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Executive Summary 
 

 

The Augered Cast-In-Place (ACIP) Pile Committee of the Deep Foundations Institute (DFI) performed a 

foundation installation, monitoring, performance and extraction program for ACIP piles in the fall of 

2016. The purpose of the project was to demonstrate a fully monitored installation of instrumented 18 in 

(457 mm) and 24 in (610 mm) diameter ACIP piles, including automated monitoring equipment (AME); 

post-installation thermal integrity profiling (TIP) measurements; compression, tension, and lateral load 

testing (including monitoring of strain gages embedded along the compression pile shaft); and post-

testing extraction of an installed pile for visual inspection.  

 

The program was initially planned by the ACIP Pile Committee, and a program site in Okahumpka, FL 

was selected. Initial funding was provided by the DFI Committee Project Fund with additional funds and 

in-kind pledges contributed from DFI members and industry partners. In the summer of 2016, the Florida 

Department of Transportation (FDOT) and its research partners at the University of South Florida (USF) 

joined the program. Program details were finalized in the summer and fall of 2016. 

 

The purposes of this research effort were to demonstrate 

• The fully monitored installation of instrumented ACIP piles, including the use of automated 

monitoring equipment (AME) 

• The use and accuracy of thermal integrity profiling (TIP) methods with ACIP piles 

• The load-displacement behavior during compression, tension, and lateral load testing, including 

the use of and measurement by multiple strain gages embedded along the length of two piles 

• The integrity and as-constructed geometry of an ACIP pile by extracting an installed pile for 

visual inspection. 

To achieve the goals of the project, seven test piles were installed at a site in central Florida: two each for 

compression testing, tension testing, and lateral testing, and one pile for extraction and visual inspection.  

 

The intent of this document is to make the data and information obtained during the demonstration 

program available to the members of the DFI ACIP Pile Committee, Florida DOT, University of South 

Florida, and other possible research partners for review, analysis/interpretation, and discussion. The 

ultimate goals of this endeavor are to advance the overall state-of-the-practice for ACIP piles and to 

develop documentation for review and use; installation, monitoring, and testing methods; and reporting 

procedures to allow for both the use of ACIP piles for structural support of bridges and the inclusion of 

ACIP piles in DOT and other agency specifications in the state of Florida and elsewhere.  

 

All of the data presented and discussed herein can be made available in electronic format for additional 

analysis. Pertinent findings of the demonstration project include the following: 

• The procedures and testing results described in the report highlight the successful installation, 

monitoring, and load carrying resistance provided by ACIP piles for structural support of bridges 

per the Florida DOT. The data can be used by the FL DOT as it develops a section for ACIP Piles 

for Bridges and Major Structures in its Standard Specifications. 

• Grout volumes, as measured by an electromagnetic flowmeter and via manual counting of grout 

strokes, were in good agreement with each other. 

• The overall grout volume of the extracted pile, when adjusted for the volume of grout observed 

flowing out of the top of the pile, was in good agreement with the volume calculated by manually 

measuring the circumference of the extracted pile at 1 ft (305 mm) intervals. 

• Additional research into non-destructive testing (NDT) methods for ACIP piles, in particular  

Thermal Integrity Profiling, should produce a means to provide additional verification of pile 

integrity. 
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INTRODUCTION 
 

An augered cast-in-place (ACIP) pile, as it is referred in the U.S., is a deep foundation technology that 

encompasses drilling a hole into the ground using a hollow stem auger that forms the diameter of the pile, 

which is then filled with a sand-cement grout or concrete and steel reinforcement elements. In amenable 

ground conditions and for certain project applications, ACIP piles can be more economical, can be 

constructed more quickly, and are a viable foundation alternative to other deep foundation techniques 

(e.g., driven piles and drilled shafts). ACIP piles have been used for support of structures, for lateral earth 

retention applications, for embankment support and in ground improvement applications. 

 

One of the last major markets in the United States where augered cast-in-place (ACIP) piles are not 

routinely considered is on publically funded transportation projects under the auspices of state and federal 

departments of transportation (DOTs), especially for structural support of bridge columns, abutments, and 

piers/bents. According to FHWA, nearly twenty state DOTs and the FHWA Federal Lands Highway 

Division have approved the use of the ACIP pile technology on a project-by-project (or project specific) 

basis. ACIP piles are well suited for a variety of transportation project applications, including structure 

support for new bridges, bridge widening, sound wall foundations, column support for embankment 

construction, and secant pile walls for lateral earth support. In addition, ACIP piles provide a viable and 

cost effective solution in environmentally sensitive areas requiring minimal disturbance. 

 

Geotechnical Engineering Circular No. 8 (GEC-8): Design and Construction of Continuous Flight Auger 

(CFA) Piles (Brown et al, 2007), which was sponsored and published by the Federal Highway 

Administration (FHWA) provides an excellent framework for contractors to provide performance-based 

specification alternates for certain projects. However, feedback from state DOTs has indicated continued 

uncertainty or a lack of understanding about the monitoring methods available to ensure quality and 

repeatability of ACIP pile installation and its (subsequent) performance. 

 

The purposes of this research project were to demonstrate 

• The fully monitored installation of instrumented ACIP piles, including the use of Automated 

Monitoring Equipment (AME) 

• The use and accuracy of thermal integrity profiling (TIP) methods with ACIP piles 

• The load-displacement behavior during compression, tension, and lateral load testing, including 

the use of and measurement by multiple strain gages embedded along the length of two piles 

• The integrity and as-constructed geometry of an ACIP pile by extracting an installed pile for 

visual inspection. 

To achieve the goals of the project, seven test piles were installed at a site in central Florida: two each for 

compression testing, tension testing, and lateral testing, and one pile for extraction and visual inspection. 

Additional ACIP piles were installed and used as reaction piles in conjunction with the load testing 

assembly.  

 

At the start of this research project in 2016, the University of Florida was developing a database of Load 

and Resistance Factor Design (LRFD) values for ACIP piles for the Florida DOT, which was to be 

incorporated into the FL DOT Standard Specifications for Road & Bridge Construction. As such, the 

value of this research is that the results of this project will provide additional information to that LRFD 

database and specifications development and will provide a formal document that federal and state/local 

DOTs can reference regarding the constructability of ACIP piles and their acceptability for use in 

transportation projects. Ultimately, the results of this research will enable federal and state/local DOTs to 

provide a potentially more efficient foundation alternative for their projects, while ensuring integrity and 

reliability along with reducing public expenditures (i.e., tax dollars) on their projects. Working with the 

Florida DOT to develop appropriate specifications for the use and inclusion of ACIP piles in FL DOT’s 
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Standard Specifications for Road and Bridge Construction will provide a framework for other state/local 

DOTs to reevaluate their practice on the use (or non-use) of ACIP piles. With the continued focus on the 

rehabilitation, repair, and expansion of U.S. infrastructure, the availability and acceptability of ACIP piles 

as a suitable foundation system for public works and transportation projects will be of significant 

economic benefit to the industry and public. 

 

EXPERIMENTAL PROGRAM 
 

PROJECT LOCATION 
 

The demonstration project was performed in the southeast corner of Berkel & Company Contractors’ 

Central Florida facility located in Okahumpka, Florida, which is about 35 mi (56 km) northwest of 

downtown Orlando. A general location map and an aerial view of the property, with the test location 

outlined, are shown in Figure 1. 

 

(a)  (b)  

Figure 1. Project location and aerial view of test area 

 

SUBSURFACE CONDITIONS 
 

In August 2016, two cone penetration tests (CPTs) were performed at the initial reaction pile locations R-

6 and R-8 (Figure 2a). From the CPTs, the generalized subsurface profile across this zone is mostly sands 

down to a depth of about 40 ft (12.2 m), with stiff fine-grained soil from a depth of 15 to 22 ft (4.6 to 6.7 

m) at R-6 and clay and from a depth of 30 to 40 ft (9.1 to 12.2 m) at R-8. Below a depth of about 40 ft 

(12.2 m) down to about 75 ft (22.9 m), the subsurface profile consisted of alternating layers of varying 

thickness consisting of sands, clays, silts, and silt/sand mixtures, where silt/sand mixture and clay were 

more prominent at R-6 and sand and sand mixtures were more prominent at R-8. 

 

At location R-6, the CPT results indicated very loose soil conditions below a depth of about 55 ft (16.8 

m), indicating potential relic sinkhole conditions. To avoid possible problems around R-6, the testing 

configuration was rotated and repositioned to the southern extent of the test area (Figure 1), as shown in 

Figure 2b. In September 2016, soil borings were performed and standard penetration test (SPT) blow 

counts (N-values) using a manual safety hammer were obtained by personnel from FL DOT. Based on the 

descriptions from the soil borings logs, the general subsurface profile consists mainly of sand and silty 

sand. A strata of clay was noted in four of the six soil borings (B-1 [L-1], B-4 [L-2], B-5 [C-2], and B-6  
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(a)   

(b)  

 

 

 

 

 

 

 

Designation Description 

E1 
Extraction Pile 

18 in (457 mm) diam. 

C1 
Compression Load Pile 

18 in (457 mm) diam. 

T1 
Tension Load Pile 

18 in (457 mm) diam. 

L1 
Lateral Load Pile 

18 in (457 mm) diam. 

C2 
Compression Load Pile 

24 in (610 mm) diam. 

T2 
Tension Load Pile 

24 in (610 mm) diam. 

L2 
Lateral Load Pile 

24 in (610 mm) diam. 

R1 – R11 Reaction Piles 
 

Figure 2. Layout of ACIP test piles and reaction piles: (a) original and (b) revised 
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 [T-2]), and it was present at different depths (from 25 to 55 ft [7.6 to 16.8 m]) but of almost constant 

thickness (about 10 ft [3 m]). The depth to the groundwater table was noted as about 13 ft (4.0 m) in soil 

boring B-1 (L-1) only. 

 

The soil boring (hand written) logs include details about the drilling, on site visual soil classifications, and 

SPT N-values. A profile of the SPT N-value variation with depth is delineated in Figure 3. CPT sounding 

profiles and soil boring logs are provided in Appendix A. 

 

 
Figure 3. SPT N-value variation with depth 

 

TEST PILES - DETAILS 
 

Based on the results of the site characterization, the details of the testing program (e.g., geometry, layout, 

loading, and instrumentation) were finalized. Seven ACIP test piles and 11 ACIP reaction piles were 

installed at the site in October 2016 (Figure 3). The diameters of the test piles were either 18 or 24 in (457 

or 610 mm) and the depths of embedment were either 40 or 60 ft (12.2 or 18.3 m). Design details and 

steel reinforcement details are provided in Tables 1 and 2, respectively.  

 

INSTRUMENTATION 
 

Thermal integrity profiling (TIP) methods were used in conjunction with the research project to evaluate 

their feasibility with ACIP piles, and, as such, were incorporated into each of the test piles. The TIP 

process involves monitoring and recording the temperature of the concrete or grout within a cast-in-place 

pile during its curing, especially near the peak heat of hydration. Two means of instrumentation can be 

used with the TIP method: (a) use of a thermal probe inserted into an access tube embedded within the 

pile, and/or (b) use of thermal wires containing thermistors located at intervals of about 12 in (0.3 m) 

along the spool length. The general concept of the TIP method is that a good quality and uniform pile will 

have a uniform temperature profile along its length. 
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Table 1. Details of the ACIP test piles 

Pile 
Desig. 

Pile 
Diameter 
inch [mm] 

Embedment 
Depth 
ft  [m] 

Embeds and Instrumentation Estimated 
Capacity 
ton [kN] 

Max. Test Load 
to be Applied 

ton [kN] 
# TIP 
Wires 

PVC 
Tube 

Steel 
Tube 

TIP 
Probe 

Strain 
Gauge 

C1 
18 

[457] 
40 

[12.2] 
4 Partial 

1 Full 
--- ---  Yes 

220 
[1957] 

600 
[5338] 

L1 
18 

[457] 
40 

[12.2] 
4 Partial 

1 Full 
--- ---  --- 

16 
[142] 

40 
[356] 

T1 
18 

[457] 
40 

[12.2] 
0 Partial 

1 Full 
--- ---  --- 

205 
[1824] 

400 
[3559] 

C2 
24 

[610] 
60 

[18.3] 
4 Partial 

1 Full 
--- 4 

Partial 
Length 

Yes 
285 

[2535] 
900 

[8007] 

L2 
24 

[610] 
60 

[18.3] 
4 Partial 

1 Full 
4 --- 

Partial 
Length 

--- 
30 

[267] 
40 

[356] 

T2 
24 

[610] 
60 

[18.3] 
0 Partial 

1 Full 
--- ---  --- 

265 
[2358] 

400 
[3559] 

E1 
18 

[457] 
40 

[12.2] 
4 Partial 

1 Full 
--- ---  --- --- --- 

 

Table 2. Steel reinforcement details for test piles 

Pile 
Desig. 

Pile 
Diameter 
inch [mm] 

Center Bar Rebar Cage 

Size and 
Grade 

Length 
ft [m] 

Longitudinal 
Bars 

Length Shear Reinforcement 

C1 
18 

[457] 
#11 (No. 36) 

Gr. 60 (Gr. 420) 
40 

[12.2] 
8 - #8 

[No. 25] 
35 ft 

[10.7] 

Top 6 ft (1.8 m):  #3 (No. 10) ties 
at 4 in (102 mm) on center 

Remainder:  #3 (No. 10) ties at 
12 in (305 mm) on center 

L1 
18 

[457] 
#11 (No. 36) 

Gr. 60 (Gr. 420) 
40 

[12.2] 
8 - #8 

[No. 25] 
35 ft 

[10.7] 

Top 6 ft (1.8 m):  #3 (No. 10) ties 
at 4 in (102 mm) on center 

Remainder:  #3 (No. 10) ties at 
12 in (305 mm) on center 

T1 
18 

[457] 
3 in [76 mm] 

Gr. 150 
40 

[12.2] 
--- --- --- 

C2 
24 

[610] 
#11 (No. 36) 

Gr. 60 (Gr. 420) 
60 

[18.3] 
12 - #8 
[No. 25] 

35 ft 
[10.7] 

Top 8 ft (2.4 m):  #3 (No. 10) ties 
at 6 in (102 mm) on center 

Remainder:  #3 (No. 10) ties at 
12 in (305 mm) on center 

L2 
24 

[610] 
#11 (No. 36) 

Gr. 60 (Gr. 420) 
60 

[18.3] 
12 - #8 
[No. 25] 

35 ft 
[10.7] 

Top 8 ft (2.4 m):  #3 (No. 10) ties 
at 6 in (102 mm) on center 

Remainder:  #3 (No. 10) ties at 
12 in (305 mm) on center 

T2 
24 

[610] 
3 in [76 mm] 

Gr. 150 
60 

[18.3] 
--- --- --- 

E1 
18 

[457] 
3 in [76 mm] 

Gr. 150 
40 

[12.2] 
8 - #8 

[No. 25] 
40 ft 

[12.2] 
#3 (No. 10) ties at 12 in (305 mm) 

on center 



 

6 

 

The expected temperature at any location is dependent on the diameter of the pile, grout or concrete mix 

design, time of measurement, and the distance from the TIP sensor to the center and edge of the pile 

(Figure 4). TIP measurements can be used to estimate the actual shape of the pile element, which can be 

compared with the concreting or grouting records to assess the overall quality of the pile. Because the 

method relies on the heat of hydration, TIP testing begins soon after placement of the grout or concrete, 

generally between 8 and 48 hours after placement. Smaller diameter piles are typically tested earlier in the 

range of testing times, as the heat of hydration in these elements is able to dissipate relatively quicker than 

larger diameter piles. TIP sensor measurements indicating temperatures that are cooler than normal 

indicate inclusions, necking or poor quality concrete, whereas measurements indicating temperatures 

warmer than normal are indicative of bulges outside of the cage diameter. Variations in temperature 

between diagonally opposite pairs of thermal wire cables reveal cage eccentricities (i.e., misalignment). 

 

 
Figure 4. Distribution of temperature profile across and along an idealized uniform cast-in-place concrete 

pile (Mullins and Johnson, 2016) 

 

In coordination with the University of South Florida under its contract with FDOT (BDV25 977-34), a 

combination of TIP methods (i.e., thermal wire and probe) were used to collect thermal data about the 

grout over time to compare the two instrumentation methods and analysis techniques. Thermal wires only 

were instrumented on test piles C1, L1, and E1 where they were secured with plastic wire ties to the 

center reinforcement bar and to longitudinal bars on the rebar cage at 12 in (305 mm) vertical intervals. 

For piles T1 and T2, thermal wires were secured to the center reinforcement bar. As indicated in Table 1, 

both thermal wires and access tubes for TIP probes were embedded in piles C2 and L2, where the thermal 

wires were attached to the center bar reinforcement and to the steel (C2) or PVC (L2) access tubes. In 

addition, pile E1 was extracted and was used to evaluate the construction installation methods, to assess 

the validity of quality control / quality assurance (QC/QA) methods, and to serve as a baseline or control 

for the TIP analysis comparison. Photographs of different TIP configurations used in the testing program 

are shown in Figure 5.  
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(a) (b) 

   
(c) (d) (e) 

Figure 5. Photographs of TIP configurations used: (a) thermal wires attached to rebar cage, (b,c) thermal 

wires attached to PVC tubes and rebar cage (L2), (d) thermal wires attached to steel tubes and 

rebar cage (C2), and (e) thermal wires and vibrating wire strain gages attached to No. 11 center 

bars. Source for (c) and (d): Mullins and Johnson (2017). 

 

Vibrating wire strain gages were installed in the 18 in (457 mm) and 24 in (610 mm) diameter 

compression piles (C1 and C2, respectively). A photograph and schematics of an embedment strain gauge 

are shown in Figure 6. Sister-bar mounted gages were attached to the steel center bar near the top of the 

pile (depth of 2 ft [0.6 m], near the bottom of the pile (depth of 58 ft [17.7 m], and at 10 ft (3.05 m) 

intervals throughout the length of the pile, as shown in Figure 7. Calibration reports for each of the sister 

bar strain gages are provided in Appendix B. 

 

As a late adjustment to the program, RIM-cells (bi-directional production load test cells) were installed in 

two reaction piles: R1 (18 in [457 mm] diameter) and R5 (24 in [610 mm] diameter). The RIM-cell is a 

tool used in conjunction with the QC/QA program and the results provide confirmation of performance 

(i.e., piles / shafts loaded up to about 30% greater than the design load). Given the large open center in the 

apparatus, the devices were attached to the bottom of the rebar cages and placed as a unit into the wet 

grout to a depth such that the bottom of each cell was about 6 in (152 mm) above the toe of its respective 

pile. Photographs of the cells and their connections are shown in Figure 8. A representative graph of the 

load-displacement behavior obtained using the RIM-cell is shown in Figure 9. 
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(a)  

(b)   

Figure 6. Geokon Model 4911 vibrating wire rebar strain meters: (a) photograph of a complete sister bar 

setup, and (b) schematic showing components of device (http://www.geokon.com) 

 

 
(a) 

 
(b) 

Figure 7. Arrangement of strain gages in test piles (a) C1 and (b) C2 
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(a) (b) (c) 

Figure 8. Photographs of RIM-cell and connections: (a) 12 in (305 mm) and 18 in (457 mm) diameter 

RIM-cells installed in reaction piles R1 and R5, (b) hydraulic hoses and PVC casing from 

embedded RIM-cell, and (c) PVC casing from RIM-cell attached to steel reinforcement 

 

 
Figure 9. Representative load-displacement behavior obtained using the RIM-cell (courtesy of Fugro / 

LOADTEST, Inc.) 

 

GROUT MIX 
 

Based on the anticipated target test loads, the grout mix used for the test piles and reaction piles was 

designed for a minimum compressive strength of 6,000 psi (41.4 MPa). The grout mix consisted of 

Portland Type I/II cement, sand (fine aggregate), fly ash, water, and DSC Concentrate (a water reducing 

admixture). The design and components of the grout mix are provided in Table 3. The DSC Concentrate 

is a water reducing grout fluidifier that is especially designed for use with ACIP piling grouts, and it is 

intended to minimize bleeding and setting shrinkage while maintaining a fluid, yet cohesive grout. The 

description and material specifications for the DSC Concentrate are provided in Appendix C. 
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Table 3. Details of grout mix design 

Parameters Value 

Compressive strength 28 days, psi (MPa) 6000  (41.4) 

Cement content (Type I/II), lb (kg) 940  (426) 

Fly ash, lb (kg) 180  (82) 

Fine aggregate sand, lb (kg) 1900  (862) 

Water content, gallon (liter) 45 to 50 (170 to 189) 

Admixture, DSC Concentrate 7 lb (3.2 kg) per truck of grout 

Maximum water/cement (w/c) ratio 0.42 

Flow rate of fluid grout (sec) 17 to 20 

Plastic unit weight, lb/ft3 (kN/m3) 134 (21.1) 

 

DRILLING EQUIPMENT AND MONITORING SYSTEM 
 

A schematic of a typical pile rig used for ACIP pile installation and a photo of the fixed leads crane-

mounted drilling platform used to drill the piles for this project are presented in Figure 10a and 10b, 

respectively. As part of the drilling platform, the specifications of the grout pump, gear box, and hydraulic 

power pack are provided in Appendix D.  

 

Automated Monitoring Equipment (AME) was used to monitor and record various installation 

parameters, such as auger rotation rate, depth of penetration of the auger tooling, hydraulic fluid pressure 

supplied to the turntable, and incremental and total volume/flow of grout supplied. Manual monitoring 

and measurement recording was performed to provide the contractor and inspector(s) corroborating data 

of the installation parameters, supplemental information not captured by the AME, and a backup 

measurement of the installation parameters and data in the event of a malfunction with the AME. 

Typically, the data recorded by the AME is stored in electronic format and available for download for 

subsequent processing, and most modern AME systems have software that facilitate post-installation 

processing and report preparation. 

 

The different AME used during the installation of the test piles and reaction piles is described below. 

• A display unit/monitor with a real-time clock in the cab is used to show, numerically and/or 

graphically, the operator and/or inspector the parameters being monitored, measured, and 

recorded by the various sensors during installation.  

• A depth sensor is used to measure the pile depth and the rates of penetration and withdrawal. The 

depth sensor may consist of (a) a rotary encoder on self-retracting cable spool attached to drill top 

or gear box, (b) a spring loaded rotary encoder mounted on the gear box and in constant contact 

with the leads to monitor auger tip depth at all times during installation, or (c) a proximity sensor 

mounted on the main winch calibrated to convert winch rotation to tool depth.  

• Rotation sensors allow the rotation rate to be viewed on the display unit in the cab. These sensors 

consist of (a) a proximity switch on the rotary head/gearbox or (b) a flow measurement of the 

hydraulic fluid pressure that is applied to the rotary head and that is calibrated with rotation rate. 

• Rotary head pressure sensors are used to monitor the hydraulic pressure provided to the gearbox. 

On some equipment, the hydraulic pressure can be converted to torque; on others, the torque is 

computed using hydraulic pressure and rotational pressure. 

• A magnetic flow meter measures the volume of grout pumped through the system. A magnetic 

flow meter is installed in the grout line near the drilling platform, and is equipped with exposed 

electrodes that must be in contact with the conductive fluid (i.e., grout). 
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(a) 

 
(b) 

Figure 10. (a) Typical ACIP pile rig components and (b) pile installation platform used for this project 

 

INSTALLATION RECORDS 
  

The grout volumes used in the test piles and reaction piles were measured using the AME (i.e., using a 

magnetic flow meter and calculated for each 2 ft (0.6 m) increment of the pile length. The increment 

length at the bottom of the pile was automatically adjusted based on the pile length recorded by the AME. 

Excerpts of the installation record for test pile C-2 recorded using AME are shown in Figures 11 

(parameter versus time) and 12 (parameter versus depth). In addition, per agreement with FL DOT 

inspectors on site to witness the installation, the volume of grout was recorded manually using a count of 

the calibrated strokes of the grout pump. The records of the measurements taken using the AME and 

manually during installation are presented in Appendices E and F, respectively. 

 

 
Figure 11. Excerpt of installation record for test pile C-2 – penetration depth, hydraulic pressure, and 

grout flow versus time recorded using AME 
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Figure 12. Excerpt of installation record for test pile C-2 – penetration rate, hydraulic pressure, grout 

flow, and increment grout factor versus depth recorded using AME 

 

PRE-LOAD TESTING MONITORING 
 

COMPRESSIVE STRENGTH TESTING OF GROUT 
 

Grout samples were collected and tested according to ASTM C109 / C109M-16a (ASTM, 2016) for 

testing of the grout cubes at three different curing times. Two samples from each pile were tested at 7, 14, 

and 28 days after the pile was installed. The individual unconfined compressive strengths for each sample 

along with the average unconfined compressive strength for all of the samples at each curing time are 

presented in Table 4 and Figure 13.  

 

Table 4. Compressive strength of grout at 7, 14, and 21 days of curing 

Pile 
Desig. 

Sample 
No. 

Compressive Strength of Grout 

7 day 14 day 21 day 
(psi) (MPa) (psi) (MPa) (psi) (MPa) 

E1 2 6173 42.6 6430 44.3 7560 52.1 

L1 3 5860 40.4 6750 46.5 7610 52.5 

C1 4 5620 38.7 6650 45.9 7160 49.4 

T1 5 6070 41.9 6910 47.6 7430 51.2 

L2 6 5230 36.1 6220 42.9 6670 46.0 

C2 7 6040 41.6 6070 41.9 8710 60.1 

T2 8 5250 36.2 5800 40.0 7940 54.7 

Average 5749.0 39.6 6404.3 44.2 7582.9 52.3 

Standard Deviation 390.5 2.7 397.3 2.7 637.0 4.4 
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Figure 13. Compressive strength of grout at 7, 14, and 21 days 

 

 

STRAIN GAGE MEASUREMENTS 
 

Measurements recorded by the strain gages were collected after the instruments were attached to the steel 

reinforcement bars prior to insertion into the fresh grout. In addition, measurements from the embedded 

strain gages were collected soon after the bars were installed into the fresh grout, and then again on four 

subsequent dates but prior to the load testing of the piles (Tables 5 and 6). The gage (1632094) at a depth 

of about 30 ft (9.1 m) in pile C-1 and the top gage (1632100) in pile C-2 were apparently damaged during 

installation; consequently, no post-installation data is available for these two gages. 

 

 

Table 5. Pre-testing strain gage readings for the strain gages used in pile C-1 

Serial 
Number 

Depth 
(ft) 

27-Oct-2016 27-Oct-2016 04-Nov-2016 10-Nov-2016 16-Nov-2016 23-Nov-2016 

Reading 
(��) 

Temp 
(°C) 

Reading 
(��) 

Temp 
(°C) 

Reading 
(��) 

Temp 
(°C) 

Reading 
(��) 

Temp 
(°C) 

Reading 
(��) 

Temp 
(°C) 

Reading 
(��) 

Temp 
(°C) 

1632099 2 6811 32.8 6827 31.4 6791 23.8 6792 21.6 6791 19.0 6777 16.4 

1632097 10 6956 33.9 6957 34.0 6913 28.3 6912 27.6 6911 27.1 6901 26.5 

1632095 20 6731 33.4 6720 34.3 6759 27.1 6745 27.0 6738 27 6732 26.8 

1632094 30 6890 34.1 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

1632091 40 6828 32.7 6833 33.2 6581 25.6 6589 25.4 6585 25.3 6573 25.2 

1631529 50 6939 32.2 6938 31.9 6801 25.2 6791 25.0 6788 24.7 6778 24.5 

1631528 58 6998 32.8 6991 33.1 6905 24.9 6910 24.6 6908 24.4 6898 24.3 

  Pre-install Post-install Embedded within the pile 
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Table 6. Pre-testing strain gage readings for the strain gages used in pile C-2 

Serial 
Number 

Depth 
(ft) 

27-Oct-2016 27-Oct-2016 04-Nov-2016 10-Nov-2016 16-Nov-2016 23-Nov-2016 

Reading 
(��) 

Temp 
(°C) 

Reading 
(��) 

Temp 
(°C) 

Reading 
(��) 

Temp 
(°C) 

Reading 
(��) 

Temp 
(°C) 

Reading 
(��) 

Temp 
(°C) 

Reading 
(��) 

Temp 
(°C) 

1632100 2 6764 22.6 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

1632098 10 6744 23.5 6746 35.8 6711 29.9 6717 28.1 6714 27.5 6703 26.9 

1632096 20 6767 27.2 6755 35.6 6663 28.8 6672 27.5 6669 27.2 6660 27.1 

1632093 30 6593 34.2 6587 35.5 6462 27.6 6475 26.5 6475 26.3 6464 26.3 

1632092 40 6964 32.6 6960 33.8 6683 25.5 6708 24.6 6718 24.4 6716 24.2 

1632090 50 6935 34.2 6923 34.7 6703 26.2 6721 25.2 6721 24.9 6710 24.7 

1631527 58 7010 31.4 6990 33.7 6722 25.5 6739 24.7 6742 24.5 6734 24.3 

  Pre-install Post-install Embedded within the pile 

 

THERMAL MEASUREMENTS 
 

Thermal integrity profiling (TIP) wire and probe readings were collected by researchers from the 

University of South Florida (USF) soon after the piles were installed and at different times within the first 

few days after installation and grout placement. The research study evaluated the type of measurement 

system (i.e., probe system vs. thermal wire), access tube material (i.e., steel tube vs. PVC tube), 

measurement location (i.e., at center bar vs at cage reinforcement), and prediction of pile radius based on 

temperature and grout volume. The following section will provide a brief synopsis of the results of the 

TIP setup, measurements, and results; however, complete details about the research, results, 

interpretations, and conclusions can be found in the two reports authored by Mullins and Johnson (2016, 

2017) for FL DOT. Select photographs and records of the measurements made by the researchers are 

presented in Appendix G. 

 

Thermal Probes 
 

TIP measurements using the probe system were performed in general accordance with ASTM D7949 

(2014), wherein thermal measurements were made using an automated, reel-type system as the probe 

descended at a prescribed rate of 0.3 to 0.5 ft/sec (9 to 15 cm/sec). As described by Mullins and Johnson 

(2017), TIP measurements using the probe were performed twice (at each interval) for each tube in the 

pile at 6, 12, 18, and 24 hours after each test pile was cast (i.e., grouted). Photographs of the components 

and field set up at each test pile are shown in Figure 14. Graphical delineations of temperature versus 

depth at 6, 12, 18, and 24 hours after casting for test piles C-2 and L-2 are shown in Figure 15. 

 

Thermal Wires 
 

Thermal wires containing multiple thermistors were attached to the center reinforcement bar and/or the 

steel reinforcement cage to capture and record continuous thermal data as the pile’s grout cured. The 

thermal wires were connected at the surface to removable data collectors (i.e., thermal access ports or 

TAP units) onto which the data was recorded and stored for later processing and analysis. Photographs of 

the field set up (thermal wires and TAP units) for piles with center bar and reinforcement cage and with 

only center bar reinforcement are shown on Figure 16. Representative graphical delineations of 

temperature versus depth for test pile E-1 at t=15 hr after casting at the center bar and at the reinforcement 

cage are shown in Figure 17. Because thermal data can be collected continuously (by the TAP unit 
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attached to a thermal wire), thermal generation and dissipation (versus time) can be determined and 

evaluated, as shown in Figure 18. 

 

(a)  (b)  

Figure 14. (a) Components of the data collection system and (b) probe measurement field set up at each 

test pile (Mullins and Johnson, 2017) 

 

(a)  (b)  

Figure 15. Thermal profiles at 6-hr intervals during curing at (a) test pile C-2 and (b) test pile L-2 

(Mullins and Johnson, 2017) 
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(a)  (b)  

Figure 16. Field set up with thermal wires and attached data collection system (TAP units) at (a) test pile 

L-2 with center bar and reinforcement cage and (b) test pile T-1 with center bar (Mullins and 

Johnson, 2017) 

 

(a)  (b)  

Figure 17. Thermal profiles for test pile E-1 t=15 hr after casting at (a) center bar and (b) at the 

reinforcement cage (Mullins and Johnson, 2017) 

 

 

 



 

17 

 

 
Figure 18. Thermal generation and dissipation at the center bar for test pile E-1 at a distance of about 10 

ft (3.05 m) from top of pile (Mullins and Johnson, 2017) 

  

Observations and Interpretations 
 

Mullins and Johnson (2017) presented and discussed the various observations made during the testing and 

their subsequent interpretations of the recorded data and observations. The following provides a brief 

summary of the pertinent findings. 

• TIP probe system vs. thermal wires: 

• Recorded measurements for both systems were in relatively close agreement. 

• PVC vs. steel access tubes: 

• PVC access tubes appeared to be better than steel access tubes for the smaller diameter 

elements (e.g., smaller volumes for ACIP piles than for larger diameter drilled shafts) 

where the steel access tubes may have acted as heat sinks during the hydration process. 

• Center bar vs. reinforcement cage: 

• Thermal wires attached to the central bar reinforcement 

• The shape of the ACIP pile was estimated relatively accurately, but the 

predictions are highly dependent upon the grout volume pumped (i.e., flow or 

pump strokes per depth increment). 

• The deviation in the alignment of the installed center bar reinforcement may not 

be detected.  

• Measurements at the reinforcement cage: 

• The ACIP pile shape and offset / eccentricity of the cage was able to be 

determined using either system (i.e., probe or thermal wire) as long as four TIP 

sensors were used.  

• When performing thermal analyses for piles that are greater than 2 ft (610 mm) in 

diameter, thermal measurements (using a minimum of four probe or thermal wire 

locations) should be made at the reinforcement cage and not at the center bar (only).  

• Automated monitoring equipment (AME): 

• Data recorded using AME included grout flow rate, grout volume pumped, penetration 

rate, depth of auger, and grout pressure; however, only the grout volume is required to 

perform the thermal analyses. 

• Radius profiles could be predicted from manual pump stroke counts, grout factor per 

depth interval, cumulative volume changes per depth interval, and flow rate divided by 

extraction rate. 
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• The determination of the true amount of waste grout volume was difficult (e.g., initial 

pump strokes or some portion of grout volume after the grout return is observed). 

• As-built data and radius predictions 

• Recommended not using traditional evaluation algorithms and best fit projections from 

hyperbolic temperature-radius (T-R) curves (for piles > 2 ft (610 mm) in diameter). 

• In general, lower temperature measurements result in a smaller predicted radius, whereas 

higher temperature measurements result in a larger predicted radius. Potential errors 

could result from misalignment or eccentricity of the center bar and/or reinforcement 

cage. When coupled with the injected grout volume, the potential errors could yield under 

and over predictions of the radius with depth. 

• There is typically minimal misalignment or eccentricity near the top of the pile. However, 

the reinforcement was misaligned noticeably (i.e., up to 5.5 in (140 mm) for the 18 in 

(457 mm) diameter piles and up to 7.5 in (190 mm) for 24 in (610 mm) diameter piles) 

deeper in the piles, which corresponded to potential errors in radius predictions of 1 to 2 

in (25 to 51 mm).  

 

LOAD TESTING RESULTS AND DISCUSSION 
 

Full-scale compression, tension, and lateral load testing was performed on piles C-1, C-2, T-1, T-2, L-1, 

and L-2 in general accordance with the applicable ASTM standards. Calibration data for the strain gages, 

load cells and hydraulic jacks/gages used in this test program are included in Appendix H. Pile E-1 was 

extracted using a combination of drilled relief holes around the pile, partial extraction using the load 

frame setup, and pullout using a crane and attachments. The load testing and extraction of the installed 

test piles was performed from 30 November to 08 December. 

 

COMPRESSION LOAD TESTS 
 

The axial compression tests were performed in general accordance with ASTM D1143 / D1143M-07, 

Quick Load Method (ASTM, 2013a). As shown in Figures 19 and 20, axial compressive loads were 

applied manually using a hydraulic jack that was aligned concentrically with the installed piles (C-1 and 

C-2). During the loading phase, additional loads were applied in 15 ton (133 kN) increments at 

approximately 5 minute intervals. For each load increment, the applied load was increased to or above the 

target load (for that increment), and was maintained (i.e., no additional loads were applied) during the 

interval between readings. The applied loads were measured using a gage on the jack as well as an 

electronic load cell located between the pile and the reaction frame.  

 

   
(a) (b) (c) 

Figure 19. Compression load testing setup for (a,b) pile C-1 and (c) pile C-2 
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(a)  (b)  

Figure 20. Compression load testing setup (hydraulic jack, load cell, and dial gages) for (a) pile C-1 and 

(b) pile C-2 

 

Measurements of the pressure in the hydraulic jack, the load in the cell, and displacements from the dial 

gages were made and recorded at the beginning and ending of each loading interval. Induced 

displacements at the top of pile (i.e., pile head) were measured and recorded using four dial gages, which 

were located at approximately equal spacing around the top of the pile. Before continuing to the next load 

increment, the loaded pile was allowed to achieve equilibrium under the applied loading during an 

interval, such that the applied load was not decreasing due to deflections either at the pile-head or in the 

reaction frame. Each pile was loaded until continuous downward vertical movement of the pile-head was 

observed (i.e., plunging was initiated) at a constant applied load (i.e., geotechnical failure was achieved). 

 

The load-displacement responses of test piles C-1 and C-2 due to the applied axial compression loading 

are plotted in Figure 21. As observed in Figure 21 for both compression tests, there was poor agreement 

between loads determined using the hydraulic jack and the electronic load cell. This discrepancy was 

likely due to the electronic load cell, which is typically more precise in its measurements, but it is more 

susceptible to be negatively affected by changes in moisture and temperature and due to disturbance 

caused during transportation. Therefore, for the purposes of comparison for this demonstration project, 

only the results measured using the hydraulic jack will be considered (Figure 22); however, all of the data 

measured using the hydraulic jack and the electronic load cell during the testing are presented in 

Appendix I. 
 

  
(a) (b) 

Figure 21. Load-displacement behavior of test piles (a) C-1 and (b) C-2 due to axial compression loading 
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Figure 22. Load-displacement behavior and estimated static axial capacity of test piles C-1 and C-2 due 

to axial compression loading (using measurements from the hydraulic jack only) 

 

Piles C-1 and C-2 were incrementally loaded until no additional load could be resisted; essentially 

resulting in a geotechnical failure (i.e., plunging) for each pile. As shown in Figure 22, the maximum 

applied load (i.e., maximum resistance) was about 447 ton (3980 kN) and 371 ton (3300 kN) for piles C-1 

and C-2, respectively. Based on the method reported in the initial write up, the estimated capacity of test 

piles C-1 and C-2 were computed as 220 ton (1957 kN) and 285 ton (2535 kN), respectively.  

 

Had geotechnical failure not been realized, the axial capacity or resistance of the tested piles C-1 and C-2 

would have been determined using the Butler-Hoy criterion (Butler and Hoy, 1977). As described in 

Stuedlein et al. (2009), the Butler-Hoy failure criterion is one of the approaches approved in the 

International Building Code (IBC) for the determination of axial capacity of a pile when geotechnical 

failure (i.e., plunging) is not achieved during a static compression load test. The Butler-Hoy Criterion 

estimates the axial capacity of the pile at the intersection of two lines: the first of which is tangent to the 

initial slope of the load-displacement curve, and the second line has a slope equal to 0.05 inch/ton and is 

tangent to the load-displacement curve. 

 

For pile C-1, the axial load (���,�) at each strain gauge location was determined by multiplying the 

measured / recorded strain (���,�) by the composite section modulus (�	
��,
�) and the estimated cross-

sectional area (��) at the respective strain gauge location, as reflected in the following equation: ���,� =
���,��	
��,
���. The composite modulus, which incorporates contributions from the grout and steel 

reinforcement, was estimated by back calculating the modulus using the top strain gauge at each load 

increment and the adjusted pile diameter (based on the measured vs. planned circumferences of the 

extracted pile, E1). The computed axial loads and unit side resistance at the strain gauge locations in pile 

C-1 are shown in Table 7. The load transfer behavior for pile C-1 is shown in Figure 23 (additional 

evaluation of the strain dependent modulus will be performed after submission of this final report). 

Measurements of axial strain from the embedded strain gauges were recorded at each load increment 

throughout the load tests, and are provided in Appendix I. 
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Table 7. Computed axial loads and unit side resistance at the strain gauge locations in pile C-1 

 Strain Gauge No. 

 1 2 3 4 5 6 

Depth (ft) 2 10 20 40 50 60 

Incremental Length (ft)  8 10 20 10 10 

Load at Strain Gauge (ton) 

Measured 347 311 285 177 124 75 

Predicted 0 27 54 144 194 234 

Shaft Resistance (ton) 

Measured --- 36 26 108 53 49 

Predicted --- 27 27 90 50 40 

Unit Side Resistance (ton/sq ft) 

Measured --- 0.966 0.552 1.146 1.117 1.303 

Predicted --- 0.716 0.573 0.955 1.061 1.061 

 

 
Figure 23. Load distribution (load transfer) curves for test pile C-1 due to compression loading based on 

strain gauge measurements during the axial compression loading 

 

 

For pile C-2, the method just described for estimating the composite modulus for pile C-1 was not 

possible since the top strain gauge was not functioning properly after installation. Therefore, the 

composite modulus used for pile C-2 was estimated using material properties and strength characteristics, 

as described below. The composite modulus (�	
��,
�) incorporates contributions from the grout and 

steel reinforcement, and was estimated using the following relationship: 
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�	
��,
� =
���
�����
�� + ������������

���
�� + ������
 (1) 

where: ���
�� is the modulus of elasticity of a purely grouted section, ���
�� is the cross-sectional area of 

grout for a given loaded diameter, ������ is the modulus of elasticity of steel, and ������ is the cross-

sectional area of steel within the same diameter. As shown in Table 4, the compressive strength of the 

grout at 21 days was about 8,710 psi (60.1 MPa). The following relationship was used to determine the 

modulus of elasticity of a purely grouted section: 

���
�� = 57000��	
� = 5,319,661 %&' = 5,320 )&' (36,678 ,-.) (2) 

 

For typical mild grade steel, the value of ������ is 29,000 ksi (200,000 MPa). As described in a 

subsequent section, the average pile diameter in the upper 24 in (610 mm) of embedment was about 18.1 

in (460 mm), resulting in a cross-sectional area of about 257.3 in2 (1660 cm2). The area of steel within the 

cross-section was about 11.05 in2 (71.3 cm2), resulting from 12- No. 8 longitudinal bars and 1- No. 11 

center bar (Table 2). Therefore, the area of grout was about 246.25 in2 (1589 cm2). The composite 

modulus, �	
��,
�, was computed to be 6,337 ksi (43,692 MPa), as shown in the equation below. 

�	
��,
� =
(5,320 )&')(246.25 '2�) + (29,000 ksi)(11.05 '2�)

(246.25 '2�) + (11.05 '2�)
= 6,337 )&' (43,692 ,-.) (3) 

 

Based on the composite modulus, the axial load (���,�) at each strain gauge location was determined by 

multiplying the measured / recorded strain (���,�) by the composite section modulus (�	
��,
�) and the 

estimated cross-sectional area (��) at the respective strain gauge location, as reflected in the following 

equation: ���,� = ���,��	
��,
���. The computed axial loads and unit side resistance at the strain gauge 

locations in pile C-1 are shown in Table 8. The load transfer behavior for pile C-2 is shown in Figure 24 

(additional evaluation of the strain dependent modulus will be performed after submission of this final 

report). Measurements of axial strain from the embedded strain gauges were recorded at each load 

increment throughout the load tests, and are provided in Appendix I. 

 

 

Table 8. Computed axial loads and unit side resistance at the strain gauge locations in pile C-2 

 Strain Gauge No. 

 1 2 3 4 5 6 7 

Depth (ft) 2 10 20 30 40 50 58 

Incremental Length (ft)  8 10 10 10 10 8 

Load at Strain Gauge (ton) 

Measured 425 375 328 248 191 135 80 

Predicted 0 36 72 132 194 261 315 

Shaft Resistance (ton) 

Measured --- 50 46 80 58 56 55 

Predicted --- 36 36 60 63 67 54 

Unit Side Resistance (ton/sq ft) 

Measured --- 1.002 0.737 1.274 0.918 0.887 1.085 

Predicted --- 0.722 0.568 0.947 0.996 1.058 1.082 
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Figure 24. Load distribution (load transfer) curves for test pile C-2 due to compression loading based on 

strain gauge measurements during the axial compression loading 

 

 

TENSION LOAD TESTS 
 

The axial tension tests were performed in general accordance with ASTM D3689 / D3689M-07, Quick 

Load Method (ASTM, 2013b). As shown in Figure 25, the axial tension loads were applied manually 

using a hydraulic jack that pulled on an embedded center steel reinforcement bar in the installed piles (T-

1 and T-2). During the loading phase, additional loads were applied in 10 ton (89 kN) increments for pile 

T-1 and in 15 ton (133 kN) increments for pile T-2 at approximately 5 minute intervals. For each load 

increment, the applied load was increased to or above the target load (for that increment), and was 

maintained (i.e., no additional loads were applied) during the interval between readings. The applied loads 

were measured using a gage on the jack as well as an electronic load cell located between the pile and the 

reaction frame.  

 

Measurements of the pressure in the hydraulic jack, the load in the cell, and displacements from the dial 

gages were made and recorded at the beginning and ending of each loading interval. Induced 

displacements at the top of pile (i.e., pile head) were measured and recorded using four dial gages, which 

were located at approximately equal spacing around the top of the pile. Before continuing to the next load 

increment, the loaded pile was allowed to achieve equilibrium under the applied loading during an 

interval, such that the applied load was not decreasing due to deflections either at the pile-head or in the 

reaction frame. Each pile was loaded until continuous upward vertical movement of the pile-head was 

observed (i.e., pullout was initiated) at a constant applied load (i.e., geotechnical failure had been 

achieved). 
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(a) (b) (c) 

Figure 25. Tension load testing setup for (a) pile T-1 and (b,c) pile T-2 

 

The load-displacement responses of test piles T-1 and T-2 due to the applied axial tension loading are 

plotted in Figure 26, and all of the data measured using the hydraulic jack and the electronic load cell 

during the tension testing are presented in Appendix J. The estimated capacity of test piles T-1 and T-2 

were computed as 205 ton (1824 kN) and 265 ton (2538 kN), respectively. As observed in Figure 26 for 

both tension tests, there was better agreement between loads determined using the hydraulic jack and the 

electronic load cell than was observed for the compression tests (Figure 21).  

 

It should be noted that the center steel bars that were installed in the test piles (Figure 25) were not 

sleeved; therefore, it is likely that the piles cracked at some distance below the ground surface during the 

tension testing. As observed in Figure 26, the measured pile-head deflections are likely a result of a short 

section of pile displacing or moving along with the elongation of the center bar as the tensile load was 

applied. Based on observations of the deflection of the center bars during the tension testing, it is 

estimated that at about 1 in (25 mm) of the observed pile-head deflections are due to the elongation of the 

center bar and not due to the upward movement of the pile. As such, this behavior should be considered 

when evaluating the behavior of these types of piles. 

 

  
(a) (b) 

Figure 26. Load-displacement behavior of test piles (a) T-1 and (b) T-2 due to tension loading 
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LATERAL LOAD TESTS 
 

The lateral tests were performed in general accordance with ASTM D3966 / D3966M-07 (ASTM, 2013c), 

as shown in Figure 27. However, the applied loads that were in excess of 50% of the estimated free-head 

capacity were adjusted (and a special loading sequence was developed) to ensure the piles L-1 and L-2 

were loaded until the deflection at the top of the pile was at least 1 in (25 mm). The lateral loads were 

applied manually using a hydraulic jack (Figure 27) and a collar connection (to ensure the hydraulic jack 

didn’t slip). The applied loads were measured using a gage on the hydraulic jack as well as an electronic 

load cell located between the pile and the reaction frame. During the loading phase, additional loads were 

applied in increments of about 2 tons (18 kN) for pile L-1 and about 4 tons (36 kN) for pile L-2  in 

general accordance with ASTM D3966; however, the adjusted loading sequence used 20 min hold times 

(load duration) for the latter portion of the testing.  

 

 

Measurements of the pressure in the hydraulic jack, the load in the cell, and displacements from the dial 

gages were made and recorded at the beginning and ending of each loading interval. Induced 

displacements at the top of pile were measured and recorded using two dial gages, which were located at 

the same elevation of the load / hydraulic jack and above the location of load application. Before 

continuing to the next load increment, the loaded pile was allowed to achieve equilibrium under the 

applied loading during an interval, such that the applied load was not decreasing due to deflections either 

at the pile-head or in the reaction frame. For each load increment, the applied load was increased to or 

above the target load (for that increment), and was maintained (i.e., no additional loads were applied) 

during the interval between readings. 

 

The load-displacement responses of test piles L-1 and L-2 due to the applied lateral loading are plotted in 

Figure 28, and all of the data measured using the hydraulic jack and the electronic load cell during the 

(a)  (b)  

(c)  (d)  (e)  

Figure 27. Lateral load testing setup for (a, b, c) pile C-1 and (d,e) pile C-2 
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tension testing are presented in Appendix K. The estimated capacity of test piles T-1 and T-2 were 

computed as 16 ton (142 kN) and 30 ton (267 kN), respectively. However, piles L-1 and L-2 were loaded 

until a lateral displacement of about 1 in (25 mm) was achieved at the elevation of the load application, 

and not until geotechnical or structural capacity was reached; therefore, comparisons between estimated 

and measured capacity could not be made. 

 

  
(a) (b) 

Figure 28. Load-displacement behavior of test piles (a) L-1 and (b) L-2 due to lateral loading 

 

PILE EXTRACTION AND MEASUREMENTS 
 

Per the intent of the experimental and demonstration program, pile E-1 with a nominal diameter of 18 in 

(457 mm) was extracted on 08 December for visual inspection and measurement of the as-constructed 

condition of the pile. To assist in the extraction, a number of relief holes about 14 in (356 mm) in 

diameter were drilled (Figure 29a) around but in close proximity to the constructed pile. Initially, a 

hydraulic jack and tension test reaction arrangement (similar to that used for the axial tension test loading 

of piles T-1 and T-2) were begin the extraction process of pile E-1 (Figures 29b and 29c).  

 

   
(a) (b) (c) 

Figure 29. Preparation and setup for extraction of pile E-1: (a) drilling 14 in (356 mm) diameter relief 

holes around pile E-1, (b, c) reaction system setup for initial extraction 
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Once pile E-1 was extracted a distance out of the ground (about 2 to 3 ft (0.6 to 0.9 m)), a crawler-crane 

was employed to extract the pile the remainder of the length from the ground (Figure 30a and 30b). The 

pile was then pressure washed as it was extracted to remove any dirt or debris from its surface. After 

being placed horizontally on supports, the pile was visually inspected and its circumference was measured 

(Figure 30c) in increments of 12 in (305 mm), 40 increments, along the length of the pile to verify the as-

built condition, to compare with measurements performed during installation, and to compare with 

measurements performed using the TIP method (Mullins and Johnson, 2017). The as-built measurements 

of the circumference of the extracted pile E-1 are provided in Appendix L. Mullins and Johnson (2017) 

indicated that the researchers used the measurements of the circumference (diameter) and corrected grout 

volumes as part of their analysis and data processing. The contractor used the overall grout factor, which 

was reduced for each pile based on the actual grout strokes (i.e., after head was observed at surface). That 

computed volume determined based on measurements of the extracted pile was in very close agreement 

with the computed volume based on values recorded using the AME and grout strokes. 

 

Based on the measurements of the pile’s circumference, the as-built diameter ranged from about 18.1 to 

20.7 in (461 to 526 mm), with an average of about 19.4 in (494 mm). The theoretical or nominal diameter 

of pile E-1 was 18 in (457 mm). Therefore, the diameter of the as-built pile was greater than the nominal 

diameter (Table 9), thereby indicating there were no instances of necking or embedded inclusions in the 

pile. However, given that the as-constructed diameter was in excess of the nominal diameter as much as 2 

in (50 mm) indicates that there may have been a looser than expected soil layer(s) or slight overmilling 

during construction. The increased diameter resulted in only more grout being used (i.e., additional cost to 

the contractor) but no compromise to the integrity or performance of the pile. 

 

   
(a) (b) (c) 

Figure 30. (a,b) Extraction of pile E-1 using a crane attachment, and (c) extracted pile and 

manual measurements of the pile circumference 

 

Table 9. Measurement statistics about as-built construction of extracted pile E-1 

 Calculated Diameter Diff. from Theoretical Diameter 
 (in) (mm) (in) (mm) (%) 

Average 19.4 494 1.4 36.6 8.0% 
Maximum 20.7 526 2.7 69 14.9% 
Minimum 18.1 461 0.1 4 0.8% 

Stand. Dev. 0.7 17 0.7 16.8 3.7% 
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Analysis and interpretation of the measurements made using the TIP method were performed by the 

researchers at the University of South Florida. A profile of the thermal measurements made from four 

embedded TIP wires in pile E-1 is provided in Figure 31a, which indicates that the pile was relatively 

uniform in diameter throughout its length, which corresponds well with the as-constructed measurements 

of the pile’s circumference. A comparison of the effective radius (estimated and measured) along the 

length of pile E-1 is provided in Figure 31b, which shows good agreement among the measurements 

made using the TIP method, caliper, and as-built measurements along with the grout volume recorded 

during casting, when corrected for the volume of grout observed to be flowing out of the top of the pile 

during construction (i.e., “TIP Eff. Radius from Actual Volume” on Figure 31). As observed in Figure 31, 

when corrected for the volume of grout observed coming out of the ground (black line), the predicted 

volume based on the measurements from the flow meter or grout strokes was in good agreement with the 

volume determined from the manual measurements. Additional details, discussion, and interpretation can 

be found in Mullins and Johnson (2017). 

 

(a) 

 

 
(b) 

 

Figure 31. (a) Measurements made from TIP wires and (b) estimated and measured radius of pile E-1 

 

ADDITIONAL TESTS 
 

RIM-cell tests (i.e., bi-directional smaller-scale proof load tests), which subject a load at the location of 

embedment similar to other bi-directional load test methods, were performed on reaction piles R1 and R5 

on 09 December. R1 and R5 were approximately 18 in (457 mm) and 24 in (610 in) in diameter, and were 

constructed in a similar manner to the test piles. These tests were performed only for “proof of concept” 

for the Florida DOT, and were not incorporated into the previously discussed demonstration and 

experimental testing program. It should be noted that the RIM cell sizes (i.e., 12 in (305 mm) and 18 in 
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(457 mm) diameter, respectively) were selected with consideration to the installation success, rather than 

the anticipated design load of the piles. Additional investigation to appropriately size the RIM cell for a 

given production load vs. the size of RIM cell that could practically be installed within a given ACIP pile 

plan area should be considered. Reaction pile R1 was subjected to maximum load of about 43 tons (378 

kN), which induced minimal / negligible movement of about 0.002 in (0.05 mm) of the pile in each 

direction. Reaction pile R5 was subjected to a maximum load of about 54 tons (476 kN), which induced a 

movement of about 0.31 in (8 mm) of the pile in the downward direction (Figure 32).  

 

 
Figure 32. Load-displacement behavior for R-5 obtained using the RIM-cell 

 

RECOMMENDATIONS 
 

Additional research (data collection and dissemination) of single and multiple thermal measurements 

along with the comparison to measurements of the as-built circumference of (extracted) ACIP piles will 

enhance the usefulness of thermal profiling for verification of ACIP pile integrity. The use of bi-

directional load cells for the verification of axial resistance of production ACIP piles appears to be 

potentially viable. However, additional evaluation and guidance is required to appropriately size a bi-

directional device for a given production load considering the practicality of installing that device 

(diameter and depth considerations) into a freshly grouted / concreted ACIP pile.  

 

CONCLUSIONS 
 

The procedures described herein along with the results of the non-destructive and high strain load tests, 

measurements and observations made via the QC/QA program, and measurements performed on the 

extracted pile validate ACIP piles for consideration for the structural support of bridges per the Florida 

DOT. The results of this demonstration program provide physical substation to the Florida DOT, as it 

develops a section for ACIP Piles for Bridges and Major Structures in its Standard Specifications. Grout 

volumes, as measured by an electromagnetic flowmeter and via manual counting of grout strokes, showed 

good agreement on this particular project; however, it is noted that other systems for measuring grout 

flow (e.g., automated grout pump stroke measurements) are being developed, which may be better suited 

for the monitoring of ACIP piles. On this demonstration project, the overall grout volume of the extracted 
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pile, when adjusted for the volume of grout observed flowing out of the top of the pile, was in good 

agreement with both the volume calculated by manually measuring the circumference of the pile at 1 ft 

(305 mm) intervals and the predicted volume determined using thermal measurements. 
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APPENDIX A 

 

SITE CHARACTERIZATION - CONE 

PENETRATION TESTS (CPT) 

SOUNDINGS, SOIL BORING LOGS, 

AND STANDARD PENETRATION 

TEST (SPT) N-VALUES 
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Figure A-1. CPT log R-6 
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Figure A-2. CPT correlative parameter log R-6 
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Figure A-3. CPT log R-8 
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Figure A-4. CPT correlative parameter log R-8 
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Figure A-5. Soil boring log B-1 (L-1) 
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Figure A-5. Soil boring log B-1 (L-1) continued 
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Figure A-6. Soil boring log B-2 (C-1) 
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Figure A-6. Soil boring log B-2 (C-1) continued 
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Figure A-6. Soil boring log B-2 (C-1) continued 
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Figure A-6. Soil boring log B-2 (C-1) continued 
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Figure A-7. Soil boring log B-3 (T-1) 
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Figure A-7. Soil boring log B-3 (T-1) continued 
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Figure A-7. Soil boring log B-3 (T-1) continued 
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Figure A-7. Soil boring log B-3 (T-1) continued 
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Figure A-8. Soil boring log B-4 (L-2) 
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Figure A-8. Soil boring log B-4 (L-2) continued 
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Figure A-9. Soil boring log B-5 (C-2) continued 
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Figure A-9. Soil boring log B-5 (C-2) continued 
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Figure A-9. Soil boring log B-5 (C-2) continued 
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Figure A-9. Soil boring log B-5 (C-2) continued 
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Figure A-9. Soil boring log B-6 (T-2) 
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Figure A-9. Soil boring log B-6 (T-2) continued 
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Figure A-9. Soil boring log B-6 (T-2) continued 
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Figure A-9. Soil boring log B-6 (T-2) continued 
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APPENDIX B 

 

CALIBRATION REPORTS - GEOKON 

SISTER BAR STRAIN GAGES 
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Figure B-1. Sister bar calibration report: S/N 1631527 
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Figure B-2. Sister bar calibration report: S/N 1631528 
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Figure B-3. Sister bar calibration report: S/N 1631529 
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Figure B-4. Sister bar calibration report: S/N 1632090 
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Figure B-5. Sister bar calibration report: S/N 1632091 
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Figure B-6. Sister bar calibration report: S/N 1632092 
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Figure B-7. Sister bar calibration report: S/N 1632093 
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Figure B-8. Sister bar calibration report: S/N 1632094 
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Figure B-9. Sister bar calibration report: S/N 1632095 
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Figure B-10. Sister bar calibration report: S/N 1632096 
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Figure B-11. Sister bar calibration report: S/N 1632097 
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Figure B-12. Sister bar calibration report: S/N 1632098 
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Figure B-13. Sister bar calibration report: S/N 1632099 
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Figure B-14. Sister bar calibration report: S/N 1632100 
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APPENDIX C 

 

MATERIAL SPECIFICATION - 

INTRUSION-AID® DSC 

CONCENTRATE NORMAL RANGE 

WATER REDUCING GROUT 

FLUIDIFIER 

  



 

72 

 

 
Figure C-1. Material specification sheet for DSC Concentrate 
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APPENDIX D 

 

DRILLING EQUIPMENT DETAILS - 

GEAR BOX AND POWER UNIT 
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(a) (b) 

 

 
(c) 

 

Figure D-1. Photographs of drilling platform components : (a) gear box, (b) hydraulic power unit, and (c) grout pump 
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Table D-1. Specifications for drilling platform components: (a) gear box, (b) hydraulic power unit, and (c) grout pump 

 

(a)  General description of unit – gear box 

• Hydraulically operated top head drive 

• Travels up and down the leads 

• Torques range from about 15,000 ft-lbs to 90,000 ft-lbs (20 to 122 kN-m) 

• Weighs 2,000 to 13,000 lbs (905 to 5900 kg) - additional downward force 

• Rotational speed ranges from 30 to 60 rpm 

 

Equipment No. 90-1060 

Equipment Date: 03 October 2007 by Berkel and Co., Bonner Springs, KS 

Dimensions: 60 in (length) x 42 in (width) x 8 ft 10 in (height) 

Weight: 13,600 lb   

Motor Rotary Power (x2 unit) 

Output: Torque = 74,300 ft-lb  

(before reduction) Speed = 44 rpm  

Shaft: 5 in (ID) x 7 in (OD) x 55 in (OA length) 

 

 

(b) General description of unit – hydraulic power unit 

• Provides hydraulic power to turn the gearbox and auger 

• Horsepower ratings range from about 200 hp to 850 hp 

 

Equipment No. 63-C18 

Equipment Date: 10 October 2007 by Berkel and Co., Bonner Springs, KS 

Dimensions: 17 ft (length) x 50 in (width) x 7 ft 9 in (height) 

Engine: Caterpillar C18 

Horsepower: 700 hp @ 2100 rpm   

 

 

(c) General description of unit – grout pump 

• Hydraulically operated, positive displacement piston-ball valve pump 

• Pump pressures typically around 350 psi at pump outlet 

• Stroke vols. typically range from about 0.4 to 1.0 cubic feet per stroke (up to 1.7) 

• Grout hoses typically 2 to 3 inch diameter 

• Can pump grout several hundred feet 

• Grout typically delivered by ready mix trucks 
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APPENDIX E 

 

INSTALLATION MEASUREMENTS - 

DATA FROM AUTOMATED 

MONITORING EQUIPMENT 
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Figure E-1. Installation record for test pile C-1 using AME 
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Figure E-2. Installation record for test pile C-2 using AME 
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Figure E-3. Installation record for test pile T-1 using AME 
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Figure E-4. Installation record for test pile T-2 using AME 
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Figure E-5. Installation record for test pile L-1 using AME 
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Figure E-6. Installation record for test pile L-2 using AME 
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Figure E-7. Installation record for test pile E-1 using AME 
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APPENDIX F 

 INSTALLATION MEASUREMENTS - 

DATA FROM MANUAL RECORDINGS 
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Figure F-1. Manual installation record for test pile C-1 
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Figure F-2. Manual installation record for test pile C-2 
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Figure F-3. Manual installation record for test pile T-1 
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Figure F-4. Manual installation record for test pile T-2 
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Figure F-5. Manual installation record for test pile L-1 
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Figure F-6. Manual installation record for test pile L-2 
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Figure F-7. Manual installation record for test pile E-1 
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APPENDIX G 

 SELECT THERMAL INTEGRITY 

PROFILING (TIP) TEST RESULTS – 

THERMAL PROBES AND THERMAL 

WIRES 
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Figure G-1. Temperature profile for pile C2 at peak temperature taken via probe system (Mullins and Johnson, 2017) 
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(a) 

 
(b) 

 

Figure G-2. Thermal profile of pile E-1 (extracted) at (a) center bar reinforcement and (b) reinforcement cage (Mullins 

and Johnson, 2017) 
 

  



 

95 

 

 
(a) 

 
(b) 

 

Figure G-3. Thermal profile of (a) pile T-1 and (b) pile T-2 at the center bar reinforcement (Mullins and Johnson, 2017) 
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(a) 

 
(b) 

 

Figure G-4. Thermal profile of pile C-2 at (a) center bar reinforcement and (b) reinforcement cage (Mullins and Johnson, 

2017) 
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(a) 

 
(b) 

 

Figure G-5. Thermal profile of pile C-2 at (a) center bar reinforcement and (b) reinforcement cage (Mullins and Johnson, 

2017) 
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APPENDIX H 

 CALIBRATION DATA - HYDRAULIC 

JACK AND LOAD CELL 
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Figure H-1. Calibration report for 100 ton hydraulic jack 
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Figure H-1. Calibration report for 100 ton hydraulic jack continued 
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Figure H-1. Calibration report for 100 ton hydraulic jack continued 
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Figure H-1. Calibration report for 100 ton hydraulic jack continued 
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Figure H-2. Calibration report for 500 ton center hole hydraulic jack 
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Figure H-2. Calibration report for 500 ton center hole hydraulic jack continued 
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Figure H-2. Calibration report for 500 ton center hole hydraulic jack continued 
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Figure H-2. Calibration report for 500 ton center hole hydraulic jack continued 
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Figure H-3. Calibration report for 600 ton center hole load cell 
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Figure H-3. Calibration report for 600 ton center hole load cell continued 
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Figure H-3. Calibration report for 600 ton center hole load cell continued 
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Figure H-3. Calibration report for 600 ton center hole load cell continued 
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Figure H-4. Calibration report for 1,000 ton hydraulic jack 
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Figure H-4. Calibration report for 1,000 ton hydraulic jack continued 
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Figure H-5. Calibration report for 1,000 ton load cell 
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Figure H-5. Calibration report for 1,000 ton load cell continued 
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APPENDIX I 

 COMPRESSION LOAD TEST SETUP 

AND TEST RESULTS 
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Table I-1.  Load – displacement measurements during axial compression loading test of pile C-1 
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Table I-2. Strain gauge readings during axial compression loading test of pile C-1 
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Table I-3.  Load – displacement measurements during axial compression loading test of pile C-2 
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Table I-4. Strain gauge readings during axial compression loading test of pile C-2 
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APPENDIX J 

 TENSION LOAD TEST SETUP AND 

TEST RESULTS 
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Table J-1. Load – displacement measurements during axial tension loading test of pile T-1 
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Table J-2. Load – displacement measurements during axial tension loading test of pile T-2 
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APPENDIX K 

 LATERAL LOAD TEST SETUP AND 

TEST RESULTS 
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Table K-1. Load – displacement measurements during lateral loading test of pile L-1 
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Table K-2. Load – displacement measurements during lateral loading test of pile L-2 
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APPENDIX L 

 AS-BUILT MEASUREMENTS OF 

EXTRACTED PILE (E-1) 
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Table L-1. Measurements of circumference of the extracted pile E-1 

 

Increment 

Distance 

along Pile 

Measured  

Circumference 

Calculated 

Diameter 

Difference from 

Theoretical Diameter 

(ft) (m) (in) (mm) (in) (mm) (in) (mm) (%) 

1 1 0.3 57 1448 18.1 461 0.1 4 0.8% 

2 2 0.6 57 1448 18.1 461 0.1 4 0.8% 

3 3 0.9 62 1575 19.7 501 1.7 44 9.6% 

4 4 1.2 62 1575 19.7 501 1.7 44 9.6% 

5 5 1.5 61 1549 19.4 493 1.4 36 7.9% 

6 6 1.8 60 1524 19.1 485 1.1 28 6.1% 

7 7 2.1 59 1499 18.8 477 0.8 20 4.3% 

8 8 2.4 59 1499 18.8 477 0.8 20 4.3% 

9 9 2.7 61 1549 19.4 493 1.4 36 7.9% 

10 10 3.0 61 1549 19.4 493 1.4 36 7.9% 

11 11 3.4 60 1524 19.1 485 1.1 28 6.1% 

12 12 3.7 60 1524 19.1 485 1.1 28 6.1% 

13 13 4.0 60 1524 19.1 485 1.1 28 6.1% 

14 14 4.3 60 1524 19.1 485 1.1 28 6.1% 

15 15 4.6 60 1524 19.1 485 1.1 28 6.1% 

16 16 4.9 60 1524 19.1 485 1.1 28 6.1% 

17 17 5.2 60 1524 19.1 485 1.1 28 6.1% 

18 18 5.5 61 1549 19.4 493 1.4 36 7.9% 

19 19 5.8 60 1524 19.1 485 1.1 28 6.1% 

20 20 6.1 60 1524 19.1 485 1.1 28 6.1% 

21 21 6.4 60 1524 19.1 485 1.1 28 6.1% 

22 22 6.7 60 1524 19.1 485 1.1 28 6.1% 

23 23 7.0 60 1524 19.1 485 1.1 28 6.1% 

24 24 7.3 60 1524 19.1 485 1.1 28 6.1% 

25 25 7.6 62 1575 19.7 501 1.7 44 9.6% 

26 26 7.9 62 1575 19.7 501 1.7 44 9.6% 

27 27 8.2 63 1600 20.1 509 2.1 52 11.4% 

28 28 8.5 65 1651 20.7 526 2.7 69 15.0% 

29 29 8.8 65 1651 20.7 526 2.7 69 15.0% 

30 30 9.1 65 1651 20.7 526 2.7 69 15.0% 

31 31 9.5 65 1651 20.7 526 2.7 69 15.0% 

32 32 9.7 63 1600 20.1 509 2.1 52 11.4% 

33 33 10.1 64 1626 20.4 517 2.4 60 13.2% 

34 34 10.4 63 1600 20.1 509 2.1 52 11.4% 

35 35 10.7 63 1600 20.1 509 2.1 52 11.4% 

36 36 11.0 64 1626 20.4 517 2.4 60 13.2% 

37 37 11.3 61 1549 19.4 493 1.4 36 7.9% 

38 38 11.6 59 1499 18.8 477 0.8 20 4.3% 

39 39 11.9 59 1499 18.8 477 0.8 20 4.3% 

40 40 12.2 59 1499 18.8 477 0.8 20 4.3% 
 

 

 

  



 

 

 


