View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Missouri University of Science and Technology (Missouri S&T): Scholars' Mine

MISSOURI
Missouri University of Science and Technology
& Scholars' Mine
International Conference on Case Histories in (1998) - Fourth International Conference on
Geotechnical Engineering Case Histories in Geotechnical Engineering

10 Mar 1998, 9:00 am - 12:00 pm

Cyclic Load-Induced Settlement of Foundations on Clay

Braja M. Das
California State University, Sacramento, California

Eun Chul Shin
University of Inchon, Inchon, South Korea

Follow this and additional works at: https://scholarsmine.mst.edu/icchge

b Part of the Geotechnical Engineering Commons

Recommended Citation

Das, Braja M. and Shin, Eun Chul, "Cyclic Load-Induced Settlement of Foundations on Clay" (1998).
International Conference on Case Histories in Geotechnical Engineering. 42.
https://scholarsmine.mst.edu/icchge/4icchge/4icchge-session01/42

This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been
accepted for inclusion in International Conference on Case Histories in Geotechnical Engineering by an authorized
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including
reproduction for redistribution requires the permission of the copyright holder. For more information, please
contact scholarsmine@mst.edu.


https://core.ac.uk/display/229076193?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/icchge
https://scholarsmine.mst.edu/icchge
https://scholarsmine.mst.edu/icchge/4icchge
https://scholarsmine.mst.edu/icchge/4icchge
https://scholarsmine.mst.edu/icchge?utm_source=scholarsmine.mst.edu%2Ficchge%2F4icchge%2F4icchge-session01%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/255?utm_source=scholarsmine.mst.edu%2Ficchge%2F4icchge%2F4icchge-session01%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/icchge/4icchge/4icchge-session01/42?utm_source=scholarsmine.mst.edu%2Ficchge%2F4icchge%2F4icchge-session01%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

224

Proceedings: Fourth International Conference on Case Histories in Geotechnical Engineering, St. Louis, Missouri,
March 9-12, 1998,

CYCLIC LOAD-INDUCED SETTLEMENT OF
FOUNDATIONS ON CLAY

Eun Chul Shin
University of Inchon
Inchon, South Korca-402-749

Braja M. Das Paper No. 1.07
California Statc University, Sacramento

Sacramento, California-USA-95819-6023

ABSTRACT

Laboratory model test results for estimating the permanent settiement of a surface strip foundation supported by a saturated clay are
presented. The tests were conducted with one model foundation and one clay soil. The model foundation was subjected to an initial static
load, and then a cyclic load was supertmposed on it. The magnitude of the static load intensity and the amplitude of the inlensity of cyclic
load were varicd. Bascd on the model test results, relationships for the permancnt foundation scttlcment and intensities of the static and

cyclic load are presented.
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INTRODUCTION

Experimental studies relating Lo the settlement of shallow foun-
dations under dynamic loading were iniliated during the 1960's.
The purpose of this paper is Lo summarize the resulls of some
laboratary model tests conducted to determine the permanent
setilement of a surface strip foundation supported by a near-
saturated clay while being subjected to a stalic load superim-
posed by a cyclic load of low frequency (1 cps; Fig. 1). In Fig.
1, g, is the intensity of slatic load and ¢, is the intensity of the
cyclic load with an amplitude of g, ., . The cyclic load was
applied to the model foundation afier a lapse lime which was
sufficient for the settlement of the foundation duc to the initial
static load to cease,

LABORATORY MODEL TESTS

The clay soil used for the model tests had about 98% passing
U.S. No. 200 sieve. For conducting the model tests, the soil
collected from the field was pulverived and mixed with water.
The moist soil was placed in scveral bags and sealed The bags
were placed in a moist curing room for about a week before use.

Modcl tests were conducled in a box measuring 915 mm
(length) = 229 mm (width) » 607 mm (height). The box was
braced with angle irons to avoid yielding during soil compaction
and actual testing. The model Toundation was made of hard

wood and had dimensions of 76.2 mun (width, ) x 229 mm
(Iength) % 38.1 mm (thickness).

The moist soil was compacted in 25.4-mm thick layers in the
test box. The average properties of the clay soil in the com-
pacted condition arc given below.

Avcrage moisturc content 33.4%
Average moist unit wetght 18.58 kN/m?
Average degree ol saturation 8%
Average undrained shear strength 11.9 kN/m’

The model foundation was placed on the surface of the com-
pacted clay. Two types of tests were conducted in the laboratory.

1. Static Ullimate Bearing Tests. These tests were
conducted to determine the ultimalte bearing capacity (g, ) and
the corresponding settlement (s, }. Load to the foundation was
applicd by a hydraulic jack. A proving ring was used to measure
the lead, and a dial gauge were used to measure the
corresponding setticment.

2. Cyclic Load Tests. These tests were conducted by first
applying an allowable slatic load of intensity ¢, on the founda-
tion. Thus the factor of safety (/<5) against ultimate bearing
capacity failurc is

5=gq,lq, (1)
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Fig. | Nature of static. and cvelie load application on the
model foundation

Some time was allowed to clapse afier the application of the
static load so that the elastic settlement of the foundation would
be completed. Following that, a cyclic load of intensity g, was
applied to the foundation. The nature of the cyclic load 1s shown
in Fig. 1. It had a peried of 1 s with an amplitude of g, . A
Universal testing machine was used to apply the static and
cyclic load on the model foundation. The load and correspond-
ing setllement were measured by a load cell and an LVDT.
Permanent settlement of the foundation due 1o the cyclic ioad
application only (s,) was measured along with the niimber of
load cycles using a data acquisition system.

LABORATORY TEST RESULTS

Based on the load-settlement plots obtained from the static
bearing capacily tesls, the average ulltimaie bearing capacity
(g,) was determined to be 38 kN/m? at a settlement s, of about
18% of the width (2) of the foundation.

Figures 2, 3, and 4 show the rcsults of the cyelic load tests. The
figures show plots of 5,/8 (s; = permanent settlement due 1o
cyclic load}) versus number of load cycles n for various combi-
nations of £S5 and g, 1., /9, - The actual variation of 5,/8 with
#n is shown by solid lines. From these figures, it appears that
cach plot can be approximated by three straight lines. These are
shown by the dotted lines in the figurcs. Figure 5 shows the
general nature of the straight-line approximations of the plots
of s,/8 versus ». H can generally be divided into throe zones:
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. Primary Setilement Zone: This zonc is between 1 =0 10
n = n,. In this zone A major portion of the total permanent
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Fig. 5 General nature of variation of 5,18 with n for a given
Gy /G and FS

settlement due to cyclic loading takes placc rapidly. The total
settlement anticipated in the zone is equal 10 5,

2. Sccondary Settlement Zone (n, < #< n,). The rate of
settlement with the number of load ¢cycle application is smaller
in this zone compared to the primary setilement zone. The (otal
permanent secondary setilement is cqual to s, ;.

3. FEquilibrium Zone (n > n,):  In this zonc the permanent
settlement of the foundation is practically negligible. Thus the
total permanent sctilement [s, ] for any combination of g,
and ¢, Can be given as

Sy = Sagy T Sd (2)

Bascd on Figs. 2, 3, and 4, the following general obscrvations
can be made:

1. The primary sctilement is generally completed in the first
ten to twenty cycles. For similar values of ¢4, /¢, . the magni-
tude of s, appears to decrease with an increase i /5.

2. Within the range of the present tests, the magnitude of i,
varies between 15,000 and 20,000 cycles. This appears to be
independent of FS and g4, /9. combination.

3. For a given q,/q,, the total permanent settlement duc to
cyclic loading increases with the increasc in the amplitude of
the ¢yclic load intensity.

The magnitude of 5, . /5, (Where s, = sclilement at ultimate
load during the static tests) for various combinations of /5 and
4 twao /9, Were determined from the straight-line approxima-
tions shown in Figs. 2 through 4 and are shown in Fig. 6. From
the figure, it can be seen that

Sa’[ma\) f.S‘u = n[qd(max) /qu (%)]b (3)

where « and b are constanis and functions of /75, The variation
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of & with {5 can be approximaled as
b = 0.043(F5)"* (3)

Figure 7 shows plots of 5, /84 g YETSUS G440 /g, fOr various
values of FS. Bascd on these plots it appears that, for a given
static loading, S, /5, 4. bears a linear relationship with
Famay/@. - 1T the static load intensity increases (for similar
intensity of cyclic load amplitude), the percentage of total settle-
ment during the initial mpid period also increases. Although not
substantiated by laboratory Lests, it appears from Fig. 7 that, for




any given value of 75 and g0/, . the limiting value of s, .
may be about 0.85,,,,,, .

CONCLUSIONS

Laboratory model test results on the permanent scttlement of a
surface strip foundation supported by saturated clay soil and
subjected to static load and superimposed by a cyclic load of low
frequency were prescited. Based on the model test resulls, the
following conclusions can be drawn:
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1. For a given combination of ¢, and g ;. , there is an
initial rapid primary settlement following by a slower secondary
settlement period.

2. The primary settlement duc o cyclic load application
takes place during the first ten to lwenty cycles of loading, con-
stituting about 60% to 80% of the total permanent settlement.
An equilibrium period is reached after about 15,000 to 20,000
cycles.

3. Fora given valuc of g,,..,. the total permancnt settle-
ment increases with the increase in the static load intensity.
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