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ABSTRACT 

A case history of design, prediction, instrumented static load tests, installation monitoring, and integrity testing of production piles for 

a power plant is presented.  Vibration-free installation, site specific restraints, and owner specified production time frame justified 

selection of ACIP piles as the most economical and effective foundation approach. Site-specific concerns were raised about the 

porous nature of the fragmented and decomposed limestone strata at the site which could lead to high grout intake and interconnecting 

of piles during construction which could lead to increased foundation costs.  A multi-phase ACIP pile evaluation program consisting 

of instrumented compression and tension pile load tests, single hole ultrasonic pile integrity testing, as well as full time production 

pile installation monitoring was specified.  Implementation of this testing and evaluation program resulted in grout usage within an 

acceptable range and the compression load tests yielded data that allowed use of higher capacity piles than the original design.  A total 

of four hundred (400) production piles were monitored with recorded rate of insertion/extraction of the auger, grout pump strokes and 

pressure, total grout volume, and grout factors as well as quality and strength of grout.  Additionally, 5% of the production piles were 

tested for integrity and continuity using Pile Echo Method (PEM) and Single Hole Sonic Logging (SSL) test methods.  This 

engineered, monitored, and tested program provided an affordable foundation solution that resulted in cost savings over the other 

foundation alternatives for the owner.   

RESUME

Une histoire de cas de conception, la prédiction, instrumented les tests de chargement statique, l'interception d'installation, et 

l'intégrité essayant de tas de production pour une centrale électrique est présenté. L'installation de vibration-libère, le site restrictions 

spécifiques, et le propriétaire a spécifié le cadre de temps de production a justifié la sélection de tas d'ACIP comme l'approche de 

fondation la plus économique et efficace. Les inquiétudes place-spécifiques ont été élevées de la nature poreuse des des couches de 

calcaire fragmentées et décomposées au site qui pourrait mener à l'haute prise de mastic et connectant de tas pendant la construction 

qui pourrait mener aux coûts de fondation augmentés. Un programme d'évaluation de tas d'ACIP de multi-phase consistant en deux 

(2) les tests de chargement de tas de compression d'instrumented, un test de chargement de tas de tension d'instrumented, le trou seul 

essai d'intégrité de tas ultrasonore, de même que l'interception d'installation de tas de production à plein temps a été spécifiée. 

L'implémentation de ce programme d'essai et évaluation a eu pour résultat de l'usage de mastic dans une gamme acceptable et les tests 

de chargement de compression produisant des données qui ont permis l'usage de plus hauts tas de capacité que la conception originale 

si nécessaire. Un total de quatre cent (400) les tas de production ont été contrôlés avec le taux enregistré d'insertion/extraction de la 

vrille, mastiquer coups à la pompe et la pression, totaliser du volume de mastic, et les facteurs de mastic de même que la qualité et la 

force de mastic. En plus, 5% des tas de production a été essayé pour l'intégrité et la continuité utilisant Méthode d'Echo de Tas (PEM) 

et le Trou Seul Noter Sonore (SSL) les méthodes de test. Ceci la solution de fondation organisée, contrôlée et essayée a fourni une 

solution de fondation abordable pour le propriétaire et a eu pour résultat les économies de coût sur les autres alternatives de fondation 

pour le propriétaire. 
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The project site is an energy center complex located within a 

hospital research campus in north central Florida, USA.  The 

proposed energy center includes a four story plant structure, 

fuel tank vault, distribution piping corridor, and a parking 

area. The plant building is located in the center of the 

complex as illustrated in Figure 1.  The structure is supported 

on an ACIP pile foundation system, reinforced concrete pile 

caps, grade beams, and structural steel columns with a 

building footprint of approximately 1,160 m2 (12,500 ft2).

 An earlier geotechnical exploration was performed for 

the entire campus development area, including the energy 

center site.  It consisted of test borings, permeability tests, 

ground water monitoring, and geophysical testing.  The 

initial geotechnical report for the proposed CHP building 

detected anomalies and localized zones of air and/or soil 

filled cavities in the deeper limestone within the building 

footprint.  Additional geotechnical exploration and analysis 

was then commissioned by the design/build contractor to 

address some site specific issues and foundation selection 

program based on actual building design.   

2 SUBSURFACE SOIL CONDITIONS 

While reviewing the available geotechnical information, a 

supplemental exploration consisting of borings, an electrical 

resistivity (ER) survey, and installation of piezometers was 

undertaken.  
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Figure 1 – Site Layout Plan, subject area shaded 

The generalized subsoil profile from the ER survey 

indicated unconsolidated sands and clays of the Miocene 

Hawthorn group over the underlying Ocala limestone (KOL).  

The borings indicated that the Karstic Ocala limestone was 

encountered at depths ranging from 12.8 to 13.7 m (42 to 45 

ft) below the egs.  Upper reaches of this KOL are relatively 

medium dense to dense to about 16.8 m (55 ft) below egs and 

then solutioning and/or erosion zones occur at various depths 

and continue to depths of about 21.5 m (70 ft) below egs as 

indicated in test borings. The ER survey also indicated 

additional anomalies on the order of 1.5 m (5 ft) deep from 

egs at various locations along the ER survey line and also 

around the exterior of the proposed building footprint at 22.9, 

25.9 and 29.0 m (75, 85 and 95 ft) depths below egs.  No 

geophysical evidence of well-developed solution cavity 

systems within the survey area was detected. However, the 

limestone is sometimes solutioned and has soft soil filled 

cavities commonly referred to as “vuggy” indicating that the 

rock is fractured. The ER survey and geotechnical exploration 

results revealed that karst conditions underlie certain portions 

of the site. Subsurface stratigraphy is illustrated in Figure 2. 

3 DESIGN DETAILS 

Design review process for this project consisted of an 

evaluation of generalized subsurface ground-water and soil 

conditions. The structural engineer indicated maximum axial 

column compression loads on the order of 8540 kN (1,920 

kips), maximum uplift load of 267 kN (60 kips), and 

maximum lateral loads up to 400 kN (90 kips). Various 

alternatives were considered for foundation support of the 

proposed CHP structures.  Specifically, combined pile-raft 

foundation, mat foundation, prestressed concrete driven piles, 

micro/mini piles, drilled shafts, and augered cast-in-place 

(ACIP) piles were considered for use on this project, with 

each alternative discussed with the design team.   

 Ultimately, in view of the high column loads 

coupled with the presence of mid-depth zones of expansive 

soils within the CHP areas, no consideration was given to 

supporting the planned structures on a conventional shallow 

foundation bearing into reinforced and/or mechanically 

densified shallow soils. Pursuant to the evaluation of various 

alternatives for the plant building, auger cast-in-place (ACIP) 

piles socketed into the rock were chosen even though grout 

intakes, voids in the rock, and installation challenges were 

anticipated.  This selection of ACIP pile system was based on 

factors not limited to: 1) noise and vibration due to the close 

proximity to an existing hospital, as well an educational 

institution, 2) confined space thereby limiting staging area, 3) 

stringent time frame assigned for pile installation, 4) 

distribution column of loads in the stiff clay layer above the 

limestone, and 5) cost of the various foundation systems. 

Figure 2 – Summary of Subsurface Profile 

4 TEST PILE PROGRAM 

Quality control program consisted of the installation and load 

testing of three instrumented test piles, full-time probe and 

production pile monitoring and pile integrity testing of 5% of 
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the production piles using a Pile Integrity Sonic Analyzer 

(PISA) unit to verify effectiveness of installation, pile 

integrity, and continuity.  The monitoring consisted of 

observing the drilling (insertion/extraction) operations, 

confirming the installation depths, documenting the volume 

and rate of grout pumped into each pile, and molding grout 

samples for determination of compressive strength.  It also 

included the installation of strain gauges at various 

predetermined (with field modifications) depths within the 

three test piles.    

 Pile Echo Testing (PET) was performed on six anchor 

and two static load test piles and indicated that the length of 

the piles were consistent with design parameters and integrity 

of the piles.  A detailed inspection of the recorded reflected 

waves (reflectograms) indicated design lengths and absence 

of major defects such as voids, separations, or necking.  In 

addition to the PET, Single-hole Sonic Logging (SSL) was 

performed on seven anchor piles and did not detect any 

anomalies within the piles.  SSL does not define the depth 

extent of anomalies as accurately as Cross Hole Sonic 

Logging (CSL).  The SSL method consists of lowering a 

transmitter (T) and receiver (R) into the single tube and 

measuring the speed of a sonic pulse around a single water-

filled centralized access tube to provide quality assurance of 

concrete placement.  The method is particularly suited to 

small-diameter piles that penetrate rock fill with large cavities 

and are then socketed into rock.  (Saxena et al, 2003)  It is 

also suitable for small-diameter piles where the installation of 

two tubes may be impractical.  Integrity test methods utilizing 

PET and SSL are illustrated in Figure 3 and 4.   

Figure 3 – Pile Echo Testing (PET) in progress                             

                       

Figure 4 – Single Hole Sonic Logging (SSL) in progress 

During installation of one of the reaction piles for the first test 

pile, the piling contractor inadvertently advanced the auger ~3 

m (10 ft) past the predetermined pile depth.  This positioned 

the pile tip into predicted solutioned zone (within the vuggy 

limestone) beneath the dense limestone.  Major loss of grout 

within the pile occurred and the hole needed to be sealed.  

After relocating to another probe location, piles were installed 

to the predetermined depth as determined by the geotechnical 

engineer without difficulty. The intent of the test pile 

program was to confirm transfer of the total axial load, 

through friction within the dense clayey sand above the 

limestone.  Based on the geotechnical exploration data, 

tipping the pile at the interface of clayey sand and limestone 

would allow a desirable 2.5 m (8 ft) competent zone between 

the pile tip and vuggy limestone. 

5 INSTRUMENTED LOAD TESTING 

The compression load test piles were instrumented with 

Vibrating Wire Strain Gauges (VWSG) to determine the load 

distribution profile with depth.  VWSG were attached to the 

pile reinforcing steel and cast into the pile during the pile 

installation process.  The VWSG consist of a calibrated wire 

tensioned to a known distance between two end blocks.  The 

VWSG experience the same deformation as the pile grout as 

the load is applied to the pile (same elastic deformation).    

Knowing the strain at each load in conjunction with the 

elastic modulus of the grout allows a calculation of stress 

along the pile profile. Figure 5 illustrates the load distribution 

and displacement plots from instrumented compression and 

tension load tests.  From load tests the stress can be calculated 

at each gauge depth and subsequently the friction value of the 

intermittent soils can be obtained.  The calculated friction 

value within the clayey sand layer varied between 126 and 

169 kN/m2 (2626 to 3533 psf) and the fat clay was 

approximately 43 kN/m2  (893 psf).  The strain gauges 

confirmed the projected pile capacities plus an additional 

50%.  

6  PRODUCTION PILES 

A total of 400, 406.4 mm (16 in) diameter piles varying in 

lengths from 9.5 to 11.3 m (31 to 37 ft) were installed over a 

period of 20 days.  Pile depths were predetermined based on 

geotechnical exploration and load test results prior to 

installation and verified by a qualified engineering field 

technician.  It included maintaining a minimum grout head of at 

least 5 ft while extracting auger.  During extraction of the auger 

either soil or grout was also rising along the perimeter of the 

auger to help establish an element of certainty that the soil is 

not falling down below the auger tip and contaminating the pile 

grout.  If soil or grout was not visible at the surface, the auger 

was re-installed at that point and the pile re-drilled, the grout 

factor of the individual piles was in the range of 1.3 to 1.7 in 

relation to theoretical volume and a final grout factor average of 

1.54 was recorded for accepted piles.  Information recorded 

during pile installation included pile number, installation date, 

pile length and diameter, grout pump strokes, total grout 

volume, and grout factor. 
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Figure 5 – Load distribution/displacement plots from instrumented compression and tension load test. 

7     CONCLUSIONS 

The comprehensive quality control program in conjunction 

with the geotechnical exploration and pile load test program 

gave the client better control of foundation costs and design 

by minimizing potential surprises during the foundation 

construction.  This was achieved by verifying Karstic 

conditions during the exploration phase and determining 

insitu strength values of the existing subsoils during the 

testing program. Additionally, by determining a grout factor 

price range prior to installation of production piles costs were 

maintained. A total of 30 pile locations required re-

installation and regrouting and accounted for over 23% of the 

total grout take.  The grout intake for the entire project could 

have easily exceeded 100% of theoretical value without the 

pre-installation discovery process.  

 Augered cast in place (ACIP) piles were selected in part 

because of cost and time savings, and in part because of other 

benefits inherent to this method of shaft installation.  These 

benefits were not limited to i) reduced installation costs and 

duration; ii) increased safety with no open hole; iii) negligible 

vibration and low noise; and, iv) grout placed under pressure. 

 Given the rapidly increasing costs of steel, concrete, 

fuel, and labor designers must not only evaluate systems to 

meet the complex structural requirements of a project, but 

also find innovative technologies to offset the rising cost of 

construction 

 In summary, instrumented pile load tests, and installation 

monitoring of production piles in conjunction with integrity 

testing of at least 5% of the total number of piles are key 

elements of an effective value engineering program. 
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