100 1000
/8 mamio
Frem Jonbw el o

Compressibility Modulus, M = 255 tsf , for N = 10, Figure 14

(main text)

gBI _ (O

.49 tsf) (15 ££)(0.78) _ 4 0225 ft

M

255 tsf

0.270 in.

(tsf)

oo

M, Modulus of Compressibility

Tia

l /4’-‘:1 LO40ID SanD

oo

T

L

&
=k o | C wOSMALLY LOADED S4nd 09
oy LawD AWD CRawviy
v

B - Cala PQimYT FrEQwW TADLE o

& - imama BTl | Semper & peomite g = ey oasegpe
tapesge B nped 'H mRiaA S4'8 e )

| L | 1

L] 40 10 “a e

Average Measured SPT Resistance in
Depth B below Footing, Blows/Ft.
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a a (1969

Cd- 1.0 ’ C"-]..O

Correct blowcount for overburden

p’ = EJ + .';] = 110 pcf (7.5 ft) = 825 psf = 0.825 ksf

A 4N - 4(10) -
Bl e o Bl sy (g
o _ 8(0.49 tsf) [15 £’
S =0.228 in.

Schmertmann (1970)

Assume uniform layer - constant E; over depth of 2B.

' 0.6B
fore, the sum of the terms £ zZy = g
s 5

E,Z =2 q, = 2(40 tsf) = 80 tsf

Cd - 1.0, Ct. =1.0

A9
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S = (0.49 tsf) 0-%13;? = 0.055 ft

S =0.662 in.

Schmertmann, Hartman, and Brown (1978)

S =qC, =~ |12
q dt.E y o Zy
i=1 s Ji

2 N
Uniform soil, constant E, : E [ z] z; = area under strain
i

15 1o .
influence diagram

Form the strain influence diagram:

Point 1

A
depth, Tl -1 [% = 1] +0.5<1,0

1 [32.8 ft

£ : -1]+0.5=0.566<1.0

0.566B = 8.49 ft

I, - peak = 0.5 + 0.1| E‘E{_

p’ = (D +2Z,) =110 pef(8.49 ft) = 933.90 psf

0N
[
I

I, - peak = 0.5 + 0'1J 0.49 tsf(2,000)

933.90 pst

= 0.602

Al0



Point 2

I, - intercept = .g].b[%' - 1] +0.1=<0.2

_ 1(32.8 £t _ :
'9'6—['5—ft— 1]*0.1—0.113(0.2

Point 3

2 _ 2L _

s 2] 32:8 £t _ il

Compute E_ :

E =ch

R=_é[% -1]+2.5£3.5
=763 <4.5

E. = 2.63(40 tsf) = 105.2 tsf

Constant E_, with depth, .. sum area under curve

@D =0.113(0.566B) = 0.064B

@

.]2'(0.602 - 0.113)(0.566B) = 0.138B

€)

I

%(2.264 - 0.566)B(0.602) = 0.511B

TOTAL = 0.713B

All



0.0

0.5

0.566 —>

1.0

o |

1.9

2.0

2.264 —>
0. M-

Cd d 1.0, Ct

1.0

q 0.713B
105.2 tst

] = 0.49 tsf

0.598 in.

Schultze

and Sherif (1973)

Al2

0.713(15 ft)

105.2 tsft

Le

]= 0.0498 ft



Q = gross contact pressure = net + D

q = 0.49 tsf["-”f‘;sl‘f&/ c‘“] = 0.478 kg/cm
vD =0

Ch==l.0

Use Figure 17 (main text), L/B , and
B =15 ft (12 in./ft) (2.54 cm/in.) = 457 em ,

to get F_, factor

F, = 9.5 cm®/kg

O (0.4?8 kg/cmz)(g.S cma/kg) =0.6126 cm
(10)°-87(1.0)

S =0.241 in.

Check reduction factor: D, =H - D = 40 ft

_g = %—E% =2.67> 2.0 .. Reduction not needed

—

2 ‘

-

&> 100 ' = '

=

2 s0d Yas

< ' Zoh
- i

5 ra

o

=

L8]

Q

Q

il

=

L)

E

[ V]

o

——

L1

N

S Blcm)

[

50 100 500 1000 5000 10,000

Foundation V¥idth
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k.

=

Meyerhof (1974).

B =15 ft = 180 in.

Cd = 1.0

(0.49 tsf)y/180 in.

ol 7(10)

5 =0.329 in. |

_ -

Peck, Hanson, and Thornburn (1974)

S

- q
.11 N.C,

N, = GN

CH &= 0.7? 105[%9.]

p’ = -;E) - .g] = 110 pef(15 ft/z)[ 1 ton |_0.4125 tsf

23

0.77 1log(20/0.4125) = 1.298

=
I

. =1.298(10) = 12,98

Q
[

1.0

s . 0.49 tsf
0.TI(1Z.98)
S = 0.343 in.

Al4



NAVFAC rtment of the Na 98

SN

Compute relative density from Bazaraa (1967), paragraph 84, in main
text,.

lK
p* = EJ + -g-] =110 pCE[']:EQE][']:UO'O—IB] = (0.825 kst

D, = N = 10 - 43.4%
: = | sorT Iy | ZO(T  2(0.825))

Use Figure 22 (main text) and D, = 43.4% to get K,

K, = 105 tct
=W lﬂ'lrh un | STIFF VERY sTirr
pory STFF |
i 3! et el T
UNCONFINED COMPRESSIVE STRENGTM oy T3P
1.}
— ~
By
Q
-~ 00
o
- K,* FOR COARNSLI-GRANED 3003
x =
i -
ot -———— -k
3 o 10 4 if[ (1] A ab J

“° 1 i L L i i i 1 i |
snd |venvioose| coose | wfonss owse | oewst | vemveqwsy

Relative Density D., (%)

c =4.0 (B<20)

Al5



_ 4.,0(0.49 tsf) [15 £e ) _ 4
= —rtrs-z:'s'f—'["L'G-EE]z i

S =0.197 in.

n. Bowles (1977/82)

q = 0.49 tsf [m] 0.98 kst
c, =1.0
Cﬂ = 1 0
g - 4(0.98 ksf) [15 fe
10 16 £t
S =0.345 in.
o, Oweis (1979)
n n 'I’
S= % 6 =gqB Yy ?i - - sum settlement of individual layers
1'=1 =1 =4

(1) Subdivide the stratum into layers over a depth of 2 X B
below the footing base:

Al6



I1 1 1
2 :
%% Eg I 4 @ = 1 g% EIEE
o EE t 5 ® = Y S Eg
:? 1 6 = 2 gg
I 7 s Y o
q

The following steps (2 through 12) are performed to calcu-
late settlement of the top sublayer under the center of a

flexible footing.
(2) Correct blowcount at middepth:
p' = v(1.875 ft) = 110 pcf(1.875 ft)
= 206.25 psf = 0.206 kst

4 4N _ 4(10) - 28.32
Ne ¥ 2p7 I +2(0.206) '

(3) o, at mid-depth ='p’ = 206.25 pst

(4) Mean effective normal stress:

1 +2K,
mo 3_ va

1 + 2}0-5) (206.25 psf)

Q
I

137.5 psf

Al7



(5) Change in mean effective stress due to applied load: Ag,

Ao, = aq

g _ 1L.3/5 Tt _
Use Figure 19 (main text) and L B A 0.25 , to get a

| . 7"‘ i

| Zad B
g +

! L

/] |
O v e

;
0 ol 0.2 0.3 04 0.5 06 6_; 0.7 08
a= 0.64
Ao, = 0.64(0.49 tsf)(2,000)
= 627.2 psf

(6) Koo = 17.2(N_)%42 = 17.2(28.32)0-42
- 70.05

(7) Maximum elastic modulus of layer

txy
|

max Kmaxﬂ/amo = ﬁam

70.05/(137.5 + 627.2)psf

1,937 11 kst

Al8



(8) Settlement factors: Use Figure 20 (main text), and

Ztop .0  and Zvottem _ 3.75 ft
B/2 : B/?2 1.3 Tt

=0.50 , toget F,, and F,

Settlement Factor, F

5 01 roz 03 __ 04 N4 _os _.or _ 08

- e ——————
UNIFORM CIRCUL AR LOAD (CENTER)
CIRCULAR RIGID PLATE, j+0 33
UNIFORM CIRCULAR LOAD (PERINETER)

I

|

Z/(B/2)

For top layer, i = 1l:
Fi'l - 0
Fi= 0.158

(9) ¥, = F, - F;.; = 0.158 - 0 = 0.158

lzkl

15 o

1 ¥ ga SalBiib. A e 1 \ : - 0.0003197 = 0.032%
i Ris e (3.75 £ty (1,937.11 ksi)

E

max

: E
: tio
(10) Use Figure 21 (main text) and A, , to get the ra [ ]1

Al9



1.0

i Average for cases
of fine and medium sands

0.5

|
.:ET+- - | e —F [}~ Average of the Lwo curves
0.1

o,uﬁ:l_ i - Average for cases

E/E max

of gravelly sands,
sandy gravels, and
gravels

0.01
.001 005 01

—
05 0.1

F-

SPp— — e

0.031-.
A, (%)

2 B
{E__]l-0.175

max

(11) El = [EE ]Emax

(0.175)1,937.11 ksf

339.0 ksf

(12) Layer 1 settlement:

2 kips
. qBY, . 0.49 tSf[Tffaﬁ'k15 ££)0.158
£y S

0.00685 ft

=
e
|

0.082 in.

Settlement calculations for the remaining sublayers and for
all edge and rigid footing settlement are shown in the fol-
lowing charts. Table 11 (main text) is used to record
results from each step of the calculations.
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For: (Center Edge  Rigid) Settlement.
— —— — ——
Layer Blows Corrected Midlayer Mean Init.
Layer Thickness per foot, Blowcount a, Stress, O, z-midlayer Alpha Ao,
No. h; N N, (psf) (psf) 0.58 Factor (psf)
1 3.75° 10 28.32 206.2 137.5 0.25 0.64 627.2
2 17.88 618.8 412.5 0.75 0.355 3479
3 13.06 1,031.2 687.5 1.25 0.190 186.2
I 4 10.29 1,443.8 962.5 1.75 0.115 112.7
I
’ 5 9.57 1,856.2 1,237.5 2.25 0.080
i 6 9.12 2,268.8 1,512.5 2.75 0.055 539 43.53 1,722.8 2.5 3.0 0.600 0.640 0.040 | 0.009 | 0.700 |1,2060 0.000483
7 8.71 2,681.2 1,787.5 3.25 0.041 40.18 | 42.70 1,825.4 3.0 3.5 0.640 0.672 0.032 0.007 0.750 |1,369.0 0.000342
8 8.35 3,0938 2,062.5 3.75 0.032 31.36 | 4192 1,918.1 35 4.0 0.672 0.698 0.026 | 0.005 0.850 |1,630.4 0.000233
Total = 0.03009 fi
S = 0361 in.
center-flexible

| XA




For: (Center

Edge

Rigid) Settlement.

- ——

¢CV

Layer Blows Correcied Midlayer Mean Init
Layer Thickness per foot, Blowcount o, Stress, o, z-midlayer Alpha Ao, Eoa z-10 z-boltom (top) (bottom) A i -
i 375" 10 0.312 305.76 70.05 1,474.8 0.0 0.071 0.071 0.0189 0.36
. 0.195 191.10 57.74 1.41B.6 Same as for 0.071 0.140 0.069 0.0191 0.355
cenler
3 Same as for center of 0.129 126.42 50.61 1,4439 0.140 0.206 0.066 0.0179 0.38
footing calculations
4 0.075 73.50 4578 1,473.7 0.206 0.257 0.051 0.0136 0.56 825.3
5 0.067 65.66 44.42 1,603.6 0.257 0.300 0.043 0.0105 0.64 1,026.3 0.00062
| 0046 | 4508 | 4353 | 17180 0300 | 0330 | o030 | oooss | 078 | 13400 | 0.00033
H 7 0.039 38.22 42.70 1,824.4 0.330 0.359 0.029 0.0062 0.792 1,444.9 | 0.00030
8 0.030 29.40 41.92 1.917.2 0.359 0.383 0.024 0.0049 0.85 1,629.6 | 0.00022
Total = 0.00813 fi
S = 0.098 in.
edge-flexible

(Sheet 2 of 3)



XA

For: (Center Edge Rigid) Settlement.
—— = —— = = Hﬁ
Layer Blows Comrected Midlayer Mean Init.
Thickness per foot, Blowcount o, Stress, z-midlayer Alpha Ao, A, z-dop
h, N N, (psf) Oino Factor (psf) 9 (ksf) 0.58
(psf)
0.435 4263 70.05 1.6633
2 0.243 238.1 57.74 14729 Same as for
ll center
Same as for cenler settlement 0.158 154.8 50.61 1,468.9
| 0.100 98.0 45.78 1,491.0
0.070 68.6 44 42 1,605.4 0.363 0.420 0.057 0.0139 0.525 842.8 | 0.00099
0.050 49.0 4353 1,720.1 0.420 0.450 0.030 0.0068 0.780 1,341.7 | 0.00031
0.042 412 42.70 18258 0.450 0.485 0.035 0.0075 0.740 1,A51.1 0.00038
rJ 0.031 304 | 4192 | 19177 0.485 0.509 0024 | 00049 | 0.850 | 16300 | 0.00022
Total = 001688 fr |

ll

§$=0203 in,




Table Al
Summary of Results from Hand Calculations of Problem 1

Method &w_l

Terzaghi and Peck (1948, 1967) 0.52
Teng (1962) 0.17
Alpan (1964) 0.26
Elastic Theory - rigid 0.67
center (flex.) 0. T

average (flex.) 0.61

D'Appolonia, D’Appolonia, and Brissette (1968) 0.12
D'Appolonia, D'Appolonia, and Brissette (1970) 0.27
Peck and Bazaraa (1969) 0.23
Schmertmann (1970) 0.66
Schmertmann, Hartman, and Brown (1978) 0.60
Schultze and Sherif (1973) 0.24
Meyerhof (1974) 0.33
Peck, Hanson, Thornburn (1974) 0.34
Bowles (1977, 1982) 0.34
NAVFAC (Department of the Army (1982)) 0.20
Oweis (1979) - rigid 0.20
center (flex.) 0.36

edge (flex.) 0.10

A24



Footing Data

Title = Example Problem 1
B = 15 FEET
L = 32.8 FEET
D =0 FEET
i = 8.49 TSF
(PLAND L
<{Esc) to exit. ‘_I

(0> Applied Net Pressure At Footing Base

Figure A2. Input data for footing of Problem 1

Soil Data }
SPT = 18 Blous Per Foot —] I I l I
CPT = 48 TSF H U
I
GAM = 118 PCF
GAMS = 1186 PCF
KO = 0.5 C(RIGID LAYER)
H = 408 FEET

Number of Soil Sub-Layers 1

{Esc> to exit.

U = 40 FEET
|

(nax. 28) For Oueis and Scheert. methods. Enter 1 if no layers

= —— —— o ——

Figure A3. Input data for soil of Problem 1
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OPTIONAL SOIL DATA Units Default Ualue or Condition
GHN = 28 BLOUS/FT. 8 = ALPAN and D’ APPC’ 68) Hethods Not Computed
MAT = 9 8 = Individual Footing
TIME = @ YEARS B = CREEP NOT COMPUTED
PRE = %) 8 = SOIL NOT PRELOADED
B .= TSF = S(N+15), N = Uncorrected Bloucount
R o = 83 = 0.30
OVER = 8 PSF = EFFECTIUE UERTICAL STRESS AT D+B/2
GAMU = 62.4 PCF = 62.4 PCF
DR =109 / COMPUTED BY BAZARAA METHOD WHEN NEEDED
FINE = 8 8 = CONDITIONS ON INFO LINE DON'T APPLY.

Enter <{Esc> to exit.

Enter 8 for the default value.

1

saturated, dense, very fine C(or silty) sand. Terzaghi N-correction used.

-
—

Figure A4.

Input of optional soil data for Problem 1

CSANDSET - INPUT DATA

Title: Example Problem 1
Footing Data: Optional Soil Data:
Uidth = 15.808 Ft Gibbs & Holtz Blouwcount = 28.88 BL/FT
Length = 32.88 Ft Creep Factor Time = 8.808 Year(s)
Depth = B8.008 Ft Elastic Modulus = 0.680 TSF
Pressure = ©@.49 TSF Poisson’s Ratio = 0.30

| Bloucount Ouerburden = 825.80 PSF
Soil Data: Uater Unit Ueight = 62.48 PCF
Blowcount = 10.806 Bl/Ft Soil Relative Density = 0.80 %
Cone Penetrometer = 408.08 TSF
Unit Ueight = 116.808 PCF 1=yes, B=no:
Sat’d Unit Ueight = 110.08 PCF Mat Foundation = 8
Horiz. Earth Pressure = 0.58 Preloaded Soil = %)
Depth To Rigid Layer = 48.88 Ft Sat’d, dense, fine sand = 8

Depth To Uater 40.080 FT

{Esc> to continue.

Figure A5S.

Listing of all input data for Problem 1
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spfsiisiiii:
Saneie St

-
it (]
-------------

I:l:l:é:":l:l:'::::-:::‘: i:t:{'l:l:l:l:l:.:_:l:l:l: I-: :l:l -. :I' :-' A A

R IO L O LKt Lo

W00 [CSANDSET  36666636363¢636¢,
Title: Example Problem 1 .
Settlement Cin.) SUMMARY FOR G
A. Terzaghi 8.52 ALL METHODS f';%
B. Teng 8.17 g%%ﬁ;ﬁ
C. Alpan 8.27 minimun: 012
D. Elastic Theory: Rigid 8.78 maximum: 8.708 s
Center 8.75 average: 8.34 e
Average @.63 median: 8.27 hg% :
E. D’Appolonia (1968) .12 standard deviation | i: &
F. D’Appolonia €(1978> 8.25 from average: %ﬁ%ﬁ%ﬁ
G. Peck and Bazaraa 8.23 8.19 Eﬁ%ﬁ%ﬁ%
H. Schmertmann (1978) B.66 s
I. Schmertmann (1978 8.60 (Excludes flexible [
J. Schultz & Sherif 8.25 footings from
K. Meyerhof 8.33 Oueis and Elastic)
L. Peck, Hanson, Thornburn 8.34
M. Boules 8.34
N. NAUFAC DM 7.1 8.20
0. Oueis: Rigid 8.19
Center 0.37
Edge 8.10
{Esc> to return to the main menu. :

CSANDSET settlement calculations
for Problem 1

Figure A6.
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INTERMEDIATE CALCULATIONS IN SETTLEMENT METHODS

NC = CORRECTED BLOWCOUNT
CD = DEPTH CORRECTION FACTOR
CW = WATER CORRECTION FACTOR

TERZAGHI =
NC = 10.00
cb = 1.00
CWw= 1.00
TENG:
NC = 31.79
co = 1.00
CWw = 1.00
ALPAN:
ALPHA = .11
SHAPE FACTOR = 1.41
CWw = 1.00

ELASTIC THEORY:

ELASTIC MODULUS = 125.00 TSF
I3 FACTOR FOR W>108 = 1.587

H<10B =  .490
I4 FACTOR FOR H<10B = 119

cb = 1.00
MEYERHOF :
co = 1.00

D'APPOLOMNIA-1968:

NC = 28.00

cb = 1.00
BAZARRA:

NC = 15.09

cb= 1.00

C¥= 1.00

Figure A7. Listing of intermediate
calculations from each method for
Problem 1 (Sheet 1 of 4)
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D’APPOLONIA-1970:

. COMPRESSIBILITY MODULUS = 277.10 TSF
FACTOR - U0 = 1.CO

FACTOR - U1 = .77

SCHMERTHMANN-1970:

ONE SOIL LAYER;CONSTANT MODULUS = 80.00 TSF
AREA UNDER STRAIN FACTOR DIAGRAM = 0.68B = 9.00

o= 1.00
TIME FACTOR = 1.00

SCHMERTMANN-1978:
THREE POINTS OF THE INFLUENCE DIAGRAM:
(12-AX1S INTERCEPT,0) = ( .113,0)

(1Z-PEAK, 2/B - PEAK) = ( .602, .57)
(0, 2/B - MAX) = (0, 2.26)

CNE SOIL LAYER;CONSTANT MODULUS = 105.27 TSF
AREA UNDER STRAIN FACTOR DIAGRAM = 10.71

co = 1.00
TIME FACTOR = 1.00

SCHULTZ & SHERIF:

SETTLEMENT FACTOR = 9.8
STRATUM < 2B REDUCTION FACTOR =  1.00
= 1.00
PECK, HANSON , THORNBURN :
NC = 12.98
W= 1.00
BOWLES:
o= 1.00
W= 1.00

Figure A7. (Sheet 2 of 4)
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OWEILS

C = CENTER OF FLEXIBLE FOOTING
E = EDGE OF FLEXIBLE FOOTING
R = RIGID FOOTING

LAYER INFORMATION LISTED IN THE FOLLOWING ORDER:
A = LAYER #

B = DEPTH TO LAYER BOTTOM (FT)

C = MIDLAYER OVERBURDEN (PSF)

D = CORRECTED BLOWCOUNT

E = MEAN INITIAL NORMALSTRESS (PSF)

F = ALPHA: C, E, R

G = K-MAX

H = E-MAX (KSF): C, E, R

= SETTLEMENT FACTOR, F(I): C, E, R

PSI: C, E, R

= LAMBDA (X): C, E
E/E-MAX: C, E, R
= E (KSF): C, E, R,

= LAYER SETTLEMENT (INCHES): C, E, R

-
;

, R

2 E r~ X & =
n

(A) 1, (B)  2.50, (C) 137.5, (D) 31.4 (E) 91.7
(F) .79, .37, .52, (G) 73.13

(H) 2148.3, 1558.7, 1796.3, (1) .11, .05, .04
() .11, .05, .04, (K) .029, .017, .013

(L) .206, 411, .559, (M) 442.6, 639.9, 1003.9
(N) .043, .013, .007

(A) 2, (B)  6.25, (C) 4B1.3, (D) 20.4 (E) 320.8

CF3 A%, L2V, .29, qnd.8%.00

(W) 1635.9, 1405.6, 1496.6, (1) .27, .12, .14
() .16, .07, .10, (K) .038, .020, .025

(L) .143, .335, .250, (M) 234.5, 470.3, 374.4
(N) .120, .027, .045

(A) 3, (B) 10.00, (C) B893.8, (D) 14.3 (E) 595.8

() 2%, .16 B (8) 52.65

(W) 1517.4, 1428.0, 1464.0, (1) .42, .19, .25
() .15,, .07, .11, (x) .038, .019, .031

(L) .43, .375, .192, (M) 217.5, 535.2, 281.5
(N)  .120, .022, .0O72

(A) 4, (B) 13.75, (C) 1306.3, (D) 11.1 (E) 870.8

(F) .15, .10, .12, (G) 47.22

(H) 1507.6, 1471.5, 1487.0, (1) .51, .26, .34
(J) .10, .06, .09, (k) .025, .015, .023

(L) .254, .506, .2B4, (M) 383.0, T744.6, 422.8
(N) .04k, .013, .036

(A) 5, (B) 17.50, (C) 1718.B, (D) 9.7 (E) 1145.8

(F) .10, .08, .09, (G) 44.73

() 1576.4, 1562.4, 1569.3, (1) .58, .29, .40
(Jy .07, .04, .06, (K) .016, .011, .016

(L) .452, .604, .462, (M) T12.4, 944.3, T24.9
(N) .015, .008, .016

Figure A/. (Sheet 3 of 4)

A30



(A) 6, (B) 21.25, (C) 2131.3, (D) 9.3 (E) 1420.8

(F)
(H)
(J)
(L
(N)

(A)
(F)
(H)
(J)
(L)
(N)

(A)
(F)
(H)
(J)
(L)
(N)

(A)
(F)
(H)
(J)

(L)
(N)

06, .06, .06, (G) 43.82

1687.9, 1683.9, 1686.7, (1) .62, .32, .45
.05, .04, .05, (K) .011, .008, .011

.608, .700, .626, (M) 1026.8, 1178.9, 1055.2
.008, .005, .008

7,

-

(B) 25.00, (C) 2543.8, (D) 8.8 (E) 1695.8
04, .04, .04, (G) 42.97

1791.2, 1791.4, 1792.3, (1) .66, .35, .48
.04, .03, .03, (k) .008, .006, .007

709, .782, .752, (M) 1269.3, 1400.1, 1348.1
.005, .004, .004

8,

(B) 28.75, (C) 2956.3, (D) 8.5 (E) 1970.8

.03, .03, .03, (G) 42.17
1886.0, 1887.4, 1887.5, (1) .69, .37, .50
.03, .02, .02, (k) .006, .005, .00S

-

784, .B48,  .B47, (M) 1478.7, 1600.1, 1598.6

.003, .002, .002

9,

(B) 32.50, (C) 3368.8, (D) 8.1 (E) 2245.8

.02, .02, .03, (G) 4&1.42
1973.1, 1973.7, 1973.8, (1) .71, .39, .52
.02, .02, .02, (K) .005, .004, .00&

842, .B97, .899, (M) 1660.4, 1770.6, 1773.6
.003, .002, .002

(A)10, (B) 36.25, (C) 3781.3, (D) 7.8 (E) 2520.8
.02, .02, .02, (G) 40.72

(F)
(H)
(J)
(L)
(N)

20

53.1, 2051.8, 2052.4, (1) .73, .41, .54

.02, .02, .02, (K) .004, .003, .003
.886, .928, .903, (M) 1818.8, 1904.9, 1854.2
.002, .001, .002

(A)11, (B) 40.00, (C) 4193.8, (D) 7.5 (E) 2795.8
02. .01, .02 (G) 40.05

(F)
(H)
W)
X
(N)

21

26.8, 2123.1, 2126.3, (1) .74, .41, .54

.01, .00, .01, (k) .001, .001, .0O1

1.

001, 1.000, .999, (M) 2128.7, 2123.1, 2121.8

.000, .000, .001

NAVFAC:

REL.
MODU
Cd =

DENSITY = 4&3.46 X
Lus = 104.91 TSF
1.00

Figure A7. (Sheet 4 of 4)
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Problem 2

5. In this example, both the water table and footing embedment must be
accounted for. This is a square footing embedded at a depth half its width,
with the groundwater at the distance of one footing width below the surface.
The soil is a dense silty sand, therefore, the submerged part should have the
blowcount corrected by the Terzaghi and Peck (1967) equation for this type of
sand, N, = 15 + 0.5(N-15) in the methods that recommend this correction.
Dimensions and parameters are shown in Figure A8. In Table A2, the resulting
hand calculations are summarized. Figure A9 shows the CSANDSET input listing
screen and Figure Al0 shows the CSANDSET results for this problem.

= 10 ft

= 10 ft

= 5 ft

= 1.1 tsf

11 bl/ft

= 200 ft (assumed)
= 10 ft

= 110 pcf

= 125 pcf

I ETnZTa0DbH®
il

Tsat'’

1
S Length = 10’

1.1 tsf

200’ N = 1% bl/f
Y = 110 pcf
7sﬂt*d = 129 pCf

PP E LTI E W T IS T LTF T

Figure A8. Example Problem 2
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2. Terzaghi and Peck (1948, 1967)

soi2gl B
; T[m]l%

Cw = 1.0, footing not submerged. No correction given for embedded
footings unless fully submerged.

= [ Ble1. 3 £t | .
Cqg =1 0.25[.5] 1 O‘ZS[T'D_EE 0.875

B
-5 -

Correct blowcount for saturated, dense silty sand at D +

N, =15+ 0.5(N - 15), for N> 15 .

N =11 , therefore do not use correction.

2
_12(1.1 tsf) [10 ft
S = T 11 f'E] (0.875)

S =0.868 in.
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LB aeh Lurqt 'Ihﬂ

s W . Jh "‘I"I‘..I%."!m B -‘rr"I "'::' |

= 7.639 psi

1.1 tsf _2 0%9 1b]

h :
I

L1 S

S =-.0.3-=19 in1
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[a?

Alpan (1964)

.aq[ ]’mc

Corrected Blowcount from Gibbs and Holtz (1957) curve, Figure 11
(main text), N, = 26.5.

Correct this for saturated, dense, silty sand: N., =15 + 0.5(N, - 15)
Nz =15 +10.5(26.5 = 15) = 20.75

Use Figure 9 (main text) to get a . a = 0.165

L 10 ft
- =1 =
3 T ,therefore , m=1.0

Co =1.0 . Correction applies to water at footing base.

2
S = (0.165) (1.1 tsf) [%‘1}_5%]

W
i

0.600 in.

Elastic Theory

e
5 =ig8 A2 VL e

Use Table 7 (main text), and _B{: =1 0 T i =.1,.022

E

5(N + 15) = 5(11 + 15) = 130 tsf

v =0.30

Cy from Fox’s chart, Figure 12 (main text). C4=0.775

= 2
- (1.1 tsf) (10 ft)_(_lTB_OO_{:z.%_)(l.IZZ)((}J?S) = 0.0670 ft
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e.

I+

S. = 0.803 in.
8yiacase = 0.848 5, : S, =0.681 in.
Spigia = 0.93 S, S, = 0.747 in.

'Appolonia, D'Appolonia, and Brissette (1968)

2
. 8q B
. Tc[m] Ca

Corrected Blowcount from Gibbs and Holtz (1957) curves.

Alpan calculation, paragraph 5¢).

N 2b.3

Cc

Cy

- D-_- - Sft =
1 0'253 3 O'ZS[TD_fE] 0.875

2
_ 8(1.1 tsf) 110 £t
) T [.I.l_f_t] 0.875

W
I

0.240 in.

D’Appolonia, D'Appolonia, and Brissette (1970)

I =pup, Figure 13 (main text).

B, = 0.86
p =0.70
I =0.602

M = compressibility modulus, Figure 14 (main text), and N =11

= 285 tsf

A36
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s = (1.1 tsf)(10 ££)0.602 _

S =0.279 in, |

g. Peck and Bazaraa (1969)

p’ = TEJ + ;E,] = 110 pef(5 ft + 5 ft) = 1,100 psf = 1.1 ksf

b * 4(11)
ce LR 2p- - 1T ¥ 2(1.1 Keb)

=
I
B
=

« 13.75

—

1 (1.1 tsf) [2_1_'000]
o, (dry)

1, B _ 110(10 ft) _
S oty R b oemEmERy T Y

G * 1.0 -0.4 | 22 =1.0-0.4 | SI2PEEIOTE) . gn

2
- 8(L.1 tsf) 110 £L
e v [Trff] L9-eu)

S =0.423 in.
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Schmertmann (1970)

S = qC,C g I=
‘Idtzr Zy

i=1 s |i

E =12¢qg,

g. = 2N , for silty sand

2(2(11)) = 44 tsf

(&3]
i

E, 1is constant with depth to 2B below footing base.

Area under strain-influence diagram (of 2B - 0.6 distribution)
is 0.68 .

Ll o @468 0,610 ft) ft
Therefore, ) [.E__s] z = o T - 0.1364 —F

o 0.5[1&.’2]3 0.5

1 -0.5 | 110 pcf(5 ft) - 0.875

1.1 ¢at [L‘%E’E]

= £ o
8= (.1 tsf)(0.875)[0.1364m] 0.1313 £t

S = 1. 5I5 I,

Schmertmann, Hartman. and Brown (1978)

-~ T
S = qC,C, =4 F
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Es = Rq,

R=-é[—§-—l]+2.553.5

- -;(0) +2.5=2.5

g. = 2N , for silty sand

. Z(11l) = 22

E, =2.5(22) = 55 tsf

E; is constant over depth below the footing, therefore
2 (I,) z = area under the strain-influence diagram.
Construct strain-influence diagram

Point 1

Z4 L I
fr . 1L 0.5<1.
B TE[B 1]" <1.0

0.5

.. Z,=0.5B =5 ft

-
N
|
o
M
4]
w
[

0.5 + 0.1J_‘§_
2

p’ = y(D + 2Z3) = 110 pef(S £t + 5 £t) = 1,100 pst

-

1.1 tsf |2.000
= 0.5 + 01 I
Sk i ik "] TI00 pst
= 0.641
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Point 2

1 L
I,- intercept = 'QU['E = 1] + 0,1 <0,2

=0.1

ol BN
1]
o

STRAIN INFLUENCE
DIAGRAM FROM
PROBLEM 2

2.0
AREA = 1 = 0.1 (0.5B) = 0.05B
2 = (0.641 - 0.1) 1/2 (0.5B) = 0.135B
3 = (0.641) 1/2 (2.0-05)B = 0.481B
2.5 TOTAL = 0.666B
- 4
B

Cq = 0.875 , from 1970 method.
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S = (1.1 tsf£)(0.875)(0.666) (10 ft) _ 4 1166 £t

55 tsf
5 =1.399 in. |
Jl. Schultze and Sherif (1973)
QF,
S = :
NO-¥7¢,

Q = gross pressure = q+D =1.1 tsf + (110 pcf) [_2_3_0_6 (S £t

1.375 tat

"

2
1.375 tsf[0-97si‘afs‘§g/°m ] = 1.343 kg/cn?

. . b 12 in. | |2.54 em
Use Figure 17 (main text) and B = 10 ft [_]__Tt_][ ]
= 304.8 cm , to get F,

3
=6,550
Yo =82y

Cy=1+ 0.4[%]5 1.4

S £t
_ 1.9
1 +0'4[T0_fE]

kg cm’

1.343 X8 6.5

S = C“‘EF Eg] - 0.9032 cm
(11)5-57 (1.2)

S =0,356 in.
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k. Meyerhof (1974)

e 5 £t | _
1 0'25['1'0‘fE 0.875

v 12 in. | .
B = 10 ft [T] 120 in.

_ 1.1 tsfy120 in.
S = AL (0.875)

S =0.959 in. |

l. Peck, Hanson., Thornburn (1974)

S

4 q
0.1ITN_C,

=
I

L NE),TY log %9.]

TEJ + .‘;_.] =110 pCf['Z_(l}'D'O'](S It + 5 ft) =0.55 tsf

N, = 11(0.77)103[.0325] = 13.22

== H = 10 ft =
ol 0.5+0.5[D+B] 0.5+0.5[m] 0.833
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m. Bowles (1977.1982)

]
o
|
r—d
o
Hh
ﬂ

"
[
+
o
o
(o)
T
wn
Hh
ct
H
I
-
r—l
h
i

4(1.1 tsf) |2 kips

P _I_ton] 10 ft]2[1.333]

11 y g 22 () T O

S =0.756 in.

n. NAVFAC DM 7.1 (Department of the Navy (1982))

A43



o

C = 4.0, for B < 20 ft
Use Figure 22 (main text) and D, to get K,

]
H
=
o
F
n
Fh

a
I
(]
|
=
|
=
| —
I
N
o

2_[10ft-5ft
I.SEIG ft;

1.667

2
_ 4.0¢1.1 csf) |10 £t ”
S 5T E<T [TI*fE] (1.667) = 0.0625 ft

S =0.750 in.

Oweis (1979)

Divide stratum into sublayers below footing base to a convenient
depth.
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30’ '_{
3.0'l2.5*l 2.5'! 50
® o0 ||D
| K

6.25'
L 8.75'
—f——
11.5
- —.-1
15.5'
20.5 1

26.5'

5.0'
-
e
—

7.0’

5.0’
———————— - -———

®

-

Il

Boinsen ™ 14023 in. ?
Sedga = (.272 in.
Srigid -— 0 . 602 in.

The calculations for this example are recorded on the chart from the

main text (Table 11) on the following pages.
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For: (Center Edge Rigid) Settlement.
r——__' e |
f Layer Blows Corrected Midlayer Mean Init. '
Layer Thickness per foot, Blowcount o, Stress, O, z-midlayer Alpha Ao, - z-lop z-bottom (top) (bottom) A B E; 5,
|
1 A 4] 18.53 687.5 4583 0.25 0.65 1,430 58.61 2.546.9 0 0.5 0 0.16 0.160 0.0553 0.086 219.03 0.01607 !
I 2 25 I 15.04 962.5 641.7 0.75 03 | 792 | 5370 | 20333 | o5 1.0 0.16 0315 | 01ss | 00671 | 0069 | 14030 | oc2am |
3 1.0 11 12.99 1,193.75 795.8 1.30 0.175 385 50.49 1,735.0 1.0 1.6 0.315 0.475 0.160 0.0676 0.068 11798 0.02984
4 5.0 11 11.32 1,443.75 962.5 2.10 0.09 198 47.66 1.,623.6 1.6 2.6 0.475 0.610 0.135 0.0366 0.158 256.53 0.01158
5 5.0 11 10.66 1,756.25 1,170.8 3.10 0.048 105.6 46.47 1.660.2 26 36 0.610 0.678 0.068 0.0180 0.395 655.79 0.00228
6 1.00 11 10.20 2.131.25 1,420.8 4.30 0.025 55 45.61 1,752.2 3.6 5.0 0.678 0.737 0.059 0.0106 0640 |1,121.38 0.00116 !
|
i Total = 0.08524 fi |
S.=1023in |
center-flexible
(Sheet 1 of 3)
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For: (Center Edge  Rigid) Settement.
— — - —
" Layer Blows Corrected Midlayer Mean Init. :
Layer Thickness per foot, Blowcount o, Stress, ©_ z-midlayer Alpha Ac_, E o ux z-lop z-bottom (top) (bottom) A B E,
No. h, N N, (psf) (psf) 0.58 Factor (psf) Konax (ksf) 0.58 0.58 F 1) F; v (%) B (ksf) (feet)
1 0.315 693.0 1,988.7 0.0 0.075 0.075 0.0332 0.175 348.02 | 0.00474
Ir"_'_'_"
2 Same as for center settlement, §_ 0.192 4224 1,751.7 0.075 0.141 0.066 0.0332 0.175 306.55 | 0.00474
Same Same as center ‘
as seitlement, §_ |
for ,'
3 0.120 264 S, 1.643.7 0.141 0.215 0.074 0.0330 0.176 28929 | 0.00563 |
|
4 0.070 154 1,592.5 0.215 0.309 0.094 0.0260 0.245 390.17 | 0.00530 J
- 0.041 90.2 1,650.2 0.309 0.365 0.056 0.0149 0.50 825.09 | 0.00149 '
6 0.024 52.8 1,750.8 0.365 0.410 0.045 0.0081 0.73 1,278.12 | 0.00077 ‘
|
|
Total = 0.02267 f1 |
5. =0272 in. ||
edge-flexible |
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For: (Center Edge Rigid) Settlement.
Layer Blows Corrected Midlayer Mean Init.
Layer Thickness per fool, Blowcount a, Stress, o, z-midlayer Alpha Ao, A z-lop z-bottom (top) (bottom) A L E 8,
No. hy N N, (psf) (psf) 0.58 Factor (psf) Naal (ksf) 0.58 0.58 Fin F ¥ (%) | A (ksf) (feet)
1 0.44 968 22135 0.0 0.062 0.062 | 0.0245 0.262 579.9 | 0.00235
2 0.248 545.6 1,850.4 0.062 0.175 0.113 0.0537 0.090 1665 | 0.01493
3 0.150 330 1,694.1 0.175 0.310 0.135 0.0584 | 0.083 140.6 | 0.02112
Same as for center settlement, §_ Same Same as for §_
a3
4 0.080 176 for 1,608.1 0.310 0.430 0.120 | 00328 0.177 2846 | 0.00927
SE
—
5 0.045 99 1,655.9 0.430 0.487 0.057 0.0151 0.497 §23.0 | 0.00152
6 0.025 55 1,7522 0.487 0.540 0.053 0.0095 0.675 1,182.7 | 0.00099
Total = 0.05018 f
§, = 0.602 in.
—‘__'—‘____,________,—,__l___________, lh'“.
_ . ——— e e . - - -
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Table A2
Summary of Results from Hand Calculations of Problem 2

Method Settlement (in.)

Terzaghi and Peck (1948, 1967) 0.87
Teng (1962)

0.32

Alpan (1964) 0.60
Elastic Theory - rigid 0.75
center (flex.) 0.80

average (flex.) 0.68

D’'Appolonia, D'Appolonia, and Brissette (1968) 0.24
D’Appolonia, D'Appolonia, and Brissette (1970) 0.28
Peck and Bazaraa (1969) 0.42
Schmertmann (1970) 158
Schmertmann, Hartman, and Brown (1978) 1.40
Schultze and Sherif (1973) 0.36
Meyerhof (1974) 0.96
Peck, Hanson, Thornburn (1974) 0.91
Bowles (1977, 1982) 0.76
NAVFAC (Department of the Army (1982)) 0.75
Oweis (1979) - rigid 0.60
center (flex.) 1.02

edge (flex.) 0.27

A49



CSANDSET - INPUT DATA

——— S —— —_—— — — —

Title: Example Problem 2

Depth To Uater = 10.80 FT

{Esc? to continue.

Footing Data Optional Soil Data:

Uidth = 10.808 Ft Gibbs & Holtz Bloucount = 26.58 BL/FT

Length = 18.88 Ft Creep Factor Time = 8.008 Year(s)

Depth =- 5.80 F¢t Elastic Modulus = ©.88 TSF

Pressure = 1.18 TSF Poisson's Ratio = ©.30 |
Bloucount Overburden = 1180.88 PSF

Soil Data: Uater Unit UWeight = 62.48 PCF

Bloucount = 11.88 Bl1/Ft Soil Relative Density = 8.88 «

Cone Penetrometer = 0.88 TSF

Unit Ueight = 118.88 PCF 1=yes, B=no:

Sat’'d Unit Ueight = 125.88 PCF Mat Foundation = a

Horiz. Earth Pressure = 0.589 Preloaded Soll = (%)

Depth To Rigid Layer = 208.80 Ft Sat'd, dense, fine sand =

Figure A9. Listing of all input data for Problem 2

Method
. Terzaghi
Teng
. Alpan
. Elastic Theory: Rigid
Center
Average
D' Appelonia (1968)
. D'Appolonia (1978
. Bazaraa
. SchMertmann (1378
. Schmuertmann (1978)
Schultz & Sherif
. Meyerhof
. Peck, Hanson, Thornburn
Boules

. NRUFAC DM 7.1

. Dueis: Rigid B 53
Center 1.81
Edge 8.27

| Enter <{Esc> to return to the main menu.

E.
F
G
H
I
J.
| K
L
i M.
N
0

Figure A10. CSANDSET settlement calculations
for Problem 2
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Problem 3

6. This example shows a square footing near the ground surface with a

distant water table (>4B). Three values from the blowcount and cone
penetrometer tests are available from three different depths in the soil below
the footing. This is useful for describing soil layers in the Schmertmann
(1970), Schmertmann, Hartman, and Brown (1978), and Oweis (1979) methods.
However, for the majority of methods which do not use the layer technique, an
average value must be used. In this example, weighted values of the SPT and
CPT test values are computed for this purpose. Dimensions and parameters are
shown in Figure All. Table A3 lists the hand-calculated settlements for all
the methods. Figures Al2 through Al4 show the CSANDSET input screens for
footing, soil, and optional data. The soil layer input shown in Figure AlS5,
the input listing,in Figure Al6, and the output in Figure Al7 correspond to
the layers used in the hand calculations for Schmertmann (1970) and
Schmertmann, Hartman, and Brown (1978). Figures Al8 and Al9 show soil layer
input and CSANDSET output for Problem 3 using soil layer data corresponding to
the hand calculations for Oweis (1979).

Data for Problem 3

= 8.2 ft

= 8.2 ft

0.23 ft

= 1.024 tsf

= 7.5 bl/ft at 3.3 ft
= 12, bl/ft at 6.6 ft
= 13.5 bl/ft at 9.8 ft

g. = 63.25 tsf at 3.3 £t
- 72.41 tsf at 6.6 ft
= 63.85 tsf at 9.8 ft

=2 a0 U B W
I

H = 40 ft (assumed)
W = 38.4 ft
v = 96 pcf
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Length = 8.2°
8.2" Depth = 0.23'
=——={  net pressure = 1.024 tsf

| B :
| i o N =175 §. = 63.25 taf
| 33"
I| ' o N = 12, e = 72.41 tsf
| — o N =135, ¢. = 6385 tsf
|
|
e Y= 96 pcf
| |
|
|
L s 7 3

I LA AL LA Al n HAA AT T DL AR, R DR S

Figure All. Example Problem 3 (from
Consla 1983)

7. For all methods, excluding Oweis (1979), Schmertmann (1970), and
Schmertmann, Hartman, and Brown (1978), compute an average blowcount and CPT
value for the depth B below the footing. Assume the blowcount and CPT at

each given depth (3.3 ft, 6.6 ft, and 9.8 ft) are uniform over a distance

extending halfway between each given depth.

BLOWCOUNT, N, BLOWS/FT BLOWCOUNT, N, BLOWS/FT

0 5 10 0 5 10 15
n 8

g : N-PROFILE OVER n

= ) ASSUMED
DEPTH = B O

? i \ / : = e N-PROFILE
: :
i) =
(#1] 2 3
E B=82 =
B onbmial’ s = 3 E
Ll
(=]

10 i— 10
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Calculate a weighted N-value from the assumed N-profile over the depth
D=B=28.2 ft.

Weighted Average

N - 4_95 ft ?.5 blow + 3.25 ft 12 blow = 9 3 blows
I ft 8.2 ft ft ' i

CPT - fgfzifft_t (63.25 tsf) + 38_225_fft_t (72.41 tsf) = 66.88 tsf

Average N = 9.3 blows/ft
Average CPT = 66.88 tsf

a. Terzaghi and Peck (1948, 1967)

2
_ 12q B
i [B+1'] Cula

c,=1.0

D 0.23 £t
= -_— = _— = 0.993
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on

[e)

2
3 12(1.024 tsf) 18.2 £t
&= [mf] (@80

1.042 in.

%!
I

Teng (1962)
X q F e
720N, - 3) |B + 1) [CCq
b e . H50
= @ =10)
p =y + B[ =96 pcr [0.23 £t + B:2 £e| - 415.68 psf = 2,887 psi
Z - 5 ' il
_9.3(50) _
Y= s ggr e T 898
D 0.23 ft
C: = —
gt g =1t e = LA
c,=1.0

2000

1.024 ¢
o SE =] sl a
T.028

S =0.266 in.

Alpan (1964)

Corrected blowcount from Figure 11 (main text) and
p° = 2,887 psi, N, = 31

From Figure 9a (main text) , a = 0.094

A54



2
$ = 0.094(1.024 tsf) [%f‘—z“—fi—t]

S =0.306 in.

d. Elastic theory

=
s=-qs U E'Y)ch

E=35(N+15) =5(9.3 +15) = 121.5 tsf

vy =0.3
H 40 ft ) y
= — 4‘ -
B 8.7 TcC 88 , Consider layer a finite compressible stratum
Cd = 1.0
I =1.122 from Table 7 (main text), for center of flexible footing

= 2
1.024 tsf (8.2 ft) %I—F?Tf? (1.122) = 0.0706 £t = 0.847 in.

W
I

S, =0.848 S, = 0.848(0.847 in.) = 0.718 in.

Il

S, =0.93 S, =0.93(0.847 in.) =0.788 in.

A .2mage o 5 o Ml = =
s = oy 1 *)[13 [‘1-—7]1"]

AS55



]

D'Appolonia, D'Appolonia, and

s =

b
"

~
L~
]

2

B k.1 £

0.1296 (from paragraph 62)

0.0323 (from paragraph 62)

(1.024 tsf) (4.1 ft)

D 2(I21.5 tst)

= 0.00175 ft

= (0,021 in.

(1 - 0.3? [0.1296 - [

L 0.6
I-Ui3

] (0.0323)]

S.e=S, - (4x8) =0.847 in. - 4(0.021 in.) = 0.763 in.

SEI

Srf

£

0.848S_, = 0.647 in.

0.93Scf = 0.710 in.

Settlements of footings on finite compressible layer:

Seanter = 0763 in. |
{ s., =0.647 in.[
hSrigid = 0.?10 in-J

Brissette (1968)

N

c

2
8q B
8=
N, [B B I] G
from Figure 11 (main text), = 31

Cs =1 =~ 0,35 .%’ =1~ 0,25 [0-23 ft] = 0.993

8.2 It
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o

s - 8(1.024 tsf) [8.2 fr)
31 9.71t

'S =0.208 in.

0.993

D’'Appolonia, D'Appolonia, and Brissette (1970)

1= ok
From Figures 13a and b (main text), p, =1.0 [D = 0]

H
p, = 0.67 [‘5 - 4.38]

I=0.67

From Figure 14 (main text), M = 272 tsf

g - (1.026 £s£)((8.2 ££)(0.67) . o 0207 £+

272 CSE
LS 0.248 E

Peck and Bazaraa (1969)
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I=*

C,=1.0

o
I

1-0.4 I "'_: = 1/~ Qo WETPER23 By g

(1.024 tsf) 2_5'1;6

-

p’ = E} + g] = 96 pcf (0.23 + 4.1 ft) = 415.68 psf = 0.4157 ksf

- 4N 4(9..9))
N = = = v

2
s - 8(1.024 tsf) [3.2 f:::] (0.958)

I_ S =0.307 in.

Schmertmann (1970)

S = g Ci€ : Le
q Laly Z: -1 &
s Ji

E, = 2q. » different throughout stratum

Subdivide soil into layers over a depth

2B below footing base.
2B = 16.4 ft

82

o >
1 =
N § I_
- o 1 G. = 63.25 TSF
2
= o 3 q. = 72.41 TSF
[
| .
o 4 q. = 63.85 TSF
X3
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"2B - 0.6" STRAIN-INFLUENCE DIAGRAM

DEPTH TO| |, AT Es
LAYER | MIDPOINT | MIDPT. L - 2q,
l B (ft) (tsf)
F_
1 0.25 0.30 4.1 126.5
2 0.552 0.5792 0.85 126.5
3 0.799 0.4804 3.2 144.82
4 1.50 0.20 8.2 127.70
Layer = | “i
i E i
.
1 0.00972 ft/tst
2 0.00389 E I, . B AR
y Sl 2 = 0. 03707 Et/ts
3 0.01062 Eg
4 0.01284 |

q 1.024 tsf 2:000

Ci=1-0.5 [19] -1 =0,5 (36 PeE(0.23 1) | _ 5 995
b

ft
= _ =0,03777 ft
S =0.453 in.
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Simplified: Use ¢, - average = 66.88 tsf constant over depth
= 2B

E,Z = 2q, = 2(66.88 tsf) = 133.76 tsf

(I)z =0.6B = 0.6(8.2 ft) = 4.92 ft

I, 4.92 ft
. =_=r = i .9 -
S = qCy [Es] z =1.024 tsf (0.995) [m'n —T
= 0.03748 ft
S =0.450 in.

i. Schmertmann, Hartman, and Brown (1978)

Construct strain-influence diagram.
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Point 1

I, - peak = 0.5 +O.1J_%_
P

p' =D+ Zy) =96 pcf (0.23 ft + 4.1 ft) = 415.68 psf

= 0.2078 tsf

I, - peak = 0.5 + 0.1J L.02% ttssf = 0.722
0.2078 tsf

Point 2

I, - intercept = _9]_‘0 [_é ~ 1] +0.1=<0.2

i
o
=

ol N
I
o

Point 3
5. 2L 4l s 3= kD
B 9 |B
=9
7. %0
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Cqy = 0.995 , Schmertmann (1970)

0 0.2 0.4 0.8

0.5

1.0

o
q. = 72.41 TSF | q, = 63.25 rsil ®
o

15

qc = 63.85 TSF

Use same layers as in 1970 calculations.

IZ
Layer [Z—midpnint 1 Top - 7, & =254 (&l
- | B ] at midpoint (ft) (tsf) (ft/tsf)
| 0.25 0.411%* o | 158.125 0.01066
2 0.552 0.697 0.85 158 .125 0.00375
3 0.799 0.578 C 181.025 0.01022
4 150 0.241 8.2 159.625 0.01238

Total = 0,03701
(ft/tsf)

0.722 -0.1 _ 9.722 - I
UL 0.25

L. = 0.611
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S = qCy [.EI:E] Z

= (1.024 tsf)(0.995)(0.03701 ft/tsf) = 0.03771 £t

0.453 in.

]_s

Simplified: Assume ¢, 1is constant at average = 66.88 tsf over

the strain-influence diagram.

E, =2.59, = 2.5(66.88 tsf) = 167.20 tsf

0 02 04 06 08
0 - lz

0.5

1.0

15
2.0

WiIN

s

E I, , = area under curve
¢4 E

@D =0.1(0.5B) = 0.05B

@ = (0.722 - 0.1)(0.5B) % - 0.15558

Il

@=L (0.722)(2.0 - 0.5)B = 0.5415B

2

Total = 0.74/B

= 6.,1254 Ft
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I, 6.1254 ft
= : = 0.03664 ft/tsf
[ ]“" T et e

S =(1.024 tsf)(0.995)(0.03664 ft/tsf) = 0.03733 ft

S =10.448 in.

Schultze and Sherif (1973)

S = :
NG,

Q =q + D =1.024 tsf + 0.23 ££(96 pef) ,2_(1).0.0

]

kg /cm?
1.035 tsf [0.9765 =& =1.0107 2
S EJ 7 .Ff_] 1.9 kg/cm

Use Figure 1/ (main text) and B = 8.2 ft (12 in./ft)(2.54 cm/in.)
= 250 cm , to get F, [for % = l]

_ cm’ H-D _ 140 £t - 0.23 2
F, 6.0.1{E. _B_—[ T Ftl = 4,85 > 2 |

S Figure 17b (main text) not required

]

C;=1+0.4 [E]
B

0,23 £t} _
1 + 0.4 [_B_Z_ET] = 1.011

k cm°
[1.010? __5_] {e, ]
» cm? kg | _
S = (9_3)6.37 (1.01D) =0.8619 cm
S = 0.339 in.
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k. Meyerhof (1974)

B=28.2 ft(1l2) =98.4 in.

D 0.23 ft
;= 1~-0.25 2]=1+0. - 0.
a [B] 1-0.25 [-s—z—f— t] 0.993

_ 1.024 tsf /98.4 in.
S T (0.993)

S=0.542 in.

l. Peck, Hanson, and Thornburn (1974)

N, = 0.77 log [EPQ'] (N)

o e [D ‘ :g] - 96 pcf(0.23ft + 4.1 ft) = 415.68 psf [12—(]5'015]
- 0.2078 tsf

N, = 0.77 log [D—Qfgﬂz] (9.3)
s 1%,

C.=N.A.
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=

u-

1.024 tsft

St I

= 0.655 in. ‘

Bowles (1977, 1982)

n
!

9.3

S =0.694 in.

4(1.024 tsf) [2 k:: ] AR
[9 2 It

| btos)

NAVFAC DM 7.1 (Department of the Navy (1982))

. Cq B C
. [FEL]
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e

C=4.0, for B< 20 ft

C,=1.0 (N.A.)

Use Figure 22 and D, to get K,

D =- N ) B
r JW p’ =7 F+7]=96 pef(0.23 ft + 4,1 ft)
= 415.68 psf
_ [~ 9 3 = 0,416 ksf
20(T + 2(0.%418&))

D, = 50.4%

From Figure 22 (main text), K, = 126 tsf

2
_ 4.0(1.024 tsf) [8.2 ft| _
S el [ t] 0.0258 ft

S =0.309 in.

Oweis (1979)

S = qgB f& Vs
=1 B

Divide stratum into ‘n’ sublayers for a depth of 2 to 2.5B
below the footing.
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h

N= 135 N=12N=?.5'

30 30 30 28 32 2525

:

Scenter = Q829 4n.

SEdge = 0.250 in.

Srigid — 0518 j_n.

Table 11 from main text is used to record calculations.
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69V

tor: (Center Edge  Rigid) Settlement.
= D e
Layer Blows Corrected Midlayer Mean Init
Layer Thickness per foot, Blowcount o, Stress, O, z-midlayer Alpha Ao, B 2-0p z-bottom (top) (bottom) B E,
No. h; N N_ (psh) (psf) 0.58 Facior (psf) | ESE (ksf) 0.58 0.58 Fa ) F, ¥, (%) E_ . (ksf) | (feet)
I 2.5 1.5 2136 142.0 04.667 0.305 0.61 1.2493 | 6461 2,368.6 0 0.61 0 0.20 0.20 0.0567 0.084 198.96 0.01688
2 2.5 1.5 17.01 182.08 254.72 0.915 0.289 5919 56.54 1,645.1 0.61 1.22 0.20 0.387 0.187 0.0763 0.058 95.43 0.03291
3 37 12.0 20.77 655 .68 437.12 1.61 0.135 276.5 61.49 1.642.6 1.22 2.0 0.387 0.529 0.142 0.0454 0.120 197.11 0.01210
4 2.8 13.5 18.70 943 .68 629.12 2.34 0.074 i516 58.85 1,6443 2.0 2.68 0.529 0.615 0.086 0.0314 0.18 295.97 0.00488
5 0 13.5 15.68 1,222.08 814.72 3.05 0.044 20.1 54.65 1,6439 2.68 3.41 0.615 0.665 0.05 0.0170 0.44 72331 0.00116
6 0 135 13.48 1.510.08 1,006.72 1,78 0.034 9.6 51.29 1,682.7 34] 4.15 0.665 0.71 0.045 0.0150 0.50 B841.36 0.00090 ‘
¢ 3.0' 13.5 13.02 1,798.08 1,198.72 4.51 0.024 492 50.54 1,785.3 4.15 4.88 0.71 0.733 0.023 0.0072 0.76 1,356.86 0.00028 ‘
|
Total = 0.06911 ft |
S=0.829 n.
(Sheet 1 of 3)




0LV

For: (Center

Edge  Rigid) Setdement.

Layer Blows Corrected Midlayer Mean Init.
Layer Thickness per foot, Blowcount a, Stress, o z-midlayer Alpha Ao, E z-lop
No. h, N N, (psf) (psf) 0.58 Factor (psf) Ko (kaf) 0.58
I i 0.29 59392 1,6954
2 Same as for center calculations 0.172 352.26 1,393.2
Same Same as for
Il as center calculations
for
3 0.096 196.61 S, 1,548.2
4 0.060 122.88 1.613.6
5 0.038 77.82 1.632.7
6 0.032 65.54 1,679.5
7 0.023 47.10 1,783.9

|

Total = 0.02083 fu

Scage = 0.250 in.
edge-flexible |

(Sheet 2 of 3)



LV

For: (Center Edge  Rigid) Settlement.
— ———-——‘—'?-—-ﬁ_ E— —
Layer Blows Comredted Midlayer Mean [nit.
Layer Thickness per foot, Blowcount g, Stress, o, z-midlayer Alpha Ag,, e z-lop z-bottom (top) (botiom)
1 0.413 845.82 1981.4 0.0 0.085 0.00343
2 0.215 440.32 1,4909 0.085 0.23 0.145 0.0653 0.07 104.36 0.02333
| 3 0.114 23347 1,592.6 0.23 0.368 0.138 0.0455 0.12 191.11 0.01213
Same as for center calculations Same Same as for center
ai calculations
for
4 0.069 141.31 5 1,633.2 0.368 0.433 0.065 0.0239 0.265 432,80 0.00252
5 0.041 83.97 1,638.3 0.433 0.481 0.048 0.0164 0.47 T70.01 0.00104
6 0.033 67.58 1.681.1 0.481 0.519 0.038 0.0127 0.575 966.64 0.00060
FI 7 0.0235 48.13 1,784.6 0.519 0.541 0.022 0.0069 0.78 1,392.0 0.00009
| Total = 0.04314 fi
| sﬁl' 4=0518 in.
Rigid
R R R I A e

(Sheet 3 of 3)



Table A3
Summary of Results from Hand Calculations of Problem 3

Method Settlement (in.)

Terzaghi and Peck (1948, 1967) 1.04
Teng (1962) 0.27
Alpan (1964) 0.31
Elastic Theory - rigid 0.71
center (flex.) 0.76

average (flex.) 0.65

D’'Appolonia, D’'Appolonia, and Brown (1968) 0.21
D’'Appolonia, D'Appolonia, and Brown (1970) 0.25
Peck and Bazaraa (1969) 0.31
Schmertmann (1970) 0.45
Schmertmann, Hartman, and Brown (1978) 0.45
Schultze and Sherif (1973) 0.34
Meyerhof (1974) 0.54
Peck, Hanson, Thornburn (1974) 0.66
Bowles (1977, 1982) 0.69
NAVFAC DM 7.1 (Department of the Navy (1982)) 0.31
Oweis (1979) - rigid 0.52
center (flex.) 0.83

edge (flex.) 0.25
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Footing Data

Title = Exanple Probles 3 [-
B = B.2 FEET D
-1

L = 8.2 FEET
D = 8.23 FEET
Q = 1.824 TSF

(PLAND L
{Esc> to exit. _J

(Q) Applied Net Pressure At Footing Base

Figure Al2. Input footing data for Problem 3

Soil Data
SPT = 8.3 Blous Per Foot —I- I L___J
CPT = 66.88 TSF H U
s i
GAM = S6 PCF
GAMS = 96 PCF
KO = 8.5 (RIGID LAYER>
H = 408 FEET
U = 38.4 FEET

Number of Soil Sub-Layers 4

{Esc> to exit.

(Max. 28> For Oueis and Schmert. methods. Enter 1 if no layers f

Figure A13. Input soil data for Problem 3
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OPTIONAL SOIL DATA Units Default Value or Condition

ALPAN and D’ APPC'68) HMethods Not Computed

GHN = 31 BLOUS/FT. 8 =

MAT = 8 8 = Individual Footing

TIME = 0 YEARS 8@ = CREEP NOT COMPUTED

PRE = (%] B = SOIL NOT PRELOADED

ES =0 TSF = 5CN+15), N = lUncorrected Bloucount
PR =8.3 = 9.308

OUER = @ PSF = EFFECTIVE UERTICAL STRESS AT D+B/2
GAMY = B62.4 PCF = b2.4 PCF

DR =0 / COMPUTED BY BAZARAA METHOD WHEN HEEDED
FINE = %) B = CONDITIONS ON INFO LINE DON’'T APPLY.
Enter <{Esc> to exit. Enter @ for the default value.

I —

1 = saturated. dense, uerg fine Cor sllty) sand. Terzaghi H-correctinn used.

e

Figure Al4. Input optional soil data for Problem 3

SOIL LAYER DATA FOR SCHMERTHANN AND OUEIS HETHODS

A | [ I F 71
D+B/2 abc Example:
| — L l BOTC1) = a = D+B/2
BOTC(2) = b
H BOT(3> =c = WU
] BOTC4) =d = H
(Last BOT MUST equal H)

(D = footing depth)

LAYER BOT GAN GAMS SPT CPT KO OUER ES FINE

4.33 96 36 7.5 63.25
5.18 96 96 7.5 63.25
‘ 36 96 12 72.11
4108 36 36 13.5 63.85 B 5 @

o L N =
0
Ll
o0
®®®
v
8D
S0 D
S

ENTER 1 IF LAYER IS SAT'D, DENSE, AND UERY FINE (OR SILTY>. @ FOR DEFAULT

= = R——

Figure Al5. Input soil layers corresponding to hand calculations for
Schmertmann (1970) and Schmertmann, Hartman, and Brown (1978). Depths
to bottom of each layer include D = 0.23 ft

AT4L
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CSANDSET - INPUT DATA

Title: Example Problem 3

Footing Data: Optional Soil Data:

Hidth = 8.28 Ft Gibbs & Holtz Bloucount = 31.88 BL/FT

Length = 8.28 Ft Creep Factor Time = 0.88 Year(s)

Depth = 8.23 Ft Elastic Modulus = 0.88 TSF

Pressure = 1.82 TSF Poisson’s Ratio = 0.30
Blowcount Overburden = 415.68 PSF

Soil Data: Water Unit Ueight = 62.48 PCF

Bloucount = 9.38 Bl/Ft Soil Relative Density = 9.88 7

Cone Penetrometer = 66.88 TSF

Unit Weight = 96.88 PCF 1=yes, B=no:

Sat’d Unit Ueight = 96.88 PCF Mat Foundation = 8

Horiz. Earth Pressure = 8.58 Preloaded Soil = 8

Depth To Rigid Layer = 46.88 Ft Sat’d, dense, fine sand = 8

Depth To Water = 38.48 FT

{Esc> to continue.

a. Footing, soil, and optional data

SOIL LAYER DATA

LAYER BOT GAN GAMS SPT CPT KO OUER ES FINE
1 4.33 9.8 9.8 7.5 63.3 8.5 218.9 8.0 . 8
2 5.18 96.8 9.8 7.5 b63.3 08.58 456.5 8.0 )
3 8.38 96.8 96.80 12.8 72.4 0.58 656.3 8.0 8
4 48.88 96.8 S56.8 13.5 63.8 @8.58 2322.2 8.0 )

CESCY> to exit. <> return to previous screen.

— oy 4 san pa—
- S - —

b. Soil layer data

Figure Al6. Listing of all input data for Problem 3
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Method Settlement (in.)
. Terzaghi 1.84
Teng 8.27
Alpan 8.308
Elastic Theory: Rigid 8.7
Center 8.75
Average B.64
D’ Appolonia C1968) 8.21
D’ Appolonia C1978) 8.24
Bazaraa 8.31
Schrertmann (1570 8.45
. Schmertmann (1978) 8.45
Schultz & Sherif a.33
. HMeyerhof 8.54
. Peck, Hanson, Thornburn 8.66
Boules 8.639
. NAUFAC DM 7.1 8.38
Oueis: Rigid 8.42
Center 06.880
Edge 8.23
Enter <{Esc> to return to the main menu.

-

E.
F
G
H
i
J.
K
L
M
N
0

L]

Figure Al/7. CSANDSET settlement calculations for Problem 3

The Schmertmann results match the hand calculations because the same sublayers
were used in each. The Oweis (1979) results do not match the hand calcula-
tions because a different number and configuration of layers was used in the
hand calculations. The next set of input and results for CSANDSET correspond
to the hand-calculated Oweis method.
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SOIL LAYER DATA FOR SCHMERTIHANN AND OUEIS nm_m

| v —L BOTC(2)
H BOTC3)

l BOTC4)

b
c
d

(Last BOT MUST equal H)
(D = footing depth)

:

GAN GANS SPT CPT KO OUER ES FINE

1 2.73 96 36 7.5 63.25 6.5 © 8 e
2 5.23 96 36 7.5 63.25 8.5 8 8 8
3 8.43 36 36 12 72.41 8.5 8 8 a
1 11.23 96 96 13.5 63.85 6.5 © e 8
5 14.23 S6 36 13.5 63.85 8.5 8 8 )
6 17.23 S6 96 13.5 B3.85 8.5 © e 8
7 410 96 36 13.5 63.85 8.5 @ e 8

ENTER 1 IF LAYER IS SAT'D, DENSE, AND UERY FINE C(OR SILTY>. 8 FOR DEFAULT

Figure Al8. Input soil layer data corresponding to hand
calculations for Oweis (1979) method

Hethod Settlement C(in.)

. Terzaghl 1.84
. Teng 8.26
. Rlpan 8.38
. Elastic Theory: Rigid B.78
Center 8.75
Average B.64
B8.21
8.24
8.31
8.46

D’ Appolonia (1968)
D’ Appolonia C(1578)
Bazaraa
Schmertmann (1357@)
Schuertmann (1978)
Schultz & Sherif
Heyerhof .54
Peck, Hanson, Thornburn .BS

8.46
e
8
e
Boules 8.63
a
0
2]
8
n

.33

NAUFAC DH 7.1 .38

Oueis: .52
.85

v &9
Henu.

E.
i F.
G‘
i H.
I.
1 J.
K.
L.
H.
I N
0.

Enter (Esc) to return to the mal

Figure Al9. CSANDSET settlement calculations with soil
layers input for Oweis (1979) hand calculations
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APPENDIX B: NOTATION

Width of footing, smaller dimension

Empirical constant used in some settlement equations

Settlement correction factor for footing embedment

Blowcount correction factor for overburden effects

Schmertmann’s (1970) factor for time effects (creep) on settlement
Settlement correction factor for groundwater effects

Cone Penetrometer Test

Depth of footing embedment from ground surface

Relative density

Elastic modulus of soil

Maximum modulus of soil layer computed in Oweis (1979) method

Elastic modulus of soil computed from ¢, in the Schmertmann (1970)
and Schmertmann, Hartman, and Brown (1978) methods

Settlement factor in the Schultze and Sherif (1973) method
Thickness of compressible stratum, from ground surface to rigid base
Individual soil layer

Influence factor used in elastic methods

Strain influence factor used in the Schmertmann (1970) and
Schmertmann, Hartman, and Brown (1978) methods

Influence factor for elastic settlement of finite stratum
Influence factor for elastic settlement of finite stratum
Coefficient of horizontal earth pressure, at rest

Modulus of vertical subgrade reaction in the NAVFAC DM 7.1 (Depart-
ment of the Navy 1982) settlement method

Length of footing, longer dimension

Modulus of compressibility used in the D'Appolonia, D'Appolonia,
Brissette (1970) method

Settlement correction factor for footing shape in the Alpan (1964)
me thod

Total number of soil layers in the subdivided compressive stratum
Field blowcount from SPT
Corrected blowcount

Overconsolidation ratio

Effective overburden pressure usually at depth D + B/2 , see context
of use

Full (gross) pressure applied to footing

Net applied contact pressure on footing base
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Field value from CPT
Total calculated settlement of a shallow foundation
Settlement of a 1-ft square plate from plate load test

Settlement at the corner of a footing at a depth equal to H in a
semi-infinite, homogeneous, elastic half-space

Average settlement of a flexible footing on a semi-infinite,
homogeneous, elastic half-space

Average settlement of a flexible footing on a finite, homogeneous,
compressible elastic stratum

Settlement at the center of a flexible footing on a semi-infinite,
homogeneous, elastic half-space

Settlement at the center of a flexible footing on a finite,
homogeneous, compressible elastic stratum

Settlement of a rigid footing on a semi-infinite, homogeneous, elas-
tic half-space

Settlement of a rigid footing on a finite, homogeneous, compressible
elastic stratum

Standard Penetration Test
Settlement of soil sublayer, I

Time period, used in Schmertmann (1970) and Schmertmann, Hartman, and
Brown (1978) creep correction

Janbu, Bjerrum, and Kjaernsli (1956) correction factor for embedment

Janbu, Bjerrum, and Kjaernsli (1956) correction factor for thickness
of compressible stratum

Poisson'’s ratio
Depth from ground surface to groundwater table
Thickness of a soil sublayer

Distance from footing base to midpoint, top, or bottom of a soil
sublayer, see context of use

Depth below footing base to peak influence-factor value in the
Schmertmann, Hartman, and Brown (1978) method

Depth below footing base to the point of zero strain influence in the
method of Schmertmann, Hartman, and Brown (1978)

Subgrade coefficient in the Alpan (1964) method, load factor in the
Oweis (1979) method

Change in mean effective normal stress

Unit weight of soil

Strain parameter in the Oweis (1979) method
Internal friction angle of soil

Initial mean effective normal stress in the Oweis (1979) method
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