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ABSTRACT: This paper presents a case history of design, prediction, probe oile driving, static and dynamic ioad tests, and
instaliation monitoring of production piles for a 12-story beach-front hote! and convention center locatad in seuthwest Flor-
ida, USA. The subsall conditions were explored by performing Standard Penetration Tast (SPT) berings and Fiezcone
Penetration Test (PCPT) soundings to depths of 1510 30 m. {50 to 100 1) throughout the site. Deep foundation altematives
included pressure—injected footings, auger-cast, and driven piles. Foliowing an evaluaticn of high structural loads, site-
specific constraints, and costlier foundation alternatives, a prestressad concrate driven pile support system was selected as
the most cost-effective foundation approach. The building foundations were designed for a revised pile capacity of 705 kN
(80 tons) in compression and 310 kN (35 tons) in tension. As part of the design process, a probe pile-driving program was
carried out to evaluate the pile driving eguipment to determine and verify pile capacities, and to optimize the production pile
lengths. In December 1984, a total of six 356 mm (14 in) square prestressed concrete probe piles were driven and two of
them were static load tested. In mid 1097, when the project was modified and revised, a total of three 356 mm (14-in)
square prestressed concrete plies were driven and dynamically load tasted utlizing the proven new iechnclogy of Pile Driv-
ing Analyzer (PDA). Additionally, restrike of all the six original piles was also performed. Utilization of PDA during probe
pile driving program heiped in prediciing pile freeze (i.e., increase in pile resistance with time) and thus optimized the pro-
duction pile lengths. The predicted pile capacities were revised upward by 25 percent and resuited in cost savings for the
mwner. This information was effectively utilized as part of the overall quality control program 1o install a total of 430
prestressed concrete plles within the huiiding footprint to depths ranging from 16.7 tc 18.6 m (55 to 61 it) below the pile cut-
off elevation as pari of the fpundation support systeti. Prior to installation of probe or production piles, a termination crite-
rion was established using 1-dimensional wave equation analyses in addition 1o the design piie embedment raquiremeant.

This engineered, monitored, and tested foundation solution provided a case history where proven new technology has re-
sulted in engineering a solution in a cost-effective manner.

RESUME: Ce document est un dossier d'un projet, prévision, essai dynamigue et statique de pilotage et le cdut de l'instal-
lation des pieux pour un hotel de douze (12) etagss, qui se trouve devant la plage, et center conveniion, localisé dans le
sud-ouest de la Florida, USA. Les conditions du sous-sol ont &té explorees partout lemplacement, en faisant 'épreuve Pé-
nétration Standarde Teste (SPT) [des sondages] et dussi 'épreuve Plezcone Pénétration Teste (PCPT) résonnements &
profondeurs de 15 a4 30 m. (50 - 100 ft). Les alternatives pour la fondation prefonde inclus pression-injecté des conditions
tariere-et, et d'enforcement des pieux par pilotage. Aprés une évaluation de les hautes charges structurelles, contraintes'
emplacement spécifique et des alternatives plus chéres pour \a fondation, un systéme de béten prescantraint d'enforcement
du pieu a &té cholsi comme 1a fondation le plus cotit-efficace. Les fondations du batiment ont été congues pour une piey,
dout la capacitée a &té revisée de 705 [kN] (80 tonneg) de compression et 310 TkN] (38 tonnes) de tension. Comme partie
du dévellopement du projet, un programme pilotage des pieux a gta fait pour evaluer I'equipement du pilotage verifier les
capacitées des pieux et optimiser |2 production des longuseurs des pieux. Pendant le mois de decembre 1994 un total de six
356 [mm] (14-inch) et de béton précontraint gtajent enforcer. Deux d'enire les six étaient éprouvéitesté de change statique.

M 1897, guand le projet a ete modifié et révisé un total de irlos pieux, modifie béton précontraint, et de 356 [mm] (14-inch)

~arré ont eté conduits et chargé du dyriamigue. lis ont &te mis a éprouves, en utllisant la nouvelie téchnologie (deja bien™"
gprouver) du pieu Analyze (PDA). En outre, restrike de tous les six pieux originaux ont &té sxécutss aussi, Exploration du
PDA pendant le programme pilotis a aid & a prédire le pieu géle (cad, augmentation du resistance des pieux avec temps) et
donc, optimize la production des jangueurs des pieux. Les capacitées ides pieux prédit a été revu d'un montant de 25 pour
cent et a eu comme resultat des &conomies des collis pour ie proprictairs. Cette information a &té utilisée efficacement
cornme partie de la gualité tofal commande du programme pour installer dans ('emprainte de pas du batiment, un total de
430 pisux, héton précontraint, a profondeurs de 16.7 - 18,6 m {55 - 61 pieds) en dessous {'algévation coupe-éteinte du pieu
comme pariie de la systeme supporte de la fondation. Antérieur & installation d'enquéte ou production des pilotis/pieux un
critére de la terminaison a &te gtabli utiiisant 1 (un) dimensional analyses de I'équaiion de 12 vague dans l'addition de I'exi-
gence du l'enterrement du projst piew.

Celui-cl a consiruit, a dirigé, eta testé la solution de la fondation 2 fourni une histolre du cas prouve ol ja nouvelle technolo-
gle a eu pour résltat de génie une solution dans une maniére co{i-sfficace.




1. INTRODUCTION

The Diamondhead Convention center is boundec by the
Sulf of Mexico on the west, Estero Boulevard on the
sast, Paim Avenue fo the north, and is tocated in Fort
Myers Beach, Lee County, Florida, USA. The project
consists of a 12-story tower with approximately 120 units
and serves as a beachfront hotel and convention center.
The huilding is concrete and rnasonry construction with
post-fensioned floor slabs supporied by reiniorced con-
crete columns and shear walls, The geotechnical design
for the orginal 16-story tower and an adjoining garage
parkade was completed in late 1893. The building was
later scaled down to a 12-story structure, Gaonstruction
commenced in July 1897, and the building was released
for oceupaney in August 1988, The project buiiding lay-
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out and boring location plan are illustrated in Figure 1.

in September 1994, some probe piles were driven, and
two static load tests {compression and tenslon) were per-
formed by another consultant. The scope of the value
engineering services provided by ASC for the project in-
cluded: (i) performing a complete geotechnical explora-
tion, testing, and engineering evaluation program; {ii) dy-
namically load tesfing probe piles utilizing PDA; (iil) ) as-
sisting the owner in the proper selection of an ‘economi-
cal, effective, and satisfactory foundation system; and,
(iv) providing pile installation logging and guality control
inspection/testing services during the foundation con-
struction phase of the overall construction.
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Figure 1. Project Layout and Boring Location Plan

5 SUBSURFACE CONDITIONS AND PROJECT
DATA

Pre-construction project site features included a beach-
front tract with generally level topography. A detailed
geotechnical exploration program was undertaken, con-
sisting of Standard Penetration Test (SPT) borings. The
work was caried out using conventional drilling and sam-
pling technigues. subsurface soil conditions pbserved
from 6 test borings ranging from 16 to 30 m (50 tc 100 1)
below the exisiing ground surface are llustrated in fig-

ures 2 and 3.

in general, project site stratigraphy consisted of loose to
medium dense, poorly graded sands to sand-shell mix-
tures and silty sands 1o approximately 7.0 to 8.8 m (23 to
29 ft). This section is underiain by medium dense 1o very

_ |opse sands, with weathered and fractured limestone io

depths of 13.1 0 143 m (43 to 47 ft). Silty sands were
encountered to 22.3 m (73 ft) and stiff to very stiff silty
marine clays and clayey silis extended, thereafter, to the
depth of termination of 30.5 m (100 ft).
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3. FOUNDATION DESIGN AND ALTERNATIVES

The first step of the design process was to evaiuate vari-
ous foundation systems and associated costs, Several
foundation alternatives were considered for the proposed
tower structure including: (i) driven precast prestressed
concrete (PPC) displacement piiing {straight and taper);
(i) cast-in-place auger piles; (i) monotube stee! pipe
with tapered fluted sections. In view of the owner’s accel-
erated construction schedule decision not to seek any
more revisions in project foundation drawings, a driven
prestressed concrete piling system was finally selected
for the fower, Plles were designed to penetrate through
the weathered limestone layer as composite action piles.

The allowable capacity of piles was estimated using
5PTo1 software. This program, which was developed
and used by the Florida Department of Transportaiion,
estimates the axial capacity of a piie based on SPT N
values. The dasign method used in SPTY1 has been
found to be very reliable for driven piles in predominantly
cohesionless soils (McVay, et al., 1988). Results indi-
cated that prestressed concrete plles driven into silty

“sand, clayey sand, weathered limestone and sandy lean

marine clays to depths ranging from 18 to 20 m {50 o 75
ft) below the original ground surface wouid provide a sat-
isfactory and economical foundation akernative.

4. PROBE PILE AND STATIC LOADING TEST
PROGRAM

In an effort to obtain penetration and capacity data for
piles for the old layout, a statlc loading test program was
performed by another consultant in 1994, A total of five
a5 mm {14 in.) sguare prestressad precast concrete
piies were driven within the tower area. Driving was ac-
complished with an ICE 640 double acting diesel ham-

rmer with a maxirmum rated energy of 5,300 m-kg (40,000
ft-ibs). For a design capacity of 580 kN (65 tons) a guide-
line pile driving termination criterion using 2 1-
dimensional wave eguation of 2 bows/cm {B5 blows per
ft), for the final, 61 cm {2 ft) was used. Two static load
tests (1 in compression and 1 in tension) were performed
for the originally required allowabls design capacities of
580- kN (B5 tons) in compression and 180 kN (20 tons)
in tension. The procedurss described in ABTM D 1143
and ASTM D 2688 for loading tests on piles in compres-
sion and tension were used. Figure 4 illusirates the load-
movemant curves attained for the joading tests as well
as the predicted and allowable capacities from SPT 91
and leading test.

5 BROBE PILE AND DYNAMIC LOAD TESTING
(DLT) PROGRAM

As an integral part of the vaiue engineering process and
in an effort to optimize penetration and capacity reguire-
ments for piles, a DLT program utilizing PDA instrumen-
tation was recommended and performed.

5.1 Dynamic Load Testing

Thrae 10.8 m (65 ft) long and 365 mm {14 in) square
probe piles were dynamically load tested during the
prebe pile driving and testing program within the revised
tower footprint. Additionally, five probe piles installed pre-
vicusly in December 1994, without the use of PDA, were
instrumented and retapped. The purpose of the probe
pile program was o gvaluate the suitability of the con-
fractor's pile driving equipment, determine and verify plle
cepacities, provide nroduction pile lengths, and establish
driving criteria for use during the production pile driving
phase of the project.
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The PDA was utilized to betier evajuate and predict the
increase in pile resistance with time (i.e., set-up or
freeze). This benefit was incorporated in the determina-
tion of production pile lengths and increase in capacity.

Two probe piles were instrumented after 2.1 m (7 ft) of
driving while one pile was instrumented to 9.1m (30 it),
and then first restrike was performed after one day and
stbsequently instrumented and driven to 18.6 m {61 1)
Additionally, restrikes of the five probe piles, installed
without PDA in December 1994, were instrumented in
1997. The next day three piles were retapped either the
first or second time. The same ICE 640 hammer was
used in 1897, and pile smbedment depths ranged from
18.6 tc 19.2 m (61 to 63 fi).

Dynamic load tests on probe piles confirmed that the
subsoll conditions at the project site wera generally uni-
form, thus making the site ideally suited for dynamic load
testing utilizing a PDA. Recause of it being relatively in-
expensive and quick, many iests were performed to pro-
vide an interpretation of a larger porfion of the site, Alter-
nately, 8 static-load tests would have been required o
obtain the guality and quantity of usefutl information as
obtained during dynamic load iests utilizing the PDA.

Dynamic test date obtained in the field was further ana-
lyzed according 1o CAse Plle Wave Analysis Program
(CAPWAP) for a more comprehensive understanding of
the soil and pile behavior during pile driving {(McVay, &t
al., 1988). CAPWAP analyses were performed on 2 total
number of blows collected during restrikes of probe piles.
These analyses provided a hetter evaluation of total ulti-
mate pile capacity. It is a signal-matching process where

s measured signal is matched with a simulated signal.
This step provides a refinement of the pile capacity esti-
mated in the field during driving. Additionally, CAPWAP
provided a distribution of soil resistance along the em-
bedded piled depth. The distripution of resistance along
ihe pile depth enabled an estimate of resistance at ather
depths above the pile tip. Results from the CAPWAP
analyses generally inciude static pile capacity, soil resis-
tance distribution aiong pile shaft and under toe, soil
damping and quake values, and forces along pile lengths
at ultimate reslstance.

PDA predicted ultimate pile capacity ranged from 1335 to
1600 kN (150 to 180 fons) at EOID and from 1500 to
1920 kN (170 to 215 tons) at the beginning of restrike
(BORY). For pile PP3 at a depth of 8.1 m (30 ft) there was
no documented increase in uitimate capacity at either
EOID or BOR. Restrike was performed the next day and
it was driven and ingtrumented to the full penetration
depth of 48.0 m (60 ft). Time elapsed between BOR and
£0ID was one day. For the other 5 piles initially driven to
the instrumented full length for a load tested uitimate ca-
pacity of more that 1155 kN (B5 tons), the BOR capacity
ranged from 1540 to 2480 kN {175 to 380 ions) for @ time
lapse of 900 days. Piles are this site exhibited no freeze
increase for the 8.1 m (30 ft) long pile (Saxena, et al.,
1998). However, substantial increase in pile resistance
(set-up) ranging from 15 to 115 percent was noted in the
other 7 piles, which were driven to the full embedment of
18.2 to 19.1 m (59 to 62 it). The pile set-up is expressed
as a ratio of pile capacity increase over initial plie capac-
ity in percent. A summary of PDA test results is tabulated
in Table 1, with the bar graph of pile capacity increase
ilustrated in Figure 5.

: TIME ELAPSED
PROBE PILE LENGTH OF | PDA CAPACITY AT { FDA CAPACITY AT | BETWEEN EQID INCREASE
NG. PENETRATION gaio vz M BOR "p* @ AND BOR |{b-al/a)= 100
{m} {kNY [kN} {davs) 1%}
PP1 18.2 1335 | 1500 1 ] 13
PP2 18.2 1600 | 1920 1 | 20
ppa™ g.1""18.0) £90 {1300 l B&5 1 -3
PP4 19.1 > 1155" 2355 500 104
PPS 8.8 "> 1158 1930 800 67
PFE 18.5 > 3188™ 2490 300 116
PF7 19.1 > 1155" 2385 900 106
PPB 18.1 "> 1188" 1540 800 34
NOTES: i1 E0ID = end of initial driving
2] BOR = beginning at restrike
3 fFile penetration of 8.1 m (30 {1
L 14) Based on static load test | 5 davs after initial driving in 1294}

Table 1. Pile Fresze or Set-Up
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