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Preproductionpile testprogramswereperformedon four sitesalongthe Taylor/Navarrogeologicformation
ranging from western San Antonio to Jarrell, Texas, approximately 150 miles apart The geological
conditionsconsistedf overconsolidatedhighly expansivestiff fat clay soil. The testprogramsconsisted
of performingdynamictestingduringinitial drive andduringrestrikesaftera 7-daywait periodalongwith a

staticloadtest Testresultswereused/correlatetb establisithe pile designfor foundationpile layout Two

of the four siteshavehad piles installedalready,3700 in total, whereaghe othertwo sitesare plannedto

beginin 2025and2026with a combinedpile countof 3000to 4000piles Thetwo completedsiteshadover
110 productionpiles dynamically testedduring initial drive and restrike of 3+ daysto establishdriving

criteriafor eachbuilding pad The purposeof this presentatiors to providea guidefor drivenpile designin

highly expansiveclay soils basedoff thesetestresultsandinstallationexperienceThe ultimate capacities,
unit skin friction, end bearing pressure,soil set up rates, plastic soil dampeningfactors, and WEAP

productionmatchingwill be included It will also provide recommendation$or soil analysis,expansive
force assumptionsWEAP analysis,pre-production& productionpile tests,pile design,driving criteria,

Inspectionguidelines,and accommodatingor variability in local soil conditions This empirically based
designwasimplementedn afifth sitein SanMarcosandwill bediscussean detail

* K ¥k
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Partl. Background5 Minutes)

A Applicationin expansivesoilsis a highly successfuliseof drivenpipe pilesbecaus®f the smalldiameteresulting
In less uplift forces Small diameterpiles have beentestedto supportmuch higher capacitiesthan static soil
analysis SanMarcosZ-Modular- 36 kips from geotechnicatecommendations 338kips staticloadtest

Part2: EmpiricalData(15 Minutes)

A Empirical datafrom 4 locationsranging 150 miles using the exactsamepipe (8 IN sch 40) for the exactsame
loading conditions(59 kips) in the samegeologicformation (Taylor/Navarro) Over 3700 piles havebeendriven
for 2 of theselocations(5 to 6 monthtotal scheduleland1900+ piles on a third for Summer2025 (planned2 to 3

monthschedule)

Part3: Empirically BasedDesign(10 Minutes)

A Design derived from 7 statically tested piles and 138 dynamically tested piles during pre-production and
production

Part4. CaseStudyi SanMarcosDevelopmen{15 Minutes)

A Empirically baseddesignimplementedor a differentdeveloperfor threetilt-wall warehousesising673 pipe piles
(4 weekschedulefor 82.5 and100kip designloads

* K ¥k
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Highly expansive smectite/montmorillonite clay combined with inconsistent and intense weather
events, along with local considerations (drainage, vegetation, etc.) cause movement in soil and slab
failures.

1] WATER CONTENT, W ———=

Idealized Water Content Profile (Nelson, et al. 2001)

* Kk ———
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A Soil in the active zone exerts an upward load along
driven piles

A Embedment depth should be based on shaft resistance
below active zone to overcome upward loads

A Upward loads are reduced by the deadweight of the
superstructure

A Embedment depth =

SApiteX LaX Rgx — Qpr.
F

Li—wet =
SApileX Rgp—

* K ¥k
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A Soil in the active zone completely separates from the
driven pile

A Embedment depth should be based on length of pile
to bear all structural loads below active zone

A Embedment depth =

F
I . QDL+LL _ Apilex pend
I-Dry — F

SApile X Rsp_

Surface

Active
Zone

Qg7 =

Inactive SA_,.x L x Ry,

pile

clTClE: Apile X Pend

* K ¥k
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High Strain Dynamic Load Testi ASTM D4945

A Use strain gaugesand accelerometerto measurethe
energywaveproducedoy animpacthammerandrecorded
with a Pile Driving Analyzer(PDA).

A SignalMatching(CAPWAP)is usedasa rigorousanalysis
for dynamicallytestedpiles.

A Results include ultimate capacity, shaft resistanceby
depth toe capacitydriving stressesandhammerenergy

Static Load Testi ASTM D1143

A Usereactionpiles and beamto resista loading cell that
directlyloadsthetestpile.

A Quick Test loads the pile in 5-10% increments of
anticipated failure load for 4-minute intervals while
recordingdisplacements

A Failure is typically reachedat 2 inches of total pile
displacement

A Loading cell incrementally reduces load to zero to
determinghereboundcurve

A Load v Settlementplots are comparedto Davi s s ¢
Criterion Exampleshownontheright.

Testing (SL)

Z Modular - San Marcos, TX - 12 Inch Pipe Pile
Compression Static Load Test - Pile Head D vs. Applied Comp Load

100 200 300 400

=1 e = =
-
-

©-Load vs Sol Curve Elastic Comprassion son @ Line

Pile Testing

* K g ————
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SOIL DAMPING AND RATEDEPENDENTSOIL STRENGTHCHANGES
DUE TO IMPACTAND RAPID LOADSON DEEPFOUNDATIONS
A Authoredby FrankRauschdHD PE, PatrickHanniganPE, CamiloAlvarez PE

AFor certain plastic soils, it has beenfound that the static resistancederived by
analysisfrom the dynamictestmay not completelyaccountfor the fact that quickly
loadedmaterialsexhibit a strengthgreaterthana slowly loadedmaterial

ARecommendationsare given aimed at both reducing the possibility of
overestimationsof capacity and the need for accurately knowing the soill
characteristicaearthelocationof thedynamicallytestedfoundation

A https//www.grlengineersom/wp-content/uploadf02209Soil-dampingandrate
effectsconfsubmittatl.pdf

* K ¥k
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Del Rio - CL-7FT
CH - 10 FT Active:
Taylor - 12 FT Active 15 FT Active: Wehhew;I:E
Initial Unit Skin Active | Webberville
Friction (ksf) San San Tarry
Manor Manor Marcos Marcos Town
6-5/8" HP10x42 7-5/8" 8" Conc | 7-5/8" 7-5/8" 7-5/8" 12-3/4"
Max 4.37 3.88 3.77 1.57 3.95 0.45 1.12 1.41
Active
Jone Min 1.98 0.94 0.60 0.00 0.00 0.08 0.37 0.67
Average 3.55 2.41 2.09 0.84 0.84 0.20 0.58 1.17
Max 2.62 4.15 3.02 2.86 4.67 0.90 1.38 1.41
Inactive ]
Zone Min 0.58 2.82 2.49 1.01 0.52 0.22 0.72 1.38
Average 1.40 3.18 2.74 2.27 2.44 0.69 1.06 1.39
A_Heraged Ur“'t Ta‘fh:lr DEI Rl-D CH
Skin Friction % 6-5/8" 7-5/8" 7-5/8" 12-3/4"
Increase DOtoD6 | DOtoD5 D5toD10 DOtoD10 | DOto D17 DOto D7
Active Zone 14% 10% 10% 22% 70% 32%
Inactive Zone 298% 39% 34% 36% 23% 33%
Unit Skin Friction Values for Initial Driving & Averaged Unit Skin Friction
Percent Increase by Zone of Seasonal Moisture Change (Signor 2011) %k &

Unit Skin Friction by Zone & Setup

N\ 512.264.8300
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ARemove and replace with
6 to 10 feet)

ASoil treatment
AGrading and landscaping
AShallow foundations on remove and replace

A

Posttensioned slabs

ADeep Foundations
A
A
A

Drilled piers installed straight or belled
Driven piles (highly undeutilized)
Supporting structural slabs: carton form void boxes or crawl space

60

| 1 ft s

Soill Remediations & Foundations

* X %
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TREATED #2 TP 2= PLATE
W/ 2"l O ANCHOR BOLT @
48" OC.

IF BEAM EXCEEDS 4'-0° ABOVE
GRRDEJ‘!DDM::F DO~ELS @
24" gL, L0

CONMCRETE SLAB, SEE PLAN
FOR REINFORCING

2" MIN. OVERALL
&' MIN

[=0" MIN.

—

—

12" DEEP VOID CARTONS,
SEE STRUCTURAL NOTES
REFER TO 2/5-2

& MIL POLTETHTLENE VAPOR
BARRIER OVER NATIVE SOIL.
REMOVE ALL ORSANIC MATTER
PRIOR TO PLACING FILL (TYF)

REINFORCE BEAM WITH 2-86 BARS
CONTINUOUS TOP & BOTT. W/ 43 CLOSED
TTYPE (135°) STIRRUFS @ 24" 0.C. ADD
2-44 HORIZ, AT 12° OC. AT MIDDLE IF
GRADE BEAM DEPTH EXCEEDS 2'-&'

BOTTOM OF GRADE
BEAM SHALL HAVE A
SLOPE LESS ThAM [0

CONCRETE 50IL
RETAINERS

Void Box Detall

N\ 512.264.8300
B4 info@texaspile.com
] www.texaspile.com
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Pier & Beam
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EMPIRICAL DATA



A Proprietorconnectiorpieceallows modularunitsto bepinnedto 7+ stories
A Factorybuilt modularunitsof 12FT x 12 FT x 20to 66 FT.
A Modularunitsbuilt with tubesteelprovidedby Zekelmanindustriegparentcompanyof Z-Modular).

‘.'\ ’P % : v

* X %
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A Foundationbuilt aspier and beamwith relatively light structural loadsdue to tube steel spans
Exterior grade beamsclosein the foundation.

A Modular units cranedinto place once foundation is complete.
A Largereduction of schedulewith main structure built off site and during permitting process

{ qx:-r.i_;_é“,,[',sgf
nif"” i ! 5~—= ! T

*hoh ————
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ALargestprivate manufactureof structuralsteel(squaresrecs& rounds)in North
America
AAIl shapesproducedon ERW mills which allows for fast & costeffective
production
ASpecificto pipepilesAtlas Tubehassupported:)oththe private& public markets
IncludingUSACE,Caltrans& DOT 0 s
Aln additionto producingpipe pilesAtlas Tubeoffersthefollowing
A 100% domestigpipewith full traceability
AValue-Add servicessuchasbevelandplate/ point attachment
A Customdengths gradesgaugesandprojectspecificrollings
A Ability to produceover1,000tonspershift
A Ability to deliverby truck, rail or barge

* K ¥k

Supplier: Atlas Tube EEE Atlas Tube S mioressiptecom
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TexasPlile, LLC (formally TX Pile andSignorEnter

orises)s basedn Austin,

Texasand servesCentral Texasand surroundingareasfor driven piles and

marine construction Over the past severaldecac

es. Texas Pile has been

exposedto all the local soil conditions(river deposits,expansivesoils, fill
sites,granitesandsetc) anddriven pile applications(foundationpiles, dock

niles, soldierpile andtimberlaggingfor shoring,pile androadplatewall for
plastwalls, light gaugesheetpilesfor bulkheadingandcofferwalls andlarge
orofile sheetpiles) Bargesupportedrigs havebeenon the Highland Lakes

sincethe early 198Gs, building docksandmarinason Lake Austin, Lady Bird

Lake,andLake LBJ, alongwith bargeservicedor g

eotechnicainvestigation

anddamstabilizationfor Lake TravisandLake Marble Falls

* K ¥k
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= *#= GEOLOGY OF TEXAS

0 BUREAU OF ECONOMIC GEOLOGY “
L A Y THE UNIVERSITY OF TEXAS AT AUSTIN «*
=== ks v,> s '—ﬁi University Sution, Box X _¢*
Qbd s e( 2 2 Austin, Texas 78713 -8924 o*
§ 1] sl :’T‘J’"\L, (512) 471-1534 o*
=i i y | Y,
Fhe IS A P
Rl .. ,' < )
N A Rk Sy o -
E ' y East Austi
Qv e
! = East Austin
5

ok .
& S X s an Marcos n s X
2y N ¥ ~ o
R g s - 28 AN

L 5 7 v o o A

w geologic formation of Navarro
and Taylor Groups (Ku2). Late

s | Cretaceousmarine deposits.
: K
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A San Marcos (Completed Summer 2022)
A Fat Clays/Lean Clays
A 8 threestory apartment buildings, 440,000 Sq. Ft.
A 2051 Piles at 25 Ft. Embedment

A Jarrell (Completed Summer 2023)
A Heiden and Houston Black,
A 5 threestory apartment buildings, 279,000 Sq. Ft.
A 1655 of Piles at 30 to 32 FT Embedment

A East Austin at Decker Lake (Starting Summer of 2025)
A Taylor Formation, expansive fat/gravelly fat clays
A 10 threestory apartment buildings, 384,000 Sq. Ft.
A 1902 Piles w/ Depth to be Determined

A West San Antonio (TBD)
A Fat Clays/Gravelly Clays
A 8 threestory apartment buildings, 370,000 Sq. Ft.
A 1900+ Piles w/ Depth to be Determined

AALL PILES
DESIGNED TO
59,000 POUNDS

Site Descriptions

N\ 512.264.8300
B4 info@texaspile.com
] www.texaspile.com
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A San Marcos (Completed Summer 2022)
A Fat & Lean Clays

A 8 threestory apartment buildings, 440,000 Sq. Ft.

/
E4RS

A 2051 Piles at 25 Ft. Embedment

Site Descriptions: San Marcos

N\ 512.264.8300
B4 info@texaspile.com
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A Jarrell (Completed Summer 2023)
A Heiden and Houston Black,
A 5 threestory apartment buildings, 279,000 Sq. Ft.
A 1655 of Piles at 30 to 32 FT Embedment

* Kk ———
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| SLTLocation

FFE: 496.50
T/EMBED: 495 593

"; ‘.-- . 3 \ - {"-.;_» R S 3 R < s g o
A East Austin at Decker Lake (Starting Summer of 2025)
A Taylor Formation, expansive fat/gravelly fat clays

A 10 threestory apartment buildings, 384,000 Sq. Ft.
A 1902 Piles w/ Depth to be Determined

N 512.264.8300

Site Descriptions: East Austin S mioeressle o
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///// ;‘%’ @ = REQUESTED BORING LOCATION
// AN b
LY : I | LOT7
Iy SLTLocation =
A / LOT 9 ' |
—— — - = ‘ <
iy | e L : ‘: b
LOT 12 (o | :
I el =00 .
QT QTTTTTTTTTITTTTTIN
T ) e ] o "
LOT 13 y T 1‘1"7 ‘ "
‘ LLLLLLLLLLE '
P LOT 16/8
et E g P42 REMAINING MF
) & ‘ 10.18 ACRES
LOT 14 § e
‘_> > E < |‘IH||||5|[||']']H;V' 1% g
‘ 2 . .umm.mu W . ;
i AR =3 e et A AT i’ ¢ ok TRl S SRS ‘ @E gg :1 ]
- ¥ P A 55 Rt Y ) 2 : < 3 e ol . ) | “ E:‘ - L y |
A West San Antonio (TBD) e B N

A Fat Clays/Gravelly Clays
A 8 threestory apartment buildings, 370,000 Sq. Ft. SINGLE FAMILY O AR ON

A 1900+ Piles w/ Depth to be Determined
* K d ———
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Location

Pipe Diameter

Pipe Thickness

Depth

Open or Closed End

Test
Results

Units

Initial: Total
Initial: Toe
Initial: Shaft
One HR
One DAY
Restrike: Total
Restrike: Toe
Restrike: Shaft
Static
187 Days

San Marcos
8.625 IN 12.75IN
0.322 IN 0.375 IN

30FT 27 FT
CEP CEP
(kips) (Kips)
130 290
70 160
60 130
185 335
255 355
338 321
330 430

8.625 IN
0.322 IN
25 FT
CEP

(kips)

Jarrell

8.625 IN
0.322 IN
25 FT
OEP

(kips)
160
40
120

170
40

130
117

8.625 IN
0.322 IN
41 FT
OEP

(kips)

210
40
170

260
40

220
180

West

Static Load v Dynamic Tests

East Austin .
San Antonio
8.625 IN 8.625 IN
0.322 IN 0.322 IN
25 FT 25 FT
OEP OEP
(kips) (kips)
175 134
30 25
145 109
260 187
30 23
230 164
220 136
* K —————

N\ 512.264.8300
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_ : West
Location San Marcos Jarrell East Austin :
San Antonia
Pipe Diameter 8.625 IN 12.75IN 8.625 IN 8.625 IN 8.625 IN 8.625 IN 8.625 IN
Pipe Thickness 0.322 IN 0.375 IN 0.322 IN 0.322 IN 0.322 IN 0.322 IN 0.322 IN
Depth 30 FT 27 FT 25 FT 25 FT 41 FT 25 FT 25 FT
Open or Closed End CEP CEP CEP OEP OEP OEP OEP
Units (kips) (kips) (kips) (kips) (kips) (kips) (Kips)
Static 338 321.2 103.9 116.5 179.8 220 133.6
Restrike: Total 348* 377* - 170 260 260 186.6
Restrike: Toe 70* 120 - 40 40 30 22.7
Restrike: Shaft 278* 257* - 130 220 230 163.9
Test |Static: Shaft = Stat
Results i Restrike: Toe 268 201.2 - 76.5 139.8 190 110.9
Dampening Factor
Static: Shaft/ 98.3% 78.3% - 65.7% 77.8% 82.6% 67.7%
Restrike: Shaft
* Extrapolated
* Ky ————

Dampening Factors

N\ 512.264.8300
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Dampened (82.6%) Initial Skin Friction (ksf) i East Austin Test Piles FS  2.0C

Test Pile #
Depth (FT) Avg Median Min Max
1 2 3 4 5 6 7 8 9 10
0-10 0.99 044 0.73 0.62 052 052 052 034 034 034 054 052 034 0.99
10-15 1.35 135 188 135 118 120 082 084 083 121 120 120 0.82 1.88
15-20 190 190 190 154 135 200 154 244 190 244 189 190 135 244
20-25 190 190 190 190 1.73 217 190 244 190 244 202 190 173 244
Dampened (82.6%) Restrike Skin Friction ksf) T East Austin Test Piles FS  2.0C
Test Pile #
Depth (FT) Avg Median Min Max
1 2 3 4 5 6 7 8 9 10
0-10 1.27 054 0.83 0.73 0.71 0.62 0.71 053 0.34 0.62 069 0.66 0.34 1.27
10-15 1.89 226 244 226 173 173 136 138 158 1.75 184 174 136 244
15-20 217 244 326 263 244 263 263 337 3.18 354 283 263 217 354
20-25 217 3.17 3.26 335 281 335 299 4.07 353 353 322 331 217 4.07

N 512.264.8300

Unit Skin Friction by Depth (East Austin) s reewesiecon

] www.texaspile.com
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Depth Geotec
ksf
0-10 0
10-15 0.125
15-20 0.7
20-25 0.85

End (25 FT 9

Recommended vs. Actual Minimum Dampened

|

Initial Restrike

- Min
ksf
0.34
0.82
1.35

1.73
73.9

- Min
ksf
0.34
1.36
2.17

2.17
73.9

Allowable Values at East Austin Site

Uplift Force

A U, =55 x 8.625/12 = 39.5 kips

A Force/SF = 39.5 kips/ (15 ft x 8.625/12 x
") =39.5kips/ 15 ft x 2.26 ft £.17ksf

DEPTH (FT) A:;?c"ﬁg?ulfpif)hl ALLOWABLE END BEARING CAPACITY (PSF)
0to 6% Neglect Neglect
6% to 15 125 Neglect
15t0 20 700 Neglect
20to 30 850 9,000
30 to 60 1,300 12,000
60to 75 1,300 20,000

Driven Pile Recommended Design Values per Geotechnical Engineer of Record at East Au:

Us
Us

Where: Us
d

The uplift forces created on the piles due to the expansive soils plus any live loading conditions can
be resisted by the dead load on the pile and the weight of the pier. Additional uplift resistance can
be achieved using the allowable skin friction values listed above for the portion of the pile below a

depth of 15 feet.

55-d (areas without a reduced PVR building pad)
25-d (with building pad prepared for a 1-inch PVR and/or with

6%-foot crawlspace)

uplift force acting on pier due to expansive soils (kips)
outside diameter of pile (feet)

* Kk ———
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Geotechnical Unit Skin Friction by Depth s reewasiecn
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givenprojectsite
A Soil

perfoot.

10 20 30 40 50 60

A Blow counts vary by depth on any 15 oo .
-16 ecne 000000 °
variability not found in r |
. . . - 0000000000 [ X J ( J
geotechnicasoil boringscanbe proven
at eachpile by the blow countof blows -18 e ceccecceces oo
f_'\ —19 00 0000000000000000
= -20 oo 00 oooee Yyl
o
D -21 000000000000 O 0000 o
-22 e000c0000000 00 o oo °
'23 0000000000000 O O ( X X J o0 O
24 000 0000000 00 00 o0 o <
-25 0000 0000000° "0 000 000 0O ° °
Blow Counts
San Marcos Site Range of Blow Counts by Depth
* X %

Blow Count by Depth (San Marcos)

N\ 512.264.8300
B4 info@texaspile.com
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Surface Rock Not Found in Geotechnical Borings.

N 512.264.8300

Variations Not in Geotechnical Report s seecasiee
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San Marcos:Test Pil e (CEP) vs Reacti on
Alnitial: 290 v 305 kips (15 kips or 5.2%)
A1-HR: 335 v 375 kips (40 kips or 11.9%)
ASetup: 116% v 123% (7%)
A1-Day: 355 v 425 kips (70 kips or 19.7%)
ASetup: 122% v 139% (17%)
ASet Up is higher for OEP

Jarrell: confirmed observations from San Marcos by driving OEP & CEP a
each of the 5 test locations.

AJarrelli East Test Piles BOR: 150 v 175 kips (25 kips or 16.7%)

Aldarrelli West Test Piles BOR: 195 v 255 kips (60 kips or 30.8%)

AJarrelli South Test Piles Static Loaded at 25 FT: 105 v 120 kips (15 kips or 14.3%
3 K Sk

Closed End v Open End Piles S hcresmlecon
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Blows per Depth
Location Far West North West South East
Jarrell: Depth CEP OEP* CEP OEP*CEP* OEP CEP OEP* CEP OEP*
11 8 12 9 11 7 11 6 8 6 8

AFor all recordeddepthsopenendpiles 1 o 2 10 1 7 1 5 o 5 s

(OEP) had a higher blow count than @ 10 13 14 13 8 12 5 9 5 8

. 14 11 14 13 13 10 14 ) 11 6 9

CIOsedendplleS(CEP) 15 12 16 13 14 13 14 5 12 7 10

ATherewasanaverageof 34% increasdén '° @ 20 1 17 1 10 6 4 8
8

17 15 21 15 18 17 18 15 12

total blows from CEP to OEP for 1 1 19 15 20 17 18 R

recordec epths 19 16 21 17 22 17 20 10 17 10 13
20 17 21 19 25 18 20 10 17 11 14

21 18 22 21 26 17 20 11 17 11 14
22 18 25 21 28 20 21 13 20 13 16
23 22 25 23 28 20 23 13 20 14 16
24 23 29 23 29 21 25 13 20 15 17
25 23 29 25 29 24 27 16 23 16 20
TOTAL 231 300 253 304 231 2/0 132 227 146 190

* K ¥k

Closed End v Open End Piles S hcresmlecon
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A Soil plugswereobservedn all openrendedpipe piles

AEastAustin measuredsoil plugsi plugsvariedfrom 8.2 to 14.4 FT thick with no seen
correlationbetweercapacityandplug thickness

* K ¥k

N 512.264.8300

Soil Plugs S ipeeanon
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TEXAS
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Depth  Shaft ksf) End Ksf)

0.0 1.6 35.5
10.0 5.0 35.5
20.0 5.0 75.0
30.0 5.0 75.0

San Marco$ GRLWEAP Production Match
for Future Use

GRLENGINEERS, INC 9/12/2022

DICEP 2022 GRLWEAP 14.1.19.2
Gain/Loss 1 at Shaft and Toe 0.500/1.000
Depth Rut Rshaft Rtoe Blow Ct Mx C-Str. Mx T-Str. Stroke ENTHRU Hammer
ft kips kips kips bl/ft ksi ksi ft kip-ft -
50 28.3 13.9 14.4 3.1 2522 0.44 3.00 224 HH 3600
10.0 51.7 313 14.4 59 2556 083 3.00 2286 HH 3600
15.0 879 655 224 98 29.49 1.51 3.00 225 HH 3600
200 1242 838 304 13.8 3785 1.75 3.00 224 HH 3600
250 152.4 122.0 304 17.3 44 02 1.52 3.00 222 HH 3600
300 180.6 150.2 304 214 4915 0.78 3.00 221 HH 3600
Total Number of Blows: 89 (starting at penetration 5.0 ft)
Driving Time(min): 2 2 1 1 1 1 0 0 0 0
@Blow Rate: 30 40 50 60 70 80 90 100 110 120
Driving Time for continuously running hammer; any wait time not included.
Gain/Loss 2 at Shaft and Toe 1.000/1.000
Depth Rut Rshaft Rtoe Blow Ct Mx C-Str. Mx T-Str. Stroke ENTHRU Hammer
ft kips kips kips bl/ft ksi ksi ft kip-ft -
50 421 277 14.4 48 2517 0.79 3.00 225 HH 3600
10.0 89.0 746 14.4 10.0 30.06 1.82 3.00 225 HH 3600
15.0 153.5 1311 224 17.0 44 04 341 3.00 222 HH 3600
200 2179 1875 304 26.7 5255 386 3.00 2186 HH 3600
25.0 274.4 244.0 304 40.4 59.34 321 3.00 21.2 HH 3600
300 3308 300.4 304 656 63.63 1.36 3.00 209 HH 3600

Total Number of Blows: 197 (starting at penetration 5.0 ft)

Driving Time(min): 6 4 3 3 2 2 2 1 1 1
@Blow Rate: 30 40 50 60 70 80 90 100 110 120
Driving Time for continuously running hammer; any wait time not included.

GRLWEAP 1 Production Match

N\ 512.264.8300
B4 info@texaspile.com
] www.texaspile.com
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A Ultimate StaticLoad for 25 FT depthrangedfrom 105to 220 kips with factorsof safetyof 1.78 to 3.72
Kips for adesignloadof 59 kips.

A DampeningEffect observedaslow as66% buttypically around80%.

A Unit_Skin Friction: actual minimum dampenednitial and restrike valueswere 2 to 3 times more than
geotechnicaéngineewnaluesfor the EastAustin site

A End BearingPressureactualminimum valuewas 8 times morethangeotechnicaéngineewaluesfor the
EastAustinsite

A End plates reducepile capacityand decreasepile resistance Costof more than $100 per pile each,
removingthemfrom Jarrellsavedhe ownerover$165000plusheadachesf extracoordination

A Soil plugs observedn all openendpilesrangingfrom 8 to 14 FT thick.

A GRLWEAP ProductionMatch SanMarcosunit skin friction valueswhen factoredare similar to East
AU s tat2rkg. s

* K ¥k
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EMPIRICALLY BASED DESIGN
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Layout w/ Est.
Loading
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PreProduction
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Final Pile
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Field
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Pile Design
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A Building layout on site
A Grading plan to determine cut/fill
A Load schedule by building

A Max/min loads
A Site specific loading

A Pile groups

* K ¥k
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Schematic Site Layout w/ Est. Loading & meewesiecon
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A Information on Borings: soil types, soil reactivity, standard penetration test (no Peciehetdr and
laboratory tests (plasticity limit & shear strength).

A Estimated Expansive Forces & Active Zone Depth

A Deep Foundation Recommendations
A Historical Data: Unit Skin Friction and End Bearing Pressure
A GRLWEAP Analysis
A Estimated Design Load Table for Various Pile Size and Depths

* K ¥k

N 512.264.8300

Soil Boring & Geotechnical Report S nio@twaple o

] www.texaspile.com

42



Why to test? (CostBenefitAnalysis)
A To confirm historicaldatawhengeotechnicatecommendationsnderestimateapacities
A To decreaséactorsof safetyby reducingthe assumptionsf soil conditionsprior to productiondriving.
A To confirm drivability of pile typewith possibleproductionhammer
A Ownerrequirement

How to test? (Methodology)
A High StrainDynamicLoad Tests

A Initial andRestrikepilesat 7+ daysfor pre-productionand3+ daysfor productionteststo determinesoil setup.
A 2 to 4% of total pile countdependingn if SLT wasperformed

A StaticLoadTests

A Weakestynamictestlocation

Where to test? (Site Profiling)
A Areasof high building load concentration
A Areasof variablesoil conditions

When to test? (Schedule)

A PreProduction(Basisof Design) Dynamicpile testsrepresentinga building or group of building & static
loadtestat weakestocation

A During Production(Basisfor Driving Criteria) ~ 2-4% of productionpile countdependingnif staticload
testwasperformed N
* X %

N 512.264.8300

Determining Testing Program S nio@remspe.con
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Geotechnical Variables
A Active Zone Depth
A Expansive Force Magnitude
A Unit Skin Frictions & Bearing Pressure
A P-Y Curve/L-Pile Inputs: Eff. Unit WGT, G, (60
Structural Variables
A Live Load
A Dead Load
A Lateral Load Use of L-Pile
Testing Variables
A Shaft Resistance by Depth
A Dampening Factor
A Toe Resistance or End Bearing Capacity
A Lateral Load

Factor of Safety: Determined by Design Method

Factor of SafetyRecommende Ultimate

by Design Factor of | Capacity for

Method Safety 59 Kip Pile
Historical Data 3.07 3.5 177 Kips
GRLWEAP 2.75 162 kips
Dyn. Load Test 2.25 132 Kkips

Static Load Tes

w/ Dyn. 2.00 118 kips

* K ¥k

Pile Design Variables
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] www.texaspile.com




Pile Size

Factor of Safety FOS
Pile Surface Area SA e
X-Sect Area Apiie

Unit Skin Friction: Active Zone R, 5
Unit Skin Friction: Inactive ZonRg,,,
Structural Load: Live and DeadQ, .,

Structural Load: Dead QoL
End Bearing Pressure P.rd
Depth of Active Zone L

Expansive Unit Force Rex

Length in Inactive Zone: Dry L,
Length in Inactive Zone: Wet L, .
Embedment

Ultimate
Kips
Toe Capacity Qo 30.4
Active Zone o 67.7
Inactive Zone Qspiz 176.1
Total Capacity Qrorar 274.2
Useable Capacity 206.5

8.62Ein
3.5
2.2€SF/FT
0.41SF
3ksf
5ksf
59kips
29.EKips
75ksf
10ft
3ksf
15.€FT
11.SFT
25.€FT

Factored
Kips
8.7
30.0
50.3
89.0
59.0

1 1 @0
3! @2

3! 0, &2 1
31 @2

Pile Design by Historical Data

N\ 512.264.8300
B4 info@texaspile.com
] www.texaspile.com
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ULTIMATE FACTORED CAPACITY

1.

ks~

6.

Start with Ultimate Capacity from DLT/SLT

Remove End Bearing Capacity: (no setup in end bearing)

Remove Upper 10 FT of Shaft Resistance for Dry Condition

Factor Remaining Shaft by Rausche et. al. Dynamic Dampening Factor
|ldentify Lower 5 FT to Extrapolate Deeper Piles

Add Factored Shaft to End Bearing Capacity

Factor of SafetyUltimate Factored Capacity/Structural Design Load
AFactor of Safety: determined by testing

* K ¥k
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Pile Design from Testing Data S nfo@iowsplecom
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Determine Pile
APile Type, Size, & Groups match structural loading with tested piles.
APile Embedment Depthwet conditions, dry conditions, or lateral loading govern.
APile Wall Thickness or Coatirigdriving stresses and longevity of pile material.
Determine Additional Lengths
ABuilding specific additions/deletions to embedment length due to cut/fill.
ALocalized pile damage & Soil variability. Roughly 10% of embedment length.
AFoundation construction method: form above or trench below subgrade.

* K ¥k
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Final Pile Design S ino@trasie com
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A80 Sch 40 Pi ®eenrEndedPipe Pile ClosedEnd Pipe Pile

. - : Area Steal : Area Steal
A Grade: 5si Vear Corr_osmn QD I_D Steel Load  Year Corr_05|on QD I_D Steel Load
A Corrosion Rate: ) ) ") g, in) (kips) () )N < in) (kips)
0.0012 IN/YRor g 0.000 8.63 7.98 840 3780 O 0.000 8.63 7.98 8.40 378.0
0.03 MM/YR 5 0.006 8.61 7.99 809 3639 10 0.012 860 7.98 8.07 363.4
(confirm with 10 0.012 8.60 8.01 7.77 349.8 20 0.024 858 7.98 7.75 348.8
Geotechnical 20 0.024 858 803 7.15 3216 40 0.048 853 7.98 7.11 319.8
Report) 30 0.036 855 805 652 2935 60 0.072 848 7.98 6.46 290.9

40 0.048 853 808 590 2653 80 0.096 8.43 7.98 5.83 2622
For 59 Kip Pile 50 0.060 8.51 810 527 237.1 100 0.120 8.39 7.98 5.19 233.7
(FOS = 2.0) 60 0.072 8.48 8.13 4.64 2089 125 0.150 8.33 7.98 4.41 198.2
70 0.084 846 815 4.02 180.8 150 0.180 8.27 7.98 3.62 163.1
A OEP =92 YRS 80 0.096 843 817 3.39 1526 182 0.218 8.19 7.98 2.63 118.4
ACEP=182YRS 92 0110 840 820 264 1188 200 0.240 8.15 7.98 2.08 935
100 0.120 8.39 822 214 963 220 0.264 8.10 7.98 1.46 65.9
115 0.138 8.35 8.26 1.20 540 250 0.300 8.03 7.98 055 249
134 0.161 8.30 830 001 05 268 0322 7.98 798 0.01 05

* K ¥k
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A Profile the site.
A 2% of total piles with Pr®roduction Test Program or 4% without SLT.
A Test 2 of each different pile types or loading conditions.

A Test at initial driving and 3+ days to correlate initial blow counts with setup capacity.

A Determine driving criteria per area (depth & blow count).
A Target depth
A Stroke of hammer
A Min. embedment depth to satisfy Wet Conditions & Lateral Loads
A Min. blow count per foot to satisfy Dry Conditions
A Max blow count per hammer type to reduce equipment breakdown

* K ¥k
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Production Test Piles & Driving Criteria = sewssiecn
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A Real time data recordedon pile log

that is reviewed by pile contractor,
general contractor, and 39 party

inspector on daily basis to ensure
designcriteriaaremet

A Pile log serves as a final quality

Inspector

soil conditions

controldocumenbf record TN S Ss s
APile c ont r agcotind peissnnel oy
communicateglirectly with 39 party
Directs operator to ;
continueor stopdriving dependingn :
. :} ’Zl 5 23 3‘
::: '%’ %5; '56

Production Pile Observations & Pile Log

N\ 512.264.8300
B4 info@texaspile.com

8000 LBS
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