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1.0 INTRODUCTION

Scientific Applied Concepts Ltd. (SACL) was retained B)KH /RUHQ * U ® YR®vibe testing
services under the direction of Dr. Bengt H. Fellenius for a proposed pile foundation testing program
at the AL-DOT site in Mobile, Alabama.The test, termed TSFP, was conducted on Tapered and
Uniform steel piles. The test site was in a parking lot belonging to AL-DOT at the corner of
Dunlap Dr. and Austal Way, as shown in Figure 1.

Figure 1. Site of TSFP Pile Testing Program

The pile installation and test reaction setup were performed by Jordan PilegDriei A total of five
piles (two Uniform and three Tapered) were installed and tested. The pile installation was doaedn 26
27 March 2025, whereby the piles were driven to a predetermined depth while moniitbrexd Rile
Driving Analyser (PDA) throughout (initial driving test). The piles werenthrestrumented and filled
with concrete following a second PDA test (restrike test) on 28 March 2025. Stttig teas then
performed between 04 April 2025 and 16 April 2025. A second restrike test with et PDA

test overall) was performed on 29 April 2025.

This report describes the testing program and activities performed. The anatisisestt results will be
reported independently by Dr. Fellenius.
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2.0 QUALIFICATIONS

Scientific Applied Concepts Limited. (SACL) is a geotechnical engineering djyetializing in deep
foundations and shoring. Our highly qualified engineers have acquired extensive specipkzishesx
in all aspects of deep foundation design, testing, analysis, and quality controllsd/ecaide loading
and measuring systems rental, calibration, and other engineering services.

SACL provides advanced engineering design and fabricafimustom-built bidirectional load cells of
any capacity, tailored for special testing requirements and maximized cost-foartefit project.

3‘“
B

For over 30 years, SACIL. ¥ngineers have performed thousands of tests on deep foundations including
dynamic (PDA) with highest PDCA certification levels, static (head-down and ¢tidmal), Pulse-Echo
(PIT), crosshole sonic/tomography (CSL), and thermal integrity testing (TIP).er@imeers pioneered

the foundation testing industry in Canada in developing modern state-of-the-aresdévtluding
specialized data acquisition systems, pile base inspection tool (SACL-BIT), liger davice (SACL-

CT), and other innovations. SACL also provides base inspection services and calipes sich as
SQUID and SHAPE along with Quality Verification Engineering services.

Instrumentation and data acquisitio
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SACL is also active in research and development, resulting in many technical puidicatOur
engineers stay on top of the evolving industry by adapting innovative technologies, software and
electronics to advance geotechnical and foundation engineering. We also encourage continuing education
and innovation within the company to provide our clients with the best possibleeserviWe are
committed to client satisfaction and our ever-growing list of returning clienta proof of our
commitment.

SACL has a permit to practice, and several Professional Engineers licensed to practice across Canada, and
in some US states. CVs and certifications of our key personnel that wouldobeed in this project are
enclosed in Appendix 1, along with a summary of similar recent testing projects conducted by SACL.

3.0 SITE CHARACTERISTICS

The site is at the north-west corner of the AL-DOT parking lot close to the &/Bbikr. Based on the
soil information provided to SACL, the soil consisfs90 % of sand size grains, with the exception of a
2-m thick zone of soil with high fines content between 15 and 21 ft (4.5 m and)&igptih. The
consistency of the sand is compact to about 21 ft depth, loose to aboutls4ni),(and then dense
(sudden change at 54 ft depth). A CPT sounding supplemented with SPT N-Value distrémition,
provided by Dr. Fellenius, is shown in Figure 2.
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Figure 2. CPT data with corresponding SPT N-Value distribution (after Dr. Bengt H. Fellenius)

When the tests were carried out, the groundwater table was at 16 ft (5tm)agepeported to us by AL-
DOT.
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4.0 DESCRIPTION OF TEST PILES AND INSTRUMENTATION

The test piles consistl of 18-inch (0.457 m) diameter o.d. pipe piles with a wall thickness of 3/8 inch
(9.5 mm). Three of the piles (Pild$3, TP4, andTP5) were constructed with a 25-ft long (7162
bottom segment tapering down to 8-inch diameter at theTbe.pile toes were closed with a thick steel
plates welded to the toe. All piles were driven through square holes (about 2ffy bytan the asphalt.

Pile TP5 was comprised of two separate segments to facilitate bidirectioinay;testower segment
consisting of a25ft (7.62m) tapered pile, as described earlier, extended with a 1 fim(pld@ngth of
uniform 18-inch (0.457 m) pipe. The remainder of the pile consists of amnif8finch diameter pipe.
The two segments were joined with minimal stitch welding and restraitexdllg by six 12-inch-long
(300 mm) knife-plates welded on the inside of the lower segment atrdding 6 inches (150 mm) into
the upper segment. The plates were 1 inch (25 mm) thick and 1.75-inch (45 mm) wide.

The piles were driven using an APE D30-32 open-end diesel hammer, with a rated ergtgykeft
(100.9 kJ), to a predetermined depth of 57 ft (17.38 m) below grade.

The test piles were instrumented in accordance with the general spexifcadmmunicated to SACL.

A copy of the SACL drawings depicting the pile and designed instrumentation detaitelosed in
Appendix 2, along with the as-built instrumentation profiles. In piles thRdugh TP4, five levels of
strain gages (Geovan ModeV-2410 were installed on a rebar cage with four #5 bars (15M). The gage
distribution is as shown in Table T hese piles were also equipped with a telltale, anchored at the same
depthasStrain Gage Level 1.

Table 1: Strain gage distribution, TP1 through TP4

Strain Gage | Depth (m)| Depth (ft) Gage

Level # (m) (ft) Pairs
SG1 16.89 55.40 2
SG2 14.42 47.30 1
SG3 9.41 30.86 2
SG4 6.42 21.06 1
SG5 0.42 1.38 2

In pile TP5, six levels of strain gages were installed on a C-channel framegadéeistribution is as
shown in Table 2

SACL
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Table 2: Strain Gage Distribution, TP5

Strain Gage Depth Depth Gage
Level # (m) (ft) (No. of Pairs)
SG1 14.64 48.01 2
SG2 14.07 46.16 1
SG3 9.82 32.22 2
SG4 8.27 27.14 2
SG5 6.42 21.07 1
SG6 0.52 1.72 2

Pile TP5 is also equipped with a 300-ton bidirectional load cell (BD Cell),tdbbut above the taper,

i.e. 26.5 ft above the toe, which was meant to jack the upper and lower segmentg&\gasrown in the
drawings in Appendix 2, four telltales (two diametrically opposite pairsje installed in pile TP5. One
pair was anchored at the upper plate of the BD-Cell, and the second painchased at the same depth
as Strain Gage Level 1The BD Cell was equipped with two vibrating-wire extensometers (Roctest
Model JM-S) to measure the cell opening.

Calibrations of embedded instruments can be found in Appendix 3.

The initial design by SACL had called for the piles to be filled with liquid gpoumped through a grout
hose discharging at the bottom of the piles; however, the grouting equipment was not availabkndn site
the piles were filled by pouring concrete from the pile head.

In the case of pile TP5, which was full of water infiltrating frdme joint between the two segments,
SACL opted to tremie-fill the pile with concrete then sinking the steeldravith the instrumentation
after pouring to prevent the segregation of concrete during the godrinch diameter flexible tremie
pipe was available to the contractor; however, it was about 10 ft (3 m) $hbet pile toe. Despite all
efforts to compensate, including cutting about 7.5 ft (2.3 m) off the bottahe dfistrumented frame and
moving the instruments upward, segregated concrete at the bottom resuledD-@ell sitting about
3 ft higher into the upper pile segment which compromised the bidirectishalltee as-built drawing in
Appendix 2 shows the estimated instrumentation profile after pile construction.

5.0 OBJECTIVE OF THE TESTING

The objective of the testing program was to investigate the difference in rediwsen the straight
shaft (uniform section) piles, and the piles with the tapered section in tloent2b ft (7.62 m). As all
piles were driven through the same soil profile and to the same depth, the effeettapered pile
segment can be identified by comparing the measured resistance distributiearbtte two pile types,

SACL
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in the lower 25t (7.62m). Data from dynamic testing (PDA) on multiple occasions and static testing are
being analyzed by Dr. Fellenius to investigate the behavioral differences between the pile types.

6.0 TESTING

As stated eatrlier, the pile installation was done on 26 and 27 March 2025 while mowitbredPile
Driving Analyser (PDA). A second PDA test (restrike test) was peddron 28 March 2025, allowing
one to two days of driving-induced excess pore water pressure to dissipate. teStatg was then
performed between 04 April 2025 and 16 April 2025. A second restrike test with thetRRI test
overall) was performed on 29 April 2025; this test was not initially scheduled.

6.1 PDA TESTING

Pile driving was monitored starting at a depth of 10 ft (3 m) for thegbtrahaft piles (TP1 and TP2) and
starting at a depth of 15 ft for the partially tapered piles (TP3, TP4, ajd TRe driving setup is shown
in Figure3. 5SHVXOWV RI WKLV WHVW DVMHIYONMEISOOHG 3, QLWLDO 'ULYLQJ

The first restrike (R) test was conducted to investigate the dissipationesfsgxare water pressure in the
soil, induced by the pile driving. A second restrike test was conducted about omeaftenthe end of
driving and following the static testing to investigate the continued recovery fi@uiriving effects and

the long-term performance of the pileEAPWAP signal matching analyses were performed on impact
records from the end of initial driving and from the beginning of theikestn both occasions (before
and after the static testing), as described earlier. CAPWAP results are enclosed in Appendixldband wil
addressed by Dr. Fellenius in a detailed test program report.

The data for the second restrike was difficult to analyze due to the concrete ie thelgav the pile head
and the rupture of the bond between the steel and concrete (delamirtaitoogdurred after the static
testing near the top of the pile, as will be discussed later in the report.

Pile driving logs throughout the monitored driven depth are provided in AppBndilong with
PDAPLOT graphics illustrating recorded blow count, preliminary estimatesi§tance, and computed
hammer stroke and driving stresses from the PDA.
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onitoring

It is important to note that the data for the second restrike of pile TP3etasseful as the hammer
impact was uneven. Our engineers tried repeatedly to align the leadsthbevevy impact, one of the
PDA strain gages does not unload, implying yielding, and the pile head deiddn. After several

attempts the test was terminated. We suspect the cut that was madibeafiest restrike (before

concreting) was not planar, but we cannot say for sure, as it was not obviohs aild head deformed
after the first set of blows, as shown in Figure 4.

SACL
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¢ B

P Nkl A A A
ead of TP3 during second restrike test

Figure 4. Deformed pile h

6.2 CONVENTIONAL STATIC TESTING

These tests were conducted by jacking down the pile head ag&ergtedge supported on a steel frame,
which is in turn sitting on timber cribbing on both sides of the test pilhe kentledge was supplied and
installed by Jordan Piling and consisted of concrete blocks placed on the steel Tilaetimber cribbing
support was about # (1.2m) from the test pile on each side, face to fadetypical setup is shown in
Figure 5. The layout of installed test piles and a typical layout of the testifhil¢he kentledge system
are shown in Appendix 2.

SACL Engineers opted to terminate the concrete pour below the top of pile toeb abkasure the

displacement of the telltales (pile compression) from inside the piles. r8sulted in the test load being
applied to the steel rim and compromised the measurements of the upper twayatilevels at

different stages of the test procedure.

SACL
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b

%

e

Figure 5. Static test setup

The testing and the interpretation provided in this report are in accordaitbe ABTM
Standard D1143-20, Procedure A: Quick Test Method. The loading was based on a 675 kip (3,000 kN)
presumed maximum test load, i.e. load incremen&l&ips (150 kN). Each increment was sustained for

15 minutes. The test was continued until a substantial pile head movemeneocseded and no
additional load could be sustained by the pile. The pile was then unloaded in filvdesaeents, each
sustained for 5 minutes.

All embedded vibrating-wire strain gages were sampled simultaneoosly wafth the load cell reading
and all displacement measurements. Readings were performed at one secoall fremrver, one
reading every 30 seconds was recorded for analysis.

When performing the test, three Novotechnik TR and TRS electronic displacement trasduearsed

to monitor the displacement of pile head at two opposite locations and the telltale. Pile headndésyla
measurements were referenced to a steel W-section supported at a minifaypileofliameters away
from the test pile.Telltale displacement is referenced to the pile head, therefioeetly measuring the

pile compression. Pile-head instrumentation setup can be seen in Figure 5.
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Recorded applied load and pile head displacement measured simultaneously by SA@igelatie
enclosed in Appendix 6. The analysis of the static test results wilbalseported independently by Dr.
Fellenius.

6.2.1  Static test results

The individual test results presented in Appendix 6 are summarised graphically i &ighote that the
test of Pile TP3 was stopped at a smaller movement and the load was atloweelde due to observed
lifting of the reaction kentledge (possible uneven positioning of the frame)

Load vs Movement - CompressionTest, Pile TP1, TP2, TP3, TP4, and TP5

3000 the load was allowed to recede due to

observed lifting of the reaction kentledg

2500

2000

1500

Applied Load (kN)

1000

500

0 10 20 30 40 50 60 70 80 90
Pile Head Movement (mm)

- Pile TP1 —-—Pile TP2 —-—Pile TP3 —-—Pile TP4 -—Pile TP5 ——Davisson (Theoretical)

Figure 6. Load v. Pile Head Movement - All Piles

7R VLPSOLI\ WKH FRPSDULVRQ LQ SHUIRUPDQFH BRWZMHHQVW KHD G X
was selected for each pile using the Davisson Offset method. In simpk thisnmethod uses an
acceptable limit of plastic pile head displacement, which is a function of the pil@isizester), such as:

DL (mm) =4 mm +d (mm)/120 or DL (in) = 0.1575 in 4d (in)/120 Eqg. 1

WhereDL is the Davisson Offset Limit, ardlis the diameter of the piles (18 in, 457 mm).

SACL
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The Davisson interpreted capacity is obtained by tracing a line passing througjh ploint and parallel
to the elastic compression line, which can be obtained from the unloading curve. ef$ectign of this
line with the load-displacement curve determines the interpreted capacity from teeddawviethod.

The interpreted capacity of the five piles and a comparison between thenUrifat Tapered pile
performance are illustrated in Table 3.

Table 3: Performance comparison between the Uniform and Tapered piles

' Measured Capacity* in kips (kN) % greater than averag
Pile No. e Uniform Pile Tapered Pile Uniform pile capacity
TP1 Uniform 474.15 (2,109) - -
TP2 Uniform 507.19 (2,256) - -
TP3 Tapered - 574.64 (2,556) 17.11
TP4 Tapered - 642.31 (2,857) 30.90
TP5 Tapered - 592.63 (2,636) 20.78
Average =3 490.67 (2,182)| 603.19 (2,683) 23

*: Interpreted using the Davisson Offset method

Based on the comparison compiled in Table 3, the Tapered piles appear to have mdgdetiiar
Uniform piles by 17 % to 31 %, showing on average 23 % higher capacity thbmitbem piles in the
same soil conditions. It is important to note that this is a somewhatr lbound performance
comparison. As described in Section 3.0 (Site Characteristics), a sudden change is s$imihsanalé
identified in the geotechnical investigation at 54 ft (16.46 m) depth. This chapiies a much denser
soil at the pile toe, which was verified in the PDA testing. Such condition igan é&the Uniform piles
which boast a much larger toe area that can benefit from the higher bebritige absence of such
bearing layer, we expect a larger performance gap between the twgpeite &s will be discussed in
more detail later in this report.

6.2.2 Resistance distribution

The resistance distribution along the pile depth can be interpreted fromgstgeirmeasurements. From
basic physics:

eL'Y VLY \(L'#Y Eq. 2

SACL



Pile loading test program
AL-DOT Site, Mobile, Alabama Pagel2

Where éis the stress across the pile section where the strain gage is instafietie elastic modulus of

the composite sectionyand ( are the strain and the force in the pile section at the measurement depth,

and A is the total cross-section area of the pile at the measurement tepts call the valué # the
SORGXOXV" UHODWLQJ VWUDLQ WR IRUFHWR RAKGOFIOODN NHFKRH RR G
components theoretically for the composite section, however, within the uniforrangoof the piles,

there are ways to estimate the actual Modulus as confined in the pile,wihicl shown in this section

of the report. The Moduli at the various tapered sections can then be calculated fresulthegin-situ

material properties.

Considering an ideal Mohr-Coulomb shatft friction model, a pile segment betweestrain gage levels
(SG1 and SG2) and its response to loading can be illustrated as shown in Figure 7.

LOAD

Mohr-Coulomb

AF Shaft friction

|dealized model
SG2 L

a
B
~
Shaft resistance

Displacement

SG1 T

AF-At

Figure 7. Load transfer in pile segment between strain gages

As can be seen in Figure 7, as equal load increments are applied to the pile head, an whde t
movement against the soil generates additional shaft resistanpvithin the referenced pile segment,
the change in force at SG2 is larger than the change in force at SG1. Onuavément of the pile
segment reaches the plastic range (movement at constant frigti¥,0), then the change in force at
SG2 is equal to the change in force at SG1 with every load increment at the dile Tresrefore, the
following equality (from Eq. 2) becomes true at SG1 (considering that the Badhoccurred at SG2
earlier):

s(L'# ¢Y-g1'#:?KJOP=JP; Eq. 3
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At this point, the plot o#‘;against\'/for the remainder of the test, becomes a constant, provided the soil
<

continues to follow the Mohr-Coulomb model and does not exhibit any strain hardemisgain
softening.

It is important to note as well that, at this point, the force increase pil¢heith each load increment at
the pile head can be predicted, with or without strain gage readings (same incriEase with each
equal load increment).

When instrumenting the piles, SACL Engineers opted to terminate the concretingtelpile head in
lieu of elaborate setups to read the telltales from the side of the pils. isTiecause the pile head is
covered with the Jack and the bearing plate and standard telltales would not be acdésiblsuch
setup can result in delamination between the steel pile and the concreta thi#llupper segment of the
pile due to applying the load on the steel rim, we believe that the delamination would occutygraidia
after the maximum soil resistance above the strain gage level is reached fuas). We therefore
expect the effect of the delamination to be minimal.

Based on the actual strain gage measurements, we noted that the Taperiirguldsetter than the
Uniform piles in terms of the delamination which only affected the top gagé (8G5), less than rh
below grade (see Tablg.1No delamination was noted at the SG4 level or beldve believe that the
difference is due to the type of pipe used in the Tapered piles which produced &dttevith the
concrete (spiral-welded).

The complete strain gage data for all five piles are enclosed in Appentligifig the data for Pile TP3
(Tapered), the Modulus of the uniform segment of the pile, which consists of the upipeza@2be
determined in two independent ways.

The first method is by dividing the force increment by the strain inemérfiEq. 3) at the top gage level
(Level SG5), which is expected to reflect the applied load at the pile head (shallowTdege)easured
strains averaged per gage level are shown in Figui®kipping the first load increment the data from
SG5, where possible initial gaps are compressed, and applying the relatioriSgiBimwith a change in
force of 151.24 kN and a change in strain of 15.42 microstrain, a modulus EA is calculated=44.9.98

The other independent method to calculate the modulus is by looking at the datavies"SG3 and
SG4, which are within the uniform segment of the pile. The valuesFof - plotted against- are
expected to reach a constant value once the shaft resistance above the resmpetieeel has reached
its maximum value (plastic zone, see Eq. 3). The constant value is the Modulus of thecide
(uniform segment). For obvious reason, these methods do not apply to tles tepgment since we
expect the shaft resistance along this segment to continue to increaseenitioygiment against the soil.
The Moduli of the tapered segment at various depths must be calculated manuallyeisiagposite
area method with the concrete confined modulus back calculated from the usdgment Modulus
determined from the data. These calculations are shown for Pile TtR8 plot of the ModulusF ™)
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against the strain in Figure 9, where similar values of the Modulus can be verified from strain gage
data at levels SG3 and SGAs explained earlier, the data from levels SG1 and SG2 will not submit to
the same rules as the resistance along the tapered pile segment is gomsteedbing with pile
movement. As tabulated in Figure 9, a confined elastic modulus of 44,000 MPa is backechfcoia

the Modulus EA of the uniform section (9.89 GN). The high elastic modulihe afoncrete is due to the
confinement inside the steel tube preventing the lateral expansion of the dolejsagften observed in
concrete piles in hard or dense materials like in a rock socket. The section Moduli at levels SG2 and
are therefore calculated at 2.94 GN and 4.87 GN, respectively.

Average strains per level - Pile TP3
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Figure 8. Strain measurements for Pile TP3, averaged per instrumented level
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Modulus per level, AF/Ag versus € - Pile TP3
100

85 | Gage levels 3 and 4 show a modulus of about 10 GN, same as calculated manually for the 18 inch
‘ composite section (9.98 GN):
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- E-Steel= 200000 MPa
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Figure 9. Tangent Modulus plot, Pile TP3

The same conclusions can be drawn for Pile TP4, as shown in Figure 10 and Eigwfeile the second
strain increment at level SG5 reflects a computed section Modulus of G 8g§&igure 10), the Tangent
Modulus plot in Figurell still supports a section Modulus of 9.98 GN, similar to Pile TP3. This
Modulus value, and the calculated Moduli at levels SG1 and SG2 will therefore be adoptedgating

the resistance distribution in all Tapered piles. This is a reasonable assuaspall piles were filled
with the same concrete batch.

It is important to note that while a section Modulus is determined, therdwagsavariations between
different depths and different locations across the pile section due to constructioforsndithis is
especially true when the concrete is dumped through the small cage like in thisTbase.is a high
probability that spots with varying stiffness exist near or around the gages skegrégation, restricted
concrete flow, or deterioration during loading (micro-cracks), causing saraitions in section moduli
and affecting the conversion from strain to forcé& design curve is then fitted to the data and
interpolating between gage levels where needed to provide an approximate resistance distribution.
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Figure 10. Strain measurements for Pile TP4, averaged per instrumented level
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Modulus per level, AF/Ag versus & - Pile TP4

Gage levels 3 and 4 show a modulus of about 10 GN, same as calculated manually for the 18 inch
composite section (9.98 GN):
&0 Steel Thickness = 12.7 mm
E-Concrete = 44000 MPa
E-Steel= 200000 MPa

75

70

Gage Total Steel Concrete  Composite Modulus Shaft

65 | Level # o.d. i.d. area (mmzl area (mmi) area [mmZJ E(MPa) EA(GN) area [mzlm)
I SG1 0.219 0.1936 37668 8231 29437 78088 294 0.688

60 G2 0.299 0.2736 70215 11423 58793 69379 4.87 0.939
SG3 0.457 0.4316 164030 17727 146303 60859 9.98 1.436

55 5G4 0.457 0.4316 164030 17727 146303 60859 9.98 1.436

SGS 0.4316 164030 17727 146303 60859 9.98 1.436
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Figure 11. Tangent Modulus plot, Pile TP4

The treatment of the strain data from the Uniform piles is similar to theegure detailed above with
some modification to account for the difference in tube type (smooth pipe throughdut)e consistent
shape of the pile section from the head to the toe. As stated earlier, the agmézwgl in these pipes
was compromised early in the test, especially in pile TP1, which had to be teshed dime after
pouring, implying a weaker concrete bond to the steel. As such, deeper delaminatimpserasd in
TP1 reaching gage level SG3. Pile TP2, which had more time for concrete hydrationtéstioge
showed a much better response with delamination noted only in the uppermost gage level (level SG5).

The plot of the Modulus'F ") against the strain for pile TP1 is shown in Figure 12The inferred
section Moduli at different gage levels are noted, however, only the Moduli deterimir8@1 and SG2
are useable to the end of the loading sequence as the strain gages at levels SG3 amiteSG
compromised during the test. Similarly, the plot of the Modulis () against the strain for pile
TP2 is shown in Figure 13. The section Moduli determined from the dash@n on the plot. While
the Moduli at levels SG3 and SG4 are close to those determined for thenuséction of the Tapered
piles, the Moduli for levels SG1 and SG2 in both Uniform piles weite ¢pwer, and specifically in Pile
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TP2, the tangent moduli dropped in the last 2 to 3 load increments. It is not knowrtdor wéy this
change occurred and the reason for the apparent lower Moduli; however, we can speculate en possibl
causes:

1. Deterioration in the concrete as the compression increases against the large toe resistance.

2. A reduction in shaft resistance somewhere between SG2 and SG3 (strain softening) with
substantial movement of the pile and a transfer of the resistance to the toe

This response is also observed at SG3 level in pile TP2 at the end of loading, but to a lesser degree.

Modulus per level, AF/Ac versus € - Pile TP1
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Figure 12. Tangent Modulus plot, Pile TP1
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Modulus per level, AF/Ae versus € - Pile TP2
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Figure 13. Tangent Modulus plot, Pile TP2

The moduli determined from the data in Figure 12 and Figure 13 will be used te tEsessistance
distribution for the corresponding Uniform piles.

As the section Moduli for all strain levels are estimated, the straincdatbe converted to force through
multiplying by the corresponding Moduli, as per Eq. 2. The effects of deddiom described earlier and
apparent non-homogeneity of the concrete, i.e. potential variation of actual Manmliestablished
general values, will be overcome by interpolating between levels with a suggestgdpiefiie of the
resistance distribution. The calculated resistance distribution during each twathent is shown
graphically in Figure 14 (TP1), Figure 15 (TP2), Figure 16 (TP3), Figure 17 (TP4), and FagUie5).
Note that the instrumentation in the uniform portion of TP5 was furthepmmsed as the BD Cell was
pressurized up to a load of 400 metric tons (880 kips) in attempting to openl tivbicklgot embedded
in the upper segment, as explained earlier in this report.
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Figure 14. Resistance distribution, TP1
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Shaftresistancedistributionper load increment - Pile TP2
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Figure 15. Resistance distribution, TP2
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Shaftresistancedistribution per load increment - Pile TP3

Load (kN)
0 500 1000 1500 2000 2500 3000
0 @® Head

® Level 5

O Level 4

Depth (m)
©w

10
11
12
13
14
7 Level 2

15

16

17 “% Level 1

&< Toe

18
—-1 =2 3 4 5267 +8 9 =10 -11 =12 =13 =14 =15 <16 -17 -e-Design

Figure 16. Resistance distribution, TP3
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Shaftresistancedistributionper load increment - Pile TP4
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Figure 17. Resistance distribution, TP4
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Shaft resistancedistribution per load increment - Pile TP5
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Figure 18. Resistance distribution, TP5
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7.0 EFFECT OF BEARING LAYER ON PILE EVALUATION

As stated earlier in this report, the evaluation of the two pile types conducteid study is a lower
bound performance comparison with respect to the Tapered piles. As described in Z6c{Bite
Characteristics), a sudden change is soil conditions was identified in the geotettvasagation at
54 ft (16.46m) depth. This change implies a much denser soil at the pile toe, which wiedvierithe
PDA testing. This effect is best illustrated in the driving profile recorgettido PDA during the driving
of pile TP1. The driving profile of all five piles are enclosed ppéndix 5, showing for every hammer
blow the values of estimated resistance, stresses, transferred energy, and steskmerith every blow,
as well as the blow count (blows per foot) with depth. In particulapribfde showing a representative
estimate of measured pile resistance, RSP CASE method with a damping factor of 0.2 (RP2), along with a
profile of the observed blow count, is shown in Figure 19. It is clear from Figutleafl@ substantial
increase in resistance is measured below the depth of 54 ft, confirming the soptidesérom the
geotechnical investigation.

Such condition is in favor of the Uniform piles which boast a much laogearea that can benefit from

the higher bearing. In the absence of such bearing layer, we expect a larger perfgapdetereen the

two pile types. As shown in Figure 19, the increase in resistance in the bottom 4 ft of driving is about
105 kips, out of which about 25 kips originate from shaft resistance along tlee 4ofty as can be
estimated from the established resistance profile (see Figure 14). Therefaam aecount for about

80 kips of increased toe resistance in the last 4 ft of driving in the densegldager, which represents

an increase in toe resistance of about 36.5%, i.e. from about 220 kips to 308 ldipsilar reduction in

the average toe resistance of the Tapered piles results in a reduction in resistanaesokipbo

Using the values in Table 3, and subtracting 80 kips from the average Uniform pEilanesiand 8 kips
from the average Tapered pile resistance, the advantage of the average Tapered ipiteegeEs to
44.93% higher resistance than the average Uniform pile. This is a substantial gevianiee considered
where no special bearing strata are available in the local soil profile. infp@rtant to note that the
calculation to account for the effect of the bearing layer is approximate.
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Figure 19. Measured resistance (RP2 estimate) and blow count with depth, Pile TP1
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7.1 BIDIRECTIONAL STATIC

As stated earlier, pile TP5 was designed as a bidirectional test pilsasndomprised of two separate
segments to facilitate bidirectional testing; a lower segment consistiag2bfft (7.62 m) tapered pile,
extended with a 1 ft (0.3 m) of uniform 18-inch (0.457 m) pipe. Theireter of the pile consists of a
uniform 18-inch diameter pipe. The two segments were joined with minimeh stielding and
restrained laterally by six 12-inch-long (300 mm) knife-plates welded on tide iokthe lower segment
and protruding 6 inches (150 mm) into the upper segment. The plates were 1 inah)(#tak and
1.75-inch (45 mm) wide. The photos in Figure 20 show the connection style.

Figure 20. I TP5 splice for birctinal testing

A 4-inch diameter flexible tremie pipe was the only tremie tool availabkie contractor and it was
about 10 ft (3 m) short of the pile toe. Despite all efforts to compensatuding cutting about 7
(2.3 m) off the bottom of the instrumented frame and moving the instramgward, segregated
concrete at the bottom resulted in the BD-Cell sitting about 3 ft higteethe upper pile segment which
compromised the bidirectional test. The as-built drawing in Appendix 2 shows tineatedt
instrumentation profile after pile construction.

While the installed hydraulic cell was able to create an opening with 400 tons l&fdafgpce, the
opening was internal to the upper pile segment and was not representative df thgistance. The
bidirectional test data will therefore not be reported.
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Hicham (Sam) Salem, Ph.D., P.Eng. RESUME

5360 Canotek Rd., Unit 5, Ottawa, ON, K1J 9E3 | 1-613-B220 | sam@saclcanada.com

Synopsis
President and Principal Engineer at AATech Scientific Inc. (ASI) since 1997; Rdesit and Principal
Engineer at Scientific Applied Concepts Limited (SACL) since 202Dr. Salem has extensive specialized
experience in geotechnical engineering spanning over 29 years with active mivement in thousands of
construction projects across North America and overseas. Dr.fZfeie efce . f7"FF” "' —e <o
foundations, shoring and retaining structures ground improvement and stabilization, geotechnical
instrumentation, advanced load testing systems, erosion assessment and control, asttler related civil
engineering fields. He had major contributions in high profile projects such ake stabilization of the 99
Street landslide in Peace River, AB; the rehabilitation of MSE walls (OPP walls, Plant 85) at SUNCOR main
plant, Fort McMurray; Walterdale Bridge, Edmonton; Long Lake oil sands project (multiple structures),
Fort McMurray; Seawall platform replacement, US Navy Yard, Washington D.C., foundations of Berths 324
& 325 of the container wharf, Port of Los Angeles, California, National Solid Waste Landfill ire@rland,
Barbados, Sheraton Convention Center, San Juan, Puerto Rico, Cambalache Power Plant, Arecibo, Puerto
Rico, and many others. Dr. Salem also has extensive specialized experience irgde®j and implementing
automated instrumentation and datalogging, special load testing setups, high-capacity ofian frames,
and high-precision measurement systems. Hs a leading expert on dynamic testing and analysis of pile
foundations (Master PDCA Certification) as well as low-strain pulse-echo (PIT), crossle sonic (CSL), and
thermal integrity profile (TIP) testing of caissons and other concrete structures, with experience spaimy
over more than two thousand projects. Dr. Salens also active in research and development for
engineering innovation and has authored several publications.

Education
DOCTORATE IN CIVIL ENGINEERING | 2019 | THE UNIVERSITY OF OTTAWA

Research focus on the erosion of river and creek banks, especially in cohesive soilspaksof his research,
Dr. Salem developed new devices and instruments to measure the erodibility of soils bothttire field and
in the laboratory and to facilitate quick and practical determination of critical shear (erodibiliy threshold)

of soils in banks and flood zones. He continues to be active in research and developmerihrough joint

projects with the University of Ottawa on erosion and scour problems.

i IN APPLIED SCIENCE IN CIVIL ENGINEERING | 199BHE UNIVERSITY OF OTTAWA

Research focus on buried pipelines in adverse and sloping terrain. Performed numericabdelling and
parametric studies to assess the effects of surcharge loading and earth pressure fromaaént slopes on
buried pipelines. The role of backfill and compaction in increasing pipelinessilience against adverse
pressures was also investigated in the study.

BACCALAUREAT IN CIVIL ENGINEERING | 1993HE UNIVERSITY OF OTTAWA

Graduated with a,, f ... S t Aégiiee in the Civil Engineering COOP program. COOP assignments included
several positions within the Transportation Planning Department of the Regional Municipality of Ottawa-
Carleton (currently the City of Ottawa).
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Experience

Dr. Salem hasled the engineering teamat AATech Scientific Inc. ASI since 1997 and through its
transitioning to Scientific Applied Concepts (SACL) in 2020 through to the present day.

PRINCIPAL ENGINEER | SCIENTIFIC APPLIED CONCEPTS LIMITED (SACL) | 2020 - ERES

PRINCIPAL ENGINEER | AATECH SCIENTIFIC INC. | 1992020

President and Principal Engineer at AATech Scientific Inc. (ASI) since 1997; Pdesit and Principal
Engineer at Scientific Applied Concepts Limited (SACL) since 2020. Dr. Salem had dirlgarole in
thousands of projects across North America and overseas involving foundations, shoring, lietag
structures, ground improvement and stabilization, geotechnical instrumentation, advanced load tesgn
systems, erosion assessment and control, and other related civil engineering fields. Dr. Sadésn has also
led the design and implementation of automated instrumentation and datalogging, special loadsteg
setups, high-capacity reaction frames, and high-precision measurement systentte is a leading expert on
dynamic testing and analysis of pile foundations (Master PDCA Certification) as well as/tstrain pulse-
echo (PIT), cross-hole sonic (CSL), and thermal integrity profile (TIP) testing of sabns and other
concrete structures, with experience spanning over more than two thousand projects. Dr. Sal&ralso
active in research and development for engineering innovation and has authored several papersdan
journal articles. Some selected projects involving geotechnical instrumentation and vibration monitoring
are summarized below.

Pattullo Bridge, Fraser River Crossing Constructors Group, Vancouver, B2022

SACL Engineers are providing ongoing consulting and design work for many segmeottthe bridge project
including the design of shoring, working platforms, assessing the effect otiusive operations such as pile
driving and vibratory soil densification on nearby bridges roadways, and other infrastrutire. Our
mandates include designing monitoring plans tailored to various operations and environments
(settlement and vibration monitoring, ground and structure movement, distress, and other effects). Our
engineering team is charged with reviewing daily monitoring data and assessing current future effects
on the health of impacted infrastructure. SACL Engineers are also conducting thermal iniggand CSL
testing on bridge piles.

Grand River Bridge, Hwy 401, Cambridge, ONBauer Foundations/MTO (2021)

SACL was retained to conduct bidirectional static loading test on a test pile at the Grand RiveidBe near
Waterloo. The test consisted of instrumentation of the test pile with strain gages, telltales temsometers,
bidirectional cell as well as inclinometer casings. SACL instrumented the pile with six levels of fatmrain
gauges diametrically opposed pairs per level along with two extensometers between the upper and lower
plates of the bidirectional cell. Two pairs of telltale rods were also instrumented to reflect upper platand

pile toe movement during the test. SACL also performed the lateral loading test on the same tes pfter

the bidirectional static loading test was performed.The inclinometer was read during the loading test as
well as 5-days after the test was concluded. The inclinometer data showed a close agreement with the
estimated movements predicted by SACL.

Stabilization of the 99 Street landslide in Peace River, AB (2018)

Dr. Salem and his engineering team designed a new stable profile of the slope, west ofté®e® The slope
had exhibited a large-scale slip failure endangering a residential building on the east side of S®eet and
as well as 98 Street and existing cycle shop at the toe of the slope. The mitigation includeddésign of



dual secant pile walls to produce a stable profile. The upper stabilizing wall was secured by three rows of
deep tiebacks. While overseeing the construction, the design team implemented a substantial
instrumentation program to monitor the performance of the retaining walls and the stability of he slope.
The instrumentation included series of strain gages embedded in selected secpilés (to monitor bending
strains), inclinometer casings embedded in other secant piles for manual monitoring i(p flexure), and
vibrating-wire load cells installed on selected tieback rods (three per row) to monitor the tension in the
tieback rods. The design team routed all instrumentation in electrical conduits to a central logging sem
and collected the background readings before handing over the monitoring to City represtatives. We
believe the instrumentation is still in operation to date and being monitored by the City of Peace River

Highway 27 bridge over the Athabasca River near Morin, AB (2017)

Dr. Salem and his engineering team designed and implemented an instrumentation amdnitoring plan

in addition to piling inspection at the site of Highway 27 bridge ASI Engineers installed slope inclinometer
casingsin newly cast bridge piles, vibrating wire piezometers and settlement cells around the abutment
site with remote monitoring capability. ASI monitored the instrumentation for 3 months before hading
over the remote monitoring to client. ASI was also involved in conducting CSL, PIT and Dynamic PDA
testing on the bridge piles.

The rehabilitation of MSE walls (OPP walls, Plant 85) at SUNCOR main plant, Fort McMurray, AB (2015)

Dr. Salem and his engineering team designed three retaining wall min height,to replace distressed
MSE walls. The walls retain the fill platform accessed by heavy hauling trucks carryioige to the crusher.
The pre-design assessment included vibration monitoring at the heavily reinforced concrete slab forngin
the crusher approach. The objective of the monitoring was to estimate the dynamic foscacting on the
walls as the 700-ton hauling trucks maneuver over the slab and impact the concrete barrier before
unloading the ore. Also, as part of the design, the engineering team designed a permamaahitoring
system to identify a rising water head at the base of the fill, which is an indication of draige issues such
as pooling water on top of the platform or clogging of the fill drainage system. The moniiog system
consisted of a series of vibrating-wire piezometers embedded at the base of the fillHded the new
retaining wall. The piezometers (17 per wall) were monitored in real-time via a network of smad-
spectrum radio communication.

Walterdale Bridge Foundatons, Edmonton, AB (2014)

Dr. Salem and his engineering team designed four deep-excavation cofferdams along therth
Saskatchewan riverbanksfor building the foundation seats of the two arches carrying the bridge. The
excavation to the underside of the abutment was about 18 m below the top of berm elevation. DreSal
designed and implemented an instrumentation and monitoring plan for each of the four bridge seatsher
monitoring setup included in-place inclinometers between the existing bridge abutmerand the excavated
cofferdam, vibrating wire piezometers between the poured footing and the bedrock to monitor water
pressure at the interface, and strain gages installed at strategic locations on the wales and sttoteonitor

the performance of the shoring system during the construction of the bearing blocks. The dpsteam set
up remote data collection monitored in real time and automated alarms to ensure secure access to the
excavations. A combination of spread-spectrum radio and cellular communication was used to relay the
live data to ASI, office remotely. The design team also consulted on the stabilifyclay berms and other
geotechnical issues at this site. The design team also conducted vibration monitayito establish PPV due
to vibratory hammer operation on site and established safe distance of operation to freshly poured
concrete.



Syncrude MLMR project site in Fort McMurray, AB (2013)

ASI was retained to perform vibration monitoring services at the Syncrude MLMR project site Fort
McMurray, AB. Vibration monitoring was carried out to record PPV due to drilling as a fuian of distance
from drilling operations. The objective was to establish safe distance where newly caskes would not be
adversely affected by drilling operations nearby.

National Solid Waste Landfill, Greenland, Barbados (2002)

ASI was retained RJ Burnside to investigate slope movements as part of a peer review of thegiesf the
Greenland National Solid Waste Landfill. Several strategic locations across the cut slopesre
instrumented with in-place-inclinometers and vibrating-wire piezometers. The mstrumentation was
designed and implementedby Dr. Salem and remotely monitored for several years using landline
telephone at the time.

ASSOCIATE AND PROJECT ENGINEER | URKKADA TECHNOLOGY LTD. | DEC. 1994 - OCT. 1997

Worked on foundation design and testing, embankment design, geotechnical instrumentation system
(design, installation, and monitoring), stability analysis, site investigation, laboratory testing, enggering
research and development, and other engineering services. Following are select relevant projects:

River Road overpass over HWY 416 (MTO)

Dr. Salem designed and implemented a monitoring system consisting of electiorpiezometers and
settlement cells, inclinometers, and survey monuments. The monitoring system wasenided to track the
effect of placing a large embankment on thick clay deposit improved with vertical (wick) dins as an
alternative to polystyrene light-weight fill.

New Berths 324 & 325 of the container wharf, Port of Los Angeles, California

Dr. Salem conducted an extended pile testing program involving complete monitoringd diexagonal
prestressed concrete offshore test piles (28 in total). The piles were jetted through an existirtgadk layer
of rockfill covering the footprint of the proposed berths then driven to a depth of about 30 m below
mudline. The monitoring involved using the pile driving analyzer for observing thdensile stresses
induced by pile driving and ensuring they do not exceed the tensile capacity of the pilection, as well as
providing the developed resistance of the piles in short and long term, as well as calibragiagainst a fully
instrumented static loading test on a similar pile on-shore.

PROJECT ENGINEER | ANNA GEODYNAMICS INC. | DEC. 1992 - DEC. 1994

Worked on foundation design and testing, geophysical survey, stability analysis, sites@stigation, rock
mass stability investigation, laboratory testing, engineering research and development, and other
engineering services

Associations

X

X X X X

D

Association of Professional Engineers of Ontario
Association of Professional Engineers of Québec
Association of Professional Engineers of Alberta
Association of Professional Engineers of British Columbia
Association of Professional Engineers of Saskatchewan



X
X
X

American Society of Civil Engineers (ASCE)
Canadian Geotechnical Society
Ottawa Geotechnical Group

Publications

X

SalemH.04aa - 10.bx {2820). Effect of pressure gradient on critical shear stress of cohesive soils.
Journal of Hydraulic Engineerind.46(6). https://doi.org/10.1061/(asce)hy.1943-7900.0001750

SalemH. (., & Renng,C.D. (2017). Practical determination of critical shear stress in cohesive soils.
Journal of Hydraulic Engineerind.43(10). https://doi.org/10.1061/(asce)hy.1943-7900.0001363

Noor, M.A., Metaferia, G.A, Salem, H. (2017, October). Correlation between concrete properties and sonic
wave speed using non-destructive field testing procedures [Paper presentation]. Proceedings of the 70th
Canadian Geotechnical Conference and the 12th Joint CGS/IAH-CNC Groundwater Conference held from
October 2017 in Ottawa, Ontario, Canada.

Salem, H., Fellenius, B.H. (2017, October). Bidirectional pile testing: what to expect [Paper presentation].
Proceedings of the 70th Canadian Geotechnical Conference and the 12th Joint CGS/IAH-CNC
Groundwater Conference held from October 2017 in Ottawa, Ontario, Canada.

Salem, H., Ghirian, A., Teplitsky, R. (2017, October). Effects of freeze-thaw cycles on earthyseeasting

on shoring system [Paper presentation]. Proceedings of the 70th Canadian Geotechnical Conference and
the 12th Joint CGS/IAH-CNC Groundwater Conference held from October 2017 in Ottawa, Ontario,
Canada.

Salem, H., Agharazi, F., Warith, M.A. (2002, October). CASE STUDY; DESIGN OF SOLID WASTE LANDFILL
ON FLOOD PLANE FINE DEPOSITS [Paper presentation]. Proceedings of the 55th Canadian Geotechnical
and 3rd Joint IAH-CNC and CGS Groundwater Specialty Conferences, Niagara Falls, Ontario, October 20-

23, 2002.

Salem, H., Garga, V.K. (1999ctober). Nonlinear elastic modeling of pipeline in clay under high Ko
[Paper presentation]. Proceedings of the 52nd Canadian Geotechnical Conference, October 1999, Regina,
Saskatchewan, Canada.

Salem, H., Lavergne, H., Fellenius, B.H. (1998, September). USING DYNAMIC PILE TESTING TO
OVERCOME SURPRISING SOIL VARIATIONS [Paper presentation]. 33rdAnnual Conference on Deep
Foundations, 11th International Conference on Piling and Deep Foundations, October 2008, New York,
NY, USA.

SalemH., Warith, M.A. (1996, September). ESTIMATION OF LANDFILL SETTLEMENT USING A FINITE
ELEMENT APPROACH [Paper presentation]. Proceedings of the 49th Canadian Geotechnical Conference,
October 1996, Ottawa, Ontario, Canada.


https://doi.org/10.1061/(asce)hy.1943-7900.0001750
https://doi.org/10.1061/(asce)hy.1943-7900.0001363

—fTfeet” 484 .44 & +%o4

5360 Canotek Road, Unit 5 & ,®ttawa, ON, KJ9E3 | 1613-797-5831 | noor@saclcanada.com

Synopsis
Mr. Mudasser Noor, P. Eng., is a Senior Geotechnical Engineer at Scientific Applied Conciepted (SACL)
since 2020. Mr. Noor has extensive knowledge and specialized experience in foundationduding
grouting, shoring and retaining structures, slope stabilization, and testing arehalysis of deep foundations
over hundreds of construction projects across North America and overseas. He had major contributo
in high profile projects such as the stabilization of the 99 Street landslide in Peace River, ABe th
rehabilitation of MSE walls (OPP walls, Plant 85) at Suncor Energy main plant, Fort McMurray, Walterdale
Bridge foundations, Edmonton, Utilities & Farm tank at Kearl Lake, Fort McMurray, and many others. Mr.
Noor has extensive specialized experience in designing and implemergiautomated instrumentation and
datalogging, vibration and sound monitoring, special load testing setups, highcity reaction frames,
and high-precision measurement systems. Mr. Noor has been involved in conducting €og of static
loading (Static) and bidirectional static loading test (BDSLT), hundreds of pile integritiest (PIT), cross-
hole sonic logging (CSL) test, dynamic testing analysis (PDA), and thermagdgrity profiling (TIP) tests.
Mr. Noor has managed, and field supervised many projects involving anchor installation with gigwy
grouting methods as well as pressure grouting methods.

Education

BACCALAUREATHN APPLIED SCIENCES IN CIVIL ENGINEERING | 20UNIVERSITY OF OTTAWA

Mr. Noor completed his f...StZ‘7ei ™Mc—-S f%ef —e f—11F ""‘e —S1t spetiblization -
™ fe co —St "<FZT " F'—%..S& & ‘‘Vie "<efibposifig a'sta®of-the-art.fdeility inthe
National Capital Region of Canada. Planning and developing a Multi-Sport City for Olympic jpggs. Mr.
““7je —1 freated pleasing architectural views and CAD drawings along with final animated views. also

involved in evaluation and analyzing financial aspects of the project i.e. costadwation during construction,
post-construction costs etc. It also involved in simulating evacuation plans and budgetscording to the
proposedby-laws, city, provincial and federal regulations. The team also helped design the matiadsum with
fully functioning retractable roof in accordance with National Building Code of Canada. Designiafjroof
system, stadium stands and various beams and columns. Also designing for rileev roadway system in and
around the city considering potential traffic flow for an Olympic city in theNational Capital Region. "a *‘"Te
team received many accolades for the final year project.

X O Fe— “Y"fZZ e%o<etd”ce%o- FadHty of Engingering University of Ottawa.

x Professional Engineers Ontario 2011 Student Paper Night Winner- University of Ottawa

x Professional Engineers Ontario 2011 ——tte— f’'f” <%S— 0 te— 1..Sec...fZ feot
Award

x Canadian Society for Civil Engineering Conference 2011ndergraduate Poster Competition: 2nd
Position

Mr. Noor was also involved in volunteering his time and provide assistance to a PhD catade at the
University of Ottawa during his undergraduate studies.

T IN CIVIL ENGINEERING | ONGOING | CARLETON UNIVERISTY

Mr. Nooris currently enrolZ+ 1t <o =St efe—3"1e "% "fe f— —St f"ZF—‘e oc"f"ec—> co —
research is in the field of Geotechnical Engineering specifically around the Expander Body Technologhe
Expander Body (EB) technology was initially developed in Swedet — "<+ % —S1t s{zrie ,> 7a& * o' 17
Zf-t" £7'27¢t > ra fre 7. 17'e <o ‘Z<cfa St Lleece—e T f CH7FET e
the tip of a deep foundation element (pile) or a tieback. Once installed in a bored pile, the devieénjected
with grout, producing an expanded element. The EB technology has been used successfullpdease the



pile toe capacity of bored piles in different soil conditions. The expansion processngpacts the surrounding

soil to its critical state density, and increases the toe size, thereby increasing tresistance of the pile. While

the EB technology has been used extensively in many projects, the exploration offit effects and potential

is still in its infancy. "& ‘*7ie "feif”..S <o —' F——%1" —eti"e—_fet St £ 7f. e 7
compaction) on the surrounding soil including the extent of its influence, long-term perfanance, potential
benefits, etc. The study will look at the induced soil movements, deformations, generatiamd dissipation of
excess pore-water pressures at various distances from the installed device. Other norswective tests such

as dynamic pile loading test with the Pile Driving Analyzer (PDA), low pulse echo testing the Pile Integrity

Tester (PIT), and thermal integrity profiling (TIP) shall be conducted.

Experience
GEOTECHNICAL ENGINEER | AATECH SCIENTIFIC INC. | 2011-2020

SENIOR GEOTECHNICAL ENGINEER | SCIENTIFIC APPLIED CONCEPTS LTD. |2020-PRESENT

X Mr. Noor has worked on a multitude of company projects in the fields of foundation design and anasys
geotechnical instrumentation systems (design, installation, and monitoring), slope stabilitanalysis,
subsurface investigations, laboratory testing, and other engineering services. Mr. Noor hadso
undertaken the management and coordination of several projects across North America and overseghe
“fe— o' fe feot t<THTec—> 7 projeftis has previded Mr. Noor with a rich experience in
foundation behavior in a multitude of soil conditions. Mr. Noor is highly exgrienced in performing non-
destructive test on deep foundations and has been involved in over hundreds of tests across N@&therica
& overseas.Mr. Noor has also been involved in design of tiebacks/ahor and shoring systems.Mr. Noor
has been involved in conducting dozens of static loadings (Static) and bidirectional stat@ading test
(BDSLT), hundreds of pile integrity test (PIT), cross-hole sonic logging (Q3ést, dynamic testing analysis
(PDA), and thermal integrity profiling (TIP) tests. Managed, and field supervised many projedts/olving
anchor installation with gravity grouting methods as well as pressure grouting methodsvir. Noor has also
been involved in research activities and has conference papers published.

X Mr. Noor has had major contributions in the field of geotechnical design, instrumentation aratlvanced
deep foundation testing at AATech/SACL. A few projects have been listed below of ¥hst experience in
Mr. Noor has in the field of geotechnical design and testing.

x Patullo Bridge. Fraser River Crossing Constructors Group. Vancouver, BC 2022

SACL Engineers are providing ongoing consulting and design work for many segmeritthe bridge project
including the design of shoring, working platforms, controlled settlement of existing infrasucture during
pile driving and ground densification. Our mandate includes predicting settlement and digess to
roadways, overpasses, and buried infrastructure based on settlement and vibration monitoring plans
designed by SACL. SACL Engineers are also conducting thermal integrity and CSL testing onebpidies.

x Athabasca River Bridge, Construction Drilling, Norland Group, Athabasca, AB 2022

The Athabasca River bridge is amwn-going project where SACL has been retained in the design of a
temporary cofferdam at the Highway 813 Athabasca River Bridge. The proposed project consists of
designing a temporary cofferdam system to maintain a differential grade of about 8.0m withthe Pier
footprints. The project also consists of SACL conducting CSL tests across the entirgegto

X Grand River Bridge, Hwy 401, Waterloo, ON _ Bauer Foundations 2021

SACL was retained to conduct bidirectional static loading test on a test pile at the Grand RiveidBe near
Waterloo. The test consisted of instrumentation of the test pile with strain gages, telltales, extenseters,
bidirectional cell as well as inclinometer casings. SACL instrumented the pile with six levefsaur strain
gauges diametrically opposed pairs per level along with two extensometers between the upper and lower
plates of the bidirectional cell. Two pairs of telltale rods were also instrumented to reflecpper plate and
pile toe movement during the test. SACL also performed the lateral loading test on the same test pile after
the bidirectional static loading test was performed. The lateral loading test consisted of placemenftin-




place inclinometers in the test pile to record the lateral movement of the pile during loading. The loading
was implemented using calibrated hydraulic double-acting jacks by SACL.heTloading was measured
using a load cell and verified using calibrated pressure meter. The inclinometer was read during the
loading test as well as 5-days after the test was concluded. The inclinometer data showedlase
agreement with the estimated movements predicted by SACL.

X Muskrat Creek Instrumentation - MTO, Renfrew County . Cobden, ON WOOD PLC 2021

SACL was retained to install multi point borehole extensometer at the Muskrat Creek Culvert replacement
project. The scope involved the installation of the multi point borehole extensometer and layowoif
extensometer wires to data housing about 8 m away. Installation notes and initial data wasbmitted to
the client as part of the scope.

X Highway 27 bridge over the Athabasca River near Morin, AB - 2017

ASI designed and implemented an instrumentation and monitoring plan in addition to pilingspection at
the site of Highway 27 bridge. ASI Engineers installed slope inclinometer casings newly cast bridge
piles, vibrating wire piezometers and settlement cells around the abutment site i remote monitoring
capability. ASI monitored the instrumentation for 3 months before handing over the remote monitoring
to client. ASI was also involved in conducting CSL, PIT and Dynamic PDA testing on the bridge piles.

x 99t Street Peace River Retaining Walls, Mastec Canada Peace River, AB 2018

The Engineering team at ASI headed by Dr. Salem, designed a new stable profile ofstbee, west of
99 Street. The slope had exhibited a large-scale slip failure endangering a residential buildomgthe east
side of 99 Street and as well as 98 Street and existing cycle shop at the toe of the slopes niitigation
included the design of dual secant pile walls to produce a stable profile. The upper statiig wall was
secured by three rows of deep tiebacks. While overseeing the construction, the design team impebed
a substantial instrumentation program to monitor the performance of the retaining walls and thatability
of the slope. The instrumentation included series of strain gages embedded in st#l secant piles (to
monitor bending strains), inclinometer casings embedded in other secant piles fananual monitoring
(pile flexure), and vibrating-wire load cells installed on selected tieback rods (three per row) to monitor
the tension in the tieback rods The design team routed all instrumentation in electrical conduits to a
central logging system and collected the background readings before handing over the monitoring to City
representatives. We believe the instrumentation is still in operation to date and being monitored by the
City of Peace River.

X Crusher Area Walls Suncor Energy, Pacer Foundationgort McMurray, AB February 2016
X Walterdale Bridge, Pacer Foundations, - Edmonton, AB 2014

The project involved in the design of four cofferdams along the North Saskatchewadwerbanks for bridge
abutments construction. The excavation to the underside of the abutment was about 18m below the top
of berm elevation. Our involvement was monitoring the construction and excavation of the cofferdams.
We instrumented the walers at strategic locations with strain gages and setup remote data cali®on
monitored in real time and automated alarms to ensure secure access to the excavationASI also
consulted on the stability of clay berms and other geotechnical issues at this site including but nohilied

to pile driving, PDA testing, slope stabilization issues etcWe also conducted vibration monitoring to
establish PPV due to vibratory hammer operation on site and established safe distance of operation from
newly cast piles.

X Botanica Buildings, Red Deer Piling, Edmonton. AB__ 2014

ASI was involved in the temporary shoring design and deep foundation design of the Botanicaltngs in
Edmonton. ASI was involved in carrying out Dynamic testing, inspection of deep foundation construction
and sign-off on the design and construction of the deep foundation elements at this siteheTproject also
involved in ASI designing and implementation of a vibration and noise study durindpe construction of
the deep foundations (driven piles). The objective was to install equipment to measure and collecis®




and vibration levels at the subject project site within and adjacent to the construction sitenéluding
buildings or structures, that may potentially be impacted by noise and vibrations emanain from
construction activities where the noise (measured in dBA) and vibrations (measureth peak particle
velocity) may exceed the prescribed limits set by municipal bylaws and industry standards.

X Suncor Energy Rehabilitation of MSE Walls (OPP A, B & C), Mastec Fort McMurray. AB 2015

ASI team designed three retaining wallsl6 min height,to replace distressed MSE walls. The walls retain
the fill platform accessed by heavy hauling trucks carrying ort the crusher. The pre-design assessment
included vibration monitoring at the heavily reinforced concrete slab forming the crusher approdt The
objective of the monitoring was to estimate the dynamic forces acting on thealls as the 700-ton hauling
trucks maneuver over the slab and impact the concrete barrier before unloading the ore. Also, as part of
the design, the engineering team designed a permanent monitoring system to identify a rigivater head

at the base of the fill, which is an indication of drainage issues such as poolimgter on top of the platform

or clogging of the fill drainage system. The monitoring system consisted of aries of vibrating-wire
piezometers embedded at the base of the fill behind the new retaining wall. The piezometers (17 per wall)
were monitored in real-time via a network of spread-spectrum radio communication.

X Vibration Monitoring Program - Syncrude, NACG _ Fort McMurray. AB__ 2012

ASI was retained to perform vibration monitoring services athe Syncrude MLMR project site in Fort
McMurray, AB. Vibration monitoring was carried out to record pak particle velocity due to drilling as a

function of distance from drilling operations. The objective wao establish safe distance where newly cast
piles would not be adversely affected by drilling operations nearhyA test plan with different shaft sizes

were monitored during this study and sensors were placed at varioudistances as a function of diameter.
Once the test program was completed, results of the study were praldd to the client establishing the safe
distances where pile construction could be completed without havig an adverse effect on newly cast piles.

Software & Technical Environment

1. SAP2000 - Extensive knowledge in analyzing various structural elements using the software

2. AutoCAD & Draft Sight (Dassault Systems) - Advance level of utilizing software options and created
plan views of structures

3. RS Means Cost Works- Widely used in cost estimation of various projects

4. ArcGIS - Used software for analyzing flood flow levels and other hydrological purposes

5. GeoStudio 2007- Widely used in analyzing slopes by finite element method (Bishop, Janbu etc)

6. MSOffice Suite Excel, Word, PowerPoint, Project, Outlook, etc.

7. Adobe Acrobat Professional & NitroPDF

8. GRLWEAP GRL Engineers Software for analyzing hammer requirements, and dynamic analysis of
piles.

9. CAPWAP2006, 2014 Pile Dynamics Software for analyzing pile capacities using dynamic data

10. CHA2015 Pile Dynamics Software for analyzing cross-hole sonic data

11. PIT2009 Pile Dynamics Software for analyzing integrity of piles using low-echo sonic data

12. TIP Thermal Integrity Profiler for analyzing integrity of piles using thermal data

13. Ensoft LPile (lateral capacity of piles) and PYWall (retaining wall design)

14. UniPile Design of piles and pile groups using CPT, CPTu data, and theoretical analysis of pile
capacities and simulation of load-movement (by choosing appropriate t-z and g-z functions
response of a test pile in bidirectional test

15. GSlope (Mitre Software) Carry out limit-equilibrium slope stability analysis of existing natural
slopes

Associations

1. Association of Professional Engineers Ontario
2. Assaciation of Professional Engineers & Geoscientists of Alberta



Association of Professional Engineers British Columbia
Canadian Geotechnical Society

Deep Foundation Institute

Ottawa Geotechnical Group

Golden Key International Honor Society

University of Ottawa Alumni Association

©oNOo O~

Publications

x Noor, M.A., Metaferia, G.A, Salem, H. (2017, October). Correlation between concrete properties and sonic
wave speed using non-destructive field testing procedures [Paper presentation]. Proceedings of the 70th
Canadian Geotechnical Conference and the 12th Joint CGS/IAH-CNC Groundwater Conference held from
October 2017 in Ottawa, Ontario, Canada.
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46 Bain Avenue, Cache Bay, ON POH 1G0705-840-6807 | richard@saclcanada.com

Synopsis
Mr. Richard Hérard, is a Professional Engineer at Scientific Applied Concepts Ltd. (SACLQes2020. Mr.
Hérard has extensive knowledge and training experience in testing and analysis of deep foundations over
dozens of construction projects across Canada. He had major contributions in high pi®fprojects such
as the Metrolinx Project, Toronto, Highway 29, Fort St. John, Ottawa LRT, and many others. Mr. Hérard has
extensive specialized experience in conducting bi-directional test (BPJozens of pile integrity test (PIT),
cross-hole sonic logging (CSL) test, dynamic testing analysis (PDA), and thal integrity profiling (TIP)
tests.

Education
BACCALAUREATE OF APPLIED SCIENCES IN CIVIL ENGINEERMGE | UNIVERSITY OF OTTAWA
MASTER OF APPLIED SCIENCES IN CIVIL ENGINEERIREB | UNIVERSITY OF OTTAWA

Experience
GEOTECHNICAL ENGINEER | SCIENTIFIC APPLIED CONCEPTS IZ0R0FPRESENT

X Mr. Hérard has worked on various projects in the field of deep foundation testing. Working on prajes
across the country, Mr. Hérard tests multiple foundations a week with various non-destruet methods
proficiently. Being a problem solver by nature, he optimises his process with every sitehile providing
the most professional service and collaborating with the client. Doing the testing at dua high rate, he has
mastered multiple testing methods far exceeding contractual minimum requirementsA selected list of
past project experience in this field has been listed below:

1. Montreal REM Light Rail NouvLR
2. Kingston 3d Crossing Bridge Bauer Foundation
3. Toronto Cherry Street Bridge GFL Infrastructure
4. Toronto Commissioner Street Bridge GFL Infrastructure
5. Metrolinx Davenport Project Graham
6. Vancouver Centrum Port Henry Drilling
7. Burnaby Terminal KLTP
8. Fort Saint John Highway 29 Henry Drilling, Formula Construction, Construction Drilling
9. Ottawa LRT HCM
Associations

1. Association of Professional Engineers Ontario
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Previous Experience (Selected List) for Static Loading Test - SACL Engineers

Year Location Owner Client Type of Test
1999 Washington, DC Modern Continental Compressign ASTM D114
1999 Washington, DC Modern Continental Tension ASTM D3684
1999 Washington, DC Modern Continental Compressign ASTM D114
1999 Washington, DC Modern Continental Tension ASTM D3684
1999 Washington, DC Modern Continental Compressign ASTM D114
1999 Washington, DC Modern Continental Tension ASTM D3684
2000 Washington, DC Modern Continental Compressign ASTM D114
2000 Washington, DC Modern Continental Compressign ASTM D114
2000 Washington, DC Modern Continental Compressign ASTM D114
2000 Washington, DC Modern Continental Tension ASTM D3684
2000 Washington, DC Modern Continental Tension ASTM D3684
2000 Washington, DC Modern Continental Compressign ASTM D114
2000 Washington, DC Modern Continental Compressign ASTM D114
2000 Washington, DC Modern Continental Compressign ASTM D114
2000 Washington, DC Modern Continental Compressign ASTM D114
2000 Pennsylvania, DC HRI Compressi¢n ASTM D114
2000 Pennsylvania, DC HRI Compressipn ASTM D114
2010 Fort McKay, AB Pacer Foundation Corporation Compresslion ASTM D11
2010 Fort McKay, AB Pacer Foundation Corporation Compresslion ASTM D11
2011 Conklin, AB Red Deer Piling Inc. Compression ASTM D114
2011 Conklin, AB Red Deer Piling Inc. Compression ASTM D114
2011 Edmonton, AB NACG Compressign ASTM D114
2011 Cold Lake, AB Red Deer Piling Inc. Compresgion ASTM D11
2011 Cold Lake, AB Red Deer Piling Inc. Tensile| ASTM D36
2011 Cold Lake, AB Red Deer Piling Inc. Lateral ASTM D39
2011 Cold Lake, AB Red Deer Piling Inc. Compresgion ASTM D11
2011 Cold Lake, AB Red Deer Piling Inc. Tensile) ASTM D36
2011 Cold Lake, AB Red Deer Piling Inc. Lateral ASTM D39¢
2012 Logan Lake, BC NACG Lateral ASTM D396
2012 Logan Lake, BC NACG Lateral ASTM D396
2012 Logan Lake, BC NACG Lateral ASTM D396
2012 Edmonton, AB NACG Compressign ASTM D114
2012 Edmonton, AB Double Star Drilling Compressipn ASTM D114
2012 Fort McKay, AB Pacer Foundation Corporation Compressiion ASTM D11
2012 Fort McKay, AB Pacer Foundation Corporation Compresslion ASTM D11
2012 Fort McKay, AB Pacer Foundation Corporation Lateral ASTM D394
2012 Saint Nicolas, QB Pomerleau Lateral ASTM D396¢
2012 Fort McMurray, AB BAUER Foundations Canada Inc. Compregsion ASTM D1
2012 Fort McMurray, AB BAUER Foundations Canada Inc. Compregsion ASTM D1
2012 Kitamat, BC NACG Lateral ASTM D3966
2012 Kitamat, BC NACG Lateral ASTM D3966
2013 Santa Cruz, Bolivia INCOTEC Compression ASTM D11
2013 Santa Cruz, Bolivia INCOTEC Compresdion _ ASTM D11]
2013 Santa Cruz, Bolivia INCOTEC Compreséion ASTM D11
2013 Santa Cruz, Bolivia INCOTEC Compresgion ASTM D11
2013 Fort McMurray, AB Keller Foundations Compressipn ASTM D114
2013 Fort McMurray, AB Keller Foundations Compressipn ASTM D114
2013 Fort McMurray, AB Keller Foundations Compressipn ASTM D114
2013 Fort McMurray, AB Keller Foundations Compressipn ASTM D114
2013 Fort McMurray, AB Keller Foundations Compressipn ASTM D114
2013 Fort McMurray, AB Keller Foundations Compressipn ASTM D114
2013 Fort McMurray, AB Keller Foundations Compressipn ASTM D114
2013 Fort McMurray, AB Keller Foundations Compressipn ASTM D114
2013 Fort McMurray, AB Keller Foundations Compressipn ASTM D114
2013 Fort McMurray, AB Keller Foundations Compressipn ASTM D114
2013 Fort McMurray, AB Keller Foundations Compressipn ASTM D114
2013 Edmonton, AB Double Star Drilling Compressipn ASTM D114
2013 Edmonton, AB Double Star Drilling Compressipn ASTM D114
2013 Edmonton, AB Double Star Drilling Compressipn ASTM D114
2013 Fort McMurray, AB North American Constructors Ltd. Compressjon ASTM D11.




Previous Experience (Selected List) for Static Loading Test - SACL Engineers

2013 Fort McMurray, AB North American Constructors Ltd. Compressjon ASTM D11
2013 Fort McMurray, AB North American Constructors Ltd. Compressjon ASTM D11.
2013 Fort McMurray, AB Pacer Foundation Corporation Compress|on ASTM D11.
2013 Fort McMurray, AB Pacer Foundation Corporation Compress|on ASTM D11.
2013 Fort McMurray, AB Pacer Foundation Corporation Tensile ASTM D369
2013 Fort McMurray, AB Pacer Foundation Corporation Tensile ASTM D369
2013 Fort McMurray, AB Pacer Foundation Corporation Lateral ASTM D396
2013 Fort McMurray, AB Pacer Foundation Corporation Lateral ASTM D396
2013 Fort McMurray, AB Pacer Foundation Corporation Compress|on ASTM D11.
2013 Fort McMurray, AB Pacer Foundation Corporation Compress|on ASTM D11.
2013 Fort McMurray, AB Pacer Foundation Corporation Tensile ASTM D369
2013 Fort McMurray, AB Pacer Foundation Corporation Tensile ASTM D369
2013 Fort McMurray, AB Pacer Foundation Corporation Lateral ASTM D396
2013 Fort McMurray, AB Pacer Foundation Corporation Lateral ASTM D396
2013 Conklin, AB Red Deer Piling Inc. Compression ASTM D114
2013 Conklin, AB Red Deer Piling Inc. Tensile ASTM D368
2013 Conklin, AB Red Deer Piling Inc. Compression ASTM D114
2013 Conklin, AB Red Deer Piling Inc. Tensile ASTM D368
2013 Conklin, AB Red Deer Piling Inc. Compression ASTM D114
2013 Conklin, AB Red Deer Piling Inc. Tensile ASTM D368
2013 Conklin, AB Red Deer Piling Inc. Compression ASTM D114
2013 Conklin, AB Red Deer Piling Inc. Tensile ASTM D368
2013 Fort McMurray, AB Pacer Foundation Corporation Compress|on ASTM D11.
2013 Fort McMurray, AB Pacer Foundation Corporation Compress|on ASTM D11.
2013 Saskatoon, SK Keller Foundations Compressjon ASTM D11.
2013 Saskatoon, SK Keller Foundations Compressjon ASTM D11.
2014 Acheson, AB Shelby Engineering Ltd. Compression ASTM D11
2014 Edmonton, AB Shelby Engineering Ltd. Compresslon ASTM D11.
2014 Edmonton, AB Shelby Engineering Ltd. Compressjon ASTM D11.
2014 Fort McMurray, AB Keller Foundations Compressipn ASTM D114
2014 Fort McMurray, AB Keller Foundations Compressipn ASTM D114
2014 Colonsay, SK Keller Foundations Compressjon ASTM D11
2014 Spruce Grove, AB Shelby Engineering Ltd. Compression ASTM D11
2014 Fort McMurray, AB Pacer Foundation Corporation Compress|on ASTM D11
2014 Fort McMurray, AB Pacer Foundation Corporation Lateral ASTM D396
2015 Prince Rupert, BC Fraser River Piling & Dredge Compreﬁsion ASTM D1
2015 Prince Rupert, BC Fraser River Piling & Dredge Compre:Jsion ASTM D1
2015 Gillam, MB Pacer Foundation Corporation Tensile ASTM D368
2015 Gillam, MB Pacer Foundation Corporation Compressipn ASTM D114
2015 Gillam, MB Pacer Foundation Corporation Lateral ASTM D396
2015 Gillam, MB Pacer Foundation Corporation Tensile ASTM D368
2015 Gillam, MB Pacer Foundation Corporation Compressipn ASTM D114
2015 Gillam, MB Pacer Foundation Corporation Lateral ASTM D396
2015 Fort McMurray, AB Pacer Foundation Corporation Compress|on ASTM D11
2015 Fort McMurray, AB Pacer Foundation Corporation Compress|on ASTM D11




Previous Experience (Selected List) for Static Loading Test - SACL Engineers

2016 Fort McMurray, AB Pacer Foundation Corporation Compress|on ASTM D11
2016 Edmonton, AB AMEC Foster Wheeler Compression ASTM D114
2016 Edmonton, AB AMEC Foster Wheeler Compression ASTM D114
2016 Edmonton, AB AMEC Foster Wheeler Compression ASTM D114
2016 Keewatinohk, MB Pacer Foundation Corporarion Tensile ASTM D364
2017 St. Georges, Bermuda AECON Compressjon ASTM D11
2017 St. Georges, Bermuda AECON Tensile ASTM D364
2017 St. Georges, Bermuda AECON Compressjon ASTM D11
2017 St. Georges, Bermuda AECON Tensile ASTM D364
2018 Bainsville Hwy 401, ON Dufresne Piling Compressjon ASTM D11
2018 Bainsville Hwy 401, ON Dufresne Piling Lateral ASTM D396
2018 Bainsville Hwy 401, ON Dufresne Piling Lateral ASTM D396
2019 Ottawa, ON Bing Fing Li Engineering Compressjon ASTM D11.
2019 Ottawa, ON Bing Fing Li Engineering Compresslon ASTM D11
2021 Waterloo, ON BAUER Foundations Canada Inc. Laterd| ASTM D39
2021 Ottawa, ON Tomlinson Group/Dufresne Piling - Expander Body Internatignal Tensjle ASTM D3
2022 Ottawa, ON Marathon Underground/Klewet‘Infrastructure - Expander Bod| Tensile ASTM D3689-0
International
2022 Ottawa, ON Marathon Underground/K|ewet‘Infrastructure - Expander Bod| Tensile ASTM D3689-0
International
2023 Edmonton, AB AECON Foundations Compressjon ASTM D11
2023 Edmonton, AB AECON Foundations Compressfon ASTM D11
2023 Edmonton, AB AECON Foundations Compressjon ASTM D11
2023 Edmonton, AB AECON Foundations Compressfon ASTM D11
2023 Edmonton, AB AECON Foundations Compressjon ASTM D11
2023 St. Catherines, ON HC Matcon - Ministry of Transportation ON Compregsion ASTM D1
2023 St. Catherines, ON HC Matcon - Ministry of Transportation ON Compregsion ASTM D1
2023 Prince Rupert, BC Pacific Piling & Marine Contractors - Advisian Tensjle ASTM D3
2023 Prince Rupert, BC Pacific Piling & Marine Contractors - Advisian Tensjle ASTM D3
2024 Sudbury, ON PRECO-MSE Compressjon ASTM D11
2024 Sudbury, ON PRECO-MSE Tensile ASTM D36
2024 Ottawa, ON PRECO-MSE Tensile ASTM D368




Appendix 2

Test pile instrumentation drawings and as-builts

SACL
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Calibration Sheets
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Scientific Applied Concepts Ltd.
Calibration of Load Cell (S/N: SC3322)

. . Lab Conditions
Load cell calibration Temperature: |21_O °C
1400000
T - 1 2 3
y =0.0013x? + 141.14x - 112711 -
1200000 R2=1 Applied Gage Computed
load Reading Gage Factor
1000000 1 (Ibs) (digits) Lbs./digit
i 0 805 N/A
@ LEdnthieROouis, 123,643 1628 150.255
= 800000 1 ' 247,210 2489 143.471
9 371,425 3339 146.063
o 600000 - 498,127 4186 149.739
625,415 5010 154.336
400000 - 750,187 5805 156.977
‘ 871,369 6573 157.766
¢ Seriesl 994,395 7348 158.849
200000 - Linear (Seriesl) 1,122,150 8151 159069
Poly. (Series1) 1,246,568 8921 161.494
0 A ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Gage reading (digits) Test Setup
Manufacturer: RST
Model No.: SC
Polynomial gage factors: A= 0.00127161 nNC= -112,710.7697 ! Gage Type: Resistive strain gage
B= 141.140335 Serial No.: SC3322
Piezometer (Ref.): WIKA - S20 - (SN 1A01M2MH72A*)
L=AR’*+BR+C L= Loadinlbs Load Cell (Ref.): GEOKON 3000X-2000-0 (SN 1532417%)
R = Cell reading in digits Jack (Ref.): 202409-01-01-1000TI-0-1-127

*Traceable to NIST standards

Gage Factor (G): 153.519 Ibs./digit (1 mV/V = 4,000 digits)
Il Recalculate C based on your field setup by setting L = 0 and R = initial field (Linear) 0.6829 kN/digit 1 kN =224.82 Ibs
zero reading in the polynomial equation below
Linear Function: | L=(R-Rgp)*G

%L F:#U48 E $4;

L = Load in Ibs or kN, depending on G
R = Cell reading in digits
Ro = No load digit reading
G = Gage Factor in Ibs./digit or kN/digit

Important note:

When testing within a low range of load (below 10,000 Ibs), use the polynomial factors Calibrated by:  J.Singh
for calculating the load. Readings for specific loads can be computed using: Checked by: M. Noor

Calibrated on:  February 10, 2025

[2025.10.02 - LC Calibration - SC3322.xsm]LCC




Appendix 4
CAPWAP Analysis results
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Appendix 5
Pile driving records and PDA Plots
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Appendix 6

Static test data +Load v. pile head movement
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Appendix 7

Strain data
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