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Meeting Agenda

- Summary of Pile Load Test Data
Electronic Database

Identification of Bridge Sites

Pile Load Test Results: NDDOT Cherry Creek Project
Piles in Rock-Based IGMs

Variability Analysis: LRFD Calibration
Variability Analysis: R-Shiny
Research Team

Project Schedule

Project Progress

Technology Transfer



Task I-1: Summary of Test Pile Data
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365 Test Piles Collected and 203 Test Piles are Usable
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Distribution of Pile Types
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~8| Pile Load Tests List

MontanaPile

New Pile Load Test

Task I-2: Electronic Database

DEPARTMENT OF TRANSPORTATION

Pile Load Tests List

_vDisdaimer

WyoPile

New Pile Load Test

ID » Coumty -+

Project Number

Pile Type

+ Design Load (kip) +

Date Driven + Pile Toe Elevation - Pile embedment at EOD (ft) ~

UNIVERSITY

Hammer Type

» EOD Hammer Stroke (ft) -

County Project Number Pile Type + Design Load (kip) + Date Driven ~ Pile Toe Elevation » Pile embedment at EOD (ft) + Hz 1 Laramie 1102005 HP 14X 73 258 2/16/2012 5390.54 376 Delmag D16-32 &
1] Rosebud STPB 44303(2) 16" steel pipe pile with conical point with 0.5" wall thickness 457 8/6/2015 2460.1 2834 Del 2 Laramie 1102005 HP 14X 73 322 11/17/2011 5400.55 68.3 Delmag D16-32 10.0
2 Blaine STPB 9003(50) 16" steel OEP with 0.5" wall thickness 560 6/19/2018 2305.7 822 3 Natrona  N212084 HP 14X 169 10/9/2012 24.3 MVE D-19 10.5
3 Blaine STPB 9003(50) 16" steel OEP with inside fit cut shoe with 0.5" wall thickness 500 2311.6 50.3 4 Goshen  N253081 HP 14 X 73 216 10/23/2012 3989.67 100 MVE D19 10.5
4 Blaine STPB 9003(50) 16" steel OEP with inside fit cut shoe with 0.5" wall thickness 560 2312.6 762 5 Hot Springs 0900013 HP 14X 73 248 7/2/2013 5154.5 27 ICE 42-8 10.8
S Fems  BRSLIADS 24° steel CEP with 0.75" wallthickacss 1057 3560.4 163 s BRGNS B aIFES TS 2 EXTETINE i
6 Fergus BR 81-1(11)34 24" steel CEP with 0.75" wall thickness 1057 8/20/2007 3569.5 353 . Armiie i 222 2500 SSE22 . o mag oY ?
7 e BR :s;-(x(lzn 20" steel OEP with 0.5" wall thickness 674 2 Lo iiic SRNIROO1IR e R 158 008 3047:3 LEE DEtagDIeA2 AL
o et . : - - . . 9 Laramie 1806198 HP 12X 53 202 5/7/2015 5032.73 53.6 Delmag D16-32 8.6
8 Prairie  BR253-1(11)4 24" steel CEP with 0.75" wall thickness 832 3/21/2007 2251.31 57.97 % e O i Ty O TR 365 Delmag D16-
9 Musselshell ~ STPB 9033(27) 16" steel OEP with inside fit cut shoe with 0.5" wall thickness 4 7/11/2017 2896.5 327 D 1 Laramic 1806198 292 5/14/2015 5016.36 38 Delmag D16-32
10 Lewis & Clark IM-NHPB 15-4(128)192 HP 14X 117 12 Laramie 1806198 172 1/29/2015 5069.44 46.7 Delmag D16-32
11 Lewis & Clark IM-NHPB 15-4(128)192 16" steel pipe pile with conical point with 0.5" wall thickness 13 Laramic 1806198 172 1/29/2015 5072.16 44.4 Delmag D16-
12 Lewis & Clark IM-NHPB 15-4(128)192 16" steel pipe pile with conical point with 0.5" wall thickness 14 Laramie 1806198 172 1/28/2015 5070.26 44.7 Delmag D16-.
13 Lewis & Clark IM-NHPB 15-4(128)192 16" steel pipe pile with conical point with 0.5" wall thickness 15 Laramie 1806198 172 1/28/2015 5070.03 46.4 Delmag D16-32 9.4
14 Lewis & Clark IM-NHPB 15-4(128)192 16" steel pipe pile with conical point with 0.5" wall thickness 16 Natrona  N212084 372 1/28/2013 20.5 MVE D-19 88
15 Lewis & Clark IM-NHPB 15-4(128)192 16" steel pipe pile with conical point with 0.5" wall thickness 700 6/6/2016 17 Goshen N253081 216 1/16/2013 99.2 Delmag D16-32 8.8
16 Lewis & Clark IM-NHPB 15-4(128)192 16" steel pipe pile with conical point with 0.5" wall thickness 670 5/3/2016 18 SToI SRS 081 &5 1/17/2013 139 Delmag D16-3 8.7
17 Lewis & Clark IM-NHPB 15-4(128)192 16" steel pipe pile with conical point with 0.5" wall thickness 650 5/11/2016 :g ‘;‘ﬁ;’" gzﬂ'"‘;‘é :) ;20 :;i r\‘:}g [';L ‘J":J ‘s°'s°
18 Lewis & Clark IM-NHPB 15-4(128)192 16" steel pipe pile with conical point with 0.5" wall thickness 700 =i oee oCTi060 e 50 s ey s
19 Lewis & Clark IM-NHPB 15-4(128)192 16" steel pipe pile with conical point with 0.5" wall thickness 700 2 Tt 0C11058 HP 14X 73 162 4070.00 i Delmag D19-42 56
20  Lewis & Clark IM-NHPB 15-4(128)192 16" steel pipe pile with conical point with 0.5" wall thickness 670 5/9/2017 23 Teton PEB-681 5/15/1995 5961 3l IHC S-35 100
21 Lewis & Clark IM-NHPB 15-4(128)192 16" steel pipe pile with conical point with 0.5" wall thickness 650 4/10/2017 24 Teton PEB-681 5/15/1995 5956 36.5 THC $-35 8.9
22 Golden Valley BR 9019(12) 16" steel OEP with inside fit cut shoe with 0.5" wall thickness 638 12/14/2011 25 Teton PEB-681 5/15/1995 5953 395 IHC $-35 8.0
23 Valley BR 9053(104) 20" steel OEP with 0.5" wall thickness 610 9/13/2013 26 Park 031-1(61) /21/1998 5921.72 69.75 ICE 42-§ 82
27 Park 031-1(44) 10/17/1996 6618.12 41 ICE 42-S 7.8
28 Park 031-1(44) 10/16/1996 6622.2 32 ICE 42-S

=2| Pile Load TestsList

KansasPile

New Pile Load Test

D . County -

Project Number

Kansas

Department of Transportation

Pile Type » Design Load (kip) ~

Date Driven » Pile Toe Elevation v Pile embedment at EOD (ft) »

Hammer Type

~ EOD Hammer Stroke (ft) »

Pile Load Tests List <

@Disclaimer

IdahoPile

New Pile Load Test

1 Franklin  68-30 KA-2097-01 HP 12x53 190 877.15 26 Delmag D19-42 7.5 -1 County Project Number Pile Type + DesignLoad (kip) ~ DateDriven - Pile embedmentat EOD (ff) ~ Hammer Type -~ EOD blow/ft -
2 Barton 4-5 KA-0040-01 HP 1(3 x42 1 3: 3/6/2013 lss:s.s '2 Delmag 019-43 7.0 1 Washington  BR-3110(127) HP 14x117 400 4/1/2008 37 Delmag D-19-42 58
¢ Fimey  BKACMSO P 10,42 e 272004 25203 “ Delneg D192 0 2 | e ) I LI ST R
s Fimey S 5P 13%63 552 o014 25181 50 Delmag D19-42 56 3 Washington  BR-3110(127) HP 14x117 400 6/26/2008 36 Delmag D-19-42 187
6 Tianey 23-28 KA-0045-01 HP 1263 226 2172014 2520.9 50 Delmag D19-42 4 Washington ~ BR-3110(127) HP 14x117 400 5/8/2009 37 Delmag D-19-42 118
7 Sheridan  24-90 KA-0041-01 " diameter shell filled \ 130 4/212014 2420.11 55 Delmag D16-32 5 Washington ~ BRF-3112(051) HP 14x117 3/25/2013
8 Sheridan  24-90 KA-0041-01 5" diameter shell filled v 212 2435.2 33 Delmag D16-32 6 ‘Washington ~ BRF-3112(051) HP 14x117 3/25/2013
9 Sheridan  24-90 KA-0041-01 5" diameter shell filled v 216 24422 s Delmag D16~ 7 ‘Washington ~ BRF-3112(051)

10 Sheridan 24-90 KA-0041-01 liameter shell filled \ 208 24313 41 Delmag D16-32 g Washington BRF-3112(051) 575 41.6 ICE I-30 3590
11 Sheridan  24-90 KA-0041-01 " diameter shell filled v 208 2435.29 33 Deluag D16-3 9 Washington  A013(395) HP 14x117 520 4/17/2017 68.9 ICE 1-30v2 73
12 Sheridan  24-90 KA-0041-01 iameter shell filled \ 193 24412 27 Delmag D16-32 10 Washington  A013(395) P 14x117 520 4/24/2017 68.9 ICE 1-30v2 52
13 Sheridan  24-90 KA-0041-01 2.75" diameter shell illed \ 193 24352 27.05 Delmag D16-32 1 Payette 'A013(390) 1P 14x117 100 6/28/2018 120 APED36-26 3
14 Sheridan 24-90 KA-0041-01 5" diameter shell filled v 120 2438.1 429 Delmag D16-32

15 Sheridan  24-90 KA-0041-01 " diameter shell filled \ 120 2438.1 4290 Delmag D16-32 12 Payette  A013(390) HP 14x117 8/6/2018 54.4 APED36-27 44
16 Sedgwick  235-87 KA-0161-04 HP 10x42 228 105 Delmag D19-32 13 Elmore A013(947) HP 14x117 6/13/2015 38 ICE 1-30v2 52
17 Sedgwick  235-87 KA-0161-04 HP 10 228 80 Delmag D19-. 14 Elmore A013(947) HP 14x117 5/26/2015 399 ICE I-30v2 64
18 Sedgwick  235-87 KA-0161-04 HP 10~ 228 2/10/2017 105 Delmag D19-. 15 Elmore A013(947) HP 14x117 6/4/2015 238 77
19 Sedgwick 235-87 KA-0161-04 HP 10~ 228 84 Delmag D19-32 16 Elmore A013(947) HP 14x117 6/5/2015 359 69
3? 2e:g:l‘c:l; 235-87 5.\\8:2:34; :11: :3 : ::4 fg g:}:!::k 2’32’ 17 Valley A013(394) HP 12574 450 8/1/2018 56 APE D30-42 60
= é:diw ;ck RERTET S e = Deh:m; T 18 Valley A013(394) : HP 12x74 450 8/1/2018 38 APE D30-42 60
23 Sedgwick  235-87 KA-0161-04 HP 12x5 222 1 53 7 Delmag D30-02 19 Valley A013(394) l-!n thk OEP (filled w/ 4 ks 7/18/2018 61 APE D30-42 52
2 Sedgwick  235-87 KA-0161-04 HP 12 308 1215.06 68 Delmag D30-02 20 Valley A013(394) 1-in thi OEP (filled w/ 4 ks 9/10/2018 51.8 APE D30-42 61
25 Sedewick  235-87 KA-0161-04 HP 12474 356 11/8/2016 1218.9 47 Pileco D30-32 21 Latah A013(450) 5-in thi OEP (filled w/ 3 ks 430 7/27/2018 48 ICE 1-30 V2 23




Task I-2: Electronic Database

| 2] Pile Load Tests List | 5] pile Load Tests List

UNIVERSITY

whisclaimer

NorthDakotaPile DO UNIVERSIT %

|01 91 [ (JIOWADOT

ID « County

o WYOMING

Date Driven  Pile embedment at EOD (ft) »

NorthDakota N
Depariment of Transportation / ( ) \/ I N Q
New Pile Load Test \ )I : / 1

Project Number Pile Type v Design Load (kip) ~ Hammer Type » EOD Hammer St

1 Frackl'n BRF-065-7(35)--36-35 TP 10X 57 250 51512020 376 Delmag D19.42 - Dy Comty Pfojeslﬂlnnbcr v Pile Type v DesignLoad (kip) + DateDriven » Pile Toe Elevation « Pile embedment at EOD (ft) » Hammer Typ(
N Franklin BRF-065-7(35) HP 10X 57 250 5/5/2020 683 Delma; D19-42 10.0 1 Morton County HPP-TIP-TCP-1-094(078 HP 14x102 360 3/27/2007 1540.5 90 Delmag D3
3 Rockwell  BRF-065-8(57 HP 12X 73 250 6/19/2020 243 Delmag D19-42 10.5 2 Morton County HPP-TIP-TCP-1-094(078 HP 14x102 360 3/27/2007 1533.5 97 Delmag D3
4 Rockwell  BRF-065-8(57)--38-17 HP 10 X 42 300 6/19/2020 100 Delmag D19-42 105 | 3  McKenzieCouty S5-7-806(014)306 HP 12:53 | 71372021 1953.5 67. Delmag D 30
5 Wapello  NHSX-063-2(120)--3H-9 HP 10X 57 248 11/8/2020 27 Delmag D-22 108 ||(New

6 Adair BRF-092-3(36)--3 HP 10X 57 300 3/8/2020 23 Delmag D-22 112

7 Davis BRF-012-2(32)--38-75 HP 12X 53 214 6/5/2021 87.9 APED 19-42 115

8 Davis BRF-012-2(32)--38-75 HP 12X 53 214 6/5/2021 75.4 APED 19-42 115

9 Davis BRF-012-2(32)--38-75 HP 12X 53 214 6/5/2021 53.6 APE D 19-42 8.6

=2| Pileload TestsList

ColoradoPile cg COLORADO UINIVERSITY

@Disclaimer

) Department of Transportation . Wv () M I N G
OF

D - County - Project Number - Pile Type + Design Load (kip) ~ Date Driven - Pile Toe Elevation » Pile embedment at EOD (ft) + Hammer Type - EOD Hammer Stroke (ft) » 1
1 37-UR-135 HP 14*89 Delmag D-25-32
2 37-UR-135 HP 14*89 Delmag D-25-32
3 37-UR-135 HP 14*89 Delmag D-25-32
4 37-UR-135 HP 14*89 4/10/1998 195 Delmag D-25-32
5 B-24-A0
6 BR 0062-013 HP 12%53 7/8/2005 50 19-32 Open Ended L 6.5
7 BR 0062-013 HP 12*53 6/27/2005 64 19-32 Open Ended [ 6.5
8 BR 0062-013 HP 12*53 6/30/2005 48 19-32 Open Ended T 6.5
9 BR 0062-013 HP 12#%53 6/30/2005 78 19-32 Open Ended L 6.5
10 BR 0062-013 HP 12*53 7/8/2005 50 19-32 Open Ended T 6.5
11 BR 0072-015 HP 12%74 8/13/2009 39 D19-42 open Ended 7.0
12 BR 0101-024 HP 14*89 12/14/2009 4700 156 APE Model D30-42 12.5
13 BR 0101-024 HP 14*89 12/14/2009 4700 16.6 APE Model D30-42 12.5
14 BR 0251-162 HP12x74
15 BR 0362-027
16 BR 0853-023 P 12#53 (2:12 Battered Pils 3/21/1997 4575.1 59 srminghammer B-35( 8.0
17 BR 1151-012
18 BR 2854-105 HP12x74
19 BR 287-3(061) HP 12%74 10/11/2000 422 )19-32 open ended ¢ 8.0
20 BR 5502-031 HP 12*53 9/14/2001 18 D19-32 Open ended 7.0
1 nD 23NH_NI2 TID 19%QA/M attarad) 1NIRMANNG oanr28 "7 R 2N-2% Nman andad T i)



Electronic Database Demo



Task I-2: Electronic Database

tabase Development\ldahoPile\ldahoPile.accdb (Access 2016) - Access

File Home Create External Data Database Tools Help £ Tell me what you want to do
A” Access Ob_]eCtS @ @ —2| Pile Load Tests List <
Search...
Tables X .
E Average Subsurface Profile IdahOPlle
j Idaho Counties
E Nominal Unit End Bearing L ]: VOM [ N G
B Nominal Unit Shaft Resistance ID + County Project Number Pile Type + | Design Load (kip) - Date Driven -  Pile embedment at EOD (ft) »~  Hammer Type - EOD blow
Ta b | @ =Pl T i Load Test Records 1 Washington ~ BR-3110(127) HP 14x117 400 4/1/2008 37 Delmag D-19-42 58
) 2 Washington ~ BR-3110(127) HP 14x117 1/15/2009 Delmag D-19-42
B rile Types 3 Washington ~ BR-3110(127) HP 14x117 400 6/26/2008 36 Delmag D-19-42 187
FE] static Load Test Results 4 Washington ~BR-3110(127) HP 14x117 400 5/8/2009 37 Delmag D-19-42 118
Querics o 5 Washington ~ BRF-3112(051) HP 14x117 3/25/2013
Qu e ry — B ) 6 Washington ~ BRF-3112(051) HP 14x117 3/25/2013
B Usable test ples 7 Washington BRF-3112(051)
Torms £ 8 Washington ~ BRF-3112(051) 575 116 ICE 1-30 590
= About 9 Washington  A013(395) HP 14x117 520 4/17/2017 68.9 ICE I-30v2 73
_ , 10  Washington  A013(395) HP 14x117 520 4/24/2017 68.9 ICE I-30v2 52
B8 Average subsurfacce Profile Subform 1 Payette  A013(390) HP 14x117 400 6/28/2018 429 APED36-26 a1
F 8 Nominal Unit End Bearing Subform 12 Payette A013(390) HP 14x117 8/6/2018 54.4 APED36-27 44
orm = T norminal nit Shaft Resistance Subf 13 Elmore A013(947) HP 14x117 6/13/2015 38 ICE I-30v2 52
= omne i nan Ressanee suner 14 Elmore  A013(947) HP 14x117 5/26/2015 39.9 ICE I-30v2 64
E5 rile Load Test Records 15 Elmore AD13(947) HP 14x117 6/4/2015 23.8 77
55 Pile Load Tests List 16 Elmore AD13(947) HP 14x117 6/5/2015 359 69
17 Valley AD13(394) HP 12x74 450 8/1/2018 56 APE D30-42 60
B8 staticLoad Test Results Subform 18 Valley A013(394) HP 12x74 450 8/1/2018 38 APE D30-42 60
19 Valley AD13(394) 1-in thik OEP (filled w/ 4 ks 7/18/2018 61 APE D30-42 52
20 Valley AD13(394) 1-in thk OEP (filled w/ 4 ks 9/10/2018 51.8 APE D30-42 61
21 Latah AD13(450) -in thi OEP (filled w/ 3 ks 430 7/27/2018 48 ICE 1-30 V2 23
22 Latah A013(450) -in thk OEP (filled w/ 3 ks 429 ICE 1-30 V2 52

Home Screen



Task |I-2: Electronic Database

IdahoPile : Database- D:\Database Development\ldahoPile\ldahoPile.accdb (Access 2016) - Access

IdahoPile : Database- D:\Database Development\ldahoPile\ldahoPile.accdb (Access 2016) - Access

Fil Hi Creatt Ext | Dat: Datab Tool Hel Tell hat it to d 4 ::
e ome reate smalbata stabase fook P ) TR e File Home  Create  External Data DatabaseTools ~ Help  TableFields  Table P Tell me what you want to do

e == Pile Load Tests List
All Tables Q « All Tables @ « |3 PileLoad TestRecords

Foarch- - 2 - ID + Project Number « State  » County « Bridge/Structure + PileLocation » LRFD Factored load ( v .
ldaho Counties # . * search.. P 1 BR-3110(127 D Washington US-958 Snake River Bridge sile 2 at Abutment 400
] 1daho Counties: Table IdahoPlle ! Idaho Counties & 2 BR3110(127) D Washington US-958 Snake River Bridge ile 20 at Abutment
Nominal Unit End Bearing # =] Idaho Counties : Table 3 BR-3110(127) D Washington US-958 Snake River Bridge ‘ile 1 at Abutment 400
= Nominal Unit End Beari v Nominal Unit End Bearin - 4 BR-3110(127 D Washington US-95S Snake River Bridge ile 32 at Abutment 400
Nominal Unit Shaft Resistance Ed - . - - < 5 BRF-3112(051) D Washington US-95 Weiser River Bridge Pile 2 atPier 1
= Nominal Unit Shaft Resistance ; Table D Couny Project Number Pile Type - Designload (dp) = Date Driven - | Pile embedment st EOD (@) - er Type - | EOD blow = Nominal Uit end Bearing: Tabe 6 BRF-3112(051) D Washington US-95 Weiser River Bridge ‘ile 2 at Abutment

e 1 ‘Washington ~ BR-3110(127) HP 14x117 400 37 Delmag D-19-42 58 . ; . =\ —= == - e = =
Pile Load Test Records & 2 Washington  BR-3110(127) HP 14x117 Delmag D-19-42 Nominal Unit Shaft Resistance 3 7 BRF-3112(051) D Washington US-95 Weiser River Bridge Pile 2 at Pier 1
3 rile Load Test Records : Table 3 ‘Washington  BR-3110(127) HP 14x117 400 36 Delmag D-19-42 187 = Nominal Unit Shaft Resistance : Table 8 BRF-3112(051) D Washington US-95 Weiser River Bridge Pile 10 at Pier 1 575
= s 4 Washington ~ BR-3110(127) HP 14x117 400 37 Delmag D-19-42 118 i 9 A013(395) D Washington SH-51 Snake River Bridge ile 1 at Abutment 520
=1 Usable test piles * L N g 2
; i : &:ﬂsﬁmn ggi ig(gz:) g :ﬁ ;: Pile 1Gad Tesk Records “ 10 A013(395) D Washington SH-51 Snake River Bridge Pile at Abutment 2 520
T Pile Load Test Records v C : : . ! E
— : “:zhm::z i 1;E o 1; = = il Load Test Records: Table 11 A013(390) D Payette SH-52 UPRR Bridge rile 4 at Abutment 400
= Pt . s | Washington  BRE-3112(051) = 416 ICE 130 590 = Usabletest piles 12 A013(390) D Payette SH-52 UPRR Bridge 'ile 4 at Abutment
Pile Types A 9 | Washington A013(395) HP 14x117 520 68.9 ICE [-30v2 73 T Pl Load Tes 3 A013(947) D Elmore 1-84B UPRR Bridge 'ile 5 at Abutment
= pile Types: Table 10 | Washingion  A013(395) HP 14x117 520 68.9 ICE [-30v2 52 2 ‘PietoadTestRoooats 14 A013(947) D Elmore 1-84B UPRR Bridge ‘ile 5 at Abutment
Static Load Test Results 2 11 Payette  A013(390) HP 14x117 400 429 APED36-26 31 T pile Load Tests List 15 A013(947) D Elmore 1-84B UPRR Bridge Pile 5 at Pier 1
R 12 Payette  AO013(390) HP 14x117 514 APED36-27 1 : : :
Static Load Test Results : Tabl e : 7 - 2 2
] static Load Test Results .a le G oo A013(547) HP 1ex117 e 1CF 13002 pos Pile Types 2 1? AO[%(% ) D E}lnore 1-84B UPRR Bnge : lPlle 12 at Pier
Average Subsurface Profile & 14 e A013(947) HP 14x117 399 ICE I-30v2 64 2 rile Types: Table 17 A013(394) D Valley SH-55 NF Payette Rx'\'er B[‘fdge ’%le 4 at Abutment 450
3 Average Subsurface Profile: Table 15 Elmore A013(947) HP 14x117 238 77 - 18 A013(394) D Valley SH-55 NF Payette River Bridge ‘ile 7 at Abutment 450
Unrelated Objects ¥ 16 Elmore  A013(947) HP 14x117 359 69 Static Load Test Results & 19 A013(394) D Valley SH-55 NF Payette River Bridge ‘ile 1 at Center Pie
17 Valley  A013(394) HP 12x74 450 56 APE D30-42 60 B static Load Test Results: Table 20 A013(3%4) D Valley SH-55 NF Payette River Bridge ‘ile 4 at Center Pie
18 Vally  A013(394) HP 12x74 450 38 APE D30-42 60 ) 5 . L ) : : \ N
19 Valley  A013(394) 1-in thk OEP (filled w/ 4 ks 61 APE D30-42 2 Average Subsurface Profile & ;1 Agliu;g) $ 'Eat: Eot%nm iﬁ ang gr%:ge :ie é : ?\:mem 2
20 Vally  A013(394) 1-in thk OEP (filled w/ 4 ks 518 APE D30-42 61 B3 Average Subsurface Profie: Table ek AQ13(450) = et D TIRE e ol i nimend
21 Lamh  A013(450) 5-in thi OEP (filled w/ 3 ks 430 7 48 ICE1-30 V2 23 o o 3 A013(853) D Caribou SH-34 Tincup Creek Bridge 'ile 1 at Abutment
2 Latah  A013(450) 5-in thi OEP (filled w/ 3 ks 129 ICE 1-30 V2 52 Unrelated Objects ¥ 24 A018(853) D Caribou SH-34 Tincup Creek Bridge tile 7 at Abutment
23 Carébon A018(853) HP 12x74 316 Delmag D-19-42 228 25 A014(023) D Lemhi SH-28 Lemhi River Bridge ile 2 at Abutment

Pile Load Test List Form Pile Load Test Record

10



Task I-2: Electronic Database

E Pile Load Test Records

File ~ Home Create  ExtemalData  DatabaseTools Help £ Tell me what youwant lo do
All Tables © « Load Tests List

;

Idaho Counties

= e ey IdahoPile

Nominal Unit [nd Bearing 2 ¢ | ;
3 omioat Ut eaing: bl NEA AT T All Record Data Entered? &
Nominal Unit Shaft Reststance % C Project Numb: Pile Ty N il d (kip) » Date Dr Pile embedment at EOD (f) » Ilammer Ty EOD blow/
o e e ounty + Project Number e Type + DesignLoad (kip) » Date Driven + Pile embedment at = er Type - low .
B omina nit shaft Resistane  able 1 i BR-3110(127) 1P 14x117 400 4/1/2008 37 Delmag D-19-42 s | &Print OClose
Pile Load Test Records & 2 Washington  BR-3110(127) IIP 145117 1/15/2009 Delmag D-19-42
3| Washington DR-3110(127) IIP 145117 400 6/2612008 3% Delmag D-19-42 w1 )
4 ‘Washington HD 14x117 400 09 37 Delmag D-19-42 118 Project No. -
s | Washingron s HP 14x117 3/25/2013 ) BR-3110(127)
6 | Washingron s HP 14x117 3252013 }
&= . 7 | Washingron E C - T H E
= e i ; ounty: State:
= N s | Washing RRF-3112(051) 575 16 ICE 130 s0 | ta7 ‘ W ﬂShl.llgtOll ™ D ~
'%i Iypes & 9 AOT3(395) HP 145117 520 anan7 689 2 73
Pile Types : Table 10 a A0TH(395) HP 14117 s20 659 52 . ) B .
Stalic Load Tesl Resulls 5 11 Payelle  AUL3(390) HP 145117 100 29 a | Bridge/Structure: ‘ US-95S Snake River Bl'ldgC |
S-S 12 Payetie  AULS(390) HP 1x117 s1.1 M
15 | Elmore  A01(517) HP 11x117 38 52 . . .
Average Subsurface Profile & 1 Elmore  A013(917) HP 14x117 502612015 399 o1 | DPile Location: ‘Pllﬁ: 2 at Abutment 1
fle:Table 15 | Elmoe  A01547) HP L4xl17 6/4/2015 2538 7
Unrelated Objects M 16 | Clmore  A01(547) IP las117 652015 359 & . .
Valley  A013(394) 1P 1274 450 §/1/2018 56 60 1. Pile SIZE..ceoeieiiieiieeiieeeieee e ee e e e e e anee { HP 14x117 v |
Valley  A013(394) IP 12374 450 §/1/2018 38 0
Valley  AO13(94) in thk OFP (filled w/ 4 ks 61 2 i
Valley  AO13(394) +-in thk OEP (filled w/4 ks sis 2. Date DIIVEIL ...cevieeiiieeiieeieeeeeeeeeeeeeeeeee e emee e e e e eeeneeeenes 4 4/1/2008 |
Lauh  A013(450) i thic OEP (filled w/ 3 ks 430 18
Lauh  A013(450) -in thk OEP (filled w/ 3 ks 429 q .
3 | Caribon ) 7 3. IRFD Pile Load (Kips).......coccoooooioie e ‘ 400 ‘

4. ASD Load (kip)

5. Type of Hammer Used.. ‘ Delmag D-19-42

6. Pile Embedment at EOD (ft)..................................... { 37 |

Ad d iti O n al [ 7. Elevation at the Top of the Test Pile (ft)...........................] ‘ |

| ClmieBlsrationattic Boton Tin ol e Tos Pile. (0 ‘ I
I n fo rm atl O n Subsurface Profile Nominal Unit Shaft Resistance (ksf) Nominal Unit Endbearing (ksf) Driving Information Dynamic Test and Analysis Results Stati ¢ | *
for TeSt Average Subsurfacce Profile

A 4

Record Comments:

= Layer 1 Geomaterial ~ Description + AASHTO Clz = Thickness (ft) + SPTN - (N1)60 - Unitwt =
P I I eS 1 SM SILTY SAND 8.99 9 13  0.11]
2 GW JELL GRADED GRAVE =3 48 49
2 GW JELL GRADED GRAVE 8.7 48 50
2 GW JELL GRADED GRAVE 6 47 56
3 SILTSTONE 7.31 42 37 =
EY el TeTANE ] 1z 1c
Record: 4 < [1of6 | b b»i| §7 Search [ 3
Attachments (1): -
Record: 14 1of1 PR VFiItered Search -

Pile Load Test Record Form (Data View)

11



Task I-2: Electronic Database

IdahoPile : Databas se Developmel

File  Home  Create  ExternalData  DatabaseTools  Help £ Tell me what you want to do
All Tables @ « |2 Pileload TestsList

Idaho Counties 2
3 idaio Counties : 1able

UNIVERSITY

IdahoPile

Nominal Unit End Bearing 2
B Nominal Unit End Bearing : Table

or WVOMING

»

Nominal Unit Shaft Resistance

ounty -~ Project Number -

T ol it shaf Resisance: Tatle 1 Washington DR-3110(127) 1IP 14x117 Delmag D-19-42 58
Pile Load Test Records & 2 ‘Washingion ~ BR-3110(127 HP 14x117 Delmag D-19-42
Pile Load Test Records : Table 3 Washington ~ BR-3110(12 HP 14x117 400 36 Delmag D-19-42 187
R 4 Washington BR-3110(127) HP 14x117 400 37 Delmag D-19-42 s |
5 Washineton BRF-3112(051) HP 14x117
== pile Load Test Records 6 Washington RRF-3112(051) HP 14x117 |
R, 7 Washington BRF-3112(051)
8 Washington DRI-3112(051) 575 416 ICE1-30 590
Pile Types & 9 Washingon  A013(395) HP 14x117 520 68.9 ICE I-30v2 73
j Pile Types : Table 10 Washington ~ A013(395) HP 14x117 520 689 1CE 1-30v2 52
Static Load Test Resulls N 1 Pagette  A013(390) HP 14x117 400 429 APED36-26 31
oL 12 Payette  A013(390) HP 14x117 544 APED36-27 |
13 Elmore  A013(947) HP 14x117 6/13/2015 38 ICE 13072 52
Average Subsurface Profile 2 14 Elmore  A013(947) HP 14x117 399 ICE [-30v2
T average Subsurface Profile: Table 15 Elmore  A013(947) HP 14x117 6/4/2015 238 7
Unrelated Objects ¥ 16 Elmore  A013(947) HP 14x117 6/5/2015 359 9
7 Valley AD13(394) HP 12x74 450 / 56 APE D30-42 60
18 Vally  A013(391) HP 12571 150 38 APE D30-12 0
19 Valley  A013(394) in thlk OEP (filled w/ 4 ks 7/18/2018 61 APE D30-42 52|
20 Valley  A013(394) -in thk OEP (filled w/ 4 ks 9/10/2018 s1s APE D30-42 61
21 Latah A013(450) 3-in thk OEP (filled w/ 3 ks 430 2018 48 ICE 1-30 V2 23
2 Latah  AO13(450) 3-in thlk OEP (filled w/ 3 ks 29 ICEI30V2 2
23 Caribou  A018(853) HP 12574 102672018 316 Delmag D-19-42 28

- Design Load (kip) ~ Date Driven ~  Pile embedment at EOD (f) - Hammer Type - EOD blow/. |

@ Pile Load Test Records

All Record Data Entered? @

&Print QClose
4 Project No. ‘ ‘
Bridge/Structure: | ‘

Pile Location: ‘ |

L D] 2 ‘ v |

2.Date DIIVEI......cciiiieeic e ‘ |

3. LRFD Pile Load (KIPS)......ccoevrreeeerereresesieesesessnesesenassenas ‘ ‘

4. ASD T0Ad (KID) .. vvvvvvveeereeeeeeesesesessemsssssseeessseeessssssanns { ‘

8. Type of Hammer Used.

6. Pile Embedment at EOD (it)

7. Elevation at the Top of the Test Pile (ft)...........................] ‘ |

8. Elevation at the Bottom Tip of the Test Pile (ft)............... \ |

Subsurface Profile Nominal Unit Shaft Resistance (ksf) Nominal Unit Endbearing (ksf) Driving Information Dynamic Test and Analysis Results Stati ¢ | *

Average Subsurfacce Profile Record Comments:

Layer «1 Geomaterial -~ Description = AASHTO Cle = Thickness (ft) + SPTN - (N1)60 - Unitwt (pc
* 0 0
Record: 14 ¢ [10f1 ’ N2 Search 4 ’
Attachments (1):
Record: 14 4 [10f1 » N{ Unfiltered | Search

Pile Load Test Record Form (New Input)

12




Task I-3: Summary of Bridge Projects for
Field Tests

DOT Test Bridge Sites IGM Type
1) Lodgepole Creek Bridge in 2019 Siltstone
WYDOT 2 SLTs + gep g
PDAs 2) 1-80 Interchange Bridge in 2021 Siltstone
2 SLTs + 1) Wapello Bridge in 2020 Shale
IADOT PDAs 2) Adair Bridge in 2020 Shale
14 PDAs 3) Bridge Projects for Dynamic Testing Mainly Shale
KDOT 2 SLTs+PDA | North Junction, Wichita in 2022 Shale
1) Bridge 1-05-V over Gunnison River in 2022 Shale
CDOT | 3 SLTs+PDAs | 2) Bridge E-17-GX, York St under |I-76 in 2022 Siltstone/Claystone
3) Bridge J-17-XA, CO115 over Rock Creek Pass in 2023 | Claystone
NDDOT | 1SLT+PDA | 1) Cherry Creek Bridge in 2021 Claystone/Lignite

13
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NDDOT Highway 1806 at Cherry Creek Bridge

Task I-5



Task I-5:NDDOT Highway 1806 at Cherry Creek Bridge

Day Date Description
Monday 07/12 Sensor Installation & Protection; Steel Angle Welding
Tuesday 07/13 Pile Installation; 1-hr Restrike
Wednesday 07/14 24-hour Restrike; Load Frame Installation; Static Load Test Setup and Testing

15



BT USelaipuve

Project Number B2008268 BORING: | = B S e |
Geotechnical Evaluation LOCATION.{ = 19670 gense \({AL%X&)&JY s : G -

X . = / . trace Gravel, @ -
Highway 1806 Reconstruction (PCN 21176) oy < aray, moist medim (GLACALTRL) 35_X 2z
Highway 1806 - / = 16"
Watford City, North Dakota LATITUDE: | — i
DRILLER: G.Bavre |LOGGED BY: C.Lingeman STARTDATH] - S an d y CI ay i

ot 202101 |RIG: 7508 |u€moo: 3U4CHSA  |SURFACING T w—X o

Elev/ . Description of Materials Blows = 16790 p = ¥

Depth (Soil-ASTM D2488 or 2487; Rock-USACE EM (N-Value) 420 [ SENTINEL BUTTE FORMATION,

1110-1-2208) — ;.| SANDSTONE, gray. wet. decomposed, very —
ft Recovery = -’| soft, fine-grained. sample retrieved as non- _
= :: nted "Clayey Sand (SC)"
L LEAN CLAY (CL), some mineralization, brown 2-3-5 — A S 45 1(721;2)8
— and gray, dry, medium (ALLUVIUM) — (8) = 127
 2019.0 byl =
| 20 FAT CLAY (CH), brown, moist, medium 2-3-3 s,
- (ALLUVIUM) — (6) 5
- 18" =
- o = 18-19
: Fat Clay X | Sandstone =H @
3 = (6) =
20145 & 18 =
| 65 CLAYEY SAND {SC), fine-grained, brown, - 1-2-2 Z
- moist to wet, very loose (ALLUVIUM) 4) —_,Qﬁe_o 5 20-22
[—2012.5 7 18" Z 550 [ SENTINEL BUTTE FORMATION, (22)
&5 SILTY SAND (SM), fine-grained, brown, moist - 2| SANDSTONE. ray, wet. decompused. very 2
- to wet, very loose (ALLUVIUM) " - — @eng.sm = (psm'
r Sllt Sand 24" 519515 ] Sandstone 2125
B y 1141 — SENTINEL BUTTE FORMATION, @ (1352_)
Ed - -1- 5 CLAYSTONE, gray, moist, d d,
- Wet below 12 feet (2) = soft, with occag;yalng;sdsm‘:\:s:s, h‘::z ]
: | 18" — deformed sample classified as "Fat Clay (CH)"
- =+ @ || 2 Claystone 1
E Brown and gray below 14 1/2 feet 1 S_X 2) = Continded on next page
~ " 1 ]
7 7] ¥ eranon r IRIG: 7508 IME'I’HOO: 31047 HSA ISURFAC!NG
et ~ y Description of Materials
- 2003.0 g'e:';‘ E (Soil-ASTM D2488 or 2487; Rock-USACE EM (Ns_me)
L 180 FAT CLAY with SAND (CH), gray and black. & 1110-1-2008) Redavery
H— moist, medium, erganic odor (ALLUVIUM) —
- 1-2-3 B SENTINEL BUTTE FORMATION, 26-35
— 20— (5) — CLAYSTONE, gray, moist, decomposed, very SS—E (35)
- F at C I ay 18" el soft, with occasional Sandstone lenses, hand _ 12"
o 1 - “Craystong”
‘_1998 2 = [ 1853.0
230 SANDY LEAN CLAY (CL), gray and Biack, ol sl N
— moist, soft -] - = 253
&) 25—X 1&2 2 "1 &
:— Sandy Clay — w E ngnlte i
- 1803.0 - |
| 280 POORLY GRADED SAND with SILT (SP-SM), - by 20/3°
— with Gravel, brown and gray, wet, medium — £ 75— (REF)
- dense (ALLUVIUM) 41313 [ A 3
— 30— (28) - -
- oorly Graded San 8 o
- [ 780 SENTINEL BUTTE FORMATION,
Continued on next page - CLAYSTONE, gray, moist, decomposed. very ~ —
= crf with Qilkctans lancac hand dafarmad = 18-24

NDDOT Highway 1806 at
Cherry Creek Bridge

Overburden: Fat Lean Clay, Silty
Sand, Poorly Graded Sand and
Sandy Clay (Glacial Till).

Pile: HP12x53

IGM: Sandstone, Claystone, Lignite

Hammer: Delmag D 30-32

16



Task I-5:NDDOT Highway 1806 at Cherry Creek Bridge

CAPWAP Embedded Bearing Total Shaft End Bearing | Hammer Blow
Analysis at Event Pile Length Layer Resistance | Resistance (Kip); % Count (b/ft)
(ft) (kip) (kip) |
Pile initial driving _
BN: 130 (E-1) 50 Sandstone 165 134 31;19.1 10
Pile initial driving 60 Sandstone 288 246 42; 14.7 19
BN: 275 (E-2) T
Pile initial driving 66 Claystone 367 339 28: 7.6 25
BN: 409 (E-3) y e
Pile initial driving _ _
BN: 442 EOD 67 Lignite 429 403 26; 6.2 28
1-hr restrike 67.52 Lignite 791 756 35;4.5 192
24-hr restrike 67.54 Lignite 820 785 35; 4.3 192+

Note: E=Event



Task I-5:NDDOT Highway 1806 at Cherry Creek Bridge

0

Displacement (in
= = P = (C) o o
AN N = (@) (@)} AN N

=
o

=
o

0

Applied Load (Kips)

100 200 300 400 500 600 700 800

5%B ¢=—

De Beer YL €=
1inch«—

10%B +—

Davisson ¢

Failure Criterion R (kips) R/Pu S/B (%)
Davisson 732.5 0.95 13.67
Gradual Failure De Beer YL  640.6 0.83 7.88
Methods
Fuller & Hoy 640 0.83 7.88
Chin-Kondner 1666.7 2.15 -
Plunging Failure i
Methods De Court 1996.5 2.58
Van Der Veen 860 1.2 -
10%B 676.5 0.87 10
Settlement 0
Based Methods 5%B 431.1 0.56 5
1 inch 645.2 0.83 8.33
Others Mazurkiwicz 1000 1.29 -

NOTE: R= Total Resistance; P = Structural Capacity;

S = Settlement; B = Pile Dimension

18



Task I-5:NDDOT Highway 1806 at Cherry Creek Bridge

IGM

Unit Shaft resistance (ksf)

Depth (ft) _ _
E-1 E-2 e S22 R(;Lstr;irke Riitrilr(e Sr(e)
Sandstone 42-50 0.6 1.95 3.15 3.35 7.3 7.72 3.68
Sandstone 50-60 -- 1.9 2.92 4.45 8.1 7.66 7.97
Claystone 60-66 -- -- 0.9 0.57 2.32 2.33 5.47
Lignite 66-67.54 -- -- -- 0.52 1.7 1.74 3.83

Note: E-1=Pile initial driving BN130; E-2=Pile initial driving BN275; E-3=Pile initial driving BN409; SLT(D)= Static load test
based on Davisson criterion.




Task I-5:NDDOT Highway 1806 at Cherry Creek Bridge

IGM

Depth (ft)

Unit End Bearing (ksf)

E-1 E-2 E-3 EOD R(;Lstr;irke Riitrrillr(e SLT (D)
Sandstone 50 32.04 -- -- - - - -
Sandstone 60 -- 43.13 -- = -- = --
Claystone 66 -- -- 28.48 -- - - .
Lignite 67.5t0 67.54 -- -- -- 26.96 36.11 35.91 19.54

Note: E-1=Pile initial driving BN130; E-2=Pile initial driving BN275; E-3=Pile initial driving BN409
based on Davisson criterion.

; SLT(D)= Static load test

20




Phase Il
Task 1l-2: Pile Resistance Estimation:

Rock-Based IGM Validation



Proposed Pile Resistance Estimation
Methods For Piles in Rock-IGMs

Steel Pile Type Rock-IGM Proposed Static Equation for Unit Shaft Resistance (q;s)
: : N
H-Pile Granite Gs = [(),74_3 — 0_5] P,
H & Pipe Pil Siltst 6. = 0.45a. %4 Or 4 (N1eo] ™03
ipe Pile iltstone Gs = 0.45q,"** Or g, = 0.42P, [
H & Pipe Pile Claystone G = 0.74(q,)%3°°
. : Nxaj,
H & Pipe Pile Mudstone 3. = 619 [1 B e(—o.osz a )]
2.8(qy X 0,
H-Pile Sandstone G = (@ X 0y) ,
19.58 + (qy X a,)




Proposed Pile Resistance Estimation
Methods For Piles in Rock-IGM

Steel Pile Type Rock-IGM Proposed Static Equation for Unit End Bearing (qp)
H & Pipe Pil Sil [ (—32'4N)]
ipe Pile iitstone 5Ip = 12.9P, |2.43\30D;
H & Pipe Pil Clayst G = e u
ipe Pile aystone dp = 2096 + q,
Pipe Pile Mudstone (Limited @ = 35.71q,,°%

Sample Size)

Dg—Total pile penetration; P_—Atmospheric pressure; q,—Unconfined compressive strength

23



Rock-Based IGM Validation-Unit Shaft Resistance

OSiltstone-UCS & Siltstone-N160
A Granite-N & Sandstone-UCS & Stress
X Claystone-UCS
5 ]
o
(7))
X
et
c 4 -
S
0
wn
¥ O O O O
— 3 ¢
© A
ﬁ m External
= O -
5 5 | 0 M O v\ Rock-IGM Data
Siltstone 30
g xe OaA ™ Ae
g L3/ ® Granite 5
(&)
S Sandstone 3
o 11 Clayston 1
5 % aystone
Mudstone
Total 39
0 I I | | |
0 1 2 3 4 5 6

Measured Unit Shaft Resistance (ksf) 24



Rock-Based IGM Validation-Unit End Bearing

Predicted Unit End Bearing (ksf)

400

350

300

250

200

150

100

gl
o

o

ODLT-P-1-HP 14x89
|| ©DLT-P-2-HP 14x89
A DLT-P-3-HP 14x89
O DLT-P-4-HP 14x89
1| +DLT-P-5-HP 10x42
X SLT-P-5-HP 10x42
1 | WDLT-TP-1-HP 12x53 New
X + .
Pile
I ?
Project Rock- Data Data °
A\ IGM
i - :
WYDOT Siltstone 6
& Lodgepole
i NDDOT-
u Cherry Creek Claystone 1
0 50 100 150 200 250 300 350 400

Measured Unit End Bearing (ksf)
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Task IlI-4: Variability Analysis
(Spatial Uncertainty Consideration in
The Development of LRFD Static
Analysis Methods)

26



Introduction

 The need for spatial (parameter and geological) uncertainty:

The estimation of pile resistance during the design process depends on
the geomaterial parameter and its associated uncertainty (inherent
variability).

The characterization of geomaterial layer boundary positions is critical to
the design of an adequate deep foundation (geological uncertainty).

* Objectives:

Formalize a procedure for characterizing and analyzing uncertainties in a
design in which geomaterial and pile specific prediction equations have
been obtained.

Consider cross-site uncertainties in estimation of LRFD resistance factor.

27



Method

Assign categorical data from boreholes to the corresponding discretized elements

|
I
|
I
I Y Geological
: Estimate transition rates with the Maximum Entropy method uncertainty
I
| A 4
I . . , , .
I Perform Multinomial Categorical Simulation (MCS)
I
Assign parameter data from boreholes to the corresponding discretized elements
Parameter

uncertainty

A 4

|

|

|

|

|

| . :

| Estimate variogram
|

|

|

| Simulate parameter values conditionally (krige) and unconditionally (gstat) according to the geomaterial categories (layers) given by that MCS
|

Transformation:
uncertainty 1

Obtain the equivalent measured resistance for the domain area and perform nonlinear regression analysis to estimate mean resistance bias A,
and resistance coefficient of variation, CVjy

l

Estimate LRFD resistance factor ¢ using modified FOSM




LRFD Calibration

* Modified FOSM LRFD Calibration is given by:
Q0 ) 1+ CVQ2
A’”(YDXQLH/L * [T+ oz

(AQD Xg—lz+/1QL)><exp<,Bx\/ln((1+CV )+ (1 + CV )))

where; yp = 1.25, y, = 1.75, g—D =2, Agp = 1.08, A, = 1.15, CV,p = 0.128, CV,, = 0.18, and
L 2
2
(AQD %CVQD) + (101CVq1)

(AQD glz) +2 %’j AopdoL + 12,

NHI (1998) assumed the coefficient of variation of the load CV, in the initial FOSM LRFD
calibration as the equation below:

(p:

2
CVE =

2 _ 2 2
CVE = CV3p + CVE,

These equations resulted in lower than actual resistance factors. The FOSM resistance factor
equation can be made closer to those of the FORM and Monte Catrlo.

29



* Sand ¢ Sand with Silt and Gravel * Sandy Siltstone + Siit

Example: Lodgepole Creek Site

50 100 150 200

/\ | ‘ N

- ] 100
10 | | - ! “‘
. dﬁ' — 80
=) 100 : ‘% ) ' — 60
60 1 %)9
40 100 |
29(it _ 40
0

20

140

120

LAt ]

R

1k
L)

x(ft)

Prediction equation for unit toe
resistance of H and pipe Piles driven in
Siltstone is given by
[ (32.4N)]
g, = 12.9P, 12.43'30Ds
Where P, is the atmospheric pressure

N is the SPT N value
Dy is the pile penetration depth

30



. RFD Resistance Factors
(End Bearing on Siltstone)

LRFD resistance factor considering spatial and transformation uncertainties

MFOSM
Rock- Sample | Mean | Simulation
Pile Types Based Size Bias Type CVp B:=2.33 B;=3.00
IGM o o
H & Pipe Pile | Siltstone 20 1.00 Conditional | 0.52 0.36 0.26
H & Pipe Pile | Siltstone 20 1.04 | Unconditional | 0.53 0.36 0.26

LRFD resistance factor considering transformation uncertainty alone

Rock- MFOSM
: Sample | Mean
Pile Types Based ) : CVg | B=2.33 | B+=3.00
Size Bias
IGM o o

H & Pipe Pile | Siltstone 20 1.03 | 0.47 0.42 0.31




Concluding Remarks

A prediction equation is usually obtained using regression analysis based on
a regional data set but may be used in different locations with the same
geomaterial conditions. However, only the prediction error (transformation
uncertainty) is considered.

 This study considers the spatial uncertainty involved in applying the
prediction equation for the estimation of pile resistance and the LRFD
resistance factor. Spatial uncertainty is incorporated by inputting the
simulated parameter value into the prediction equation, and this results in a
predicted resistance that adjusts for the spatial location.

* The study provides a background to study the effect of site investigation on
pile design.
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Task II-4: Variability Analysis
(Additional Task: R-Shiny)



R-Shiny Demo



Application of R Shiny for Inherent Variabilit

Inherent Variability

Navigation and current

options within the application

| Enter Data Explore Data Model Selection Select Model Layer Pairwise Comparison Borehole Sampling Plan Virtual Boreholes
— User provided data: 5
CSV or Text Viewer '
?
Show |10 ¥ |entries Search:
Choose CSV File
i..Surface.Elevation..ft.. BH.No. Latitude..A.. Longitude..A.. Distance..ft...x.axi
BROWSE...  lowa.csv
' o0 1 o 240338 >
2 650 1 4098748 -92.40338 25
3 650 1 40.98748 -52.40338 25
Pl l o, 4 650 1 4098748 -62.40338 25
€ase Cleapdara Vv’
|f necessar U d f' d d - h 1 40.98748 -92.40338 25
ser aetine ata wit
@ Headar . . . 1 40.98748 -52.40338 25
5 various formatting options | , ... s .
eparator
Eomma 8 650 1 40.98748 -52.40338 25
Semicolon
g 650 1 40.98748 -92.40338 25
Tab
Quote 10 650 1 40.98748 -92.40338 25
ROnS Showing 1 to 10 of 92 entries Previous | 1 ‘ 2 3 4 5 .. 10 MNext
Double Quote S
Single Quote
Please check the data matches the column names: ,
A sh o - tri :
Is this data 2D or : o Enires search:
SD? X y z layer SPT N-Value
Data Dimensions
1 25 29 5 1 &

Please upload a .csv or txt file and use the options below to format the data correctly.
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Application of R Shiny for Inherent Variability

Plot of each layer per borehale atit's (x, z) location:

2D Scatterplot of data

dat0Slayer
4

* - -
[ E-EEE . o . 3
.

1

& DOWNLOAD PLOT

Download results for lab reports

The x coordinates you entered are:

[1] 7@ 130 180 &0

Please enterthe x &y
coordinate of user
defined boreholes belo

Unconditional Simulation

x &y location of virtual boreholes:

[using universal kriging]

[using universal kriging]

[using unconditional Gaussian simulation]

[using unconditional Gaussian simulation]
vb.x vb.y

[1,] 120 25

[2,] 160 &8

[3,] 158 4@

pl [4.1 195 se

!

% location of boreholes

70,130,180,60

y location of boreholes

80,180,160,75

Which layer
ShOUld we fOCLIS The y coordinates you entered are!
on? [1] 8@ 18@ 168 75
Layer Input
‘ Layer 4 A
r defin
SPT N-value Use C_Ie Ed
atall depths sampling plan
perlayerorl .
depth per Opt|0nS
layer
Depth Input
All depths v

[5,] 145 45
[6,] 115 55
[7,] 3@ 95
[8,] 75 1e

Based on data & user inputs,
simulation is used to select the next
best locations for boreholes to
reduce inherent variability
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Next Steps

* Incorporate geological uncertainty through the layer boundaries
* Incorporate additional analyses for inherent variability

« Conditional simulation

1 depth per layer
 Test the production with additional datasets and users
* Develop user manual

* Implement a code maintenance plan
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Project Schedule

2019 2020 2021 2022 2023
Task Task Description
Q1|Q2| Q3|4 (Q1(Q2(Q3|Q@4 | Q1| Q2| Q3|4 |Q1|Q2(Q3|Q4|Q1| Q2| Q3| Q4
I-1 Historical Data Collection —
-2 Electronic Database m
-3 Identify Project Sites q
Geotechnical
-4 o
Investigation
-5 Static Pile Load Test
-6 Reporting %
-1 Data Interpretation
I1-2 Pile Resistance
) Estimation
-3 Pile Setup/Relaxation
11-4 Variability Analysis
II-5 | LRFD Resistance Factors
11-6 Cost-Benefit Analysis m
1.7 Qutcome and
Recommendations
11-8 Reporting

September 30, 2021
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Project Progress

Expected Percent

Actual Percent

Task Description Completion (Time) | Completion Difference
-1 Historical Pile Data Collection 100.00% 100.00% 0.00%
-2 Expand Electronic Database 61.50% 85.71% 24.21%
-3 |dentify Bridge Projects for Field Test 100.00% 83.33% -16.67%
-4 Detailed Geotechnical Investigation 100.00% 58.33% -41.67%
-5 Innovative Static Load Tests 100.00% 41.67% -58.33%
I-6 Reporting for Phase | 49.73% 0.00% -49.73%
[I-1 | Geotechnical and Pile Data Interpretation 100.00% 100.00% 0.00%
lI-2 | Pile Resistance Estimation 62.55% 92.86% 30.31%
[I-3 | Pile Setup/Relaxation Investigation 0.00% 30.00% 30.00%
lI-4 | Variability Analysis 37.31% 40.00% 2.69%
II-5 | Development of LRFD Resistance Factors 0.00% 70.00% 70.00%
lI-6 | Cost-Benefit Analysis 0.00% 10.00% 10.00%
lI-7 | Outcomes and Recommendations 0.00% 0.00% 0.00%
1I-8 | Reporting for Phase Il 0.00% 0.00% 0.00%

Average Percent Completion 50.79% 50.85% 0.06%
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Technology Transfer

Journal Manuscripts Submitted:

1)

2)

3)

4)

°)

6)

Oluwatuyi, O., Holt, B., Rajapakshage, R., Wulff, S.S., and Ng, K.W. “Inherent
Variability Assessment from Sparse Property Data of Overburden Solls and
Intermediate Geomaterials Using Random Field Approaches.” Georisk
Journal. (Review Submission)

Oluwatuyi, O., Rajapakshage, R., Wulff, S.S., and Ng, K.W. “Simulation of
Geologic Uncertainty and Geomaterial Boundaries Using Spatial Markov
Chains.” Acta Geotechnica.

Islam, M.S., Ng, K.W., and Wulff, S.S. “Prediction of driven piles in shales
considering weathering and time effects.” Canadian Geotechnical Journal.

Masud, N., Ng, K.W., Wulff, S.S., and Johnson, T. “Driven Piles in Fine Grained
Soil-based Intermediate GeoMaterials.” Journal of Bridge Engineering.
(Revised Submission)

Islam, M.S., Ng, K.W., and Wulff, S.S. “Improved Wave Equation Analysis of
Steel H-Piles in Shales Considering LRFD and Economic Impact Studies.”
Journal of Bridge Engineering.

Kalauni, H.K., Ng, K.W., Masud, N., and Wulff, S.S. “Improved Prediction Of
Pile Resistances In Soil-based IGMs Using WEAP With LRFD

Recommendations.” Deep Foundation Institute Journal. »



Technology Transfer
Journal Manuscripts In Preparation:
1) Oluwatuyi, O., Rajapakshage, R., Wulff, S.S., Ng, K.W. “An optimal site
Investigation plan through unified treatment of inherent variability and
geological uncertainty.”

2) Islam, M.S., Ng, K.W., Wulff, S.S. “Finite Element Analysis of Driven Piles
In Intermediate GeoMaterials.”

3) Masud, N., Ng, K.W., Wulff, S.S., and Johnson, T. “Driven piles in coarse-
grained soil-based Intermediate GeoMaterials.”

4) Kalauni, H.K., Ng, K.W., and Wulff, S.S. “Improved prediction of pile
resistances in rock-based IGMs using WEAP.”
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Technology Transfer

Conference Manuscripts:

1)

2)

3)

4)

Kalauni, H., and Masud, N. (2021). “Improved Estimation of

Pile Resistances in Soil-based IGMs Using WEAP with LRFD
Recommendations.” 46" Annual Conference on Deep

Foundation, Las Vegas, NV. (Awarded Runner-up for the

Deep Foundation Institute Student Paper Competition)

Masud, N., Ng, K.W., Islam, S. and Wulff, S.S. “Static and dynamic pile load

tests on steel H-piles in intermediate geomaterials.” ASCE GeoCongress
2022, ASCE, March 20 to 23, Charlotte, NC. (Accepted)

Masud, N., Ng, K.W., and Wulff, S.S. “New static analysis method for the
estimation of driven piles resistances in siltstone.” ASCE GeoCongress 2022,
ASCE, March 20 to 23, Charlotte, NC. (Accepted)

Oluwatuyi, E.O., Rajapakshage, R., Wulff, S.S., and Ng, K.W. “Quantifying
geological uncertainty using conditioned spatial Markov Chains.” ASCE
GeoCongress 2022, ASCE, March 20 to 23, Charlotte, NC. (Accepted)
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Technology Transfer

Conference Presentation:

1) Kam Ng will Present in the ASCE Geo-Institute 6" Annual Web
Conference (December 61-10t, 2021).

2) Kam Ng was Selected as the ASCE 2022 Geo-Institute GeoCongress
State of the Practice Speaker. (March 20-23, 2022).

3) Kalauni, H.K., Ng, K.W., and Wulff, S.S. “Improved prediction of pile
resistances in rock-based IGMs using WEAP with LRFD
recommendations.” TRB 2022 Annual Meeting. (January 9-13, 2022).
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