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1. INTRODUCTION  85 

1.1 Research Background 86 

Almita Piling (Almita) is Canadaôs leading solution provider of engineered screw pile design, 87 

fabrication, and installation. This prestigious company constantly seeks new ways to create 88 

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

processes. Almita continually researches and discovers new applications for their products 90 

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

As a geotechnical foundation designer and constructor, Almita is interested in optimizing 92 

foundation designs to meet client expectations on three variables: technical performance, cost, 93 

and schedule. Therefore, Almita is interested in a comparative analysis with the simulation of 94 

three different foundation systems, helical piles, driven steel piles, and CIP piles. 95 

 (1) Screw piles (helical piles)  96 

This is a steel screw-in piling and ground anchoring system used for building deep foundations. 97 
The pile or anchors shaft is manufactured using varying sizes of tubular hollow sections. Helical 98 

steel plates are welded to the pile shaft as per the pile design subject to the intended ground 99 
conditions. Helices can be press-formed to a specified pitch (i.e. the distance between threads. 100 

With each complete rotation of the screw, it goes in or out a distance equal to its pitch.) or 101 

simply consist of flat plates welded at a specified pitch to the pile's shaft. 102 

(2) Driven piles 103 

They are usually pre-fabricated in shop and driven or hammered into ground in field by 104 

application of heavy-duty pile-driving equipment. Driven piles can be made of steel or precast 105 

concrete. Common practice is to drive tubes or shells fitted with driving shoes into ground; 106 

afterwards, the tubes or shells are filled with concrete.  107 

(3) CIP piles 108 

They are usually fabricated on site by manually or mechanically excavating a hole (bore) at 109 

designated location, diameter and depth as per design. The bored hole wall is commonly retained 110 
by a tubular steel casing during excavation. A steel reinforcement cage (usually fabricated on site) 111 
is hoisted into the hole, followed by placing the concrete into the hole (vibrated simultaneously), 112 

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

 114 
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           115 

        (1) Helical Pile                                (2) Driven Pile                              (3) CIP Pile 116 

Fig1. Three Pile Systems 117 

Almita is interested in collaborating with Dr. Ming Luôs team (PI, NSERC Engage Grant, 118 

Associate Professor at the University of Alberta) to look into the cost and schedule performances 119 

for each of the three foundation systems, keeping technical performance constant. A PhD student 120 

at U of A (Eason Chaojue Yi), who has suitable engineering background and necessary skills, 121 

has been assigned as leading researcher to work out this project under direct supervision of PI 122 

and engineers and managers at Almita. Another PhD student at U of A (Cherry Chaoyu Zheng) 123 

together with a research assistant (Tareq Hasan) worked closely with Eason as a team to provide 124 

consistent support in running this project.  125 

1.2 Literature Review 126 

A foundation basically acts as the load transfer media from the superstructure to the underlying 127 

soil or rock. The loads transmitted by the foundation to the underlying soil must not cause soil 128 

shear failure or damaging settlement of the superstructure. From the perspective of engineering, 129 

different pile foundation systems can provide feasible alternatives to fulfill the same purpose (i.e. 130 

reaching identical loading requirements in identical soil conditions), but markedly differ in 131 

constructability, cost and schedule. Consequently, it is essential to systematically consider 132 

various foundation types and to select the optimum alternative based on the superstructure 133 

requirements along with the subsurface conditions and also economy (Samtani & Nowatzki, 134 

2006).  135 

In general, the final choice of the type of pile for any job is dictated by the following factors: (1) 136 

structural details (type, location) and loadings; (2) subsurface conditions, (3) probable 137 

performance of the foundation, (4) knowledge of the site and its environment; (5) pile materials 138 

and durability; (6) safety, and (7) economy (Peck et al, 1974; Tomlinson & Woodward, 2008). 139 

As per AASHTO (2012), a potential foundation solution may appear to be the most economical 140 

from purely a design perspective, but may not be the most economical if  limitations on 141 

construction activities are fully considered. However, the availability of local engineering and 142 

construction expertise, availability of materials and equipment, environmental limitations, costs 143 
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for both materials, materials handling and crew installation (including associated substructure 144 

costs such as pile cap or sub-superstructure connections) need to be considered in a 145 

comprehensive comparison. 146 

  147 
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2. EXECUTIVE SUMMARY  148 

2.1 Problem Definition 149 

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

pile systems is (1) the pivotal step to optimize pile installation operation; (2) the foundation for 151 

bidding and planning related decision making, and (3) the cornerstone to succeed in the 152 

competitive piling market. As a geotechnical foundation designer and constructor, Almita is 153 

interested in a comparative analysis of three different foundation systems: helical piles, driven 154 

steel piles and concrete-in-place bored piles in terms of cost and duration, keeping technical 155 

performance parameters constant. To assist Almita in figuring out the difference among their key 156 

product ï helical pile, and other two major competitive piling systems ï driven pile and CIP pile, 157 

in terms of the total project cost and duration, PIôs research group at the University of Alberta 158 

has made cost and schedule comparison of each of the three foundation systems named above, 159 

keeping technical performance constant.  160 

2.2 Project Information 161 

A power substation project located in High River City (60km south of Calgary), which is feasible 162 

for the application of the defined three pile systems, is selected as the base for comparison. The 163 

soil type is reported as Glacial Till distributed in three layers; water table is 2m average below 164 

the surface; the site is a rectangular area at 181m x 135m with a total of 336 pile spots distributed 165 

on site; the project is scheduled to be executed from April to August which indicates the weather 166 

is temperate without frozen zones; loads are also calculated and attached in Appendix. Therefore, 167 

on the basis of categories mentioned above, the engineering designs for three pile systems are 168 

professionally outputted and shown in subsequent chapters. 169 

2.3 Methodology 170 

The evaluation of the cost efficiency of helical pile system against alternative pile system is 171 

conducted by a systematic research scheme designed by the U of A research team with the 172 

assistance from Almita engineers. Questionnaire based survey and simulation technique served 173 

as main methodologies to collect information and perform quantitative research. Project scenario 174 

definition and Engineering scenario definition serves as a preface for making questionnaire 175 

because the soil profile, distances to available resources, weather condition, and other relevant 176 

factors may vary with high possibility from project to project. The research process is devised to 177 

undergo a 6 months period for project selecting, design drawing, field data collecting, data 178 

analyzing, simulation model building, and result analyses and report writing. The overview of 179 

the methodology is shown in Figure 3. 180 

2.4 Data Collected 181 

Questionnaire survey method was employed as the effective means to collect critical data and 182 
information from professional field engineers by tapping into their experiences and expertise. 183 
The data collection process lasted for two months and the feedback were valuable. Other data 184 
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collection methods such as telephone interview, site interview and online benchmarking database 185 

complements in building the final database. The collected data basically includes: (1) cost data 186 
for material, labor, equipment and various other indirect costs; (2) duration for each defined 187 
activity decomposed from the whole installation process of each pile system and (3) resources 188 

required (type and quantity), i.e. crews (labor, equipment). All the data were compiled and 189 
analyzed in Excel Sheet.  190 

2.5 Assumptions Made 191 

To fulfill the goal of cost comparison among three competitive pile systems based on 192 

Questionnaire and Computer Simulation, the following assumptions are made in this research: 193 
 194 
(1) The professionals were carefully screened and selected so they completed the questionnaire 195 
individually and independently based on their experiences. No weights were assigned to the 196 

individuals in terms of working experience as the assignment of weights would also be biased 197 
and of a subjective nature.  198 
(2) The data are largely collected based on the feedback from the questionnaire respondents; the 199 

cognitive bias of the respondents that is believed to insignificant is not considered in this 200 
research.  201 

(3) The engineering designs of the three pile system are done with the assistance of professional 202 
designers in Almita with details predefined such as loads, underground water table, time 203 
constraints on construction, underground soil profile (soil properties, depths of different layers) 204 

and etc.  205 

2.6 Findings 206 

Detailed cost estimation is based on inputs including (1) collected cost rate and cost data for 207 

crews and materials (2) project duration data resulting from computer-based detailed operations 208 
simulation models, and (3) project required resource quantities as per common practice in the 209 
field by a typical Alberta contractor. The total project cost for each pile system was derived in 210 

connection with particular design specifications. Then, cost comparison was made among the 211 
three pile systems in regard to each key cost component. The results showed that helical pile 212 

system has the lowest total cost among the three pile systems in the defined project settings due 213 
in a large part to high installation efficiency. Detailed cost estimation and comparison will be 214 
illustrated and presented in subsequent chapters. 215 

 216 
Table 1 Result Delivery 217 

Pile Type Proj. Dur.  

(d) 

Total 

Cost($) 

Cost per 

Pile ($/pile) 

Cost per 

meter ($/m) 

Helical Pile 29 892,968 2188.65 305.50 

Driven Pile 32 1,089,585 2837.46 328.98 

CIP Pile 53 1,305,974 3886.83 583.02 

 218 
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 219 
Fig2 (1). Bid Price Range for Helical Pile 220 

 221 

  222 
Fig2 (2). Bid Price Range for Driven Pile 223 
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 224 
Fig2 (3). Bid Price Range for CIP Pile 225 

Fig2 . Bid Price Range of Three Pile Systems 226 

 227 

 228 
Fig3 (1). Installation Time Range for Helical Pile  229 
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  231 
Fig3 (2). Installation Time Range for Driven Pile 232 

 233 

 234 

 235 
Fig3 (3). Installation Time Range for CIP Pile 236 

Fig3. Installation Time Range of Three Pile Systems 237 
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239 
Fig4. Bid Price Comparison of Three Pile Systems240 
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Fig5. Flowchart of the Proposed Methodology 242 



 

  - 14 -  

 

3. PROJECT SELECTION  243 

Project scenario is selected from the project database containing four major categories of 244 

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

 250 
The defined project has the flexibility  to apply any design option in the predefined three pile 251 
systems. Through brainstorming with Almita engineers, the project scenario was finalized as a 252 
power substation project, shown in Figure 6.  253 
 254 

 255 
Fig6. Power Substation project in Alberta 256 

               257 
(1)  Steel Pile  (driven or helix depend on soil)          (2) Helical Piles (Group)258 
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 259 
(3)  Concrete Piles (with pier) 260 

Fig7. Three Pile Systems for Power Substation 261 

  262 
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4. ENGINEERING DESIGNS OF THE THREE PILE SYSTEMS 263 

The design of the three pile systems was done by Almita engineers with full design 264 

specifications as follows:  265 
(1) Location  266 
The site is located 10 km East of High River City, 70km south from Calgary, 360km from 267 
Edmonton.  268 

 269 
Fig8. Site Location 270 

(2) Soil Type 271 

The soil is mostly Glacial Till, stratified as such:  272 
Layer 1 ï 0-2.0m             Sand or Glacial Till      Friction Angle = 26 degrees 273 

Layer 2 ï 2.0-4.5m          Glacial Till                   Shear Strength = 45 kPa 274 
Layer 3 ï 4.5-20.0 m       Glacial Till                   Shear Strength = 105 kPa 275 

 276 
(3) Site Layout and Pile Distribution (See details in Appendix D) 277 

The site is a rectangular area at 181m x 135m. A total of 336 pile spots are distributed on site.  278 
 279 
(4) Loads (See details in Appendix E) 280 

Loads include vertical loads, horizontal loads and moment on each pile spot, which are designed 281 
by structural engineers and summarized in Appendix E. The pile configuration designs for three 282 

pile systems are dependent on the load table.  283 
 284 

(5) Underground water table 285 
      Ground Water: 2.0m 286 
(6) Weather  287 

 Summer, temperate with clear skies, no frozen zones. 288 
(7) Engineering Design 289 
On the basis of soil profile (soil properties, depths of different layers), structural loads, limits on 290 
total and differential settlements, underground water table, and time constraints on construction 291 

(freeze and thaw effect), the engineering designs for three pile systems are professionally 292 
specified in Table 2, Table 3 and Table 4, as follows: 293 
 294 
 295 
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Table 2. Engineering Design for Helical Piles 296 

Pile Type Pile Geometry Qty Notes 

P1 
8 5/8ò(.322) x 20ô [3/4ò x 20ò] 

QTY. 72 
72  

P2 
10 3/4ò(.365) x 25ô [3/4ò x 

24ò] QTY. 182 
182  

P3 
12 3/4ò(0.375) x 25ô [1ò x 30ò] 

QTY. 30 
30  

P4 
16ò(.375) x 20ô [1ò x 30ò] 

QTY. 20 
20  

P5 
20ò(.375) x 30ô [1ò x 30ò x 

30ò] QTY. 8 
8  

P6 
12 3/4ò(.375) x 30ô [1ò x 30ò x 

30ò] QTY. 96 
96 

Group Piles with 4 in a group. 24 spots 

(B5-B10, B101-B106, B141-B146, B229-B234) 

 297 
Table 3. Engineering Design for Driven Piles 298 

Pile Type Pile Diameter 

(inch) 

Wall Thickness 

(inch) 

Pile Length 

(m) 
Qty Notes 

P1 10.695 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  

P9 12.75 0.5 16.5 72 
Group Piles with 3 in a group. 24 spots 

(B5-B10, B101-B106, B141-B146, 

B229-B234) 

Note: The pile length is the order length; the embedment depth is Pile length ï 1.5m 299 

Table 4. Engineering Design for CIP Piles  300 

Pile Type Concrete Pile Size Length(m) Qty Notes 

P1 
400 mm w/5 20M 

Bars 
6 8  

P2 
500 mm w/8 20M 

Bars 
6 226  

P3 
 

8 8  

P4 
600 mm w/11 20M 

Bars 
6 46  

P5 
 

11 8  

P6 
700 mm w/14 20M 

bars 
6 16  

P7 
1000 mm w/20 

30M Bars 
13 24 

 (B5-B10, B101-B106, B141-B146, B229-

B234) 

 301 



 

  - 18 -  

 

5. PILE INSTALLATION OPERATIONS OF THE THREE PILE SYSTEMS  302 

5.1 Helical Pile Installation Process 303 

 304 
The installation steps are as follows: 305 
(1) Mobilization, equipment rig up, and on-site material receiving. 306 
(2) Screw pile pickup/delivery to/from onsite lay-down area to pile location with a loader. 307 

(3) Excavator drives insertion of the pile. 308 
(4) The swamper then inserts pins in place & key locks each pin. 309 
(5) Loader continues to bring piles from lay-down location to the locations of the planned work 310 
day piles.  311 
(6) Swamper positions pile over location. 312 

(7) Swamper measures the pile for verticality and horizontal location. 313 

(8) Excavator installs the pile. 314 
(9) Field pile monitor records torque readings and pile information such as embedment depth, 315 

time of start, time of finish, etc. of the pile. 316 

(10) Swamper unbolts the pile. 317 
(11) Welder completes the pile cutoff. 318 
 319 

If Extension piece is needed: 320 

 321 
(12) Loader positions extension section for excavator insertion. 322 
(13) Swamper inserts pins in place & key locks each pin for the extension section this time. 323 
(14) Welder fully welds extension section to the pile while. 324 

(15) Swamper checks and ensures extension section for verticality. 325 

(16) Excavator completes installation of the extension section to the specified design embedment 326 
or torque, whichever is achieved first. 327 
(17) Field pile monitor records torque readings and pile information such as embedment depth, 328 

 time of start, time of finish, etc. of the extension section. 329 
(18) Swamper unbolts extension section. 330 

(19) Welder completes the pile cutoff. 331 
 332 
Note: Field laborers, called swampers are required to assist in installation from start to finish. 333 

The loaderôs responsible for performing activities such as pile delivery and assisting excavator 334 
drive insertion. The excavator is responsible for the major installation task. The installation 335 
process has 11 major activities which are depicted in Fig. 1 Note that the activity for delivery of 336 

material from laydown to pile location is excluded in Fig. 1 as it is understood that in order for 337 

installation to occur, materials must be delivered and readily available to field crews. 338 
 339 
 340 

 341 
 342 
 343 
 344 
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1. Excavator drive insertion 

and connection to the pile 

2. The Swamper assists in 

verticality measurement 

and aligns the pile to 

location horizontally.  

3. The excavator screw in the 

pile to the designated depth. 

 

   
4. The swamper unbolts the 

pile from the excavator. 

5 Welder completes pile 

head cutoff 

6. Excavator drives insertion 

of the extension section.  

  
 

7. Welder then fully welds 

the extension section to the 

lead. 

8. The excavator installs 

the extension section to the 

required design depth or 

torque, whichever is 

achieved first. 

9. The swamper unbolts the 

extension section  

   

10. welder completes pile 

head cutoff 

 11. Clean up the area and 

move to the next location 

 

 

 

 

 

 

 

Fig9: Helical Pile Installation Procedure 345 
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5.2 Driven Pile Installation Process 346 

 347 
(1)  Material and tooling is positioned near driving rig for safe and efficient connection and 348 
hoisting.  Ensure positive hook-up (slings with shackles or clamps, double wrapped slings with 349 
pipe tabs, etc.) 350 
(2)   Swamper to identify pile location by identifying pile pin and communicating the location to 351 
the driving rig operator to record. 352 

(3)   Rig up pipe pile using a positive hook-up. 353 
(4)  Hoist the pile into the leads/hammer. 354 
(5) Leadman aligns pile inside the helmet and lowers the helmet around the pile. 355 
(6) While lowering one line at a time, both the pile and hammer lines are lowered until the 356 
weight of the hammer is resting on the pile and the pile tip is resting on the ground, ensure top of 357 

pile doesn't leave confines of the helmet. 358 

(7) The leads and pile are checked for plumb and location before the full weight of the hammer is 359 

placed on the pile. 360 
(8) Pile driving commences, driving the pile to the required depth ensuring that hammer is 361 
operating at the required energy. 362 
(9) Remove the rigging from the pile once driving has stopped. 363 

(10) Complete the rough pile cut off or prepare to splice the pile to facilitate further driving 364 
 365 

If splice: 366 
 367 
(11) Swamper to direct the loader to location and set the splice section within reach of the 368 

hoisting crane. 369 
(12) Rig up pipe pile using a positive hook-up 370 

(13) Hoist the pile section to the vertical position and swing the pipe over the recently installed 371 
bottom section. 372 

(14) The welder and swamper align the splice with the bottom section and tacks the pile in place. 373 
(15) Once tacking is complete the crane rigging can be disconnected from the pile and the 374 
welding can be completed. 375 

(16) Continue to drive the pile until the refusal criteria (when the energy of the hammer blow no 376 
longer causes penetration.) is met or you reach practical refusal. 377 

 378 

If cut off: . 379 
 380 
Cut off happens after (10) or (16): 381 
(17) Surveyor to mark pile cut off elevation on piles. 382 

(18) 150mm above the final pile cut off elevation. 383 
(19) Ensure the cut off section is mechanically supported and lowered to the ground for any 384 

sections that cannot be safely lowered to the ground by hand. 385 
(20) Surveyor to complete the pile as-built. 386 
(21) Clean up the area and move to the next location. 387 
 388 
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1. Rig up pipe pile using a 

positive hook-up. 

2. Hoist the pile into the 

leads/hammer.  

3. Leadman aligns pile in 

position and swamper checks for 

plumb and location before the 

full weight of the hammer is 

placed on the pile. 

 

 

   
4. Drive the pile to the required 

depth then remove the rigging.  

5.  Rig up splice section using 

a positive hook-up 

6. Hoist the splicel section to the 

vertical position and swing the 

pipe over the recently installed 

bottom section. 

   
7. The welder and swamper 

align the splice with the 

bottom section and tacks the 

pile in place. 

8. Once tacking is complete 

the crane rigging can be 

disconnected from the pile 

and the welding can be 

completed 

9. Continue to drive the pile 

until the refusal criteria is met or 

reach practical refusal. 

   
10. Surveyor to mark pile cut 

off elevation on piles and 

welder completes the pile cut 

off 

 11. Clean up the area and 

move to the next location 
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Fig10: Driven Pile Installation Procedure 389 

5.3 CIP Piles Installation Process 390 

Construction steps have to be defined accurately to build the simulation models for the piling 391 
process. Figure 10 shows the detailed construction steps of the piling process starting from the 392 
axis adjustment to concrete pouring and finish the pile. The construction steps can be 393 

summarized as follows: 394 
1. Equipment rig up and preparation; 395 

2. Start drilling and pushing the casings into the ground with the rotary drive and attached 396 
oscillator to the design depth; 397 

3. Install reinforcement cage with the auxiliary winch of the drill rig into the bore stabilized by 398 
the casings; 399 
4. Erect the concrete pouring tool (pump truck with extended pipe) with crane, and into the cased 400 

borehole; 401 
5. Pouring the concrete; 402 

6. Extract the casing with the rotary drive during concreting (with the oscillator);  403 
7. Finishing 404 
 405 

1. Adjust the axis and hauling to drilling 

place 

2. Drill and push the casings into the 

ground with the rotary drive and attached 

oscillator 

  

3. Install reinforcement cage with the 

auxiliary winch of the drill rig into the 

bore stabilized by the casings 

4. Erect the concrete pouring tool (pump 

truck with extended pipe) with crane, and 

into the cased borehole, then pour the 

concrete 
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5. Extract the casing with the rotary drive 

during concreting (with the oscillator) 
6. Finishing 

 

 

Fig11: CIP Pile Installation Procedure 406 

 407 

  408 
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6. DATA COLLECTION  409 

Questionnaire was customized to collect data from contractors who are specialists in construction 410 

and design of the three pile systems, respectively. The questionnaire was used to collect the 411 
piling process cycle time, productivity, cost rate, resource requirement and qualitative data for 412 
certain project settings. Reviewers were asked to provide information based on the given project 413 
setting based on their experiences of encountering similar scenarios in the past. Accordingly, 414 
each questionnaire represents a full set of information. In addition to the questionnaire, direct 415 

data collection--site interviews and site visits to fill data forms was also used to collect 416 
supplementary data. Including questionnaire collected on site, a total of 30 questionnaires were 417 
issued (10 for each pile system). The number of replies was 12 out of 30 questionnaires with a 418 
reply percent of 40%. Among the 12 replies, 8 replies were collected for helical piles, 2 were 419 
collected for driven pile, and 2 were collected for CIP pile. Though limited feedback were 420 

collected for driven pile and CIP pile, the field engineers who helped fill in t he questionnaire are 421 

of over 15 years field installation experience and the data were more reliable than a larger sample 422 

size buy representing replies from novices or less experienced engineers.  423 

6.1 Factorized Activity Duration  424 

According to defined pile installation process aforementioned, the whole pile installation process 425 
of the three pile systems are factorized into activities shown in Appendix A, Appendix B and 426 

Appendix C. The individuals completed the questionnaire independently entering their 427 
experiences of minimum, average, and maximum times (in minutes) for each defined pile 428 

installation activity. No weights were assigned to the individuals as the assignment of weights 429 
would also be biased and of a subjective nature. Each of the individuals has worked on multiple 430 
projects and possesses different skill sets thus providing a broader range of variation in the data. 431 

The minimum, average, and maximum times of each activity were averaged and a statistical 432 

distribution probability density function (Beta family) was fitted as input models for simulation. 433 
 434 
A Beta distribution was used in that the performance of an activity has a minimum that can be 435 

represented asymptotically in a mathematical form (i.e. there is a limit to how quickly a certain 436 
activity can be completed), however, maximums do not have such finite values as different 437 

conditions may compound particular situations, thus, the severity of each delay may profoundly 438 
differ according to inputs from different experts. The Beta distribution attains greater probability 439 
densities around the average and modes with a longer tail towards the maximum. A classical 440 

method named Visual Interactive Beta Estimation System (VIBES) created by AbouRizk et al 441 
(1994) was utilized to fit the beta distribution. According to VIBES, four activity-time 442 
characteristics (i.e. Min, Max, Mode and 75th percentile time) were used to determine the 443 

parameters of the unique beta probability density function (PDF). As defined by Wilson, a factor 444 

of 1.2 is best used to relate the mode of the activity time to 75th percentile time (Fente et al 445 
2000). An example is illustrated in Table 5 and Figure 12.  446 
 447 

Table 5: Input data for VIBES method 448 

Activity  Ratio Min(min)  Mode(min) Max(min)  75th percentile(min) 
Locate Pile 1.2 1 1.94 5.75 2.33 

 449 
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 450 

Fig12. Probability density function for inputted beta distribution 451 

6.2 Cost Rate 452 

1. Questionnaire 453 

According to standard pile installation crew make-up and the defined project settings and 454 

descriptions (e.g. location, project size, season and etc.), cost rate tables containing labor, 455 

equipment and material were made and integrated into questionnaire (for helical pile, provided 456 

directly by Almita), shown in Appendix B and Appendix C. Note all the cost rates are charge-out 457 

rate. Respondents are free to add and delete items listed in the table by their experience and 458 

expertise. For confidentiality concerns, charge-out rate collected might be normalized prior to 459 

publication of this report.  460 

2. RSMeans 461 

RSMeans is North Americaôs leading supplier of construction cost information services. 462 

RSMeans offers reliable cost data that is locally relevant, accurate and up-to-date. For costs 463 

missing because of sensitive issue or other reasons, the U of A research team searched and 464 

obtained reliable data from this open commercial cost information service (average contractor, 465 

average job conditions).  466 

3. Interview 467 
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For miscellaneous cost data that are neither included in the questionnaire nor available in 468 

RSMeans, telephone interview of Alberta industry partners of the research team was conducted.  469 

6.3 Resource Requirement 470 

According to the defined project settings and descriptions (e.g. location, project size, season and 471 

etc.), and the defined crew categories from ñCost Rateò, shown in Appendix B and Appendix C. 472 

Questionnaire respondents are required to define the quantities of each crew category for the 473 

specified project settings. This step was also done through site interview and telephone interview 474 

in order to further refine the data on quantities, aimed to reflect realistic situations to the largest 475 

extent. All the finally defined crew categories and corresponding quantities are compiled up into 476 

tables in subsequent cost estimation chapters.  477 

  478 
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7. SIMULATION  MODEL CONSTRUCTION  479 

7.1 Simulation Engine 480 

The simulation engine that has been used in this research is SYMPHONY.NET version 4.0 481 
developed by CEM U of A in house. For more information regarding this program, the reader is 482 
referred to AbouRizk and Yasser (2001). This program uses different elements that represent 483 
each construction process activity. The elements of SYMPHONY.NET that are used to model 484 

and simulate piling process activities are shown in article AbouRizk and Yasser 2001. The piling 485 
process models design are explained in detail in following section 486 

7.2 Non-productive Time and Performance Index 487 

Time consumption by activities commonly seen in the installation process such as warming up 488 
the equipment in the morning, equipment onsite mobilization from location to location, greasing, 489 

oiling, tea and coffee breaks, rest room breaks, etc. are defined as non-productive time. 490 
According to Zayed & Halpin 2004, performance index (PI) which can be taken as the ratio 491 

between the average productivity performance (realistic with delays) and the maximum 492 
productivity performance (ideal without delays), accounting for the effect of various delays in 493 

the field upon crew productivity. PI is similar to the commonly applied time efficiency factor 494 
(the rule of thumb is to apply 45- min hour) in construction estimating. The simulation based 495 
productivity and duration calculation models also consider effects of non-productive factors by 496 

defining input models prior to simulation and dynamically determining waiting, idling times and 497 
various delays based on the logic built into the simulation model during simulation. In this study, 498 

PIs were determined for different pile systems through simulation and questionnaire-based 499 
techniques, respectively. The PI is calculated by two output values from the simulation model, 500 
namely the mean value of daily output (quantity of pile / day representing crew average 501 

performance in field) and the maximum value of daily output (quantity of pile / day representing 502 

crew ideal performance in field), as shown in Eq.(1). By calculating the quotient of mean value 503 
over maximum value of daily output, the PI value can be calculated.  504 
 505 

0ÅÒÆÏÒÍÁÎÃÅ )ÎÄÅØ 0)
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ὓὥὼὭάόά ὠὥὰόὩ έὪ ὈὥὭὰώ ὕόὸὴόὸ
 

 

      

(1) 

The PI values are calculated as 0.880, 0.873, 0.856 for helical piles, driven piles and CIP piles 506 
respectively as shown below.  507 

7.2.1 PI Value for Helical Pile 508 

For helical piles, the mean value of daily output from simulation model denotes the most likely 509 

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

output from simulation model denotes the expected (or ideal) case scenario. Therefore, by 511 

calculating the quotient of mean value over maximum value of daily output (i.e. mean over ideal), 512 

the PI value could be calculated.  513 
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The average value and maximum value of daily output from simulation model is 15.832 514 

piles/day and 18 piles/day as shown in Figure 13. Then, by adopting Eq.(1), the PI value from 515 

simulation model is calculated as 15.832/ 18 = 0.880.   516 

 517 
Fig13. Productivity Result from Simulation (Helical Pile) 518 

7.2.2 PI Value for Driven Pile 519 

For driven piles, the PI value could be calculated as above helical pile PI calculation process. 520 

The average value and maximum value of daily output from simulation model is 13.092 521 

piles/day and 15 piles/day as shown in Figure 14. Then, the PI value from simulation model is 522 

calculated as 13.092 / 15 = 0.873.   523 

 524 
Fig14. Productivity Result from Simulation (Driven Pile) 525 

7.2.3 PI Value for CIP Pile 526 

For CIP piles, the PI value could be calculated as above helical pile PI calculation process. The 527 

average value and maximum value of daily output from simulation model is 6.849 piles/day and 528 
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8 piles/day as shown in Figure 15. Then, the PI value from simulation model is calculated as 529 

6.849 / 8 = 0.856.  530 

 531 
Fig15. Productivity Result from Simulation (CIP Pile) 532 

7.3 Simulation Model and Simulation Results 533 

Simulation model for each pile installation process is set up and shown in Appendix G. General 534 

instructions for simulation model of each pile system are stated in subsequent sessions.  535 

7.3.1. Simulation Model for Helical Pile Installation 536 

The simulation was broken into three main components, rig-up, installation of design pile pieces, 537 

and installation of extension sections.  538 
 539 
The rig up component symbolized that only after rig up is completed could the installation 540 

process start. The secondary component is the main component modeled to install the lead 541 
section with consideration of various possibility followed by Helical Pile Installation Approval 542 

Procedure attached in appendix F. The third component in this experiment was the installation of 543 

extension sections to locations where extension pieces were required by engineers. This activity 544 
ran as a concurrent activity to the main, however, both the main and third activity can only be 545 

performed after the rig up process is complete. 546 
 547 
Note: (1) the loader starts to deliver piles to while equipment starts rigging up. The pile delivery 548 

proceeds concurrently with pile installation. (2) Once screwed to designated depth and unbolted, 549 

the excavator will move on to next spot for installation while welders finish pile cut-off 550 

procedure and surveyor finishes survey. (3) if capacity check or pre-drill i s required, it will 551 
happen concurrently with installation process.  552 

 553 
 554 
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7.3.2. Simulation Model for Driven Pile Installation 555 

Similar to helical pile, the simulation was broken into three main components, rig-up, installation 556 
of design pile pieces, and installation of slice.  557 
 558 
The rig up component symbolized that only after rig up is completed could the installation 559 
process start. The secondary component is main component modeled to install the main section 560 

defined in the operation process chapter together with onsite contingencies added with the 561 
consent of field engineers. The third component in this experiment was the installation of slice to 562 
locations where slices were required by engineers. In order to determine the average daily output 563 
of driven pile installation in defined project scenario, the simulation simulates installation 564 
process for 1000 times. The Symphony model is depicted in Figure 12.  565 

 566 
Note: (1) the loader starts to deliver piles to while equipment starts rigging up. The pile delivery 567 

proceeds concurrently with pile installation. (2) Once driven to designated depth and 568 

disconnected, the crane will move on to next spot for installation while welders finish pile cut-off 569 
procedure and surveyor finishes survey. (3) if capacity check or pre-drill is required, it will 570 
happen concurrently with installation process. 571 

7.3.3 Simulation Model for CIP Pile Installation 572 

Due to the character of CIP pile installation, the simulation was broken into two main 573 

components, rig-up and pile installation.  574 
 575 

The rig up component symbolized that only after rig up is completed could the installation 576 
process starts. The ñpile installationò component is main component modeled to install CIP pile 577 
defined in the operation process chapter together with onsite contingencies added with the 578 

consent of field engineers. 579 

 Note, the installation process of CIP pile is relatively ñlinearò without much concurrent work. 580 
The drill machine will not be available for next pile until the casing is withdrawn by casing 581 
oscillator. Thus, the installation time for CIP pile is much longer than helical pile and driven pile.  582 

  583 
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8. COST ESTIMATION  584 

8.1 Cost Estimation for Helical Pile  585 

8.1.1 Material Cost for Helical Pile 586 

The Unit prices of each kind of pile configuration are provided by Almita. By simply multiplying 587 

the unit price and designed quantity takeoff of respective pile type and then sum them up, the 588 
total material cost can be obtained. 589 
 590 
Table 6: Pile Material Cost  591 

Pile Type Pile Geometry Quantity  Unit Price Total  

P1 
8 5/8ò(.322) x 20ô 

[3/4ò x 20ò] QTY. 72 
72 $ 570 $ 41,040 

P2 
10 3/4ò(.365) x 25ô 

[3/4ò x 24ò] QTY. 182 
182 $ 990 $ 180,180 

P3 
12 3/4ò(0.375) x 25ô 

[1ò x 30ò] QTY. 30 
30 $ 1,260 $ 37,800 

P4 
16ò(.375) x 20ô [1ò x 

30ò] QTY. 20 
20 $ 1,300 $ 26,000 

P5 
20ò(.375) x 30ô [1ò x 

30ò x 30ò] QTY. 8 
8 $ 2,123 $ 16,984 

P6 
12 3/4ò(.375) x 30ô [1ò 

x 30ò x 30ò] QTY. 96 
96 $ 1,730 $ 166,080 

  408  $468,084 

8.1.2 Labor and Equipment Charge-out Rate for Helical Pile 592 

The charge-out rate of labor and equipment is important for the duration-dependent cost 593 

estimation, and they are all provided by Almita. 594 
 595 
Table 7: Personnel Charge-out Rate  596 

Category Qty Rate (hourly)  Notes 

Construction Manager 

(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 Party on a 5/2 shift 

Pre drill 1 $777 When pre-drill needed  

Field QA/QC 1 $62  

 597 
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NOTE:  598 

(1) Above Charge-out rates are Hourly rates based on 10/5 Shift 599 

(2) Orientation = $65.00/man/hour, Assume every onsite crew must undergo 3 hours 600 

orientation. 601 

(3) Survey Crew is assumed to conduct the survey (Torque, elevation, location deviation and 602 

etc.) at beginning and finishing of piling installation process, so their working hours are 603 

averaged to 2 hours per day for cost estimation purposes.  604 

(4) No third party welders involved. 605 

Table 8: Equipment Charge-out Rate (Provided by Almita) 606 

8.1.3 Shipping Cost for Helical Pile 607 

The shipping cost for helical pile is based on (1) shipping distance (2) shipping capacity and 608 

spaces. The detailed calculation process are shown in Table 9 and corresponding notes.  609 

Table 9: Helical Pile Shipping Specifications 610 

Pile Type Pile Geometry Qty Qty/Load Notes 

P1 
8 5/8ò(.322) x 20ô [3/4ò 

x 20ò] QTY. 72 
72 96 

Qty/Load is 

Calculated from Almitaôs  

Shipping Calculator 

P2 
10 3/4ò(.365) x 25ô 

[3/4ò x 24ò] QTY. 182 
182 55 

P3 
12 3/4ò(0.375) x 25ô 

[1ò x 30ò] QTY. 30 
30 43 

P4 
16ò(.375) x 20ô [1ò x 

30ò] QTY. 20 
20 42 

P5 
20ò(.375) x 30ô [1ò x 

30ò x 30ò] QTY. 8 
8 23 

P6 
12 3/4ò(.375) x 30ô [1ò 

x 30ò x 30ò] QTY. 96 
96 33 

Note:  611 
(1) Distance: Ponoka to High River, 260 km via Highway 612 
(2) Use 53 ft Step Deck Tri-axle Trailer (Load Capacity is 60,000 lb, 53ô in length, 8 1/2ô in 613 

width) 614 
(3) The total duration for transportation trip is 3 hours x 2 (round trip) + 1 hour loading + 1 hour 615 
unloading + 1 hour rest time +1 hour contingency = 10 hours  616 

Category Qty Rate (hourly) Notes 

70K 25 Ft Reach 1 $265 For pile length under 25ô (P1&P4) 

156K 33 Ft Reach 1 $425 For pile length over 25ô (25ô included) 

Komatsu Loader 1 $125  

Crew Truck  2 $27  

Drill Rig 1 $100 When pre-drill needed 

53 ft Step Deck Tri-axle 

Trailer 
1 

$205(operator 

included) 
Container included 
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(4) Trip numbers are estimated as 72/96+182/55+30/43+20/42+8/23+96/33= 8.48 round to 9 617 

trips 618 
 619 
Thus total transportation fee is estimated as 9 x $205/h x 10 h = $ 18,450 620 

8.1.4 Project Total Duration and Separate Activity Durations for Helical Pile Installation 621 

The duration of the total project duration from the simulation model is estimated as 259 hours 622 

given the PI of 0.88 (13670 min/0.880 = 15534 min = 258.9 hours). Consider full working days 623 

and it would be 260 hours. Convert to work days based on 10/5 shift is 26 days. Since different 624 

sizes of installation machine are used for different pile type (i.e. 70K 25 Ft Reach for P1-P4; 625 

156K 33 Ft Reach for P5 and P6), the installation duration for different types of Reach is 626 

characterized separately as shown in Figure 18. The installation duration for 70K 25 Ft Reach is 627 

estimated as 180 hours (9563 min/0.880 = 10,667 min = 180.11 hours). The installation duration 628 

for 156K 33 Ft Reach is estimated as 80 hours (4215 min/0.880 = 4789.77 min = 79.82 hours).  629 

 630 
(1) Total Project Duration: Most likely 26 d, Ideal Scenario 25 d, Worst Scenario 29 d. 631 

 632 

           633 
(2) Installation Duration for 70K 25 Ft Reach        (3) Installation Duration for 156K 33 Ft Reach 634 

Most likely 18 d, Ideal Scenario 17 d, Worst             Most likely 8 d, Ideal Scenario 7 d, Worst 635 

Scenario 20 d.                                                             Scenario 9 d. 636 

Fig16. Helical Pile Installation Durations 637 


























































































