46th Deep Foundations Institute
Annual Conference 2021 (DFI46)

Winning Practices & Ace Technology

Las Vegas, Nevada, USA
12 - 15 October 2021

ISBN: 978-1-7138-4231-6



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

OOV

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2021) by Deep Foundations Institute
All rights reserved.

Printed with permission by Curran Associates, Inc. (2022)

For permission requests, please contact Deep Foundations Institute
at the address below.

Deep Foundations Institute
326 Lafayette Avenue
Hawthorne NJ 0750

Phone: 973-423-4030
Fax: 973-423-4031

www.dfi.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

DESIGN AND IN-CONSTRUCTION GEOLOGIC CHARACTERIZATION OF MICROPILES

TO SUPPORT A HISTORIC TRANSMISSION LINE UPGRADE IN THE STEEP TALUS AND

BASALT SLOPES OF THE COLUMBIA RIVER GORGE.........ccceiiiiitecteceeeeeeseee ettt st
K. Haiar, B.J. Olson

EMBANKMENT CONSTRUCTION OVER PRESUMPSCOT FORMATION CLAYS FOR
MAINE TURNPIKE EXIT 45 INTERCHANGE .......coo ittt 11
J.D. Zwetchkenbaum, J. Schuring, B. Materek

EVALUATION OF EXISTING T-Z MODELS FOR CALICHE BASED ON NUMERICAL
ANALYSIS OF BI-DIRECTIONAL LOAD TESTS USING NVSHAFT ...t 21
F.M. Bhuiyan, J. Toth, R.V. Siddharthan, R. Motamed

GEOPHYSICAL SUBSURFACE CHARACTERIZATION TO ESTIMATE TOP-OF-ROCK

ELEVATION FOR DEEP FOUNDATIONS IN CHALLENGING GEOLOGIC SETTINGS:

NUMERICAL INVESTIGATION OF FULL WAVEFORM TOMOGRAPHY .....cccoociiiiiinineeinee s 32
S. Mahvelati, A. Kordjazi, J.T. Coe

GROUND IMPROVEMENT USING COMPACTION TECHNIQUES ON CALCAREOUS
SANDS AND VERIFICATION TESTS PROCEDURES........ccccooiiiiirieiie ettt sne s 42
V.B. Rao, J. Redgers

IMPLEMENTATION OF KALMAN FILTERING TECHNIQUES FOR FILTERING CPT CONE
BEARING MEASUREMENTS . ...ttt ettt ettt sttt ste et et st ssbt s s bt e st e et e et e s st e sabesbeesbeesbeesenaaeas 53
E. Baziw, G. Verbeek

LOAD DISTRIBUTION FOR UNDERPINNING SYSTEM USING INHERENT RIGIDITY OF
(010 ] N [O8 2 = I = B 7 AN Y R 68
M.P. Walker, M.W. Drewek, R. Deschamps, A. Blank

CPT METHODS FOR HELICAL PILE DESIGN......cciiiiitiiiiisieeste ettt st sne e 77
S. Slaughter, H.A. Perko, G. Verbeek, M. Ding

DIGITALIZATION IN REVERSE CIRCULATION DRILL RIGS .....ocviiiieiceeisece e 88
N. Schmitz

DRILLED DISPLACEMENT PILES — AN INNOVATIVE ALTERNATIVE TO TYPICAL
STEEL DRIVEN PILES ...ttt ettt e s e et e e st e e st e e s ate e s st e e anb e e snbeesnteesnbeeanreesnreas 98
P. Granitzki, A. Plinio, P. Howell, J. Batagoda

FOUNDATION REHABILITATION OF THE HENRY HUDSON BRIDGE...........cccoiiiiiiiic 107

D.S. Patel, Z.S. Benyaminov, C.A. Wetzel

SIMPLIFYING THE DESIGN OF LATERALLY LOADED PILES FOR WATERFRONT
STRUCTURES ... h e e et R bbbt e e s et bt s bbb e nenn e n et enennes 118
C.R. Pray, A.R. Parry

CONTROLLING THERMAL STRESSES IN BARRIER WALLS.......ccooiiiiii 127

K. Beckhaus

DATA COLLECTED AND LESSONS LEARNED FROM LOAD TEST PROGRAM FOR ACIP

PILES SUPPORTING HIGHWAY BRIDGES ...ttt 137

R.J. Villa, J.C. Adams



HIGH-CAPACITY HELICAL PILES FOR DRILL TRESTLE SUPPORT .....oooiiiiiiiieeee e 147
D.R. Schwarm, M. Fenwick

INCORPORATING SITE VARIABILITY INTO LRFD DESIGN OF PILE FOUNDATIONS........cccu..... 159
H. Rahman, M.Y. Abu-Farsakh

NEW APPLICATION OF GEOPHYSICS: REDUCE UNCERTAINTY IN SUBSURFACE
INVESTIGATION FOR DEEP TRANSMISSION LINE STRUCTURE FOUNDATIONS........c..ccovvevienn. 167
A.E. Shirer, T. Rasmussen, R. Adams

THEORETICAL ULTIMATE LATERAL RESISTANCE NEAR THE SOIL SURFACE IN
UNSATURATED COHESIONLESS SOILS ..ottt 178
0.0. Komolafe, M. Ghyoomi

COMPARING CONFLICTING CONCLUSIONS FROM DIFFERENT INTEGRITY TESTING
METHODS ON THE SAME DRILLED SHAFTS ...c.oiiiiieiisee et e e senennes 188
M.L. Becker, A. Ryberg

TOP-LOADED BI-DIRECTIONAL TEST AND THE CONVENTIONAL BI-DIRECTIONAL
LOAD TEST, A DIRECT COMPARISON ..ottt ettt st 201
P.J. Hannigan, R.B. Moghaddam, F. Rausche, S. Robertson

FRESH CONCRETE PRESSURE IN CAST IN-SITU BORED PILES .......coiiiieiee e 213
H. Nissen, M. Herten, M. Pulsfort

INTERPRETATION AND EVALUATION OF THERMAL INTEGRITY PROFILING
MEASUREMENTS ..ottt ettt ettt e et e et e e st e e eae e e saeeeeae e e saeeeebesesaeesabesesbeesasesesseesasessssessarasssseessnenaas 223
D. Belardo, S. Robertson, T. Coleman

NEW INSIGHTS INTO DRIVEN PILE VIBRATIONS USING NOVEL DATA MANAGEMENT
AND VISUALIZATION TOOLS ...ttt sttt te e s te s ete s s be s s etessabesssbesssbasssbesebesssrassrenans 237
D. McCoy, M. Zablocki

OPTIMIZING LARGE DIAMETER CONCRETE PILES IN TIDEWATER VIRGINIA ..., 247
M.G. Batten, B.D. Keaney

SIGNAL ANOMALIES IN CROSSHOLE SONIC LOGGING TESTING WITH A CASE STUDY
IN METRO MANILA ...t bbbt bbb et b bbbt e st et e b e an e b 257
B.B. Buensuceso

A NEW LOW-COST BI-DIRECTIONAL LOAD TEST TECHNIQUE FOR DRILLED SHAFTS.............. 268
S. Elfass, G. Norris

APPLICATIONS OF NONDESTRUCTIVE TESTING METHODS FOR MASS FOUNDATION
BLOCKS — FEASIBILITY STUDY ..ottt ettt sttt stae et s e etae s sbaaeates e steeesbae s steeebesesraeeneeans 278
H. Layssi, F. Moradi, T. Tingson

INTEGRITY TESTING OF DRILLED DISPLACEMENT PILES AT A MAJOR CAMPUS .......c.ooveeueee. 288
M.D. Fuhriman, R. Fosse

TESTING AND OPTIMIZING RAMMED STONE COLUMNS DESIGN AS A SOIL
IMPROVEMENT METHOD ON SOFT SOILS FOR MSE WALLS FOUNDATIONS.......cccccoeiiiiriiienns 298
B.J.J. Vega, H. Solis, E.L.T. Montalvan

TOP-LOADED BIDIRECTIONAL TEST, A NEW APPROACH TO DEEP FOUNDATIONS
LOAD TESTING ..ottt ettt ettt ettt b ettt ettt e e e bt e e ne et e et et e et e s e et ene e nennn 308
R.B. Moghaddam, P.J. Hannigan, F. Rausche



ATOKA PIPELINE — CANADIAN RIVER CROSSING ..ottt etes s ste s svaesnnae s 321
C.A. Luxford, J. Stover

EXPERIENCE-BASED VALUE ENGINEERING OF FOUNDATIONS & DEEP EXCAVATION
SUPPORT SYSTEIMS. ...ttt ettt sttt sttt s b et s bt be bt £e s be st e be s b et et e s b et e te st et etesbe s atesbensarenrens 330
A. Adekunte, A. Rotimi, B. Sheppard

FOUNDATION PERFORMANCE OF MILLENNIUM TOWER IN SAN FRANCISCO,
CALIFORNIA ... ettt bbb b bbb bt b bbb £ e bbb bbb bbbk b bbb ne b 344
J.P. Stewart, N. Wagner, J. Butkovich, J.A. Egan

GORDIE HOWE INTERNATIONAL BRIDGE FOUNDATIONS - DRILLED SHAFT
CONSTRUCTION IN CHALLENGING DETROIT LIMESTONE ......cooiiititiee ettt 345
N. Miner, J. Glider

LARGE SCALE GEOTECHNICAL WORKS ON NORWAYS LARGEST INFRASTRUCTURE
g O N O TR 356
O.F. Besler, B.M. Robinson, D. Gaechter

RADIUM HOSPITAL PROJECT IN OSLO, NORWALY ..ottt sttt st st 367
W. Szczepinski, K. Geoteknikk

STABILITY ASSESSMENT OF A DEADMAN ANCHOR PILE CLOSE TO THE BULKHEAD

A DC ELECTRICAL RESISTIVITY METHOD FOR JET GROUTING COLUMN DIAMETER
QUALITY CONTROL WITH CASE STUDIES FROM GRAND PARIS PROJECT ......ccccoeviiririnireniiienen, 386
S.Z. Yekta, P. Frappin, Z. Ning

CONSTRUCTION OF A DEEP SLURRY CUTOFF WALL FOR THE SACRAMENTO RIVER
EAST LEVEE PROGRADM.......oooii ittt sttt sttt e et e st e et e e s tae e ae e e steeenbe e e ateeeaneeesteeenaeesrneenneeans 396
L. Owaidat, T. Maetas, D. Jabbour, M. Stanley, A. Frappier, J. Gomez

HELICAL PILE FOUNDATION SOLUTION FOR LANDFILL REDEVELOPMENT .......ccccoeiiniiiieiniens 408
K. Baumgartner, S. Babcock

INNOVATIVE ALTERNATE UNDERPINNING SOLUTION FOR HISTORIC STRUCTURE IN
BOSTON SUBURB ..ottt bbb b bbbt bbbt b et b ettt nes 419
E.P. Bregman, R.M. Coulson, J. Zarrella, C. Johnson

REPLACEMENT BORED PILES FOR THE HOUPHOUET-BOIGNY BRIDGE, COTE
I Y0 12 TR 428
A. Mercer, A. Ameri

STONE COLUMN TREATMENT AND ELABORATE LOAD TESTS VERIFICATION FOR

IMPROVING SUBSOIL CONDITIONS ON A LARGE-SCALE RESIDENTIAL

DEVELOPMENT PROUJECT ...ttt ettt ettt sttt b bttt b bbbt bt nntis 436
V.B. Rao, J. Redgers

CONSTRUCTING TSUNAMI WALLS WITH PRESSED-IN SHEET AND PIPE PILE COMBI-
T. Takuma, T. Nozaki, M. Nagano

FLOOD PROTECTION SYSTEM FOR INFRASTRUCTURES: METHODOLOGY AND
INSTRUMENTATION TESTING ...ttt bttt 458
G.R. Passalacqua, S. Mahali, T. Malangone



ANALYSIS OF PANEL AND PILE VERTICALITY AND OVERLAP IN A PROJECT
INFORMATION MANAGEMENT SYSTEM......oiiiiiiiiiiiiisicesses sttt naenes 468
J. Rosen, G. Hlepas

COMPLETELY AUTOMATIZED RECOGNITION OF THE INSTALLATION PROCESS IN
SPECIAL FOUNDATION CONSTRUCTION ..ottt et 479
J. Maurer, C. Hoyme, H. Regler

EVALUATING LATERAL BRACING CODE REQUIREMENTS FOR LARGE DIAMETER
FOUNDATIONS . ..ottt ettt ettt ettt e et e e s bt e e e at e s shae e bt s s sbeesbeessheeaabesesbaesabesesbesebesesbessbasesbesssbasssbenssbenass 488
J. Donville, H. lezzoni, D. Stevenson

PILE LATERAL BEHAVIOUR UNDER FULL SCALE LATERAL LOAD TESTS IN THICK
COMPACTED MARINE CARBONATE SAND FILL OF AN ARTIFICAL ISLAND ......ccccoceveiiiiieninne 504
G.R. Konni, C.V.R. Reddy, A. Roy

EFFECT OF COLD JOINT ON BEHAVIOR OF BLOCK TYPE DEEP MIXING IMPROVED
(12010111 5 TR 514
M. Kitazume, H. Imai

INVESTIGATION AND DESIGN FOR LARGE DRILLED SHAFT FOUNDATIONS IN
SOUTHWEST ARIZONA ...ttt ettt ettt e e et e s sb e e sb e e e s b e e e sb e e e sh b e s sbeeesbbessbeeesbaessbeeesbbaesbenesres 524
P.M. Kandaris, J.C. Tosh, S. John

THREE-DIMENSIONAL (3D) LIMIT EQUILIBRIUM METHOD (LEM) COMPARATIVE
STUDY OF A LANDSLIDE CASE STUDY SUPPORTED WITH PILES .....ooooiiiieeeee e, 539
S.H. Chai, B. Cami, T. Ma, J. Lam, S. Javankhoshdel, T. Yacoub

UNCERTAINTY AND RELIABILITY APPRAISAL OF CPT-BASED METHODS FOR AXIAL
PILE BEARING CAPACITY oottt ettt ettt sttt st e s st e st e e s ab e s st e s sab e s s sbeessbassateesabassabaesrbeas 549
S.H. Golafzani, A. Eslami

3D FEM MODELLING OF A GROUND IMPROVEMENT SOLUTION .....cccoceiiiirrirsireeeeeie e 560
0O.P.M. Vitali, M. Nassim, J.E. Agee, Y. Khasawneh

DESIGN METHODOLOGY FOR MULTI-FACETTED, WINGED STEEL FOUNDATIONS .........cccc...... 569
N.C. Bazan-Arias, P.E. Glogowski

SOIL NAIL DESIGN OPTIMIZATION OF 100 FT DEEP EXCAVATION PROJECT IN SAN
DIEGO, CA .ottt h et bbb e s bt h b E s bR oAb Rk R R R e bbbt n et 579
P. Barar, B. Mamagani

STATIC BEHAVIOR OF STEEL H-PILES UNDER AXIAL LOAD USING SCALE MODELS
IN VERY SOFT CLAYS ..ottt ettt ettt ettt e bttt ettt e s bt e s bt e st e e st e et e e bt s sbte st e et e et e ssbesraesreesreeseeaneas 588
F.A. Flores, R. Torres

DEEP SOIL MIXING DESIGN AND CONSTRUCTION FOR SURFACE FAULT RUPTURE
IMIITIGATION ..ottt bk bbb b £ bbb bbb b et e e e bR e e bkt b b et bt e nr et 596
J.R. Gingery, B. Foster, B. Lingwall

DIRECT POWER COMPACTION — A NEW DEEP VIBRO-COMPACTION METHOD FOR

LIQUEFACTION MITIGATION OF HYDRAULICALLY PLACED SAND LAYERS IN SAN

Ry AN NN (01 1T 01 @ 1 = 2 S PR SPSI 608
N. Kotake, R. Shrestha, R. Griffin, S. Kafle, J. Fippin, S. Papadopulos



GROUND IMPROVEMENT BY A COMBINATION OF A MIXED-IN-PLACE (MIPTM)

LATTICE GRID WALL AND STONE COLUMNS TO MITIGATE THE RISK OF

LIQUEFACTION AND LATERAL SPREADING.......ccccctiiiiiiiteesisieieiesiee et s st ses s sessenes 618
P. Schober, P. Forgoso, N. Tarac

LIQUEFACTION SUSCEPTIBILITY EVALUATION USING SITE-SPECIFIC SEISMIC
DEMANDS IN THE SAN JOSE AREA ... ..ottt bbbttt 628
J. Lee, J. Ang, L. Lorincz, A. Bayudanto, M. Khorshidi, W. Rong, M. Walker

SEISMIC DESIGN FOR THE 1-30 CROSSING PROJECT IN LITTLE ROCK, ARKANSAS. .......c..cccue..... 637
B. Turner, D.S. Graham, P.J. Axtell

SR167/70TH AVENUE EAST VICINITY BRIDGE REPLACEMENT PROJECT ....cooceveeiieeeee e 648
M.B. Bayrak, R. Mikhail

AN ENHANCED P&H TENSIONLESS PIER FOUNDATION FOR ONSHORE WIND
TURBINES ...ttt e st e bt e st et s s ae s ebe e e bt et e e st e e bt e s b eesbeesbeeseeeateaaesebteebe et e e st e esbesbeesbeesbeeseeeneas 656
0O.P.M. Vitali, M. Nassim, Y. Khasawneh

CYCLIC DEGRADATION ON WIND TURBINE FOUNDATIONS IN COHESIVE SOILS........cc.ccue...... 666
O.P.M. Vitali, M. Nassim, Y. Khasawneh

EFFECTS OF STRATIGRAPHY ON RESPONSE OF ENERGY PILES.......cocoooiiiiieee e 676
A. Saeidi-Rashk-Olia, D. Peric

INJECTING SUSTAINABILITY INTO DEEP SOIL MIXING PROJECTS ..o 686
P.R. Lear

SYSTEMATIC EVALUATION OF FOUNDATION REUSE FOR A METRO STATION......ccccevvvveviieee 690
H. Zhang, C. Ho

Author Index





