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85 1.INTRODUCTION

86 1.1Research Background

87 Al mita Piling (Al msotuteonprovider ofCeaginaeted éceew pile design,n g
88 fabrication, and installationThis prestigious compangonstantly seeks new ways to create

89 screw pile solutionsand R&D plays an integral role in developing innovative designs and

90 processes. Almita continlly researches and discovers new applicationstifeir products

91 together with themanufactuing of tools for the installation of torque driven piles and anchors.

92 As a geotechnical foundation designer and constructor, Almita is interested in optimizing
93 foundation designs to meet client expectations on three variables: technical performance, cost,
94 and scheduleTherefore,Almita is interested in a comparative analysis with the simulation of

95 three different foundation systems, helical piles, driven stee pitel CIP piles

96 (1) Screw piles (helical piles)

97 This is a steel screim piling and ground anchoring system used for building deep foundations.
98 The pile or anchors shaft is manufactured using varying sizes of tubular hollow sections. Helical
99 steel plates are welded to the pile shaft as per the pilgndssbject to the intended ground

100 conditions. Helices can be prdssmed to a specified pitch (i.e. the distance between threads.
101 With each complete rotation of the screw, it goes in or out a distance equal to its pitch.) or
102 simply consist of flat plateselded at a specified pitch to the pile's shaft.

103  (2) Driven piles

104 They are usually préabricated in shop and driven or hammered into ground in field by
105 application of heawguty pile-driving equipment. Driven piles can be made of steel or precast
106 concrete Common practice is to drive tubes or shells fitted with driving shoes into ground;
107 afterwards, the tubes or shells are filled with concrete.

108 (3) CIP piles

109 They are usually fabricated on site by manually or mechanically excavating a hole (bore) at
110 desigrated location, diameter and depth as per design. The bored hole wall is commonly retained
111 by a tubular steel casing during excavation. A steel reinforcement cage (usually fabricated on site)
112 is hoisted into the hole, followed by placing the concrete imedhble (vibrated simultaneously),

113 and curing. Theile installation process finishes with the pulling out of the steel casing wall.

114
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(1) Helical Pile (2) Driven Pile

Figl. Three Pile Systems

Almita is interested in collaborating with Dr. Ming &uis  t(Rl,aNS8ERC Engage Grant,
Associate Professor at the University of Albgttalook intothe cost and scheduterformances
for each of the threfoundation systemskeeping technical performance constanBhD student

at U of A (Eason Chaojue Yi), whioes suitable engineering background and necessary ,skills
has beerassignedas leading research&r work out this project under direct supervision of Pl
and engineers and managers at Almitaother PhD student at U of A (Cherry Chaoyu Zheng)
together with aesearch assista(ifareq Hasamyvorked closty with Easonas a team to provide
consistensupportin running this project.

1.2 Literature Review

A foundation basically acts as the load transfer media from the superstructure to the underlying
soil or rock. The loads transmitted by the foundation to the underlying soil must not cause soll
shear failure or damaging settlement of the superstructum #re perspective of engineering,
different pile foundation systems cprovidefeasible alternatives to fulfill the same purpose (i.e.
reaching identical loading requirements in identical soil conditior®)t markedly differ in
constructability, cost ah schedule. Consequentlit, is essential to systematically consider
various foundation types and to select the optimum alternative based on the superstructure
requirements along with the subsag® conditions and also econorfBamtani & Nowatzki,

2006).

In generalthe final choice of the type of pile for amybyjis dictated by the followinfactors:(1)
structural details (type, location) and loadings; (2) subsurface conditionspr¢®gable
performance of the foundation, (4) knowledge of the sitei@nehvironment; (5) pile materials

and durability; (6) safety, and (7) economy (Peck et al, 1974; Tomlinson & Woodward, 2008).
As per AASHTO (2012)a potential foundatiosolution may appear to be the most economical
from purely a design perspective, bomay not bethe most economicalf limitations on
construction activities are fully considered. However, the availability of local engineering and
construction expertise, availability of materials and equipment, environmental limitations, costs



144  for bath materials, materials handling and crew installa(iacluding associated substructure
145 costs such aspile cap or suksuperstructure connectionsieed to be considered in a
146 comprehensiveomparison.

147



148 2.EXECUTIVE SUMMARY

149  2.1Problem Definition

150 Knowing the total project cost and duration of the whole piling installation prafegsferent

151 pile systemss (1) the pivotal step to optimize pile installation operation; (2) the foundation for
152 bidding andplanning relateddecision making, and (3) the cornerse to succeed in the

153 competitive piling marketAs a geotechnical foundation designer and constructor, Almita is
154 interested in a comparative analysis of three different foundation systems: helical piles, driven
155 steel piles and concrete-place bored piesin terms of cost and duration, keeping technical
156 performancearametergsonstantTo assist Almita in figuring out the differenaenongtheir key

157 producti helical pile,andother two major competitive piling systefinslriven pile and CIP pile,

158 intermsof t he tot al project cost and duration,
159 has madeost and schedule comparison of each of the three foundation systems named above,
160 keeping technical performance constant.

161 2.2 Project Information

162 A power substation project located in High &i\City (60km soutlof Calgary), which is feasible

163 for the application of the defined three pile systems, is selected as the base for comparison. The
164 soil type isreportedas Glacial Tilldistributed in three lagrs; water table is 2m average below

165 the surface; the site is a rectangular area at 181m x 135m with a total of 336 pile spots distributed
166 on site; the project is scheduled to be executed from April to August which indicates the weather
167 is temperate withdurozen zones; loads are also calculatedatathed in Appendix. Therefore,

168 on the basis of categories mentioned above, the engineering designs for three pile systems are
169 professionally outputted and shown in subsequent chapters.

170 2.3 Methodology

171 The evéuation of the cost efficiency of helical pile system against alternative pile system is
172 conducted bya systematicresearch scheme designed by the U of A research team with the
173 assistance from Almita engineef3uestionnaire based survey asithulationtechniqueserved

174 asmainmethodologieso collect information and perform quantitative reseaRioject scenario

175 definition and Engineering scenaridefinition serves as a preface for making questionnaire
176 because the soil profile, distances to available resources, weather condition, andlethet

177  factors may varyvith high possibility from project to projecthe research processdsvised to

178 undergo a 6 months period fproject selectingdesign drawing, field data collecting, data
179 analyzing, simulation model building, and resatalyses and report writinghe overview of

180 the methodology is shown in Figude

181 2.4 DataCollected

182 Questionnaire survey methadas employedas theeffective means to collectritical dataand
183 information from professional field engineelsy tapping intotheir experiences andxpertise.
184 The data collectioprocesdasted for two months and the feedback were valu&btleer data



185
186
187
188
189
190

191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

206

207
208
209
210
211
212
213
214
215
216
217

218

collection methods such as telephone interview, site interview and online benchmarking database
complementsn building the final database. The collected ddasically includes: (1) cost data

for material, labor, equipment and various other indirect costs; (2) duration for each defined
activity decomposed from the whole installation process of each pile system and (3) resources
requred (type and quantity), i.e. crews (labor, equipment). All the data were compiled and
analyzed in Excel Sheet.

2.5 AssumptionsMade

To fulfill the goal of cost comparisonamong three competitive pile systems based on
Questionnaire and Computer Simulatitre following assumptions are made in this research:

(1) The professionalsvere carefully screened and selected so ttwegpleted the questionnaire
individually and independently based aheir experience No weights were assigned to the
individuals in terms of working experience as the assignment of weights would also be biased
and of asubjectivenature

(2) The dataarelargely collected based on the feedback from the questionnaire respgritient
cognitive bias of the respondentsat is believed to insignificants na considered in this
research.

(3) The engineering designs of the three pile system arewlitim¢he asstance oprofessional
designes in Almita with details predefined such deads, underground water table, time
constraints on construction, underground soil profile (soil properties, depths of different layers)
and etc.

2.6 Findings

Detailed cost estimatiors based orinputsincluding (1) collected cost rate and cost déda
crews and material®) projectduration dataesultingfrom computerbaseddetailed operations
simulationmodek, and (3) projectequired resource quantiti@s per common practice in the
field by a typical Alberta contractoflhe total projectcost for eaclpile systemwasderivedin
connectionwith particular desigrspecifications Then, ©st comparison was madenong the
three pile systems regard toeach key cost componenthe results showed that helical pile
system has the lowest total cost among the three pile systems in the defined projectdsettings
in alarge partto high installation efficiencyDetailed cost estimation and comparison will be
illustrated and presented in subsequent chapters.

Table 1Result Delivery

Pile Type  Proj. Dur.  Total Cost per Cost per
(d) Cost($) Pile ($/pile) meter ($/m)

Helical Pile 29 892,968 2188.65 305.50

DrivenPile 32 1,089,585  2837.46 328.98

CIP Pile 53 1,305,974  3886.83 583.02
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Bid Price Comparison of Three Pile Systems
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243 3.PROJECT SELECTION

244  Project scenario is selected frothe project databaseontaining four major categoriesf

245 foundation systemengineering (1) distributed foundation engineering (e.g. foundations for
246 power transmission towers); (2) centralized foundation engineering (e.g. oil sands upgrader
247  foundation); (3) remote sitlocation with limited access to construction materials and means
248 (such as concrete plant, trucks, haul roads) and (4) urban site location with easy access to
249 construction materials and means.

250

251 The defined project has thexibility to applyany designoption in the predefinedhree pile

252 systems. Through brainstorming with Almita engineéns project scenariwvasfinalized as a

253 power substation projecthown in Figuré.

254
255
256
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257 - - - - L - l -
258 (1) Steel Pile (driven or helix depend on soil) (2) Helical Piles (Group)
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" (3) Concrete Pilegwith pier)
Fig7. Three Plie Systems for Power Substation
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4. ENGINEERING DESIGNS OF THE THREE PILE SYSTEMS

The design of the three pile systems was done by Almita engiveén full design
specifications as follows:

(1) Location

The site is located 10 km East of High River City, 70km south from Calgary, 360km from
Edmonton.

Airdrie
sey-Trail! 201
¥ 2

~n
L4
Chest,

Calgary it i Strathmore Trans Canada

High River, AB
Black Diamond Directions Save Zoom Send

Fig8. Site Location

(2) Soil Type

The soil ismostlyGlacial Till, stratified as such:

Layer 1i 0-2.0m Sand or Glacial Till  Friction Angl€6 degrees
Layer 21 2.0-4.5m Glacial Till Shear Strength = 45 kPa
Layer 31 4.520.0 m Glacial Till Shear Strength = 105 kPa

(3) Site Layoutand Pile Distributior{Seedetaikin Appendix D)
The site is a rectangular area at 181m x 13&notal of 336 pile spataredistributed on site.

(4) Loads(Seedetailsin Appendix E)

Loads includevertical loads, horizontal loads and moment on each pile whith aredesigred
by structural engineers and summarized in Appendix E. The pile configurationsfesigmee
pile systemaredependenbnthe load table.

(5) Underground water table

Ground Water: 2.0m
(6) Weather
Summertemperate witttlearskies, no frozen zones
(7) Engineering Design
On the basis of soil profilésoil properties, depths of different layersiructuralloads, limits on
total and differential settlementsnderground water tablandtime constraints on construction
(freeze and thaw effegtthe engineering designs for three pile systeare professionally
specifiedin Table2, Table3 and Tablet, as follows:

-16-
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Table 2. Engineering Design for Helical Piles

Pile Type Pile Geometry Qty Notes
8 5/80(.322)
P1 QTY. 72 2
10 3/ 40(.365)
P2 240] QTY. 182 182
12 3/4060(0. 375"
P3 QTY. 30 30
160(.375) X z
P4 QTY. 20 20
200(. 375) X 3
P5 300] QTY. 8 8
P6 12 3/40(.375) 96 Group Piles with 4 in a group. 24 spots
3001 QTY 96 (B5-B10, B101B106, B141B146, B229B234)

Table 3. Engineering Design for Driven Piles

Pile Type

Pile  Diameter Wall Thickness Pile Length

(inch) (inch) (m) Qty Notes

P1 10.6% 0.365 8.5 8

P2 12.75 0.375 8.5 102

P3 12.75 0.375 12.5 8

P4 12.75 0.5 8.5 40

P5 16 0.375 8.5 126

P6 16 0.5 8.5 4

P7 20 0.375 10.5 8

P8 20 0.5 8.5 16
Group Piles with 3 in a group. 24 spot

P9 12.75 0.5 16.5 72 (B5-B10, B10iB106, B141B146
B229-B234)

Note: The pile length is the order length;the embedment depth is Pile length 1.5m

Table 4. Engineering Design for CIP Piles

Pile Type  Concrete Pile Size Length(m) Qty Notes
P1 400 mm w/5 20M 6 8
Bars
P2 500 mm w/8 20M 6 296
Bars
P3 8 8
P4 600 mm w/11 20M 6 46
Bars
P5 11 8
PG 700 mm w/14 20M 6 16
bars
p7 1000 mm w/20 13 o (B5-B10, B101B106, B141B146, B229
30M Bars B234)
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5. PILE INSTALLATION OPERATIONS OF THE THREE PILE SYSTEMS

5.1 Helical Pile Installation Process

The installation steps are as follows:

(1) Mobilization, equipment rig up, and -@ite material receiving.

(2) Screw pile pickup/delivery to/from onsite fdpwn area to pile location with a loader.

(3) Excavator driveinsertion of the pile.

(4) The swamper then inserts pins in place & key locks each pin.

(5) Loader continues to bring piles from {dgwn location to the locations of the planned work
day piles.

(6) Swamper positions pile over location.

(7) Swamper measures the pile for verticality and horizontal location.

(8) Excavator installs the pile.

(9) Field pile monitor records torque readings and pile information such as embedment depth,
time of start, time of finish, etc. of the pile.

(10) Swamper unbolts the pile.

(11) Welder completes the pile cutoff.

If Extension piece is needed:

(12) Loader psitions extension section for excavator insertion.

(13) Swamper inserts pins in place & key locks each pin for the extension section this time.

(14) Welder fully welds extension section to the pile while.

(15) Swamper checks and ensures extension seotivertticality.

(16) Excavator completes installation of the extension section to the specified design embedment

or torque, whichever is achieved first.

(17) Field pile monitor records torque readings and pile information such as embedment depth,
time of start, time of finish, etc. of the extension section.

(18) Swamper unbolts extension section.

(19) Welder completes the pile cutoff.

Note: Field laborers, called swampers are required to assist in installation from start to finish.
The | o apdrsibléfer parf@ming activities such as pile delivery and assisting excavator
drive insertion. The excavator is responsible for the major installation task. The installation
process has 11 major activities which are depicted in Fig. 1 Note that trtydoti delivery of
material from laydown to pile location is excluded in Fig. 1 as it is understood that in order for
installation to occur, materials must teeliveredand readily availableo field crews
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Fig9: Helical Pile Installation Procedure
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5.2 Driven Pile Installation Process

(1) Material and tooling is positioned near driving rig for safe and efficient connection and
hoisting. Ensure positive hoekip (slings with shackles or clamps, double wrapped slings with
pipe tabs, etc.)

(2) Swamper to identify pile location by idefying pile pin and communicating the location to

the driving rig operator to record.

(3) Rig up pipe pile using a positive heog.

(4) Hoist the pile into the leads/hammer.

(5) Leadman aligns pile inside the helmet and lowers the helmet around the pile

(6) While lowering one line at a time, both the pile and hammer lines are lowered until the
weight of the hammer is resting on the pile and the pile tip is resting on the ground, ensure top of
pile doesn't leave confines of the helmet.

(7) The leads anglile are checked for plumb and location before the full weight of the hammer is
placed on the pile.

(8) Pile driving commences, driving the pile to the required depth ensuring that hammer is
operating at the required energy.

(9) Remove the rigging from th@le once driving has stopped.

(10) Complete the rough pile cut off or prepare to splice the pile to facilitate further driving

If splice:

(11) Swamper to direct the loader to location and set the splice section within reach of the
hoisting crane.

(12) Rig up pipe pile using a positive hcok

(13) Hoist the pile section to the vertical position and swing the pipe over the recently installed

bottom section.

(14) The welder and swamper align the splice with the bottom section and tacks the pile in place.
(15) Once tacking is complete the crane rigging can be disconnected from the pile and the
welding can be completed.

(16) Continue to drive the pile until the refusal criteria (when the energy of the hammer blow no

longer causes penetration.) is met or y@ach practical refusal.

If cut off: .

Cut off happens after (10) or (16):

(17) Surveyor to mark pile cut off elevation on piles.

(18) 150mm above the final pile cut off elevation.

(19) Ensure the cut off section is mechanically supported and lowertde tground for any
sections that cannot be safely lowered to the ground by hand.

(20) Surveyor to complete the pile-lagilt.

(21) Clean up the aaeand move to the next location.
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Fig10: Driven Pile Installation Procedure

5.3 CIP RlesInstallation Process

Construction steps have to be defined accurately to buildithelation models for the piling
process. Figre 10 shows the detailed construction steps of the piling process starting from the
axis adjustment to concrete pouring and finish the pile. The construction steps can be
summarized as follows:

1. Equipment rigip and preparation;

2. Start drilling and pushing the casings into the ground with the rotary drive and attached
oscillatorto the design depth;

3. Install reinforcement cage with the auxiliary winch of the drill rig into the bore stabilized by
the casing;

4. Erect the concrete pouring tqpump truck with extended pip®jth crane, and into theased
borehole

5. Pouring the concrete

6. Extract the casing with the rotary drive during concreting (with the oscillator);

7. Finishing

2. Drill and push the casings into t
ground with the rotary drive and attach
oscillator

1. Adjust the axis and hauling to drillir
place

X

.
ﬁ,u-;l,LLAMJu\JuUu i
v tHTt!'rrﬂ'n'tf‘\ﬂﬁﬂﬁrvvi

EAN
-
l

4. Erect the concrete pouring tool (pur
truck with extended pipe) with crane, a
into the cased borehole, then pour
concrete

1=

3. Install reinforcement cage with tf
auxiliary winch of the drill rig into the
bore stabilized by the cagjs
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Figll: CIP Pile Installation Procedure
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6. DATA COLLECTION

Questionnaire wasustomizedo collect data from contractovgho are specialists in construction
and desigrof the three pile systemsespectively.The questionnaire was used twollect the
piling process cycle timegoroductivity, cost rate, resource requirement and qualitativefoiata
certainproject settingsReviewers were asked to provide informati@sed orthe givenproject
setting based on theexperience of encountering similar scenarios the past Accordingly,
each guestionnaire represents a &t of information In addition to the questionnaire, direct
daa collection-site irterviews andsite visits to fill data formswas alsoused to collect
supplementarylata.Including questionnaire collected on site, a totaB@fquestionnaires were
issued (10 for each pile system). The number of replies wasitl@f 30 questionnaires with a
reply percent o#0%. Among the 12 replie8§, replies were collected for helical piles, 2 were
collected for driven pile, and 2 were collected for CIP pilaoudh limited feedback were
collected for driven pile and CIP pile, the field engineers who hdlfpéal t he questionnaire are
of over15 yeardield installation experiencand the data were more reliable tlzalarger samgl
size buy representing replies fraravicesor less experiendeengineers

6.1 Factorized Activity Duration

According to defined pile installation process aforementioned, the whole pile installation process
of the three pile systems are factorized into activities shown in Appendix A, Appendix B and
Appendix C. The individuals completed the questionnaidependently entering their
experiencesof minimum, average, and maximum tim@s minute$ for each defined pile
installation activity. No weights were assigned to the individuals as the assignment osweight
would also be biased amd a subjectivenature. Each of the individuals has worked on multiple
projects angossessedifferent skill sets thus providing a broader range of variation in the data.
The minimum, average, and maximum times of each activity wezeaged and atatistical
distribution probability density functiofBeta family)wasfitted as input model®r simulation.

A Beta distribution was used that theperformance of an activity has a minimum that can be
represented asymptotically in a mathematfoain (i.e. there is a limit to how quickly a certain
activity can be completed), however, maximums do not have such finite valubBesasnt
conditions may compoungiarticular situationsthus,the severity of each delagay profoundly

differ according to inputs from differeeixperts. The Beta distribution attains greater probability
densitiesaroundthe average and modes with a longer tail towards the maximum. A classical
method named Visual Interactive Beta Estimation System (VIBES) created by AbouRizk et al
(1994) was utilized to fit the beta distribution. According to VIBES, four activitgne
characteristics (i.e. Min, Max, Mode and 75th percentile time) were used to determine the
parameters of the unique beta probability density function (PDF). Aseddby Wilson, a factor

of 1.2 is best used to relate the mode of the activity time to 75th percentile time (Fente et al
2000). An example is illustrated in Taldlend Figurel2.

Table 5: Input data for VIBES method

Activity Ratio | Min(min) | Mode(min) | Max(min) | 75th percentile(min)

Locate Pile | 1.2 1 1.94 5.75 2.33
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Fig12. Probability density function for inputted beta distribution

6.2 Cost Rate
1. Questionnaire

According to standard pile installation crew male and the defined projedettings and
descriptions (e.g. location, project size, season and etc.), cost rate ¢ahtaining labor,
equipment and materialere made and integrated into questionnaire (for helical pile, provided
directly by Almita) shown in Appendix B and AppendC. Note all tle cost rates are chargat

rate. Respondentgre free to add and delete items listed in the table by their experience and
expertise. Forconfidentiality concernschargeout rate collected might be normalizpdor to

publication of this report
2. RSMeans

RSMeans i s

Nort h

Amer i

caobs

|l eadi ngsermsiceppl i er

RSMeans offergeliable cost data that is locally relevant, accurate andowgate. For costs
missing because of sensitiveésue or other reasons, the U of A research team searched and
obtained reliable data from this open commercial cost information s€auneeage contractor,

average job conditions)

3. Interview
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For miscellaneous cost data that are neither included intlestionnaire norvailablein
RSMeans, telephone intervies Albertaindustry partnes of the research teawvasconducted

6.3 Resource Requirement

According to the defined project settings alescriptions (e.g. location, project size, season and
etc. ), and the defined ,showswm AgpentireBjand ApgesdixCr o m
Questionnaire rg@ndents are required to defitlee quanties of each crew category for the
specified project settings. This stepsalso donghroughsite interview and telephone interview

in orderto furtherrefine the data onquantites, aimedto reflectrealisticsituations to the |gest

extent. All the finally defind crew categories and corresponding quantities are compiled up into
tables in subsequent cost estimation chapter
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479 7. SIMULATION MODEL CONSTRUCTION

480 7.1 Simulation Engine

481 The simulation engine that has beased in this researcis SYMPHONY.NET version 4.0
482 developed bYCEM U of A in houseFor more information regarding this prograime reader is
483 referred to AbouRizk antYasser(2001). This program uses different elements that represent
484  each castructionprocess activity. The elements 8¥ MPHONY.NET that are usedo model
485 and simulate piling process activities are shawarticle AbouRizk and Yasser 200The piling

486 process models design aeplained indetail in following section

487  7.2Non-productive Time and Performance Index

488 Time consumption byctivitiescommony seenin the installation processuch as warming up
489 the equipment in the morning, equipment onsite mobilizdtimm location to locationgreasing,
490 oiling, tea and coffee breaks, rest room breaks, etc. are defined gxodostive time.
491 According to Zayed & Halpin 2004erformance index (Pivhich can be taken as the ratio
492 between the average productivity performar(cealistic with clays) and the maximum
493  productivity performancéideal without delays)accouning for the effect of various delays in
494 the field upon crew productivity?l is similar to the commonly applied time efficiency factor
495  (the rule of thumb is to apply 43nin hour) in construction estimatinghe simulation based
496  productivity and duration calculation modeliso considereffects ofnonproductive factordy
497  defining input models prior to simulation adgnamically determining waiting, idling times and
498 various delays based on the logic built into the simulation model during simulktitins study,
499 Pls weredeterminedfor different pile systers through simulation and questionnaia@sed
500 techniques, respectivelfhe Pl is calculated by two output values from the simulation model,
501 namely the mean value dfaily output (quantity of pile / dayrepresenting crew average
502 performance in fielJand the maximum value dfily output(quantity of pile / dayepresenting
503 crew ideal performance in fiejgdas shown in Eq.(1By calculating the quotient of mean value
504 over maximum value alaily output the Pl valueanbe calculated.

505

0 AO&E O) 1Ak K 0 QdOad VO QNGO N 0 0
DWW QIBO@OH VWO Q@O 1 6 0 )

506 The PI values are calculated as80,8).873, 0.856for helical piles, driven piles and CIP piles
507 respectivelyas shown below

508 7.2.1 Pl Value for Helical Pile

509 For helical piles, the mean value adily outputfrom simulation model denotes the most likely

510 case scenario that would happen in real world installation. Similarly, the maximum vdkigy of

511 output from simulation model denotes the expected (or ideal) case scenario. Therefore, by
512 calculatng the quotient of mean value over maximum valugadlly output(i.e. mean over ideal),

513 the Pl value could be calculated.
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514 The average value and maximum valuedaiily outputfrom simulation model is15.832
515 piles/day andl8 piles/day as shown in Figuds. Then,by adopting Eq.(1)the PI value from
516 simulation model igalculated a§5.832/ 18 .880.
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518 Fig13. Productivity Result from Simulation (Helical Pile)

519 7.2.2 Pl Value for Driven Pile

520 For driven piles, the Pl value could be calculated as above helical pile PI calculation process.
521 The average value and maximum value daily output from simulation model is13.092

522 piles/day and 3 piles/day as shown in Figudgl. Then, the Pl value from simulation model is

523 calculated a§3.092/ 15=0.873

(14 Edit ~ 52 Copy + [ Export +

Histogrem Cumulative Distribution B4 Plet (Run) #11 Runs
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+11.000 +13.000 24Dar 0 e
Count. 1000
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Mazx imum 15. 000
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)
g
g
£
s
3
o
0% = MW ! !
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I 9 02 1.4 128 13.8 15 T}n:run to display statistics For
| Observation
524 - - . . - - .
525 Fig14. Productivity Result from Simulation (Driven Pile)

526 7.2.3 Pl Value for CIP Pile
527 For CIP piles, the PI value could be calculated as above helical pile Pl calculation process. The
528 average value and maximum valuedaily outputfrom simulation model i$.849piles/day and
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8 piles/day as shown in Figudb. Then, the PI value from simulation modelcalculated as
6.849/ 8 = 0.856
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Fig15. Productivity Result from Simulation (CIP Pile)

7.3 Simulation Model and Simulation Results
Simulation model for each pile installation process is set up and shown in Apper@iené&al
instructiors for simulation model of each pile system are stated in subsequent sessions.

7.3.1. SimulationModel for Helical Pile Installation

The simulation was broken into three main componentsjpignstallation of design pile pieges
and installation of extension sections

The rig up component symbolized that only after rig up is completed could the installation
process startThe secondary component tise main component modeled to install the lead
section with consideration of various possibility followed by Helical Riidllation Approval
Procedure attached in appendixThe third component in this experiment was the installation of
extension sections to locations where extension pieces were required by engineers. This activity
ran as a concurrent activity to the mawowever, both the main aridird activity can only be
performed after the rig up process is complete.

Note: (1) the loader starts tieliver piles to while equipment starts rigging up. The pile delivery
proceed concurrently with pile installation. (2) Once screwed to designated depth and unbolted,
the excavator will move on to next spot for installation while welders finish pileftut
procedure and surveyor finishes survey. (3) if capacity check edrprés required, it will
happen concurrently with installation process.
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7.3.2. Simulation Model for Driven Pile Installation

Similar to helical pile, the simulation was broken into three main componentg,rigstallation
of design pile pieces, and installation of slice.

The rig up component symbolized that only after rig up is completed coulthstadlation

process start. The secondary component is main component modeled to install the main section
defined in the operation process chapter together with onsite contingencies added with the
consent of field engineershe third component in this egpment was the installation of slice to
locations where slices were required by engineers. In order to determine the dediagetput

of driven pile installation in defined project scenario, the simulation simulates installation
process for 10Dtimes The Symphony model is depicted in Figuge 1

Note: (1) the loader starts to deliver piles to while equipment starts rigging up. The pile delivery
proceed concurrently with pile installation. (2) Once driven to designated depth and
disconnected, the @ne will move on to next spot for installation while welders finish pileofut
procedure and surveyor finishes survey. (3) if capacity check edriirés required, it will
happen concurrently with installation process.

7.3.3 Simulation Model for CIP Pile Installation

Due to the character of CIP pile installatiome tsimulation was broken intavé main
components, rigip and pile installation

The rig up componensymbolized that only after rig up is completed could the installation
process stast The pi | e i ncentpenént is rhain@omponent modeledntstall CIP pile
defined in the operation process chapter together with onsite contingencies added with the
consent of field engineers.

Not e, the installation process of CIP pile
The drill machine will not be available for next pile until the casing is withdrBymasing
oscillator Thus, the installationrhe for CIP pile is much longer than helical pile and driven pile.
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8. COST ESTIMATION

8.1 Cost Estimation for Helical Pile

8.1.1 Material Cost for Helical Pile
The Unit prics of each kind of pile configuratioareprovided by Amita. By simply multiplyng
the unit price and designed quantikeoff of respective pile type and then sum them up, the

total material costanbe obtained.

Table 6: Pile Material Cost

Pile Type

Pile Geometry

Quantity Unit Price

Total

5/ 80 (.

8
Pl [3/ 40 x 20
10 3/40(.:
P2 [3/40 x 24
12 3/40(0.
P3 [10 x 300]
o 160(.3785)010
300] QTY.
200(.375)
P5 300 x 300]
12 3/40(. 3
P6 X 300 x 30

72

' 182

30

N
o

(00}

(o]
(o))

408

$ 570
$ 990
$ 1,260
$ 1,300
$2,123

$1,730

$ 41,040
$ 180,180
$ 37,800
$ 26,000
$ 16,984

$ 166,080
$468,084

8.1.2 Labor and Equipment Chargeout Rate for Helical Pile
The chargeout rate of labor and equipment is important for theationdependentcost

estimation, and they are all provided by Almita.

Table 7: PersonnelChargeout Rate

Category Qty Rate (hourly) Notes

Construction Manage

(W truck) 1 $147

Supervisor (w/ truck) 1 $147

Install Equip.

Operator 1 $93

Loader Operator 1 $77

Swamper 2 $62

Welder 2 $100

Survey Crew 1 $316 Third Partyon a 5/2 shift
Pre drill 1 $777 When predrill needed
Field QA/QC 1 $62
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NOTE:

(1) Above Chargeoutrates are Hourly rates based on518hift

(2) Orientation = $65.00/man/hour, Assume every onsite crew must undergo 3 hours
orientation.

(3) Survey Crew is assumed to conduct the survey (Torque, elevation, location deviation and
etc.) at beginning and finishing of piling installation process, so their working hours are
averaged to 2 hours per day for cost estimation purposes.

(4) No third party wélers involved.

Table 8: EquipmentChargeout Rate(Provided by Almita)

Category Qty Rate (hourly) Notes

70K 25Ft Reach 1 $265 For pile length under5d(P1&Pa)

156K 33 Ft Reach 1 $425 For pile IlE2®gad hir
Komatsu Loader 1 $125

Crew Truck 2 $27

Drill Rig 1 $100 When predrill needed

53 _ft Step Deck Tri-axle 1 _$205(operator Container included

Trailer included)

8.1.3 Shipping Cost for Helical Pile
The shipping cost for helical pile is based on (1) shipping distance (2) shipping caartity
spacs. The detailed calculation process are shown in Tahled corresponding notes.

Table 9: Helical PileShipping Specifications

Pile Type Pile Geometry Qty Qty/Load Notes

5/ 80(. 32

8 |
Pl x 200] QTy 2 %
10 3/406(.3
P2 [3/ 40 x 24 82 35
P3 12 314000 30 43 Qty/Load is
[10 x 300] | | L
16o0(.375) 2 Shipping Calaulate
i 300] QTY. . 0 4 Shipping Calculator
200(.375)
i 300 x 300] 8 28
12 3/40(.3
i x 300 x 30/9 38
Note:

(1) Distance: Ponoka to High Rivé&60 km via Highway

(2) Useb3 ft Step Deck Traxle Trailer(Load Capacity is 60,00, 530 i n 8 ehilg2 &,
width)

(3) The total duration for transportation trip is 3 hou (xound trip)+ 1 hour loading + 1 hour
unloading +1 hour rest time+1 hour contingency 10 hours
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(4) Trip numbers are estimated as %&/18255+30/43+20/42+8/23+96/33= 8.48 round to9
trips

Thus total transportation fee is estimate® ast205h x 10h =$ 18,450

8.1.4Project Total Duration and Separate Activity Durations for Helical Pile Installation

The duration of the totgdroject duration from theimulation models estimated a259 hours
given the PI of 0.8813670min/0.880 = 15534min = 258.9hourg. Consider full working days
and it would be260 hours.Convert towork days based on 10/5 shift26 days. Since different
sizes of installation machinare used for different pile typei.é. 70K 25 Ft Reach for #P4;
156K 33 Ft Reach for Pand R), the installation duration for different typeof Reachis
characterizedeparately as shown in Figur8. TThe nstallation duration forOK 25 Ft Reach is
estimated as 180 hour@563 min/0.880 = 10,667min =180.11hourg. The installation duration
for 156K 33 Ft Reach isstimated as 80 hour4215min/0.880 = 4789.77min =79.82hours.
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Fig16. Helical Pile Installation Durations
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