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INTRODUCTION

As a part of an ongoing research project to improve design methods and cost-efficiency of
rock-supported drilled shafts in the Southeastern U.S., this report presents the results of two
drilled shaft load tests performed in hornblende gneiss at a site in Lawrenceville, GA. Previous
tests for this research effort were performed in limestone near Nashville, TN as reported in
Brown, 2009".

Because of the large load capacity of drilled shaft foundations, it is relatively difficult and
expensive to conduct full scale load tests. As a result, the bearing capacity of drilled shafts in
rock has traditionally been assessed very conservatively. In the metro Atlanta area and other
similar areas, rock-bearing shafts are traditionally designed on the basis of end bearing alone
with an allowable base resistance of around 60 to 100 ksf (occasionally as high as 150ksf) on
rock that is verified by probe holes to be free of soil seams within two diameters below the base.
Often, the side resistance developed in the weathered rock zone (locally termed Partially
Weathered Rock in this area of the Piedmont) is ignored or is assumed to be incompatible with
base resistance.

This report summarizes the results of the site investigation and test results, with some
interpretation of the test results for the purpose of developing improved design methods.

OBJECTIVE AND BENEFITS

The objectives of this project are to determine actual performance characteristics of drilled
shafts in conditions typical of the Piedmont rock formations through a carefully performed and
well documented load test program with reliable measurements and a very thorough site
investigation. The tests are intended to measure the performance of drilled shafts in rock that is
representative of the lower bound conditions that might be expected for foundations of this type.
The test data are intended to provide the basis for improvements in the design methodology used
for drilled shafts in metro Atlanta and similar major drilled shaft markets in the southeastern
U.S., particularly with respect to foundations on rock. Areas with similar metamorphic rocks as

" Brown, D.A. (2009).“Load Testing of Drilled Shaft Foundations in Limestone, Nashville, TN, Report for ADSC
Southeast Chapter, February, 2009.



the test site include portions of Georgia, North Carolina, South Carolina and Virginia. The
testing program 1is also intended to serve as a test case for further research with rock-bearing
drilled shafts in other types of geologic conditions.

METHODOLOGY AND SITE GEOLOGIC CONDITIONS

The site selected for this test was located on the property of Foundation Technologies, Inc.
in Lawrenceville, Georgia (see Figure 1). According to USGS geologic maps, this site is located
in the Piedmont Geologic Province and is underlain by the Wolf Creek Formation of the Atlanta
Group. This formation predominately consists of amphibolites and biotite-muscovite schist.
Gneiss is also mapped in the general area of the site, and was the rock that was encountered at
the test site. Two photos of the rock extracted from the coring tool used to excavate the rock
socket of Test Shaft 1 are provided in Figure 2.

The soils in this area were formed by the in-place weathering of the underlying crystalline
rock, resulting in the term “residual soils” as a common descriptor. As depth increases, the soil
becomes less weathered, coarser grained, and the structure of the underlying rock becomes more
evident. When these materials have a standard penetration resistance of 100 blows per foot or
greater, they are locally referred to as partially weathered rock (PWR). PWR represents the zone
of transition between the soil and the underlying parent metamorphic rocks. The transition from
soil to PWR is usually gradual and will occur at a wide range of depths over a relatively small
horizontal distance. This gradual transition is also true regarding the thickness of the PWR zone
and the depth to the rock surface.

The test site was selected to provide the opportunity to evaluate both the PWR and the
underlying rock typical of similar Piedmont rock formations that might be considered for drilled
shafts with high load capacity.
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Figure 1 Lawrenceville, GA Test Site
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Figure 2 Rock from Coring Tool Used to Excavate Socket for Test Shaft 1

B/ HDAN 4 January 19, 2012
BROWN ADSC SE Chapter Research Project

B3] ASSOCIATES Lawrenceville Site Rock Load Test Report



The testing plan included two Osterberg-cell load tests at the site. Test Shaft 1 was
designed to measure both the maximum base resistance and side resistance within the
schist/gneiss bedrock. Test Shaft 2 was designed to measure side resistance in PWR and base
resistance at what is usually termed “rock auger refusal”. The term “rock auger refusal” is a
common term in project specifications to delineate when payment for rock socket excavation
begins and is typically defined in terms of a penetration rate with a common drilling rig, e.g.
2in/5min with an LLDH rig.

The plan for the Test Shaft 1 is illustrated below in Figure 3. The plan included a 42in
diameter, 10ft long rock socket and a 34in diameter O-cell bearing on a seating layer of concrete
to provide uniform distribution of the load on the base of the rock socket. This plan provided for
the base resistance to act against a 42in diameter area and the side shear reaction to act against
the rock socket, the PWR, and the soil overburden.

The plan for Test Shaft 2 is illustrated in Figure 4. The second test plan utilized a 16in
diameter O-cell with a 20in top plate at the bottom of a 66in diameter shaft in order to use the
available socket resistance against a smaller base area and achieve higher unit pressures.

Both plans called for the shaft concrete to come to within 3ft of ground surface to provide as
much side resistance as possible. Test holes in the bottoms of the excavations were also planned
for both excavations to allow inspectors to assess the quality of the rock below the base of the
shaft.
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Figure 3 Schematic of Proposed Test Shaft No. 1, Lawrenceville Site
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Figure 4 Schematic of Proposed Test Shaft 2, Lawrenceville Site
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GEOTECHNICAL CONDITIONS

Geo-Hydro Engineers Inc. performed a subsurface exploration of the test site with 7 borings
drilled as illustrated in Figure 5. The detailed logs of the borings are provided in Appendix A
along with a report of the field and laboratory testing program. Photographs of the rock core
from the zone of the rock socket in Test Shaft 1 are shown in Figure 6. Plots of the % recovery,
Rock Quality Designation (RQD), and rock strength measurements from the cores are presented
in Figures 7, 8 and 9. The data is plotted with depth with respect to the top of the rock socket for
Test Shaft 1 and the top of the PWR for Test Shaft 2.

The borings indicated that the conditions were highly variable, as is typical of this geologic
setting. The depth to the top of the PWR varied within short horizontal distances. The rock
cored from the borings was classified as hornblende gneiss. The data from the borings suggest
that both the quality of the PWR and the rock were highly variable. The rock within and below
the rock socket of Test Shaft 1 had % recovery generally 80% to 100% and RQD from 0% to
60%. The PWR at and below Test Shaft 2 had highly variable % recovery from 30% to 80% and
RQD from 0% to 40%. Four uniaxial compressive strength tests were performed with results
ranging from 7,000psi to 11,300psi. It is interesting to note that all of these tests came from
within 5ft of the top of the rock socket or PWR. Point load tests were performed on rock
specimens that were too short for conventional compression tests, and compressive strengths
correlated from point load test results ranged from 3,100 to 16,000 psi.
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Figure 5 Boring Locations
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Figure 6 Rock Core from Boring B-1, Location of Test Shaft 1
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Figure 9 Compressive Strength Data from Rock Core Samples
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TEST SHAFT CONSTRUCTION

Both Shafts were constructed by McKinney Drilling. Inspectors from GADOT, GeoHydro
Engineers, and AMEC (recently merged with MACTEC) were present during construction. Mr.
Aaron Hudson, EI of DBA was present as well. Appendix B contains the DBA report of the
construction activities, including detailed descriptions of the construction process for both shafts,
as well as the inspectors’ reports.

Test Shaft 1 — 42in Rock Socket

Test Shaft 1 was drilled with an earth auger with side reamers (total diameter 48in) to a
depth of 29 ft below ground surface where earth auger refusal was encountered. A 48in diameter
casing was inserted into the excavation and drilling was continued with a 40%in rock auger
through the PWR until rock auger refusal was encountered at a depth of 38 feet. A 42in diameter
casing was then installed (Figure 10) by twisting into the PWR until the tip of the casing was at a
depth of 371t 10in.

Figure 10 Test Shaft 1 — 42in Casing Installation

After installing the casing, a 40%zin core barrel was used to core to a depth of 44ft where the
first core was then extracted. Some of the recovered core is shown in Figure 2 earlier in this
report. Because the core barrel was advancing relatively quickly, (approx. 30 minutes from 41ft
to 44ft), the core barrel was replaced with the 40% in rock auger. The excavation was advanced
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to a total depth of 53ft using the rock auger, with three observations of penetration rate made
during drilling (locally termed “penetration test”). Typical local practice considers rock auger
refusal to be a penetration rate of 2in drilled in 5 minutes. After a third penetration rate test at a
depth of 524ft yielded Sin drilled in 5 minutes, the research team decided to stop the shaft at a
depth of 53ft.

Once the final tip depth was reached, a pump was placed at the base of the shaft to remove
the accumulated groundwater within the shaft. The hole was then hand cleaned and a 6ft deep
inspection probe hole was drilled into the rock in the bottom of the shaft using pneumatic
percussion tools. Inspectors from the GADOT, GeoHydro, and AMEC each inspected the base
of the shaft to determine whether or not the shaft “passed” their respective inspection criteria.
Their reports are included in Appendix B. A summary of their assessment of Test Shaft 1 is as
follows:

GeoHydro Engineers: The shaft was adequately clean; the 60ksf unit base resistance
design value determined by GeoHydro Engineers was approved, probably could go
higher.

AMEC: Noted one seam less than lin thick in the inspection hole; approved for 200ksf
base resistance.

GADOT: The rock did not break with a hammer blow; the inspection hole was smooth
with no weathered seems evident; Estimated unit base resistance was 110ksf.

After inspections were complete, the rebar cage sections were spliced and the cage was
attached to the 36in top plate of the 34in O-cell assembly as shown in Figure 11. The rebar
cage/O-cell assembly was then placed into the shaft.

Concrete was placed two days after the inspections, at which time groundwater in the
excavation was measured at about 15ft below ground surface. The rebar cage/O-cell assembly
was removed from the shaft and the shaft completed as follows:

A “seating layer” of concrete was placed into the base of the shaft via tremie tube
(approximately 0.75 yd®). This resulted in the O-cell assembly located 2ft above the
base of the shaft.

The tremie tube was extracted and the rebar cage/O-cell assembly was reinserted into the
shaft.

The tremie tube was then lowered back into the shaft and concrete placement continued.
As concrete placement continued, the accumulated water in the shaft was removed via

pump.

Once the top of concrete reached a depth of 9ft below the ground surface, the outer
casing was removed.

The inner casing was removed once the top of concrete was at a depth of approximately
41t below the ground surface.

After the final volume of concrete was placed, the top of concrete measured at a depth of
38in below ground surface. Figure 12 shows the completed shaft.
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Figure 11 34in O-Cell Assembly for Test Shaft 1
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The concrete mix was designed for a 28 day compressive strength of 4000psi and was
delivered to the site at slumps ranging from 4’2 to 7% inches. Both shafts were placed the same
day with one set of test cylinders cast from one of the loads placed in Test Shaft 1. A single
compression test was performed the morning of the load tests on August 18, 2011 (20 days),
indicating a compressive strength of 4280psi.

Test Shaft 2 — 66in Shaft to Rock Auger Refusal

Test Shaft 2 was started by drilling to a depth of 18ft with a 72in diameter earth auger. A
segment of 72in diameter casing was twisted into place with 1ft of the casing protruding above
the ground surface, leaving the tip of the casing at a depth of 19ft. Drilling then continued with a
66in diameter earth auger to a depth of 29ft, where earth auger refusal was encountered. Water
was noted inside the excavation at a depth of 20ft. A segment of 66in diameter casing was
twisted in until the top of the casing was at a depth of 4ft below ground surface, resulting in the
tip of the casing at a depth of 31ft.

The 66in earth auger was then exchanged for a 66in rock auger that advanced the shaft from

a depth of 291t to a depth of 44ft 2in. The penetration rate was observed on three occasions

below the 41ft depth. At a depth of approximately 44ft, a final penetration test was performed

with the results being 3in drilled in 5 minutes. To keep from developing a rock socket, and thus

mimicking the first test shaft, drilling was halted at this depth in the PWR. Figure 13 shows

some of the typical drill spoils from this stratum.
/ W

[ =

Figure 13 PWR Drill Spoils From Test Shaft 2 on 66in Rock Auger
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Once the final tip depth was reached, a pump was placed at the base of the shaft to remove
the accumulated groundwater within the shaft. The hole was then hand cleaned and a 6ft deep
inspection probe hole was drilled into the rock in the bottom of the shaft using pneumatic
percussion tools. Inspectors from the GADOT, GeoHydro, and AMEC each inspected the base
of the shaft to determine whether or not the shaft “passed” their respective inspection criteria.
Their reports are included in Appendix B. A summary of their assessment of Test Shaft 2 is as
follows:

GeoHydro Engineers: The shaft was adequately clean; the 60ksf unit base resistance
design value determined by GeoHydro Engineers was approved, probably could go
higher.

AMEC: Noted two seams less than 2in thick; noted that the base needed additional
cleaning prior to concreting; approved for 200ksf base resistance

GADOT: The rock did not break with a hammer blow; the inspection hole was smooth
with no weathered seems evident; estimated unit base resistance was 110ksf.

After inspections were complete, the rebar cage sections were spliced and the cage was
attached to a 54in top plate and the 16 in O-cell as shown in Figure 14. The rebar cage/O-cell
assembly was then placed into the shaft.
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Figure 14 16in O-Cell Assembly with 54in Top Plate for Test Shaft 2
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Concrete was placed the day following the inspections (in the same pour as Test Shaft 1), at
which time groundwater in the excavation was measured at about 22ft below ground surface.
The rebar cage/O-cell assembly was removed from the shaft and the shaft completed as follows:

An initial volume of concrete, or “seating layer”, was placed into the base of the shaft
via tremie tube (approximately 1.0 yd®). This resulted in the O-cell assembly located at
4in above the base of the excavation.

The tremie tube was extracted and the rebar cage/O-cell assembly was reinserted into the
shaft.

The tremie tube was lowered back into the shaft and concrete placement continued. As
concrete placement continued, the accumulated water in the shaft was removed via

pump.

Once the top of concrete reached a depth of 9ft below grade, the outer casing was
removed (Figure 27).

The inner casing was removed once the top of concrete was at a depth of approximately
4ft.

After the final volume of concrete was placed, the top of concrete measured at a depth of
50in below grade.

Final Test Shaft Configurations

During construction of Test Shaft 1, PWR was encountered at a depth of 29 feet using an
earth auger. A 40)in rock auger was then used to excavate the PWR to the anticipated top of
rock at a depth of 38ft. At this time, a 40’2in core barrel was used to start the rock socket. Once
coring began, the core barrel advanced rather rapidly (3ft in 30 minutes), so the 40%in rock
auger (without side reamers) was used to complete the socket. Penetration rates of 4 to
6.5in/5min were recorded in the last 4ft of the excavation, faster than the 2in/5min that is
typically considered to be “rock auger refusal”. This indicated that the material considered
“rock™ at this site was soft enough to be augerable at acceptable production rates.

During construction of Test Shaft 2, PWR was encountered with the earth auger at a depth
of 29ft as in Test Shaft 1. After switching to the rock auger and drilling a couple of feet, a soft
zone of PWR was noted from depths of 31ft to 35ft by the faster rate of drilling and much
smaller quantity of rock fragments than were noted in the PWR in Test Shaft 1 or in the PWR
below 35ft in this shaft. Below 35ft the penetration rate decreased and was recorded as
13in/5min at a depth of 41.ft. The rate soon decreased to 3in/Smin, a similar rate to the rock
socket in Test Shaft 1. The shaft excavation was then terminated since the goal was to have the
shaft bear on rock and not have a rock socket.

The final configuration of the two test shafts including the location of strain gauges are
illustrated below in Figures 15 and 16. In both figures, two illustrations of the test shafts are
shown: one based on the drilling observations of DBA personnel, the other as shown in the
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Loadtest, Inc. reports included in the Appendices. The test shafts are also illustrated with the
boring log data in the figure As-Built Shaft and Boring Schematic in Appendix C. Detailed
schematics of the test shafts are included in the Loadtest, Inc. reports in Appendix D (Test Shaft
1) and Appendix E (Test Shaft 2).

The following statements can be made based on the excavation observations:

Both shafts were bearing on similar rock material, but that was slightly weaker than
what is typically classified as rock auger refusal since the auger penetrate rates were
higher than 2in/5min.

Test Shaft 1 had a rock socket as well as shaft exposed in good quality PWR.

Test Shaft 2 did not have a rock socket and was constructed through two zones of
PWR: an upper softer zone from 19 to 35ft below grade, and a lower good quality
zone from 35 to 42.5ft (top of the O-Cell).
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TEST SHAFT 1 LOGS
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Figure 15 As-Built Diagram of Test Shaft 1
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TEST SHAFT 2 LOGS
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Figure 16 As-Built Diagram of Test Shaft 2
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LOAD TEST RESULTS

Load tests of both test shafts were conducted by Loadtest, Inc. under direction of Dr. Brown
on August 18, 2011. The tests were scheduled as part of a meeting of the Southeast Chapter of
ADSC, with a 2 hour seminar on drilled shaft load testing presented by Dr. Brown during the
testing of Test Shaft 1. Around 50 attendees were able to witness the testing of Test Shaft 1 (see
Figure 17). Test Shaft 2 was tested after the meeting had adjourned and most of the attendees
had departed. The results of the tests are summarized below. Detailed test reports of the load
tests are presented in Appendix D (Test Shaft 1) and Appendix E (Test Shaft 2).

Figure 17 Load Testing In Progress
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Unit Side Resistance

When the shafts were planned, it was believed that the PWR zones in both shafts would
yield similar unit side resistance values based on the boring log data (auger refusal, core recovery
and RQD, compressive strength tests, etc.). Evaluation of the excavation observations, discussed
previously, indicated that Test Shaft 2 had two zones of PWR. The upper zone was softer than
the lower zone which was similar to the PWR encountered in Test Shaft 1. Based on the
authors’ interpretation of two zones of PWR for Test Shaft 2, the interpretation of the side
resistance results by the authors for this report differed for Test Shaft 2 from the interpretation
reported by Loadtest, Inc.

The interpretations of distribution of side resistance performed by Loadtest, Inc. based on
the strain gauge data are included in Appendices C and D. It should be noted that when looking
at load test data, the actual distribution is always subject to interpretation based on the strain
gauges; there can be some uncertainty in the actual distribution of resistance compared to a top-
down loading due to uncertainty in the actual modulus and area of the shaft at the exact location
of the gauges and due to the upward directed loading.

Figure 18 shows the unit side resistance as a function of upward O-Cell displacement while
Figure 19 shows the unit side resistance as a function of normalized upward O-Cell displacement
expressed as a percent of the shaft diameter. Normalizing the displacement allows for a better
direct comparison of the two different diameter test shafts.

The side resistance data suggest that the limit of the O-cell was reached before side
resistance was full mobilized, though the curves in Figures 18 and 19 indicate that the tests were
close to reaching the maximum. Significant resistance was mobilized in the gneiss rock at a
relatively small displacement of around 0.2in or less. Table 1 lists the maximum average side
resistance values from the tests. The maximum value for the Lower PWR in Test Shaft 2 is not
listed since it is interpreted to be the value from Test Shaft 1, as is explained after the figures.

Table 1 — Maximum Average Unit Side Resistance

Maximum Unit Normalized Nominal
Shaft Material Side Resistance Displacement (% Displacement
(ksf) Diameter) (inches)
1 Gneiss Rock 52 1.5 0.6
1 PWR 15 1.5 0.6
2 Soft PWR 2.5 0.5 0.3
(Upper PWR)

Note: The maximum value for the Lower PWR in Test Shaft 2 is not listed since it is interpreted to be the value from
Test Shaft 1.
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Unit Side Resistance vs Upward O-Cell Displacement
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Figure 19 Average Unit Side Resistance vs. Normalized Upward O-Cell Displacement

B EDAN 22 January 19, 2012
BROWN ADSC SE Chapter Research Project
B3] ASSOCIATES Lawrenceville Site Rock Load Test Report



For Test Shaft 1, the location of the strain gauge levels were roughly at the boundaries of the
overburden, PWR, and rock as shown in Figure 15 earlier. The data shown in Figures 18 and 19
for Test Shaft 1 thus represents the interpretation of the measurements from the stain gauges for
the segments listed in Table 2 which correspond to the strata at the shaft location.

Table 2 — Test Shaft 1 Unit Side Resistance Segments

Material Shaft Segment Depth from
Ground Surface (ft)
Overburden SG2 to Top of Concrete 3.2t0 30
PWR SG1 to SG2 30 to 38
Rock Top of O-Cell to SG1 38 to 50

For Test Shaft 2, the approach to the data was a little different. There was only one strain
gauge level approximately midway along the PWR segment. The PWR was divided into two
segments as discussed previously and as shown in Table 3.

Table 3 — Test Shaft 2 Unit Side Resistance Segments

Material Shaft Segment Depth from
Ground Surface (ft)
Overburden Top of PWR to Top of 3.2t0 19
Concrete
Soft PWR 35ft to Top of PWR 19 to 35
(Upper PWR)
Good Quality PWR Top of O-Cell to 35{t 35t042.5
(Lower PWR)

Due to the similar excavation rates and boring data between the PWR in Test Shaft 1 and the
lower portion of the PWR in Test Shaft 2, the unit side resistance response from Test Shaft 1 was
interpreted as applicable to the lower segment of Test Shaft 2, and the remainder of the load
resistance attributed to the side resistance of the upper, softer PWR zone in Test Shaft 2. All side
resistance in the overburden was neglected (very small contribution). The procedure used for the
analysis was as follows for each upward load increment for Test Shaft 2:

1. The normalized displacement of Test Shaft 2 was used to interpolate a unit side
resistance value for the normalized displacement from the unit side resistance vs.
normalized displacement curve for Test Shaft 1.

2. The interpolated unit side resistance value for Shaft 2 was multiplied by the area of
the lower segment (35 to 42.5ft) to estimate the load carried by side resistance in the
lower PWR.

3. The load carried by the lower PWR was subtracted from the total load of the load
increment. The difference was the amount of load carried by the upper PWR.
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4. The unit side resistance for each load increment in the upper PWR was calculated by
dividing the resulting load difference from step 3 by the area of the upper PWR
segment (19 to 35ft) of the shaft.

5. The resulting unit side resistance values were potted for the normalized displacement
values in Figure 19. A similar process was also utilized for the nominal
displacement values and the results are shown in Figure 18.

Unit Base Resistance

The measured unit base resistance from the two test shafts is provided in Figures 20 and 21.
Figure 20 shows the unit base resistance plotted versus downward displacement of the O-Cell.
Figure 21 shows the unit base resistance plotted versus normalized downward displacement.
Table 4 lists the maximum values of unit base resistance.

Unit Base Resistance vs Downward O-Cell Displacement
Bearing Pressure, ksf
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Figure 20 Unit Base Resistance vs. Downward Displacement of O-Cell
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Figure 21 Unit Base Resistance vs. Normalized Downward Displacement of O-Cell

Table 4 — Maximum Unit Base Resistance

Shaft Material Maximum Unit Normalized Nominal
Base Resistance Displacement (% Displacement
(ksf) Diameter) (inches)
1 Gneiss Rock 850 4.0 1.7
2 Gneiss Rock 600 8.3 2.0

For Test Shaft 1, constructed with the O-Cell 2ft above the bottom of the shaft, these data
are based on subtracting an estimate value of load carried in side resistance by the 2ft plug below
the bottom plate. For these analyses, this load was estimated to be 1347kips at a displacement of
1.611in based on an extrapolated unit side resistance value of 65ksf. A detailed discussion of
this procedure is contained in the Loadtest, Inc. report for Test Shaft 1.
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penetration rates in the PWR were similar.

Drilling records for the shaft installation were not obtained, so it is unknown if the drilling
The report for the shaft at Test Site A was

constructed using a pilot holes smaller than the design diameter, setting and twisting a temporary
casing of the design diameter (Larger than the pilot holes), and then excavating the spoil from
the casing. This indicates that the material noted as PWR was relatively soft if casing could be
easily twisted into it ahead of the excavation. The report for Site A also noted that there was
about 6ft of groundwater seepage into the base of the excavation prior to concrete placement,

even with the temporary casing in place.

Table 5 — Load Tests in Atlanta Area in Similar Geology

Site | Shaft Material Unit Side | Normalized | UnitBase | Normalized
Dia. Resistance | Displacement | Resistance | Displacement
(in) (ksf) (%D) (ksf) (%D)
PWR (sampled as sand
A 56.5 | with silt and rock 2 1.8 70 6.7
fragments)
PWR (samp!ed as )8 19
micaceous silty sand
B 43 Weathered gneiss
12.2 2.1 233 1.5
(RQD = 50%)
PWR (weathered gneiss 6.8 5.8
48 (RQD =24% and sandy
C silt) 5.5 2.1
Weathered gneiss
36 449 2.5
(RQD =49%)
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Based on a review of the load test reports and the information above, the following
observations are made:

The values of unit side resistance measured in the PWR / weathered gneiss ranged from 2
to 12.2 kst at 1.8 to 2.1% normalized displacement. These values are lower than those
observed at Test Shaft 1.

The unit side resistance measured at Site A is the lowest of all the measurements. The
base response was considerably softer as well. Although several construction issues were
noted that could have contribute to the shaft response (use of temporary casing,
groundwater seepage, etc.), both the boring data and the load test response indicate that
Shaft A was constructed in material with behavior indicative of soil rather than PWR.

The unit side resistance measured at Test Shaft 2 compares favorably with the range from
the three test sites.

The similar bearing response curves and calculated elastic modulus for Sites B and C as
compared to Test Shaft 1 confirms that the bearing material was similar as indicated by
the boring data. The base resistance from Test Shaft 1 can thus be seen as a reasonable
value for this material.

The tests at Sites B and C were both terminated at lower nominal displacements than Test
Shaft 1, and before reaching a maximum value of base resistance (as was Test Shaft 1).
The test at Site B was terminated due to reaching the maximum limit of the hydraulic
system. The test at Site C was terminated due to failing the shaft above the O-Cell in side
resistance. No additional load could be applied to the base. Inspection of Figure 23 and
the similarity in the bearing materials to Test Shaft 1 indicate that both Shafts B and C
could have probably achieved similar magnitudes of unit base resistance had the tests
been able to achieve higher nominal displacements.

SUMMARY OF RESULTS AND IMPLICATIONS FOR DESIGN

The test results yield several implications for design of drilled shaft foundation in this
geologic setting. The following summary of results and some design implications are offered:

1. The test data suggest that the current rock auger refusal criteria of 2in/5min may be too
restrictive. A less restrictive criterion of 5in/5min appears appropriate from the actual
penetration rates and the test results. Both test shafts were terminated in material that did
not meet the current criteria for rock auger refusal. The penetration rates (4 to 6 in/5min
for Test Shaft 1 and 3in/Smin for Test Shaft 2) were faster than the typical 2in/5min for
this area. Yet, significantly higher unit base and side resistance values were achieved
than are commonly used for design at these conditions.

2. These two test shafts were terminated in rock that did not meet the current criteria for
rock auger refusal, yet the ultimate or strength limit state base resistance indicated by the
tests exceeds the structural capacity of typical reinforced concrete shaft. This illustrates
the fact that the geotechnical design parameters of the rock are not a limitation for design
in this geology.

3. Unit base resistance values of 60 to150ksf was observed in the tests at a displacement of
only 0.5% of the shaft diameter. These values are in the range of current maximum
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allowable values, including the maximum allowable on rock with more stringent criteria
than encountered here. The test results indicate that much larger values nominal or
ultimate are available at reasonable displacements.

4. The unit side resistance was over 50ksf in rock with rock auger penetration rates of 4 to
6.5in/5min, faster than the current definition of rock auger refusal for material to be
considered hard rock. The results indicate that such high nominal or ultimate values can
be achieved. In order to develop such values of side resistance, it is important that the
construction with casing be performed in a way that does not contaminate the bond at the
concrete/rock interface.

5. The unit side resistance ranged from 2.5 to 15ksf in the PWR. The lower values were
observed in the upper softer PWR in Test Shaft 2 that was easily drilled with a 66in earth
auger. After switching to a rock auger, penetration rates of 13in/5min were observed,
before decreasing to close to current rock auger refusal criteria. The upper value of 15ksf
was observed in the PWR in Test Shaft 1 where a rock auger was used above where
coring tools were used.

RECOMMENDATIONS FOR APPLICATION TO PRACTICE

Based on interviews to date with current Atlanta area practitioners, the current practice for
design of drilled shafts in the Atlanta area generally includes the following:

Typical Factor of Safety = 2.
Allowable base resistance ranges from 30ksf for soft PWR to 200ksf for hard rock.
Settlement limited to Y4in, not including the elastic compression of the shaft.

Typically design for base resistance only bearing on rock, typically defined by “rock
auger refusal” as defined below. Side resistance is very rarely used.

Allowable side resistance in PWR typically 1 to 2 ksf, in rare cases where it is used
(possibly 3ksf in very hard PWR).

The criteria for “rock auger refusal” is related to refusal using an LLDH rig at a
penetration rate of 2in/5Smin.

Quality of PWR/rock below rock auger refusal assessed by downhole inspection w/probe
holes. The depth and thickness of seams is determined and a judgment made if the shaft
needs to go deeper to get below the seams noted.

In order to develop a consensus on applying the results of the Lawrenceville load tests to
local practice, a meeting of a working committee was held on December 13, 2011 at the offices
of GADOT Materials and Tests in Forest Park, Georgia. Those attending the meeting included
Atlanta area practitioners, members of the ADSC SE Chapter, and the researchers (Dan Brown
and Associates, PC). The attendees are listed in Table 6.
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Table 6 — Lawrenceville Working Committee

Todd Barber, P.E. Geo-Hydro Engineers, Inc.
Geoff Hebner, P.E. AMEC

Scott Fletcher, P.E. GEOPRO

Tom Scruggs, P.E. GADOT

Paul Mayne, Ph.D., P.E. Georgia Institute of Technology
Fred Porter Long Foundation Drilling
Bruce Long Long Foundation Drilling

Ed Munn McKinney Drilling

Robert Thompson, P.E. Dan Brown and Associates, PC
Dan Brown, Ph.D., P.E. Dan Brown and Associates, PC

The committee first spent time reviewing the Lawrenceville site test results and discussing
the current local practice with respect to drilled shaft design. Several key considerations were

identified:

1. Identification of weathered seams or substantially weaker material within the rock
bearing formation below the base of the drilled shaft (through exploratory coring, air
track drilling or probe holes).

2. Adequate exploration and site assessment to confirm conditions are consistent with or
superior to those of the Lawrenceville test site in order to apply the test results.

3. Variations in geologic setting within the Piedmont geology in the Atlanta area.

4. The need to define consistent probe hole inspection criteria.

5. Concerns of using air track drilling instead of exploratory borings with rock core drilling
for assessing adequacy of rock.

6. The report is not redefining the definition of rock for pay item purposes, but defining the

design characteristics of the materials.

The group then discussed and developed recommended design values for base resistance
and side resistance developed from the Lawrenceville load test results. Criteria were also
developed that must be met to reliably apply these design recommendations for a particular site.

The “Lawrenceville Criteria”, which include the recommended design values and the site-
specific criteria required to achieve the values, are listed in Tables 7 and 8. The site-specific
criteria are based on information that should be obtained from an appropriate site assessment by
the geotechnical engineer. As with any design recommendations or process, the application of
the experience and engineering judgment of the geotechnical engineer is required.
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Table 7 - Lawrenceville Criteria for Base Resistance

Design Value for Base Resistance = 200 ksf allowable (400 ksf nominal)

Rock Coring Criteria (Exploration and Site
Assessment)

NQ Double Barrel Coring
Recovery > 90%

RQD >25%

No Significant decomposed layers
observed in recovered core

Rock Mass Rating =50 or higher

Probe Hole Criteria (Construction Verification)

Few small seams allowed, none> % inch for
1D below base. Seams are defined as
occurring in most or all of the perimeter of the
probe hole, not a soft isolated spot in the side
of the probe hole.

LLDH penetration rate w/ Rock Auger

3inches/5Smin for 66in shaft
Sinches/5Smin for 40in shaft
Engineering judgment for diameters
outside range

Table 8 — Lawrenceville Criteria for Side Resistance

Design Value = 15 ksf allowable (50 ksf nominal)

Rock Coring Criteria (Exploration and Site
Assessment)

NQ Double Barrel Coring
Recovery > 90%

RQD >25%

No Significant decomposed layers
observed in recovered core

Rock Mass Rating =50 or higher

LLDH penetration rate w/ Rock Auger

< 6inches/5min

Construction Requirements

Shaft must be constructed to avoid
contamination or destruction of the sides of the
excavation.
Drilled in dry or under slurry, no casing
in rock.
Smaller casings for base inspection
(when required)

Minimum Shaft Size

34in to allow inspection with 30in casing and
not smear sides
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The rock coring criteria are provided for pre-construction engineering evaluation of the
potential application of the Lawrenceville design criteria for a given site. The inspection criteria
(probe hole and rig penetration rate observations) are provided for field verification that the
foundation at a specific location has been installed to adequate depth to satisfy the design intent.

It is important to point out that these recommendations are not changing the definition of
rock for pay item purposes, but defining the geotechnical design characteristics of the materials.
The definition of rock as a pay item is a contractual issue based on certain definable parameters,
such as penetration rates, drill torque, etc. The penetration rates and other measures given in the
recommended Lawrenceville criteria are for design and verification purposes, not pay item
purposes.

The working committee did not envision that the criteria would be used as an “either or”
decision tool: that a site would have rock that meets the criteria and use the recommended design
values, or the site did not meet the criteria and the design would revert to current more
conservative practice. Instead, the group envisioned various typical design/construction
scenarios utilizing the criteria for drilled shaft design and construction. Such scenarios ranged
from base resistance only designs (as is currently typical) utilizing the higher resistance values in
the criteria, to designs utilizing both side and base resistance though a rational application of the
criteria utilizing the experience and engineering judgment of the geotechnical engineer.

It should also be recognized that the criteria are not meant to be a ceiling for drilled shaft
design values in this geologic setting. These tests achieved unit bearing resistance values more
than three times the recommended design value of 200ksf and showed no indications that bearing
failure was imminent. The recommended design values should be seen as what can routinely be
used for materials that meet the specified criteria. With the application of engineering judgment
and experience, engineers should be able to use even higher values at sites that meet or exceed
the PWR/rock criteria established in this report.

Design Scenarios

The group discussed and developed three typical design/construction scenarios. While not
meant to encompass all possible situations, the scenarios and example below are provided
illustrate the likely application of these criteria. As mentioned above, the application of the
experience and engineering judgment of the geotechnical engineer is always necessary when
applying he criteria.

Scenario A — Design for Base Resistance (End Bearing) only on “Class A Rock”, where
“Class A Rock” is the baseline rock for applying the Lawrenceville design values. Confirmation
of the conditions of the bearing material below the base of the shaft excavation will be consistent
with the Lawrenceville criteria in the table above.

Scenario B — Design for a reduced base resistance only on “Class B Rock”: rock that does
not meet the requirements for “Class A Rock”. If significant seams or other issues are
discovered below the base of the shaft during construction of a shaft intended to bear on Class A
rock, the responsible engineer may approve the use of a lower base resistance that is determined
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to be appropriate for the actual conditions. If required, the shaft excavation may be extended to
construct a socket such that the base resistance may be combined with additional side resistance
provided by the rock socket. The responsible engineer will determine the requirements and
method of assessment for the quality of the rock (e.g., with probe holes), but the acceptance
criteria may be less than those indicated in the criteria for the Lawrenceville test site.

Scenario C - Design for very low base resistance on “Class C Rock” plus side resistance.
“Class C Rock” would represent a lower bound value for base resistance provided by the
responsible engineer and would not necessarily require a probe hole for verification. This
approach may be employed where inspection of the rock below the base is problematic or the
conditions are so highly variable that greater reliance on side resistance is determined to be a
more practical and cost-effective approach.

Application Example

A thorough site exploration is performed and the core data and recovery indicate the
presence of “Class A Rock” that is consistent with the Lawrenceville criteria. The geotechnical
engineer develops a design for service loads of up to 1800 kips per column using 200ksf
allowable base resistance and determines that 42in diameter shafts will be required.

Base Area for 42in shaft = 9.62ft?
Total Base Resistance = 9.62ft? X 200ksf = 1924kips

During construction, the Rock Auger penetration rates meet the criteria. The probe holes at
most shaft locations meet the criteria, so these shafts are constructed as designed for 200 ksf base
resistance. At a few locations, the probe holes indicate that seams are present that indicate rock
not meeting the “Class A Rock” criteria; the excavations at these locations may be deepened if
needed to satisfy the criteria. Alternatively, the responsible engineer determines in his/her
judgment that the conditions at the non-compliant locations are acceptable for an allowable unit
base resistance of 150ksf. Since the rock meets the core evaluation and the rock auger
penetration rate criteria, the side resistance in the “Class A Rock” can be used with the lower
base resistance value to achieve the desired total resistance for the shatft.

Total Base Resistance = 9.62ft? X 150ksf = 1443kips

Required Side Resistance = 1924kips — 1443kips = 481kips

Area of Socket = 9.62 ft?/ft

Required Length of Socket *81kips 3.3ft — 4ft
= =9 -
equired Length of Socke 15ksf X 9.62ft2/ft f /
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APPENDIX A
Summary of Soil Test Borings and Rock Core Testing
Memorandum dated 1/26/10 by GeoHydro Engineers





















































































































Rock Core Sample #6, Failure



APPENDIX B
Construction Reports
















































Figure 13: Drilled shaft inspectors (AMEC/MACTEC, S&ME, GeoHydro)

Figure 14: Shaft 1 rebar cage/O-cell assembly



Figure 16: Top of concrete



CONSTRUCTION PHOTOS
Test 2 — 66” hole to auger refusal with

16 O-cell on 20 bearing plate
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Figure 18: Drill spoils
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Figure 20: 66in earth auger

12



7
A
8

,.

Figure 21: Water encountered at 20ft

Figure 22: Installing 66in casing
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Figure 24: PWR drill spoils
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Figure 25: PWR drill spoils
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Figure 26: Shaft 2 rebar cage/O-cell assembly
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Figure 28: Top of concrete
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GADOT SHAFT INSPECTION REPORT



Estimates for the Bearing Capacity of the ADSC Load Test Caissons

Inspections for the ADSC Load Test caissons took place on July 27 and 28, 2011 respectively. They
consisted of a downhole inspection of the caisson to evaluate the quality of the rock encountered. A 6
foot test hole was installed in the bottom of the caisson to inspect the quality of the rock beneath the
caisson tip for any weathered layers that may be present.

The first inspection for the ADSC Load Test caisson on the 27" was for the caisson designed with the
rock socket. The rock classifies as granitic gneiss common to the area of Lawrenceville. The cores
extracted from this caisson were provided on the surface for inspection and were moderately
weathered. The sides of the rock socket were concealed by the casing so the inspection of the socket
was limited to visual inspection of the base of the socket. The rock at the base was unweathered and did
not break under blows from a rock hammer. The inspection of the test hole with the probe did not
indicate any weathered layers beneath the caisson tip. This caisson was hand cleaned and had a
diameter of 42”.

The second inspection on the 28" was for the caisson ending on top of rock. This caisson was cased to
tip and there was no socket to inspect. The rock was unweathered and did not break under blows from a
rock hammer. The inspection of the test hole with the probe did not indicate any weathered layers
beneath the caisson tip. This caisson was cleaned with the cleanout bucket only and had a diameter of
66”.

Based on field observations only, | would give an estimated capacity of 110 ksf for these shafts based on
the quality and continuity of rock encountered.
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RECORD OF DRILLED PIER EXAMINATION

Project Name: ADSC DRALLED CyafT Lomp TEST  PROGRAM - FpuNOKTod TECMNOLOsIE SITE
Project Number:
Drilled Pier Number: #| Loweo kr Romants  B-1, B-F Aup B-B
Excavation Date: T1-17-14 Design Bearing Pressure 60 ksF  (See note erow )
Design Shaft Diameter (in.) See Skere Design Bell Diameter (in.) 8/ A
Design Elevation of Drilled Pier: Top: lojo Cesm\ Bottom:
Examination Date 7-27-1) 1029 : —
Shaft Diameter (in.) 48 [41 SEE SreTeH )
Bell Diameter (in.) T e B =)
Height of Bell (in.) MJA
Outside Casing Diameter (in.) = .
Earth Auger Refusal Elevation [002 fest i)
Rock Auger Refusal Elevation 492 feer (i)
Bottom Elevation of Drilled Pier* 91 fem
Length of Drilled Pier €3 Feer
Test Hole Number - (002¥ L | canti dvpen REF
Depth of Test Hole (it 6 . )
— 4l —9
- uote REF
Eccentriity (variation from plumb): _ PLUMbNESS  CHecken B ORSauviion i | e Laiieibie
a5k | | coran Y 426

_ ksl fgulic i
Bottom Unevenness:  powtva M nuLpn - Gge MUE
Bottom Cleanliness -  ADERWKTELY CLewd  SOME MUl LAsuw Y g ranws
Water Condition: KBoUT  |-Ivcd DVIM InSPECTION o AT TERIUNKTION - PENETIATION

7) Ixre ~ 1Y pverY S Miwuits
Description of Bearing Material: MoDgret W4 T s HpIEss CPGSI&E (enist
MO OBulovS SewMS | fau LoosE tleces

. ~ (OPUUATES  HIuER CRPACT
Approved Bearing Pressure 2% (ksf) L&;Pﬁ‘ﬂﬁh U B CoFramen pesiew

NAVE.
Casing left in place (yes Top elev.* Bottom elev.*

Comments: «» Reck Ayedl REfsh (NITRUY ENCNAT €Ry AT lool fax (~3 FU‘-WE_!“ (0 prmvEs),
A Hoh® Cote Rokan Twa VUKD o Cole  ABAT ( feer AW OMA 2-3 Fal OF ReCH CUIE
Recovere - RUCK AvbeL Tw USey KGN gy CeadnuE ClAfT | SIKTT aS TernwATl AT Q11
Feer win Tunmen” Refosn (B (6 on Lesf i IS pnTES) NOT

* TRBE HMOE Snooly ONE  CleSen Sewm At Morxr 7. feui :

o BL Col6 BN OF ' Mu b BuumC il hpuE o kP BUT  THNDIRA NS

Wl Ly Zelonmom 6o ESP
Concrete Placement Date: 1-29- I\ _  Elevation of top of Drilled Pier* -
LoodSetven Bt AMEC

*- This information was supplied by: -

Inspector: kndeew  SHiTU I‘Doo RBaglen.

T
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RECORD OF DRILLED PIER EXAMINATION

Project Name: ADC Deiien ey Lokd ST fRO6DM — Toun DMAUN TEEAROLUGES  SITE
Project Number: -
Drilled Pier Number: #1  LoUe) M Bauukl  3-3 awm R4
Excavation Date: 7-18- 1t Design Bearing Pressure €0 kSF
Design Shaft Diameter (in.) 4" Design Bell Diameter (in.) s [A
Design Elevation of Drilled Pier: Top: (030 - Bottom: -
Examination Date 7-2¢- 1| 150
Shaft Diameter (in.) 64 T o4’
Bell Diameter (in.) nN[A _
Height of Bell (in.) n[A
Outside Casing Diameter (in.) -
Earth Auger Refusal Elevation NOT Eaow P
Rock Auger Refusal Elevation 997 ferr Ny
Bottom Elevation of Drilled Pier* 137 few H3
Length of Drilled Pier 43 feer
Test Hole Number - < M g\:"
Depth of Test Hole (ft.) [ ';“;Mugtu _
Eccentricity (variation from plumb): TLUHINESS CrECked B HRSensnsioP
qey g:.F(,Z:; hl\_::_“
Bottom Unevenness: ~ pewsivery AT i AN, = th.mugs
| {ehn w5 ALY e ju- || HienTE
Bottom Cleanliness ~ Aveovtiaw Cik) | Subwn ok, L0 G 2y R
Water Condition: - .
Description of Bearing Material:  papn  emiess ( POSIBLE i )
Approved Bearing Pressure b0 (ksf) - [wSPECTUA [wpllid prbrbu MiLEL.

Casing left in place (yes/@)  Topelev* Bottom elev.*

Comments: | pejiea Sad  suby PRIy (! g-0° paRs Per /fm?;' Roce SoCléf

C Povevm Ue kT REMAL A~ 3C P fo-ll HIMVES o
Probe voue SHwM WU 2 74 or LESS {eAnS G[w 3-4h
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33 T ofSewed 11 KMEL
*- This information was supplied by: -
Inspector. TH_ Mo fmn Bk
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AMEC/MACTEC SHAFT INSPECTION REPORT
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CAISSON INSPECTION REPORT
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Grouting Contractor:

McKinney Drilling
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Drilling Equipment Used
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X no
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Quantity of rock removed:

If YES, then

Depth of rock removed

How was leveling accomplished?

Remarks/Comments

Date

Design / Field | Approval

Caisson Data
Alignment
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Design / Field

7/27)1|

COMPLETION DATE

C

\YJ

12
13

1

16

17

18

19

20

21

22 ¢

Final Beating Elevation
Cleanout Approval
Ratio of Concrete
Placed to Theoreticat
Volume

Caisson Data
Shaft Diameter

Vertical Steel

Number

Size

Length

Hoops

Number

Size

Diameter

Concrete Volume

Concrete Strength

INSPECTOR

S"]ZZPHB\P DMHLM_,_

PRINT NAME



Ground Elevation:

M TELE

CAISSON INSPECTION REPORT

CAISSON NUMBER/MARK: [

e

in.

!
Dia.D= HP
< > Casing Thickness:
; ’ ‘ ' ’ ’ ' ’ Dia.: n. Dia: in.
P Dia. D = /‘JA R Dia.: in. Dia.:
Dia. D= ,)ﬂ‘
Ground Water T Casing Top Elevations:
Blev.: Dia.D=42"' BIoP
Dia.: Dia.:
g NA « > | |
Dia.: - __Diau
. Casing Bottom Elevations:
Auger Refusal Elev.:
: )
Soil Auger = @', Dia.: Dia.:
Rock Auger= 572
Dia.: Dia.;
Soil Conditions:
a
Final Bearing.
Elev.! /\/ Water Conditions:
L Y
TEST HOLE # | TEST HOLE # TEST HOLE #
Depth: 6 ft. Depth: ft. Depth: ft.
Voids/Seams: Voids/Seams: Voids/Seams:
Total No. Top 1.5D _\ Total No. Top 1.5D Total No, Top 1.5D
Total Thickness 4] in Total Thickness in Total Thickness in
Total No. Bot. 0.5D __© Total No. Bot, 0.5D Total No. Bot. 0.5D
Total Thickness == _in Total Thickness in Total Thickness in
Watertightness Watertightness Watertightness
No Flow No Flow No Flow
Flow (gpm) Flow (gpm) Flow (gpm)
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Caisson No.

CAISSON INSPECTION REPORT

MACTEC ENGINEERING & CONSULTING, INC.
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Grouting Contractor
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Ground Elevation:

MpeTES

CAISSON INSPECTION REPORT

CAISSON NUMBER/MARK: __8_

pia D= T2 "'
< P Casing Thickness:
: ' ‘ ‘ ' ' ' Dia.: in. Dia: in,
P Dia. D = /t)/’( . Dia.: in. Dia.: in.
Dia.D= N A
Ground Water o Casing Top Elevations:
Elev.: Dia. D= 66 ' .
Dia.: Dia.:
Dia.: Dia.:
Casing Bottom Elevations:
Auger Refusal Elev.:
Soil Auger = 29" Dia.: Dia.:
Rock Auger =44 ‘%"
Dia.: Dia.:
Soil Conditions:
L X
Final Bearing.
Elev.: N V'\ Water Conditions:
L A\ 4
TEST HOLE # | TEST HOLE # TEST HOLE #
Depth: 6 ft. Depth: ft. Depth: ft.,
Voids/Seams: 2 Voids/Seams: Voids/Seams:
Total No. Top 1.5D Total No. Top 1.5D Total No. Top 1.5D
Total Thickness < din Total Thickness in Total Thickness in
Total No. Bot, 0.5D _© Total No. Bot, 0.5D Total No. Bot, 0.5D
Total Thickness ~— _in Total Thickness in Total Thickness in
Watertightness Watertightness ’ Watertightness
No Flow No Flow No Flow ___.
Flow (gpm) Flow (gpm) Flow (gpm)




AMEC/MACTEC CONCRETE FIELD REPORT



DAILY REPORT

4 .
ProJecT: 460 an;.vw; lﬂcﬁl\ ug \wmt\ Q:)\\k% PRrROJECT NO: TASK
CONTRACTOR: i
CLIENT: Van Bsusin 3 Aswec. DATE: 1 ]Zéi i | pace V or [
1
PLEASE CHECK ALL APPROPRIATE BOXES
] FOUNDATION INSPECTION [[] SUBGRADE EVALUATION [ 3" PARTY INSPECTION
] PROOFROLL  [ISLaB [J PAVEMENT [] REINFORCING STEEL INSPECTION ] STORMWATER MONITORING
soi {0 GAB
[ DENSITY TESTING (REFERENCE DENSITY NUMBER FROM FIELD WORKSHEET) & OmHER st acvele Pla cerent-

"EXACT LOCATION (EX. COLUMN LINES) ~ SKETCH ATTACHED ~ jXIYEs / [dNo

GhatT | and Sha¥Flm 2

(vock f)crz: ke )

SITE EQUIPMENT (OPERATION IN USE) L] PANS ] COMPACTORS [_] DUMP TRUCK [_} OTHER (DESCRIBE)

N

NVETHODS OF BVALUATION: LJ PROBE ROD [ HAND AUGER [ ] NUCLEAR [ ] SHELBY [] PENETROMETER "OTHER (DESCRIEE)

SPECIFIC OBSERVATIONS/FINDING (INCLUDING DEFICIENCES):

Tue beer  TrRRUCK. arcpned _on  Sire ot 082 A .

THe Nv\f‘u— wWwa s ‘w‘kﬁc’) ) ‘ﬁ%?ﬁﬁ;‘\’ THE, a\/u\mc; o all

“Truclks bemg placel .

One Ser of Sin Cs!l\néler\s L0as  pvade From  Concerels,

] (c’a‘eer& for ‘3(’1"&“’?’ (v

Urs A cud Wzaeiu nmx &C was  on Scre, No C@mwé@‘h’vﬂb

i D[t’b Was  Cast

Tone \n 0822l

tme_oot 105wy

RECOMMENDATION/CONCLUSIONS:

Finding relay to Mwnh Dy Beown o Ascac.
(NAT: PRINT) (CoMPANY) Reviewed by

Inspector Name: \{gvé&n < A Wﬂ 5\’6\/\

(PRINT) Date:
Inspector Signature: G ez &'\ Date: ’I/ 24 ( ‘
Z/MACTEC
1000 Hurricane Shoals Road Building B, Suite 100 396 Plaster Ave. NE 3200 Town Point Dr.,, NW, Suite
Lawrenceville, Georgia 30043 Atlanta, Georgia 30324 Kennesaw, Georgia 30144

770-962-7435 « Fax 770-962-7436 404-817-4761 » Fax 404-817-0207 770-421-3400 » Fax 770-421-3486



AMACTEC

Date: 71[30 |1

ASTM C31 ASTM C138 ASTM C143 - ASTM C172 ASTM C173
ASTM C231 ASTM C1064  ASTM 109 ASTM C1019

Grout/Mortar Inspectlon Daﬂy Field Report

Technician: mafe hee A Weg (uj Project Number: - Task ©3
(l IUNF) . ) =
Time requested: - AM/PM Project Name: {40o P“SWSS &nA»S‘MM l HNA
Time of arrival; AM/PM
Time of departure: AM/PM
WORK PERFORMED: (check if it applies ' _ PLACEMENT METHOB:
[ ] WALL POUR [ ] FOOTINGS [ ] TRUCK
[] COLUMN POUR [ JCAISSONS/ PIERS [ PUMP
[] SLAB ON GRADE [] TILT WALL PANELS ] CRANE
(] ELEVATED SLAB ¢ * / [ ] BUGGIE
MISCELLANEOUS _\{lmdw Y/u - [JOTHER
NUMBER OF SETS MADE Sé .. SAMPLE TAKEN FROM:
SET IDs / / / [ BACK OF MIXER
SETIDs - / / / [ ] DISCHARGE END OF PUMP
SETIDs . / / / [ ] OTHER
NUMBER OF SETS Plcmin up | . COMPARATIVE SETS MADE: YES NO
DATE PICKED UP o f \ »
SETIDs 9O / ° / CURING:
SET IDs - / / / [] TANK
SET IDs » / / / [ 1BOX
[ ] BURLAP
DCONTRACTOR MADE DATE [_]NONE
(] CONTRACTOR DELIVERED DATE [ JOTHER
EQUIP ID#
Slump Alir Pressure Meter Roller Meter Scale
Grout Cube _ Other (List)
COMMENTS:
h, o) hote ) 6?0\ Wag Tacen T THE

Cenercle (a(o, for thma Pzwz; -To Gmmmuo Q&em’m .f“s"('mqs

Technician Signature: ( ]dren cé€ A' Wcs (Cﬁ MACTEC REVIEWED BY:
Finding relay to with
(NAME PRINT) (COMJAN D
. . ate:
Contractor/Client Signature Date ’) 28 !l |
1000 I-Iuﬁicanc Shoals Road Building B, Suite 100 396 Plaster Ave. NE 3200 Town Point Dr., NW, Suite 100
Lawrenceville, Georgia 30043 Atlanta, Georgia 30324 Kennesaw, Georgia 30144

770-962-7435 » Fax 770-962-7436 404-817-4761 o Fax 404-817-0207 . 770-421-3400 o Fax 770-421-3486



PP 20F 2

DAILY REPORT

PROJECT: ‘2 \4od Prmro; \w&ugt\“-\\ J ‘o\dc‘ PROJECT NO: TASK_6©%
CONTRACTOR: ‘¢

CLIENT: DATE: \ PAGE & OF_gs_‘_

PLEASE CHECK ALL APPROPRIATE BOXES

[C] FOUNDATION INSPECTION [C] SUBGRADE EVALUATION [ 3% PARTY INSPECTION

[C] PROOFROLL  [ISLAB 1 PAVEMENT [T} REINFORCING STEEL INSPECTION [7] STORMWATER MONITORING
[JSon [J1 GAB p N

[T DeNSITY TESTING (REFERENCE DENSITY NUMBER FROM FIELD WORKSHEET) 261’}113[{

EXACT LOCATION (EX. COLUMN LINES)  SKETCH ATTACHED — []YES / [INo

SITE EQUIPMENT (OPERATION IN USE) [_] PANS [_| COMPACTORS [| Dump TRUCK [ ] OTHER (DESCRIBE)

METHODS OF EVALUATION: L] PROBEROD [ ] HAND AUGER [ NUCLEAR []SHELBY []PENETROMETER [ ] OTHER (DESCRIBE)

SPECIFIC OBSERVATIONS/FINDING (INCLUDING DEFICIENCES)!
A

ﬁ\ M on Truclk Pl oce.c)

load | - atp”

—_— é’(/; 2]

Lead 2 -9 ="

Load B -— ~1li
Load Co - CY"

RECOMMENDATION/CONCLUSIONS:

Finding relay to with
(NANE PRINT) (COMPANY) Reviewed by'

Inspector Name: €
T Date:
Inspector Signature: CVA vWheg \ey Date: _7/1"( it
I c
ZMACTEC
1000 Hurricane Shoals Road Building B, Suite 100 396 Plaster Ave. NE 3200 Town Point Dr., NW, Suite
Lawrenceville, Georgia 30043 Atlanta, Georgia 30324 Kennesaw, Georgia 30144

770-962-7435 o Fax 770-962-7436 404-817-4761 « Fax 404-817-0207 770-421-3400 ¢ Fax 770-421-3486




LOADTEST’S AS-BUILT DRILLED SHAFT PROFILES



NOTE: NOMINAL ROCK SOCKET DIAMETER 40.5"¢

TELLTALES
A B DEPTH
(FEET)
GROUND = 0.0
TOP OF CONCRETE —— -3.2
A N
Overburden Soils
GW
-280—=%t"— .
—-29.0 = TIP OF 48"¢ CASING —— -28.0
11 SG LEVEL 2 —— -30.0
Partially—Weathered Rock
(silty fine sand)
-38.0 TIP OF 42”¢ CASING —— -37.8
11 SG LEVEL 1 —— —38.0
Hard Horneblende Gneiss E §
break in iFe LVWDTS

jS,OOO—KIP O-CELL (SN: 34-6-0015) —— -51.0
TIP OF SHAFT —— -53.0

downward (gupward
movement

[ESETE] 20w s s SCHEMATIC SECTION OF TEST SHAFT
Gainesville, FL 32606 ADSC RESEARCH PROJECT — LAWRENCEVILLE, GA

LOADTEST Prhone: 800-368—1138

e FAX: 352—378-3934 | DWN BY: BDH DATE: 20 July 2011 CHECKED BY: DJJ |LT—-1011-1
WWww. .com ’

REVISED BY: NKY |[DATE: 01 Aug 2011 SCALE: NTS FIGURE A




NOTE: ¥8MINAL SHAFT DIAMETER 66''¢

P OF 666 TEMP. CASING = O’
TOP OF 727¢ TEMP. CASING = +1
TELLTALES
A B DEPTH
(FEET)
GROUND = 0.0
TOP OF CONCRETE —— —4.2
LOOSE SILTY SAND 1
-18.0
TIP OF 72"”¢ CASING —— —19.0
PARTIALLY—WEATHERED ROCK
(VERY DENSE SILTY SAND)
GW
—28.0—j:Z—
(] SG LEVEL 1 (SN: 3560,..61) —— —29.7
TIP OF 66”8 CASING —— -31.0
-32.0
HARD HORNBLENDE GNEISS
7
breok | :-E LVWDTs (SN: 42816,..817,..818) 437
redk 'n piel |d 1,425—KIP O—-CELL —49.
£} (==r— (SN. 16-6-00340) TIP OF SHAFT —— —44.2
S E
NOTE: SOIL BASED ON BORING # B3 & B9
|| '-! 3 -! z “ 2631-D NW 41st St. SCHEMATIC SECTION OF TEST SHAFT
oD ey Gainesville, FL 32606 ADSC TEST PROGRAM — LAWRENCEVILLE, GA
Phone: 800-368—1138
m FAX: 352—378—3934 DWN BY: DJJ DATE: 09 Sep 2011 | CHECKED BY: LT-1011-2
REVISED BY: BDH DATE: 12 Sep 2011 | SCALE: NTS FIGURE A




APPENDIX C
As-Built Shaft and Boring Schematic






APPENDIX D
Loadtest, Inc. Report — Shaft 1


























































































































































































APPENDIX E
Loadtest, Inc. Report — Shaft 2
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