Large Diameter Pipe Piles,
Driven Open-Ended

MLK Connector Project

By: Joel Cumby, P.E.
October 18, 2016
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Project Limits

MARTIN LUTHER KING JR. MEMORIAL BRIDGE
MLK CONNECTOR

w#10/2014,

WEE o e G

&

1-55/1-64

:\\\\\\\\\ o

s WY
oo

&’



Accelerated Bridge Construction (ABC)
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Pile Details
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Pile Details
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Pile Details — Driving Shoe

Plan Detail - Cast As Built - Fabricated
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Structural Design

= At time of Design
= Only 1 project in midwest
= US 34 over Missouri River

= AASHTO LRFD 6.9.5 —Composite Members
= Design as concrete column
= F'c between 3.0 and 8.0 ksi
= F'yshall not exceed 60 ksi
= Must transfer loads from cap

= Seismic design
= 14 - #14 vertical rebar required




Geotechnical Overview

"American Bottoms”

Fluvial Floodplain Soils from the Mississippi
River

Typically Silts, Clays, Sands & Gravels
Bedrock

= Limestone
= 115to0 120 foot down

Industrial Area
= +/- 200 years of development

American Bottom Map
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Soil Profile with Piles shown
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Geotechnical Design Methodology

IDOT Pile Design spreadsheet

Modified with American Petroleum Institutes (API) design guidelines

» AP| Recommended Practice 2A-WSD

= Planning, Designing and Constructing Fixed Offshore Platforms —Working Stress
Design

= Limiting values from APl Table 6.4.3.1

Modified with AASHTO LRFD Bridge Design Manual

Geotechnical Resistance Factor = 0.65

Seismic Geotechnical Resistance Factor=1.0



APl RECOMMENDED PRACTICE 2A-WSD

Table 6.4.3-1—Design Parameters for Cohesionless Siliceous Soil*

Soil-Pile Limiting Skin Limiting Unit End
Friction Angle, Friction Values Bearing Values
Soil Description 8 Degrees kips/ft? (kPa) kips/ft= (MPa)
Sand 15 1.0 (47.8) 40(1.9)
Sand-Silt**

Silt
Sand 1.4(67.0)
Sand-Silt**

Silt

Sand 1.7 (81.3) 100 (4.8)
Sand-Silt**

Sand 200957
Sand-Silt**

250(12.00




Pipe Pile Design Table for Pier 2 (BB-3)

Mominal " Factored Est File Mominal Factored Est. Pile Mominal Factored Est Pile
Req.'d Resistance File End Req.’d Resistance File End Reqg'd Resistance File End
Beanng Available Length Brg. Bearing Available Length Brg. Bearing Available Length Brg.
(Kips) (Kips) (FT) Mat.'| (Kips) (Kips) (FT) Mat.'l (Kips) (Kips) (FT) Mat.'l
36" Diameter Pipe 48" Diameter Pipe 54" Diameter Pipe
1316 855 72 Soil 2006 1304 72 Soil 2262 1470 72 Sail
1415 920 7T Soil 2156 1401 T Soil 2479 1611 77 Sail
1517 986 a2 Soil 2304 1498 a2 Soil 2705 1758 g2 Sail
1622 1054 a7 Soil 2456 1596 a7 Soil 2928 1903 87 Sail
1729 1124 92 Soil 2610 1697 92 Soil 3108 2020 92 Sail
1829 1189 a7 Soil 2753 1790 a7 Soil 3274 2128 a7 Saoil
1909 1241 102 Soil 2860 1859 102 Soil 3394 2206 102 Soil
1990 1293 107 Soil 2967 1929 107 Soil 3515 2284 107 Saoil
2070 1345 112 Soil 3074 1998 112 Soil 3635 2363 112 Saoil
2150 1397 117 Soil 3181 2067 117 Soil 3755 2441 117 Soil
3380 2197 128 Rock 4539 2950 128 Rock 5118 3327 128 Rock
3425 2226 129 Rock 4600 2990 129 Rock 5187 337 129 Rock
3471 2255 130 Rock 4661 3029 130 Rock 5 3416 '
3516 2285 131 Rock 4722 3069 131 Rock 324 34671
42" Diameter Pipe 60" Diameter Pipe
1648 1071 72 Soil 2518 1637
1769 1150 77 Soil 2759 1794
1893 1230 a2z Soil 3011 1957
2021 1314 a7 Soil 3274 2128
2150 1398 92 Soil 3542 2302
2272 1477 a7 Soil 3808 2475
2365 1537 102 Soil 3968 2579
2459 1598 107 Soil 4101 2666
2552 16559 112 Soil 4235 2753
2646 1720 117 Soil 4368 2839
3959 2573 128 Rock 5697 3703
4012 2608 129 Rock 5774 3IT53
4066 2643 130 Rock 5850 3803
4119 2677 131 Rock 5927 3853




Construction




Piling Program

= Pre-Construction drivability
analysis performed for each pier

= Dynamic testing to be
performed on one pile per pier
during final driving

= Restrikes contingent upon final
driving conditions
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Vibratory Driving

ICE 120C w/1200E power pack
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Impact Driving

Pileco

D225-22

D225-22

Specifications™

Technical Data Metric Standard
Impact weight (Piston) approo. 22 504 kg 40,612 los_
Energy per blow [adjustable) 765-307 kNm | qoomia b
Mumber of blows 38-50 Blow'min | 38-50 Blow/min
Batter pding foward & backward up to 1:2 1:2
Diesel ol consumption 84 lih 16.2 gal.th
Lube oi conswmption 58 1.53 galth
Capacities
Dliesel of tank 4581 121 gal.
Lube o tank 1001 264 gal
Approx. Weights
Approx weight of Hammer 45 508 kg 100,328 Ibs.
Approx weight of tipping device 1,300 kg 2,B6T Ibs.
Dimensions
A - Length 5168 em 288 ft
B - Outer diameter of impact block 115.8 cm ER:5
c Width of Diessl Pls Hammer 134.1em 441

Width for connection of guide jaws 1067 cm 35t
D - Center of Diessl Pis Hammer up 701 om 23f

o purnp guard
E - Centerof Diesel Pile Harmmer up

to center of threaded hole for fas- (427 em/518em| 14f717R

tening screws of the guide jaws

_ Center of Diesel Pile Harmmer up

F 1o the trpping device 76.2cm 25&
G - Depthof Diesel Pis Hammer 154.6 cm 54
Powerpack Specifications
Max. operafing pressure 250 bar 3,825 psi
Max._ oil flow 75 Umin 20 gal imin
Diesel engine 40 kW 68 hp

“Technical data are sutjec to change without prior nofice

G =4 PILECO

BAUER-Fileco Inc.

100 M. FM 3083 East, Conrnoe, TX 77303
P (713) £91-3000

Fan: (713) 6310083

E-mail: Mo bausmiiecs.com
www.Dauermplieco.com




W iy A
o L .&‘\.H.iz.\rv

T

-

L]



\

,_
o
.

Pile Capacities
Predicted vs. Achieved AR, o 3

------- Case Method Capacity

------- Design Capacity

X CAPWAP Capacity
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Penetration (feet)

Pile Capacities

Pier 2 South, End of day 1 vs. day 2 restrike
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Penetration (feet)
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Pile Capacities

Dynamic Test Data at Final Driving
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Bearing/Resistance Distribution
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Pier1 Left 4,496 5,840 14% 8% 78%

Pier 1 Right 4,496 4,982 16% 7% 77%
Pier 2 —Test 3,243 4,640 35%% 5% 60%*
Pier 3 3,999 5,675 15% 85%

Pier 4 4,258 5,148 16% 84%

Pier g 3,301 5,470 16% 84%

Pier 6 3,257 4,655 18% 82%

Pier 7 3,217 5,076 13% 87%

Averages w/ 15% 7% 78%

Averages w/o 16% 84%
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Soil Plug

Pier 2 South —Test Pile

18 ft
32 ft
44 Tt
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Constrictor Plate Results

Did not provide substantial plugging effects

Inflated blow counts and drive time with
negligible added benefit

False capacity due to pore water pressures,
which quickly dissipated upon termination of
driving

Removed constrictor plates in remaining
production pile
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Cost Analysis

Pier 1

Plan

Pier 2

B As Built

Pier 3
Pier 4
Pier g
Pier 6

B W/ Restrikes (hypothetical)

Pier 7

$2,839 k
Project $2,572 k

$2,449 K









Conclusions

These pile are a good alternative to drilled shafts when ease and speed of
installation are considered

= Capacities —Actual vs. Predicted

Availability of equipment and material

Good seismic design and load resistance even in relatively poor soil conditions
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Questions?

Joel Cumby, P.E.
Email:
Phone: 618-578-7302
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