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9.1 Introduction:

Although driven piles have had along history of usein construction, the pradice of
designing pil e remains smething of an art, due to urcertainties abou the mechanics of

pil e behavior. How do we analyze the behavior of a pile suppated in amateria li ke soil?
Sail isn't like other elastic engineering materials, such as ged and concrete. It'sa
“viscous lid”: Particles and gains, flowing and crushing ontop of each other — with the
additional complication o water presaure caised by the pil e ramming process

In 1948 Karl Terzaghi wrote ebou the complexiti es presented in

understanding pil e behavior:
“Because of the wide variety of soil condtions
encourtered in practice, any attempts to establi sh rules for
the design of pile foundstions necessarily involvesradicd
simplificaions, and the rules themselves are useful only as
guides to judgment. For the same reason, theoretical
refinements...are ompletely out of place and can be : i
safely ignored.” (Ref. 1, p. 526 Karl Terzaghi

(18831963
Not very encouraging words coming from the father of soil mechanics!

Now, contrast the dowve statement with ancther opinion by Harry
Poulos, an adknowledged expert in thisfield:
“Despite this pesamistic evaluation, the past three
decades have seen agradual changein pile design
procedures, from essentially empirical methods towards
methods with a sounder theoreticd basis.” (Ref. 2)

Harry Poulos
So, what has changed since Terzaghi’ stime? Univ. of Sydney

Numericd methods, developed sincethe 1960's by Poulos and his contemporaries, can
provide afull er understanding of pil e behavior compared to past methocs.

This paper intends to discusselementary pil e design topicsin ore short chapter, for

pradicing structural engineas. We will divide this task into broad subtopics:
Current methods for determining the ultimate pil e load resistancefor LRFD
design based onthe Illi nois Department of Transportation’s methods
Numericd methods for determining the pil e settlement and davndrag forces,
based onPoulos’ extensive research

(* DesignCalcs, Inc. http://www.designcd cs.com)
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The secondary objedive of this paper isto describe DCALC’ s pil e design appli cations.
Several example problems will be presented, comparing resultsto publi shed results for
verificaion pupaoses.

As apracticing structural enginee, | have dways relied ongeotechnicd engineers for
foundation recommendations. At this gage in my career, | dedded to develop apile
design applicaion, mainly out of curiosity. Starting with ablank dlate, | began this
venture not quite sure of what the pil e design application would look like, except that it
shoud be eay to use by structural engineers like myself.

I’ve li sted several resources that I’ ve read whil e reseaching thistopic & the end d this
paper. Probably the most highly referenced and pradicd text onthis sibjed is“Pile
Design and Construction Pradice”, by M. J. Tomlinson (Ref. 3). On the other end d the
difficulty spectrum is, “Pile Foundition Analysis and Design”, by Poulos and Davis (Ref.
4). Thislatter text, puldished in 1980 (pre-dawn to the personal computer revolution)
provides arational approad to pile design, well suited for the purpose of writing pile
design applicaions. In my opinion, Poulos and Davis were well aheal of their time.

Thetask of taking Poulos' methoddogies and writing a useful DCALC appli caionwas
quitedifficult, requiring aimost ayear’ s worth o leaning curve on my part. Eventually
the pil e settlement application, “PILESETL”, produced results that are consistent with
pulished results.

In kegoing with the writing style of other DCALC chapters, | have included short history
lessons on the devel opment of theories, including phdographs of important engineers of

the past. It ismy belief that, as engineers, we neal to keep a historicd perspedive dou

the development of theoriesin order to better understand these topics.

9.2 DCALC'sPile Design Applications.
DCALC hasthe foll owing pil e design appli cations:
- BORING: This program is used to coll ed soil boring data. It isalso used by other
DCALC geotechnicd applicaions andis described in Chapter 8, “ Settlement
Calculations Using DCALC” (http://dcdc.us/Tutorials/Chapter8.pd)

PILE: This program designs driven plesfor ASD and LRFD loads, using the
methods that have been adopted by the Illi nois Department of Transportation and
the AASHTO LRFD Specification.

PILESETL.: This program computes the settlement of asingle pile or a pile group,
based on numerical methods developed by Poulos and his contemporaries.

After describing the essential theory used, the use of the @bove goplicaions will be

described. Examples used for verificaion puposes are listed, which the user can adso try
to become familiar with the goplication usage.
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9.3 Designing Piles for Ultimate L oads.

The traditional method wsed for designing pil esis to evaluate the ultimate fail ure
medhanism of the pil e, and then applying a generous sfety factor to account for
uncertainties. A pileresists loads by a combination d side friction and tip resistance

Side Friction: P

Frictionwill exist between the soil and the surface of

the pile. Thefrictionis composed of two paential l

parts: =
il Slipiint

Pside =Soil Force(adion namal to ple) * tan(f)
+ Adhesion (for clay)

Fside

Traditionally, values of sidefriction have been
determined based ontest data for various il types.

Tip Resistance
Theresistance & the piletip
is determined by an analysis
of the plastic fail ure state.
Karl Terzaghi developed
equations for the plastic
strength, borrowing from
work onthe Theory of
Plasticity by Ludwig Prandtl.

Plastic Failure Bulb

In 1951, G. Meyerhof

extended Terzaghi’s Ll(J&N;gng%n;t I
eguations into the format that
is commonly used today.

Of the @dowve two sources of resistance, “side friction” isthe least certain. Traditionally,
values of side friction based ontest data have been compiled in graphicd form.
Tomlinson's reference on this subjed has been used as a standard reference for side
friction values.

Lately, research dore by Dr. James Long of the University of Illinoisin association with
the Illinois Department of Transportation (IDOT) has taken afresh approac to
formulizing values for sidefriction. In lieu of presenting side friction values in the form
of graphs, equations have been developed based on the extensive records of pil e loading
tests. The IDOT document presenting these eguations can be downloaded from the IDOT
website & http://www.dd.il .gov/bridges/Desi gn%20Guides/Design_Guides Web.pd as
a “Design Guide”, titled “ Geotechnicd Pile Design Procedure— AGMU Memo 10.2. In
addition, IDOT provides pil e design spreadsheets that can be downloaded from their
website.
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The pile design criteriain the AASHTO LRFD Spedficaionisafairly invaved process
To provide spedfic guidancefor designers on rew LRFD pil e design methods, some state
DOT’s, have prepared pile design pdicies. The éove referenced IDOT document is
particularly useful for designers.

Esentially the task of designing apilefor LRFD istwofold:

To compute apil e type that has anominal strength that is adequate to support
fadored loads. Thisis called the “ Factored Resistance Available’. Thisisthe
pil e strength that we use to design ou structure using LRFD loads. The pile
strength must take into acoourt various fadors that may occur during the life of
the structure, such as:

o Downdrag

o Scour

o Liquefadion
Next, we must compute the pil e resistancethat the field can monitor during
driving. Thisis cdled the “Nominal Required Bearing”. When apileis
install ed, thereisinitially no davndrag, scour or liquefadion —therefore, we must
take those factors “ of f the table” in this caculation. Contradors monitor apile's
resistance by measuring the number of blows per inch to drive apil e into the
ground, wing aformula cdl ed the “ Gate’' s Formula”. Gate' s Formula uses the
Nominal Required Beaing to determine the objective blows per inch.

The DCALC applicaion, “PILE”, isbased onIDOT’s methoddogy. IDOT aso hasa
fredy avail able spreadshed that can be downloaded from their website.

If you are designing abridgein lllinais, IDOT’ s pil e design spreadshed is the way to
determine the necessary pil e length and size. After becoming familiar with the
spreadsheet and understanding the theory behind it, the spreadsheet is the most effedive
(andrequired) tod that you can use. The spreadshed is particularly helpful for comparing
pil e alternatives.

Having said that, DCALC hasits own ple design applicaion,“PILE". Designing a pile
using PILE isavery quick process automating the entire process The PILE application
produces explicit cdculations, similar to hand cdculations, that can be dhecked.

A designer may want to use PILE to ched the spreadsheet’ s results, or to better
understand the spreadsheet results. Also, it will be necessary to run PILE if you need to
run PILESETL, which computes sttlement.
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9.4 Mindin’s Solution to a Point Load in A Semi-Infinite Solid:

The most interesting mathematica problems addressed by the Theory of Elasticity were
largely solved duing the 19" and ealy 20" century. A particularly influential
mathematician was Boussinesq, who cerived the solution d apoint load onthe surface of
asemi-infinite solid. Boussnesq's olution hes foundgrea use in thefield of
geotedhnical engineering as a methodfor determining settlement of spread foatings.
Ancther interesting solution (yet limited in practical importance) isKelvin's slutionto a
point ading inside an infinite mass

In 1936,RaymondMindlin leaned of H.M. Westergaad'’ sinterpretation o Kelvin's
solution based onaseries of ledures at the University of Michigan. Westergaard
reinterpreted Kelvin's lutioninto aform of vedor notation developed by Galerkinin
1930.Based oninsights from these ledures, Mindlin was able to solve the problem of a
point load inside asemi-infinite massby superimposing a combination o Galerkin strain
fields.

Top/Surface

0 4+ — — —

‘RaymondMind.Iin'
Point Load Inside aSemi-Infinite Solid (19061987

Solution to the problem (sign convention: tension="+", compresson="-*), from Ref. 6:

P r-2—0 (1-2)G+70) 4(1-p)(1-2) 3ri(e—0)

Tsr-wl Re Ré  Ra(Retztc) RS
] 6c{l —2u)(z+c)*—6c*(z+¢) — 33 —4u)ri(z—c)  30eriz(z+c)
= |
_P(lu?p][(z—c] | (3—du)(z+c)—oe 4(1—p) oclz+c)t  6cizto)
T an(l—wl mRe R " Ra(Rotztc) R _{1—2;;)1{25,1'
3 P 1 (1—2u)(z—c) | {(1—2p)(z—c) 3(z—c)?
“Ter-wl R R Rp
33 —4pis(zto)—3c(z+c)(3z—¢)  3cz(z+c)?
- Ry Ry . ]
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9.4.1A Numerical Approad To Settlement Using Mindlin’s Solution:
DCALC usesthe following numericd approach for computing settlement due to a point
load by considering astack of 1foot high elements:

Elemert Shortening

In the dowve figure, apoint load is siown inside asemi-infinite mass In this case, the
“semi-infinite mass’ isthe eath. We can conveniently evaluate the shortening in
individual stadked elementsthat are each ore foat high as follows:
- Thestresss, sz, sx, andsy are cdculated for each element using Mindlin's
solution
The vertical strain of each orefoat high element is,
ez=sz(1—u(sx +sy)), where “u” = poisn's coefficient of soil
The vertical shortening of eat one foat high element “i” is,
S =ez/Es* 1foa, where “Es” = moduus of eadticity of the soil
The shortening of the stacked column is the accumulated shortening of all the one
foot high elements:
Accumulated shortening=S S
We can compute the settlement of the stadked column due to the load, P, by starting the
numericd integration from the “bottom up’ to the point in question. If the “bottom” is
sufficiently lower than the load P, (such asthe bottom of soil boring log) the stresses and
strains will be virtually zero. This approach has the alditional advantage of being easily
adapted to any type of layered soil condtion, by using the “Es” appropriate to the layer in
guestion.

p.9-6



Pile Design Using DCALC

9.5 Poulos’ Method Used to Compute Pile Settlement (Sindle Pile)
The following approach has been adapted from Chapter 5 of “Pile Foundation Analysis
and Design” by Poulos and Davis, 1980

Note: Some of the methoddogies used by DCALC differ in approad from those used by
the reference, but the intent is the same. For example, the referenced text utili zes closed
form integral forms to compute settlement; whereas, DCALC uses anumericd approach
(seeprecaling sedion). Also, the terminology used here diff ers from this reference,
athouwgh na in meaning, for consistency with finite dement terminology used by
DCALC (For example: “matrix of soil displacenent influence” istermed “soil flexibility
matrix” in this paper.)

Step 1 Define the geometry andjoint configuration of the pil e-soil model
A finite dement model of the pileisfirst developed by considering the soil and the pile
as two separate finite dement modelsthat arerigidly linked (“no dlip” condition):
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The pile model isdivided into 1foaot tall segments. The soil model islocaed onthe side
of the pile, consisting of 1 foot stadked soil elements that extend davn to the bottom of
the boring.

DCALC utili zes il boring data which the user must inpu into the BORING application.

A soil boring must be sufficiently deeer than the bottom of the pil e, because we will be
asming that stresses and settlement at the bottom of boring are negligible.
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Step 2 Determine the stiff nessproperties of the soil structure
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i L_| e
= (. : i Sl e
=X L1 Pile Skin Friction ("FP")
Sail Madel (Distributed Around Perimeter)

For each soil joint that is adjacent to a pil e joint, we need to compute the settlement at
soil joint “j” due to aunit load, P=1 k, at joint “i”. The pileload is further subdvided
aroundthe perimeter of the pile (Poulos and Davis recommend subdviding the load into
50fradional parts.)

As described in the previous fdion, the stresses, sz, sx, and sy are calculated for eadt
element using Mindlin’s lution. Then the shortening of soil element “j” is computed,
based onthe soil properties. Then the settlement of the soil stad from the bottom of the
boring is computed.

The result of the processis adefledion coefficient, “a;;” —the settlement at “j” dueto
P=1kat “i".

This processis repeded for all soil elements below joint “i”. (It isnaot necessary to
compute the settlement of soil elements abowve “i”, aswill be explained.)

We then assemble the lower triangle of the sail flexibility matrix, asfoll ows:

a1 (Don't compute upper triangle!)
dz1 Az

[fsil] = dz1 Aas2 Ass
ani an2 ans..... anN
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Based onMaxwell’ sredprocd law, the mefficients of the upper triangle must equal the

coefficients of the lower triangle:

[fsoil] =

ail
a1
asi

an1

T 54— Uppertrianglerefleds
@21 Asg anu the lower triangle
anaz2 ... i

aszo a§3\\; ..... :

an2 ans......

A Joint N

The soil stiffnessmatrix isthen computed as the inverse of the soil flexibili ty matrix:

[Keoil] = [fsoi]

1

Step 3: Compute stiff nessproperties of atypical pile dement

Depicted ontheright isasimple finite dement bar

representing the pile member “i”.

The relative shortening of the bar dueto “P” is,

D -D.1 =P*L/IAE
=> P =AE/L*(1 -)X{ D D1}

Force equili brium requires that
Pi+P.1=0
=>P,=-P=-AE/L*(1 -1) *{ D

Therefore,
P |= AE*|1-1|D
Pi+1 L -1 1 D+1

Di+1}
= AE/L*(-1 D*{ D D}

The dement stiffnessmatrix for this smple bar is,

[Ki] = AE*

L

1-1
-1

Step 4 Assmble the pil e stiff nessmatrix:

i
Joint |
&
ﬂEx\ﬂﬂ
é
E
b7
Aj+1
Joint | + 1 —/ 5/ '
Fit1

The overall pile stiffnessmatrix is constructed by summing the dement stiffness

A Joint 1

matrices:
1-100... 0
-1 2 0
AE *| 0-12-1..0
[Koile] = L 1201
000... 2

A Joint N
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Step 5. Compute stiff nessproperties of the ommposite soil -pil e modd:

A composite stiffnessmatrix is constructed, the form of which dependsonif dip occurs
between the soil and the pile. We will nedd to iterate the solution, cheding whether or
not slip ocaurs, and then assemble the composite stiffnessmatrix based on the following
rules:

Rule 1. Compoasite stiffnessat joint rows where slip dces not ocaur (Dsii = Dyite)

At joint locaions where slip does not occur, the row correspondng to the joint is
asembled by adding the arrespondng rows of the pil e stiff nessmatrix and the pile
stiff nessmatrix:

The row of [Kcomposte] = The row of [Kpie ] + the row of [K]

Rule 2: Compoasite stiff nessat joint rows where slip ocaurs (Dsiii <> Dy
At joint locaions where slip will occur, the rows will consist of the correspondng row of
the pil e stiff nessmatrix:

The row of [Kcomposite] = The row of [Kpije1]

The definition d “dip” isthe maximum side friction resistance of the pil e, “Pside max, i”

Step 6: Compute aoplied forcevedor

The form of the goplied forcevector aso depends onif slip aoccurs between the soil and
the pile. The applied forcevector is assembled based onthe foll owing example of the
rules:

Rule 1: Applied forcevector at joint rows where slip daes nat occur (Dsii = Dyite)

Ptop| A Joint 1
[F]= O
0
0

0 A Joint N

Rule 2: Applied forcevector at joint locations where slip ocaurs (Dsii <> Dyie)
Ptop —Pside 1 (dlip occurring at joint 1)

[F] = -Pside2 (slip acaurring at joint 2)
0 (nodlip below...)
0
0 A Joint N

In the &owve, “Ptop” istheload applied to the top d the pile.
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Step 7: Put it all together:
The below detail shows a pil e where slip has occurred in the top threejoints:

F

Eliminate Rigid Link
where slip occurs

p— TRIHE
=¥ | -
o | gl
= I——
g | df
jun] l“ I——!
2y | :—E—I
= | 4
=] I—d
2 S
m I 4
[m] I1—-
= | s
1 re
F—1
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e
| |
|
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1
| |
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| |
|
Sail Maodel
The crrespondng finite dement formulation to this problem is,
1-100 0 O D, P 1 — P siip1
11 2-10 0 0 D)) -P slip2
0-12-1 00 Ds -P slip3
0 O '1 K soil +Kp||e* D4 ¥ 0
o ..... Dn 0
which, written in matrix notation, is,
[Kcomposite ] *[D] = [F]

Step 8 Invert the composite stiff nessmatrix, then solve for settlements:

[D] = [Kcomposite]-l* [F]

Step 9 Compute forces transferred to the soil:
[Psoit] = [Kpite] * [D]

Final Step 10 If Psyii > Psoil, max, then slip has occurred.
=>Go back to Step 5and make necessary adjustments, iterating the solution.
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9.5.2Method Used to Compute Pil e Settlements of Pile Group

The settlement of a pile groupis determined by essentially same the method used to
compute the settlement of a single pil e, except the soil flexibility matrix requires
adjustment in Step 2

| # |
-
1k appliedtoall! # 1
/_piles at the level :;‘:
of joint i l— 4
SR il 1k
| —
o ]
I—4
-
l—H| 7
| |
&
I _|
Jt &

[Other piles) Pile Model

CEHE) Fae |

—1 Stresses in element
_I computed by using
| Mindlin's solution

m

1

Shortening Of *j* Due to P all piles) at 2

il

Soil kModel

The stressin the soil element due to the pil e adjacent to the soil model is computed by the
same processas described in Step 2 (Explicitly: The unit load, P=1 k, is subdvided
aroundthe perimeter of the pile).

The “other” pil es also contribute to the stressin the soil model. The contribution d stress
is computed based onaunit load, P=1 k, applied at the centerline of the pil g, at the same
level at joint “i”.

After computing the stressesin ead element using Mindin’'s lution, as described
before under Step 2, then the shortening of each element is computed and then the
settlement of the soil stadk iscomputed based onthe accumulated shortening.

The soil flexibility matrix, [fsi], isasembled using the dove computed settlement
coefficients.

After this adjustment to Step 2, the remaining steps are the same a described previously.
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9.5.3MethodUsed to Compute Pil e Settlements Due to Downdrag (*)

Pile “downdrag” forces aretypicaly caused by the settlement of soil due to the weight of
new fill . Downdrag forces can aso be caised if the water table is lowered, causing
settlement of the surrounding the soil . In ather words, rather than the problem of “force
causes sttlement”, the problem is reversed and becomes “ settlement causes force”.

Weight of New Fill THHE
SREEEEEEER

= T T T
3 —i RS
ET | & F1
1~ 71
] Layer 1 o |
u o  —
3 < | s R ]
= I 171 ™ Pile forces caused by differential
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= B 1—-
o 5] | B
1 L 1=
i | ¥y
= 17 Joint Mg
2 ]'f_:‘f L~ (Bottom of pile, Joint Ma, iz initialky
L 3 L I _Egé— azsumed to be &t the nevwly settled
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= | (- Joint M)
o — | Pile Maoclel
] = ==
| |
Joirt Mz st
-
Layer 4 1‘ = : Biottom of Boring
I E‘
F— L_
Soil Boring Data Sail Model

If new fill i s present, we @ntinuing from previous steps as foll ows:
Step 11 Compute the settlement of the soil due to the weight of the new fill, using
conventional soil settlement methods (seehttp://dca c.us/Tutorials/Chapter8.pd)

Step 12 Asume that the pile “floats” downward with the settled soil . The bottom of the
pileisinitialy assumed to be & the same devation as the newly settled soil elevation.
Based onrigid bady movements, compute devations of pilejoints.

Step 13 Compute forces transferred to the pil e:
[Foo] = [Kpile] * [Duifferential

Step 14Compute additional settlement of composite pil e-soil system:
[ Daddiitional at pile] = [Kcompos'te ]_1 *  [Fopo]

Step 15 Revise devations of pil e joints, based onadditional settlements. Re-compute
Duitterentia PEtween soil and ple.

Final Step 16 Iterate the solution (DCALC uses 10 iterations)

(*) The &ove methoddogy differs dightly from the gpproach presented by Poulos and
Davisin their 1972 @per (Ref. 8)

p.9-13




Pile Design Using DCALC

9.6 Soil Propertiesto Be Used for Pile Settlement Calculations

In the previous chapter, “ Settlement Calculations Using DCALC”, the soil properties that
are used for conventional settlement cdculations for such things as read foatings were
discussed (seehttp://dcd c.us/Tutoria §/Chapter8.pdf). The same recommendations for
elastic properties, Es, can be gplied to for pile settlement cdculations.

However, thereis amagjor diff erence in methoddogy for how to compute long term pile
settlement compared to conventional foaotings. Whereas for conventional settlement
cdculations alogarithmic functionis used to compute long term settlement, this method
does nat apply for computing long term settlement of pil es.

For secondary pil e settlement an adjusted moduus of elasticity of clay layersis used, as
follows:
E(drained) = E(undrained) * 2* (1+u )/3

9.7 Comparison of DCALC's PILESETL Program to Published Results

In the foll owing examples, a mmparison to results produced by PILESETL to pubished
resultsisill ustrated.

Asthis ftwareis an integrated process the user will go through the foll owing steps:
1. Enter soil boring datainto the BORING applicaion
2. Runthe PILE application, to either design or analyze apile
3. RunPILESETL

PILESETL isdesigned to apply the previous design theory as one aitomated process
The user shoud verify the soil properties - in particular “ES” - asthiswill effed the
computed settlements.

DCALC inpu and ouput files for these examples can be downloaded from
http://dcdc.us’'Downloads/PILESETTEMENT.zip

If you are alicensed DCALC user, youwill need to creae anew diredory, then
unzip the filesinto the new diredory.

If youare not alicensed DCALC user and you are trying out the DCALC demo,
you will need to ureip the files into the C\ADCALC\DEMO directory (however,
thiswill render all other DEMO cdculations uselesy.

p.9-14




Pile Design Using DCALC

9.7.1Examples1 and 2

These examples are described in Poulos and Davis' text (Ref 4). In 1969 pil e tests at site
on the banks of the Misdssppi River were made by researchers Darragh and Bell. Mattes
also made an analyticd prediction d settlement, which isincluded in Poulos and Davis

text.

These examples have dso been analyzed using DCALC’s PILESETL program, with the

foll owing resullts:

Example 1 Comparison of Results:

Measured Predicted by Mattes | DCALC Result
Top Settlement 0.10in 0.09in 0.101in
Base Settlement 0.015in 0.01lin 0.01lin
Example 2 Comparison of Results:

Measured Predicted by Mattes | DCALC Result
Top Settlement 0.17in 0.16in 0.20in
Base Settlement 0.02in 0.016in 0.01lin
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9.7.3Examples 3
This example is used to verify the settlement of a pile group.In Poulos and Davis' text

(Ref. 4), an lllustrative Example on p. 119s presented, ill ustrating the methoddogy used
in the text.

This example have dso been analyzed using DCALC’'s PILESETL program, with the
foll owing resullts:

Publi shed Reference DCALC Reault

Predicted top settlement 1.62in 2.014in

The differencein results is most likely due assumptions that needed to be made @ou soil
parameters for the DCALC run.
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9.7.4Examples 4.

This example gpeas as Example 18-4, in J.E. Bowles book,“Fourdation Analysis and
Design” (Ref. 9). In 194, pil e settlements for a buil ding under construction were
reported by Koerner and Partos.

Bowles uses severa approades for predicting the pil e settlement, with ambiguous
results.

This example have dso been analyzed using DCALC’s PILESETL program, with the
foll owing resullts:

Publi shed Reference DCALC Result
Predicted top settlement 1.5into 3.3inwith and 3.049in
average of DH = 3.2in
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9.7.5Examples 6:
This example gpeas as Example 8-8, in “ Foundations and Earth Retaining Structures’
by Muni Budhu(Ref. 10.

This example have dso been analyzed using DCALC’'s PILESETL program, with the
foll owing results:

Publi shed Reference DCALC Reault

Predicted top settlement 27mm=1.06in 0.742in

The differencein results is most likely due assumptions that needed to be made @ou soil
parameters for the DCALC run. Also, the differencein methoddogy used by the
reference may acoourt for the slight differencein settlement.
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