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ABSTRACT

Bearing capacity ‘is predicted and compared with field

Toad test results for six fu]]-sca1éftest piles. A computer
program for studying piling behavior by wave equation analysis
is used to deve]op soil damping parameters. These soil damping
parameters are used in a mathematical model which describes
the damping characteristics of the soil.

| For the four test piles which were embedded entirely in
highly plastic clay, a recommended value for the friction
damping parameter and the point damping parameter is established.
The point damping parameter is fnvestigated for two test piles
which were embedded in clay with the tips in sand. The point
damping parameter for piles with the tip in sand is found to
be larger than the recommended value for piles embedded entirely
in clay. A recommended value for the point damping parameter
in sands is not established because of the Timited amount of

field data available for this study.



SUMMARY

This investigation was conducted during the fourth year
of a five year study on "Bearing Capacity for Axially Loaded
Piles." The applicability of two different mathematical models
which describe soil damping characteristics is evaluated for
use in wave equation analyses of piling behavior. A wave
equation computer program is used to predict pile bearing
capacity, and the predicted capacity is compared with field
Toad test data from full-scale test piles. Wave equation
analyses of four full-scale test piles embedded entirely in
highly p]aetic clay soils indicate that an average value of
J' = 0.2 seconds per foof for the friction damping and a point
damﬂing parameter of J = 0.15 seconds per foot may be used
with the mathematical model having a velocity equnentAof 1.0.

Two additional test sites are analyzed where the test
piles were embedded predominantly in a highly plastic e]ay,
but the pf]e tips were embedded in sand. Using the mathematical
model with a velocity exponent of 1.0 and a point damping value
of 0.15 seconds per foot, extremely high values of friction
damping are needed to achieve agreement between predicted and
actual bearing capacity. However, if a friction damping value
of 0.20 seconds per foot is used, point damping values of

0.95 seconds per foot and 1.55 seconds'per foot are obtained.
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The analysis of these two test piles with tips embedded in
sénd indicates that a value of point damping much greater
than 0.15 seconds per foot is required for agreement between
prediéted and actual bearing_capacityi However, additional

test data are needed to verify this trend.



IMPLEMENTATION .STATEMENT

This is a technical prsgfess repokt which presents the
results of an inve§tigation which was éonduéféd.to develop
soil damping parameters. . These soil damping parameters are
needed for use wifh the one-dimensional wave equation computer
program to predict the bearing capacity of an axially loaded pile.

Implementation of the results obtained in this study
should be Timited to piles which are embedded entirely in
highly plastic clay soils. A value of J' = 0.2 seconds per
foot for the friction dampihg parameter and a point damping
- parameter of J = 0.15 seconds per foot are recommended for
use with the mathematical mode1'having a ve]ocity exponent of
1.0. The values of point damping for piles driven through ar
highly plastic clay layer into sand determined in this study
should not be used until further verification has been obtained
“from additional field tests. Future field tests should include
the measurement of point load through instrumentation. The
initial static load tests should be conducted at the time of
driving, and the ten-day static load tests éhou]d be conducted
concurrently with a redriving of the test piles. This procedure
will allow predicted values of bearing capacity and soil set-up

to be correlated with the actual values obtained in the field.
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‘ImpJemented results from this study should be used concurrently
with existing design procedures'pending fuktper verification

bj additiona] field tests on»fu1T-scaie piles.
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INTRODUCTION

Present Status of the Question. - Dynamic pile driving

formulas have been in usé for many years to p?edict the load
carrying capacity of a pile. Unfortunﬁte1y, these formulas are
dependent upon simplifying assumptions which greatly reduce
their accuracy and restrict their application. Isaacs (4)* is
credited with first proposing the occurrence of longitudinal
wave transmission in a pi]e during driving. Because the solution
is extremely complex, little effort was made:-to expand this
theory until 1960 when Smith (10) presented a numerical solution
to the wave equation and a mathematical MOde1 to simulate pile-
soil interaction. Smith described the total soil resistance
mobilized during dynamic loading in the following manner:

R, = R, [1+ (Jord') V] (1)
“dynamic static '

where Ru'= dynamicfor static soil resistance, pounds;
J = a damping constant for the soil at the point of
the pile, seconds per foot;
J' = a damping constant for the soil along the side
of the ?i1e, seconds per foot;
V = the insfantaneous velocity of a point on the

*Numbers in parentheses refer to the references listed in
Appendix 1.

(The citations on the following pages follow the style of
the Journal of Soil Mechanics and Foundation Division, ASCE.)




pile at a given time, feet per second.

During the past six years, considerable research has been
directed toward determining representative damping parameters
for various types of soils. Initial ‘Taboratory studies were
conducted by Reeves, Coyle,and Hirsch (9). These studies
involved the use of a dynamic Toading apparatus to determine
damping characteristics of saturated sands subjected to impact
lToading. Coyle and Gibson (3) extended the laboratory investi-
gation and correlated damping parameters with common'sdil
properties such as void ratio for sands and liquidity index fof‘
7c1ays. These inQéstigations showed that the damping parameter
as determinéd_fn the Taboratory was not constant for thé range
of velocities considered. However, a constant laboratory damping
parameter Was obtgined by modifying the Smith equation as follows:

R, = R, [T+ (@ord) WI  ow<i.0 (2)
dynamic static

where N = a power to which the velocity, V, must be raised for
J or J' to be constant.

Tests were later performed by Korb and Coyle (5) and Raba
and Coyle (8) on mdde] piles in clay. Using the modified Smith
equation, Korb and Coyle investigated both tip damping, J, and
friction damping, J'.v For piles in clay, a value of N = 0.35
was recommended for use with a constant friction damping parameter
of J' = 1.25 seconds per foot,and a value of N = 1.0 was
recommended for use with a constant point damping parameter ofr

J.= 0.15 seconds per foot.



In 1970, Bartogkew{tz‘and Coy]e‘(Z) obtained static and
dyhamic field test data on two instrumented piles in clay. Using
| the damping parameters recomhended by Korb and Coyle for wave |
equation analyses, Bartoskewitz and Coyle Compared predicted
bearing capacity with measured bearing capacity for these two
instrumented piles. The predicted bearing capagjty-was
approximately. 30 percent less than the bearing capacity measured
during the pile Toad tests. This rather large discrepancy
between measured and predicted pile capacity suggested that a
Qa]ue be determined for friction damping which would reduce the
error. Using an N value of 0.35 in the wave equation analyses,
values of friction damping required to gfve agreement between
predicted and actual pile bearing capacity were J' = 0.535
seconds per foot for test pile No. 1 and J' = 0.67 seconds per
foot for test pile No. 2. | |

These results indicated that the friction damping parameter
corresponding to én N value of 0.35 was not a constant for the
‘clay soils at this test site. Bartoskewitz and Coyle attempted
to relate frictioh damping with some soil classification
property, but their findings were inconclusive. It was also
observed that an jinfinite number of combinations of J' and N
could be used tb achieve agreement between predicted and actual
pile bearing capacity. At this point in the research program,
it became apparent that information was needed concerning the

relationship between the friction damping parameter, J', and the



velocity exponent, N,

Objectives. - The objectives of this investigation are:

a.

To obtain static and dynamic field test data on
full-scale instrumented piles ffqm the literature.
To‘determine, by using the fie]d test data and the
one-dimensional wave equatioﬁ anaiysis, fhe soil
damping parameters required to achieve agreement
between predicted and actuai pile bearing capacity.'
To evaluate the applicability of two different
mathematical models used to deécribe the dahping
characteristics of the soil with the one-dimensional

wave equation analysis.



INVESTIGATION OF FRICTION DAMPING ON
PORT ARTHUR TEST PILES

General. -~ The computer program developed by Lowery, Hirsch,
and Samson (7) for solving the one-dimensional wave equation
using Smith's (10) numerical method is employed in this investi-
gation. - Any future mentioh of a wavé equation ana]ysis or
sb]ution.refers to anAanalysis or solution obtained by using
this coﬁputer program.

Analysis of Friction Damping at Time of Driving. - In

November, 1969, two instrumented piles were driven and load
_ tested near Port Arthur, Texas. Both piles were 16-in. 0D,
3/8-in. wall thickness, steel pipes and were driven by a
Link Belt 520 diesel'haﬁmer. ‘Test pile No. 1 had a total length
of 67 ff and was driven to an embedded depth of 64 ft. Test
’pi1e No. 2 had a fota1 length of 78 ft and was driven to an
embedded depth of 74 ft. Both piles were statically load tested
at approximate]y'fwo hours after driving and again 11 days
after driving. Strain gages at the head and tip of each pile
made it possible to measure both tip load (RUP) and total soil
resistance (RUT) for each pile. Complete data on the static
load tests havebeen reported by Bartoskewitz and Coyle (2).

With the exception of the friction damping parameter, J',

and the velocity exponent, N, the soil parameter values used in



this investigation are those recommended by Korb and CoyTe (5)

and by Bartoskewitz and Coyle (2). These values are:

, Qside = 0.10 inch
onint = 0.10 inch
Jpoint = 0.15 seconds per foot
Npoint = 1.0

where Q = the maximum elastic soil deformation, or quake.
Values of RUP and RUT usedAwere thosé measured during the
static load test. |
V'By using the wave equation computer program and by setting
RUT equal to the static load capacity of the pile at time of
driving, it was possible to determine the friction damping
parameter, J', corresponding to a particular value of the
velocity exponent, N. For example, the static soil resistance
of Port Arthur test pile No. 1 was 46.2 tons two hours after
driving. The point resistance measured from stréin gages was
nine tons. These values were used for RUT and RUP respectively.
In order to develop the curve shown in Fig. 1, several
values of J' were selected for a value of N = 0.2, and the
corresponding driving resistances were computed using the wave
equation program. The wave equafion coﬁputer program calculates
the permanent set of the pile caused by one blow of the hammer.
The reciprocal of the permanent set yields the driving resistance
1n.blows per unit of net pile movement. Since the actual blow

count for the last increment of driving was known, the J!
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FRICTION DAMPING PARAMETER (J'), SEC PER FT
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FIG. 1. - FRICTION DAMPING PARAMETER VERSUS DYNAMIC DRIVING RESI:
FOR PORT ARTHUR TEST PILE NO. 1
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value corresponding to N = 0.2 and RUT = 46.2 tons can be
determined. For the recorded driving resistance of 14.5vbfows
per foot, the corresponding J' was determined to beVO.ZO seconds
per foot. This procedure was repeéted for va]uesvbf N=20.4,
0.6, 0.8, and 1.0. For each value of N, there is a unique value
of J' whjch forces agreement between the predicted staticAsbil
resistance and the static soil resisténce measured in the field.
It was then possible to p]dt each unique value of J' with thev
corresponding N value for Port'Arthur test pile No. 1 as shown
in Fig.AZ. |

Port Arthur test bi]e No. 2 was analyzed in the same manner.
The average blow count for the last several feet of driving was
recorded as 16 blows per foot, and RUT was measured to be 50.]
- tons., The procedure used to develop a relationship between the
side friction damping parameter and the velocity exponent was
identical to that used for pile No. 1. The curve relating J'
to N for Port Arthur test pile No. 2 is also presented in Fig. 2.

Fig. 2 illustrates the relationship between J' and N for

the range of N values betweén 0 and 1.0. For the Port Arthur
test piles, J' approaches a constant value of approximately 0.17
seconds per foot as N increases to 1.0. However, as the value
of N is decreased, the two curves tend to diverge. For ekampTe,
according to Bartoskewitz and Coyle (2), if N = 0.35, J' = 0.535
seconds per foot for test pile No. 1 and J' = 0.67 seconds per

foot for test pile No. 2. Thus, it appears that at_the time of
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FIG. 2. - FRICTION DAMPING PARAMETER VERSUS VELOCITY EXPONENT
FOR PORT ARTHUR TEST PILES AT TIME OF DRIVING




driving, the friction damping parameter is fairly constant for a
value of N = 1,0 but is not constant for values of N Tess thaﬁb

1.0.

Analysis of Friction Damping 11 Days after Driving. - The
Port Arthur piles were stafica11y Toad tested and redriven a
second time 11 days after installation. The difference in the
hammer-pile-soil system_bétween the time the piles were first
driven and the time the piles-were redriven after 11 days was
.due to set-up occufring'in the clay. This set-up 1hcreased
the static 5011 resistance and decreased.the RUP/RUT ratios.
For example, RUP/RUT for Port Arfhur‘test pile No. 1 at time of
driving was 0.195, but when the pile was redriven after 11 days,
RUP/RUT was 0.050. - By using the same procedure described
previously, curves relating the friction démping parameter
versus driving resistance were dbtained for both piles. The
average blow count for pile No. 1 was 72 blows per foot; and
for pile No. 2, 182 blows per foot. Knowing these blow counts,
it was possible to develop curves-relating J' and N as shown
in Fig. 3. Compéring Figs. 2 and 3, it is observed that for
any value of N, fhe corresponding J' is higher at-the time of
the 11-day.test than at the time of driving. For example, Port
Arthur test pile No. 1 at time of -driving has a J' value of
0.17 seconds per foot'corresponding_to N =1.0. After 11 days,
the J' value corresponding to N = 1.0 is 0.44 seconds per foot.

This increase in J' is due to the set-up which occurs in clays.

10
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Therefore, it is apparent that values for J' obtained at the time

of driving will not apply after Set-up-has occurred.

12



ADDITIONAL CASE STUDIES OF PILES ALL IN CLAY

General. - Resu]fs fkdm the Port Arthuf test piies indicafed‘}
that for piles a]]‘in c1éy, JU s approximate]y10.17,seconds pef a
foot when N = 1.0. However, additional data wereneeded on full-
‘scale pile 1o$d tests to detérmiﬁe if this,va]de of therfriction
. damping paramefer would bé appTicab]e'in the same type ofrsoi1'
at other locations. Records of test piles driven‘at Beaumont,
Texas and at Chocolate éayou,'a1ongvthe‘TeXas Gulf Coast were
ané#yzed. Both of these piles were statically load tested at
least ten'days after driving. Thus, Tt was heceséary to estimate
the émount of set-up which had occurred sb that the stétic soil
resistance at time of driving coQ]H be déterm{ned. o

Only by performihg a static ]déd:tesf~imﬁediate1y>after a
pile is driven and then again after soil set-up has occurred can
the amount of set-up be determined exactly. However, this
method 1is impractica] becaﬁse df the time and exbense 1n¢urred
in éonducting two‘sépakatektesté. | | |

Bartoséewitz and‘Coyfé (2) report a soil sét-up of 2.16 and
2.43 for the Port Arthur piles; i.e., the static Toad capacity ‘
of pile No. 1 at the end of 11 days‘was 2.16 times4the staiic
load capacity of the pile at théAtime of dfiving; and for pile
No. 2,-the static load qapacity 1ncréased by a factor of 2.43

between time of driving and 11 days after driving. Tomlinson(11)

13



has presented data in the form of bearing capacity versus time
curves from which a set-up factor of approximately 2.0 was
suggested. Therefore, in this investigatibn a set-up factor
of 2.0 was used in the absence of conclusive static load test
data. ;
| In reviewing the original Port Arthur data reported by

Bartoskewitzvand Coyle (2), 1t"was'conciuded that no change in
point resistance with time should be.expected. For Port Arthur
pile No. 1, the point'resistancé decreased from nine tons at
- time of driving to five tons at 11 déys, and the point resisténce
at pile Né. 2 increased from eight tons atjtime of driving to
~ten tons at 11 days. Thus , ihere appeared to be no trend in the
change of point resistance with time, and it was concluded that
~in. clay soils point résistange‘shou1d be considered to-remain
‘constant with time, |

For the caées in which point resistance was not known, it
was assumed to remain constant, and a set-up factor of 2.0 was
applied to side friction. For example, at the time the static
1oéd test was performed, the Chocolate Bayou test pile had a
toﬁaf‘statfc soil resistance of 120 tons and a point resistance
of 20 toné. Assuming that the poiht reiistance remained constant
and that the side friction increased by a factor of 2.0, the
static soil resistance at the time of driving was 70 tons (20
tons'plus half of 100 tons). Tﬁerefore, RUP/RUT at time of
driving was 20/70 or 28.6%. '

14



Beaumont Test Pile., - Data obtained from a pile load test

conducted at Beaumont, Texas have been reported by Airhart,
Hirsch, arid Coyle (1). This pile was a 16-in. 0D, 3/8~in. wall,
535ft long steej pipe driven into predominantly clay soils by

a Delmag D-12 hammér.v The average blow count for the 1asf
several feet of driving was 28 b]owé per foot, and the pile was'
tested 13 days after driving. The maximum static test load
applied on the ﬁi]e was 120 tons, and the tip resistance was
mea§Ured to be 18 tons. Keeping the point resistance constant

. and reducing the side friction by a factor of 2.0,'RUT at time
of driviné was calculated tb be 18 tons plus 102 tons/2.0 = 69
tons. RUP/RUT = 18/69 or 26.1%. Knowing these values of RUP
and RUT and usfﬁg the soil parametérs determined previously, a
wave equation analysis was performeq in which the friction
damping pa}ameter, J', was varied bétween 0. and 1.6 seconds per
foot;and the velocity exponent, N, was varied between 0 and

1.0. The curve of J' versus N is shown in Fig. 4,-and it is
observed that for N = 1.0, J' = 0.22 seconds per foot.

= Chocolate Bayou Test Pile. - Lowery, Edwards, and Hirsch (6)

reported results of a static load test conducted at Chocolate
Bayou on the Texas Gulf Coast. This instrumented pile was a
16-in. square precast concrete pile 40-ft long. The pile was
driven into predominant]y clay soils to an embedded depth of 33
ft by a Link Belt 520 hammer. The‘average blow count the last

several feet of driving was 24 blows per foot, and the pile was

15
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load tested 45 days after driving. The maximum static load
applied to the pile was 120 tons; the point resistance was meas-
ured to be 20 tons. Since the pile was not tested immediately |
after driving, it was again necessary to assume a set-up of

2.0 for side resistance, while the point resistance was assumed
to remain constant. RUT was found to be 20 tons plus 100 tons/
2.0 = 70 tons. RUP/RUT = 20/70 or 28.6%. Following the same
procedure described for the Beaumont pile, the curve of J'
versus,N shown in Fig. 5 was obtained. For N = 1.0, the
corresponding J' was found to be 0.26 seconds per foot.

Discussion of Results. - The reldtionships between J' and

N for the four test piles investigated are summarized in Fig. 6.
These relationships were developed for values of N between 0
and 1.0. It is observed from Fig. G%that for an N value of 1.0,
- . the friction damping parameter cbnve;ges to an average value of
0.20 seconds per foot. In each case, the piles were driven into
predominantly high]& plastic clay soils. Therefore, the
" following soil parameter values are recommended for piles driven
entirely into highly plastic clays: |

Friction damping, J' = 0.20 seconds per foot,

Point damping, J = 0.15 seconds per foot,

Velocity exponent, N = 1.0. »

By recommending a value of N - 1.0, it is implied that

Smith's equation, Eq. 1, need not be modified and should remain:

=R [T+ (dora') vl
Udynamic Ustatic :

17
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The soi1lpakameter values listed above were used with the
wave equation computer program to determine predicted bearing
gapacity for the four piles previously discussed. In order'to
estimate the static soil resistance; the following procedure
was employed. By’USing the above soil parameters and by varying
RUT, a curve of RUT versus dynamic driving resistance was
obtained. Fig. 7 shows the relationship between statfc 5011
resistance and:dynaﬁjc driving resistance for Port Arthur test.
| pile No. 1. Entering the graph with the known blow éount,Of
14.5 blows per foot, the corresponding predicted RUT was deter-
_mined to be 41.0 tons. The RUT actually measured during the
‘static load test was 46.2 tons;\thus, the error between the

predicted and actual bearing Capacity is -5.2 tons/46.2 tons or

-11.2%. This procedure was repeated'%or each of the four test

piles investigéted, and the resuTté aré summarized in Table 1.
Table 1. - Ervror in Predictiﬁg Static Soil Resistance

Caused by Using an Average Value of J'

Test Pile Measured Soil Predicted Soil Error

Location Resistance ~ Resistance (%)
(tons) (tons)
Port Arthur No. 1 46.2 41.0 -11.2
Port Arthur No. 2 50.1 , 46.4_ - 7.4
Beaumont 69.0 73.0 | + 5.8
Chocolate Bayou 70.0 76.0  +8.6

The maximum difference between predicted and actual bearing

20
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capacity is in the order of plus or minus ten percent which is

considered acceptable agreement.
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CASE STUDIES OF PILES IN CLAY WITH
TIPS IN SAND.

General. - Additional test pi}e reCords were located in
which the piles were driven through an exténsiye_upper clay
layer and into several feet of sand. iThese test pile sites
were located at St. Charles Parish, Louisiana and at Victoria,
Texas. The clay soils which provided side resistance during
Toad testing were very similar to the clay soils found at the
sites presénted previously. However, the tip resistances of
the piles driven several feet into sand were muéh higher than
the tip resistances of piles driven entirely into t]ay.

As was the case in the Beaumont and Chocolate Bayou test
piles, the 1oad tests at Victoria and St. Charles Parish were
‘conducted a minimum of ten days after the pile was driven.
Thus, the determination of soil resistance at time of driving
was required. .

On May 10, 1971, the Texas Highway Department drove
a 16-in. square prestressed concrete pile on-Park Road 22
near Corpus Christi, Texas. The pile was instrumented by
TTI for research purposes. The soil profile indicated that
~ the test pf]e was embedded almost entirely in sand. Load

tests were conducted immediately after driving and again
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ten days after driving. Strain gages at the head and tip of the
pile made possible the measurement of total statie soil resist-
ence and tip resistahce. At time of driving, the'tote1 static
so0il resistance was 147 tons, and.fhe tip resistance was 109
ztons. Ten days later the.staticzload‘te$t>was repeated, and

the total resistance was 156 tons with ‘a corresponding tip load
of 1308 tons. These unipublished data indieate no change in tip
resistance with time for pile tipSVembedded in sand. - Therefore,
it is believed that ultimate point resistance shouid be con-
sidered to remain constant with time for piles embedded in sand.
In this study, point resfétance\Nasassumed to remain constant,
and a set-up of 2.0was applied to side friction in the clay
]eyer. ‘

Victoria Test Pile. - Static load tests on an instrumented

test pile at Victoria, Texas have been reported by Lowery,
Edwards, and Hirsch (6). The 45-ft long 16-in. square precast
concrete pile was driven to an embedded depth of 30 ft by a
Vu]cen No. 1 hammer. The pile was driven through predominantly
clay soils, and the tip was embedded 4 ft into sand. For the
Tast foot of driving, the blow count was observed to be 395
blows per foot. The static load test was conducted 45 days
after driving. Results from the static Toad test indicated a
total static soil resistance of 200 tons., and measurements from
the strain gage at the tip of the pile indicated a tip load of

128 tons. Therefore, the side resistance was 200 tons minus
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128 tons or 72 tons. Assuming the point resistance remained
constant withbtime and applying a sef—up of 2.0 to side friction,
the static resistance at time of driving was cé]cu]ated to be
128 tons plus 72 tons/2.0 = 164 tons. RUP/RUT = 128/164.or
78.0%.

Following the same procedure used in analyzing the test
~ piles embedded entirely in clay, relationships were developed
~between the friction damping parameter, J', and the velocity
exponent, N; for a range of N values from 0 to 1.0. The curve
of J' versus N shown in Fig. 8 indicates that for a value of
N = 1.0, the corresponding va]he of J' is 2.75 seconds per foot.
This value of J' is extrehe]y high compared with the average J'
of 0.20 seconds per foot determined from test piles embedded
entirely in clay. There is no apparent reason for the high
friction damping parameter as the clay soils at the Victoria
site were very similar to those encountered in Port Arthur,
Beaumont, and Choéo]ate Bayou.

St. Charles Parish Test Pile. - A wave equation analysis was

also performed on unpublished load test data obtained from the
Louisiana Department of Highways. The test pile was a 91-ft
'1ong 54-in. diameter precast cbncrete pile with a 5-in. wall
thickness. A Raymond 8/0 hammer was uéed to drive the pile to
its embedded'deptﬁ of 89 ft. The soil profile was similar to
that encountered at the Victoria site; the pile was driven

through the upper clay layer and embedded 4 ft in sand.
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Because the pile was not instrumented, a static analysis was
carried out to determine the distribution of soil resistance

on the pile. The total static soil resistance was measured to
be 625 tons, and the side resistance obtained from a static
analysis-was found to be 233 tons. Thus, the point resistance
was 625 tons minus 233 tons or 392 tons. Assuming the point
resistance remained constant with time and applying a sef—up '
of 2.0 to the side resistance, RUT was ca]cu]atéd to be 392 tons
'p]u5'233rtons/2,0 or 509 tons. The ratio RUP/RUT = 392/509 or
77.2%. - The wéve equation computer program was used to determihe
the relationship between friction damping and the velocity
exponent, and the curve of J' versus N for the St. Charles
Parish test pile is plotted in Fig. 8. It is observed that

for a value of N = 1.0, tﬁe corresponding value of J' is 2.74
seconds per foot. Again, this value is considered to be very
nigh for the c]ay:soi1s through which most of the pile was driven.

Discussion of Results. - Although the Victoria and St.

Charles -Parish test piles were .driven into prédominantly clay
“'soils, the last 4 ft of the piles were embedded in sand.

Values of friction damping corresponding to an N value of 1.0
were 2.75 seconds per foot and 2.74 seconds per foot respectively.
These high values were not expected since it seems logical that
the friction damping parameéter should remain constant in the

same type of soil.

The significant difference between the Victoria and
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St. Charles Parish test piles and the piles embedded entirely
in clay is the high RUP/RUT ratios resu]tjng from tﬁe pile tipé
| being driven into sand. It is possible that the vajue of the
friction damping parameter for the Victoria and St. Char]es
" Parish test‘pi]es is approximately 0.20 secohds per.foot_és

indicated from the analysis of piles embedded all in clay.

Furthermore, it is possible that by driving the pile tips 1ﬁto

sand and creatfng high RUP/RUT ratios, the point damping

parameter is no longer equa] to 0.15 §econds per foot. For
tHis reason, further investigation was directed toward. the
}re]ationshjp bétween the point damping parameter, J, and the

ratio RUP/RUT.
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INVESTIGATION OF POINT DAMPING PARAMETER

General. - An investigation of the point damping parameter,
J, was also conducted using the wave equation program. Results
from the friction damping investigation presented earlier indi-
cate that a value of N = 1.0 and a corresponding value of -J' =
0.20 seconds per foot should be used for piles embedded entirely
in highly plastic clays. Since the Victorfa and St. Charles
Parish soils fall in this categony, those values were used in
the study of point damping. With the exception of the point
damping parameter, all other parameters were the same as those-
used in the friction damping investigation. The point damping
parameter, J, was varied from 0 to 2.0 seconds per foot, and
- the corresponding N value remained a constant value of 1.0.

Method of Analysis. - By setting RUT equal to the static

lToad capacity of fhe pile at time of driving.and by using the’
soi] parameters described above, it was possible to determine

the value of J corresponding to a particular ratio of RUP/RUT.
For example, the total static soil resistance for the St. Charles
Parish test pile at time of driving was calculated to be 509 tons
with a point resistance of 392 tons. Using these values for RUT
and RUP respectively and using an initial value of J = 0.5
seconds per foot, the-wave equation program was used to compute

the driving resistance in blows per unit of net pile movement.
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This procedure was repeated for values of J = 1.0, 1.5, and 2.0
seconds per foot. A graph of J versus dynamic driving resistance
for the St. Charles Parish test pile is shown in Fig. 9 Since
the actual blow count for the last increment of driving was
known, Fig. 9 was used to determ1ne the requ1red J va]ue
correspond1ng to an RUT of 509 tons. For a recorded dr1v1ng
resistance of 235 blows per foot, the corresponding point -
damping parameter was found to be 1.55 seconds pér foot. Thus.,
the value of the point damping parameter corresponding to the
RUP/RUT value of 77.2% was 1.55 seconds per foot.

This procedure was repeated for the Victoria test pile,
with RUP/RUT =78.0%, and a J value of 0.95 seconds per foot
was obtained. ' The graph of J versus dynamic driving resistance
for the Victoria test pile is shown in Fid.'10.

Discussion of Results. - From the friction damping

investigation, it seems possible that a relationship exists
between the point damping parameter and RUP/RUT. HoWever, results
from the St. Charles Parish and Victoria test piles do Tittle to
substantiate this premise. Values of friction damping were
determined which give agreement between predicted and actual pile
bearing capacity. For approximately the same value of RUP/RUT,
0.78, the corresponding values of J were far apart, 1.55 seconds -
per foot for the St. Charles Parish test pile and 0.95 seconds

per foot for the Victoria test pile. It should be noted, however,

that both J values were much higher than the J value of 0.15
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seconds per foot used in the friction damping inVestigation.

Too few test piles were analyzed to completely diﬁcount the
hossibi]ity that a relationéhib between point damping and RUP/RUT
exists.' Additional data for piles driven primarily into clay

and embedaed in sand are needed before definite conclusions can
_be-drawn as to what effect, if any, RUP/RUT has on the point

damping parameter.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions. - The primary objectives of this investigation
were twofold. .First,'usingvthetwave equation computer program, |
an investigation was made to determine the soil damping parameter
required to achieve agreement between predicted and actual piTe
bearing capacity. Second, the results achieved in the first
objective were used to determine which of tWo mathematical models
better describes the friction damping characteriétics of the
‘,soi1. | A
VBased 6n wave equation anaiyses of the Port Arthur,
Beaumont, and Chocolate Bayou test piles at time of driving,
o tﬁe following conclusions can be made for piles embedded
.entire1y,fn highly plastic clays:
.1. Smith's mathematical model better describes the
total soil resistance during dynamic loading; i.e.,
the velocity, V, shquld be raised to a power of
N = 1.0.
2. A value of 0.20 seconds per foot should be used
for the friction damping parameter and a value
of 0.15 seconds per foot for the point damping
parameter.
3. Differences in pile materials and pile geometry

do not seem to affect the friction damping parameter.

34



Based on wave equation analyses of the St. Charles Parish
and Victoria test piles at time_of.drivinq, the following
'6bservatiohs are made for piles driven~throu§h a layer of highly
plastic clay with tips founded in sand:

1. For the case in which a point damping~parémeter,

. J, of 0.15 seconds per foot was used, unreasonable
values of the friction damping parameter, J', were
obtained; i.e., J' = 2.74—2.75.seconds per foot.

2. Using a value of J' = 0.20 seconds pef foot as
determined in the friction dampiné investigation,
higher values of point dampina were obtained;

j.e., J = 0.95 seconds per foot and 1.55 seconds
per foot.

The attempt to determine a relationship between point

damping and RUP/RUT yielded inconclusive results. However,

for the limited number of cases analyzed, there are indications
that a value of point damping much greater than 0.15 seconds per
foot is required for piles with tips founded in sand.

Recommendations. - The various pile analyses presented in

this study are based on piles driven primarily into clay soils.
There is great need for additional field test data obtained from
instrumented piles driven entirely into cohesionless materials
and instrumented piles driven through an upper clay Tayer with
their tips embedded in cohesionless soils.

’ It is recommended that future pile tests include a
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measurement of the tip_resistance whenever possible.

Where practical, future static 1oad tests should also be
conducted as soon after driving as possible to evalute soil
parameters at time of driving. A second statfc load test shou]d
be condUCted concurrently with redrfving the pile a m1nimum of
ten days after inifia] driving. Data from the second static

‘]oad test will be Usefu],in éva]uating soil parameters after
set-up has occurred.
A great deal more field test data on instrumented piles is

needed in order to thoroughly evaluate the friction and point

damping parametersvin all soils and combinations of soils.
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APPENDIX II. - SUMMARY OF INPUT DATA

Port Arthur Test Piles

Site No.

1

Hammer Properties

PiTe

Soil

Type: Link Belt 520 diesel

Ram ve]ocfty:"14.70 fﬂs

Ram weight: 5.07 kip§

Anvil weight: 1.18 kips

Adapter weight: 1.05 kips _
Capblock stiffness: 108,500 kips/in.
Cushion stiffness: 18,600 kips/in.r |
Capblock coefficient df reStitutioh: 1.0
Cushion coefficient of restitution: 0.8
Properties

Type: 16-in, 0D, 3/8-in. wall, steel pipe
Pi]é length: 67 ft

Embedded depth: 64 ft

Segment length: 5 ft

Segment weight: 0.313 kip

Segment stiffness: 9,080 kips/in.

Properties

Static soil resistance: 92.4 kips
Point resistance: 18.0 kips

Final biow count: 14.5 blows/ft
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Site No.

2

Hammer Properties

Pile

Type: Link Belt 520 diesel
Ram velocity: 15.16 fps
Ram weight: 5.07 kips .
Anvil weight: 1.18 kips

‘Adapter weight: 1.05 kips

Capblock stiffness: 108,500 kips/in.
Cushion stiffness: 18,600 kips/in.
Capblock boefficient of restitution: 1.0
Cushion coefficient of festitution: 0.8
Properties |

Type: 16-in. 0D, 3/8-in. wal], steel pipe

- Pile length: 78 ft

Embedded depth: 74 ft

~ Segment length: 5 ft

Soil

Segment weight: 0.313 kip

Segment stiffness: 9,080 kips/in.
Properties

Static soil resistance: 100.2 kips

Point resistance: 16.0 kips

“Final blow count: 16 blows/ft

40



Beaumont Test

Pile

Hammer Properties

Pile

Soil

Type: Delmag D-12 diesel

Ram velocity: Zl.lb fps

Ram weight: 2.75 kips-

Anvil weight: 0.816 kip

Adapter weight: 0.597 kip

Capblock stiffness: 31,500 kips/in.
Cushion stiffness: 18,600 kips/in.

Capblock coefficient'of restitutioh: 1.0

Cushion coefficient of restitution: 1.0

Properties .
Type: 16-in. 0D, 3/8-in. wall, steel pipe
Pile Jength: - 53 ft

Embedded depth: 50 ft

Segment length: 5 ft

Segment weight: 0.290 kip

Segment stiffness: 8,780 kips/in.
Properties

Static soil resistance: 138 kips

Point resistance: 36 kips

Final blow count: 28 blows/ft
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Chocolate Bayou Test Pile

Hammer'Properties
Type: Link Belt 520 diesel
Ram ve1ocity: 11.63 fps
Ram wéight: 5.07 kips -
Anvil weight: 1.18 kips
Adabter weight: 1.30 kips'
- Capblock stiffness: 108;500 kips/in;
Cushion stiffness: 18,600 kips/ih,
.'Capb]OCk coefficient of restitution: 0.8
Cushion éoefficient of restitution: 0.5
'Pi]e Properties ' |
Type: 16-in. square precast concrefe
Pile Tength: 40 ft
Embedded depth: 33 ft
Segment Jength: 5 ft
Ségment weight: 1.378 kips |
- Segment stiffness: 33,100 kips/inf
Soil Properties
Static soil resistance: 140 kips
Point resistance: 40 kips

Final blow count: 24 blows/ft
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Victoria Test Pi]e

Hammer Properties

Type: Vulcan No. 1 steam

Ram velocity: -12.80 fps

Ram weight: 5.00 kips -

Adapter weight: - 1.00 kip

Capblock stiffness: 1,492 kips/in.:

Cushion stiffness: 1.736 kips/in.,

Capblock coefficient of restitution: 0.5

Cushion coefficient df restitution: 0.5
Pile - Properties

Type: 16-in. square precast concrete

Pile Tength: 45 ft

Embedded depth: 30 ft

Segment length: 5 ft

Segment weight: 1.20 kips

Segment stiffness: 37;600 kips/in.
'Soi1 Properties

Static soil resistance: 328 kips -

Point resistance: 256 kips

Final blow count: 395 blows/ft
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St. Charles Parish Test Pi]e_

Hammer Properties

Type: Raymond 8/0 steah

Ram velocity: 12.94 fps
Ram weight: 25.00 kips
Adapter weight: 6.00 kips

‘Capblock stiffness: 9,600 kips/in.

- Cushion stiffness: 5,180 kips/in. -

Pile

Soil

Capblock coefficient of restitution: 0.8
Cushion coefficient ofvrestftution} 0.5

Properties

Type: - 54-in. cyclinder precast concrete, 5-in. wall

Pile length: 91 ft

Embedded depth: 89 ft

Segment length: 5 ft

Segment weight: 4.19 kips

Segment stiffness: 77,800 kips/in.
Properties _

Static soil resistance: 1,018 Kips -

Point resistance: 785 kips

~Final blow count: 235 blows/ft
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