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Characteristics of Miss. River

Deep scour

Vessel collision
High flow velocities
River fluctuations



MN I-35W Replacement

‘% ny Falls -

* Emergency Design- N
Build Contract g -—
$200,000/day
bonus/penalty




Testing Plan

e Testing important to:

— Verify required embedment into sandstone
— Demonstrate reliability of installation

e But timing was critical

* Allowed contractor to test prototype shaft
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Early Issue — Artesian Groundwater




Test Shaft
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Resistance

		4977.45		6636.6		9954.9		0		0

		5210.5468525		6920.7468525		10239.0468525		233.0968525		284.1468525

		5501.43741		7262.68741		10580.98741		523.98741		626.08741

		5850.1216725		7662.4216725		10980.7216725		872.6716725		1025.8216725

		6256.59964		8119.94964		11438.24964		1279.14964		1483.34964

		6720.8713125		8635.2713125		11953.5713125		1743.4213125		1998.6713125

		7242.93669		9208.38669		12526.68669		2265.48669		2571.78669

		7822.7957725		9839.2957725		13157.5957725		2845.3457725		3202.6957725

		8460.44856		10527.99856		13846.29856		3482.99856		3891.39856

		9155.8950525		11274.4950525		14592.7950525		4178.4450525		4637.8950525

		9909.13525		12078.78525		15397.08525		4931.68525		5442.18525

		10708.603775		12940.8691525		16259.1691525		5731.153775		6304.2691525

		11525.403775		13860.74676		17179.04676		6547.953775		7224.14676

		12342.203775		14838.4180725		18156.7180725		7364.753775		8201.8180725

		13159.003775		15852.202155		19170.502155		8181.553775		9215.602155

		13975.803775		16873.202155		20191.502155		8998.353775		10236.602155

		14792.603775		17894.202155		21212.502155		9815.153775		11257.602155

		15609.403775		18915.202155		22233.502155		10631.953775		12278.602155

		16426.203775		19936.202155		23254.502155		11448.753775		13299.602155



Qt, max fs=8, qb=150

Qt, max fs=10, qb=200

Qt, max fs=10, qb=300

Qs, max fs=8ksf

Qs, max fs=10ksf

Nominal Resistance, kips
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Strength
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Sheet1

		

																														Design						Demand =		10500		k				Demand =		10500		k				Demand =		10500		k

		Depth		Elevation		%rec		RQD		boring		boring top		depth		elev		rock description		qu (tsf)		qu (psi)		%Rec		RQD		(qu/pa) **0.5		elev		fs				phi =		0.65						phi =		0.65						phi =		0.65

		61.5		681.5		13		0		Test Shaft		743		77		666		Sandstone, wx		2.94		41		72		50		1.7		688		2		nominal req'd resist:				16153.8461538462				nominal req'd resist:				16153.8461538462				nominal req'd resist:				16153.8461538462

		66.5		676.5		38		0		P3-1		743.1		79.5		663.6		Sandstone, sl. wx		35.2		489		96		80		5.8		635		8				max fs =		8		ksf				max fs =		10		ksf				max fs =		10		ksf

		71.5		671.5		0		0		P3-1		743.1		82.5		660.6		Sandstone, fresh		45.2		628		58		39		6.5		590		8				e.b. =		150		ksf				e.b. =		200		ksf				e.b. =		300		ksf

		76.5		666.5		72		50		P3-1		743.1		86		657.1		Sandstone, fresh		42.3		588		96		80		6.3								dia. =		6.5		ft				dia. =		6.5		ft				dia. =		6.5		ft

		81.5		661.5		5		0		Test Shaft		743		88		655		Sandston, fresh		55.06		765		47		74		7.2

		86.5		656.5		47		74		Test Shaft		743		94		649		Sandstone, fresh		99.52		1382		85		36		9.7

		91.5		651.5		98		92		Test Shaft		743		102		641		Sandstone w/ Sand Shale layers		39.33		546		8		5		6.1								fs, ksf		Qs, k		Qt, k				fs, ksf		Qs, k		Qt, k				fs, ksf		Qs, k		Qt, k

		96.5		646.5		85		36		P3-1		743.1		105.2		637.9		Shale		39		542		88		49		6.1						688		2		0		4977		688		2.5		0		6637		688		2.5		0		9955

		101.5		641.5		8		5		Test Shaft		743		107.5		635.5		Shale		28		389		93		76		5.1						683		2.56605		233		5211		683		3.06605		284		6921		683		3.06605		284		10239

		106.5		636.5		93		75		Test Shaft		743		111.5		631.5		Sandstone, fresh to sl. wx		47.82		664		93		70		6.7						678		3.1321		524		5501		678		3.6321		626		7263		678		3.6321		626		10581

		111.5		631.5		93		70		P3-1		743.1		113.7		629.4		Sandston, fresh w/ shale striations		17.5		243		100		82		4.1						673		3.69815		873		5850		673		4.19815		1026		7662		673		4.19815		1026		10981

		116.5		626.5		93		84		P3-1		743.1		119.5		623.6		Sandstone, wx to fresh		151		2097		96		56		11.9						668		4.2642		1279		6257		668		4.7642		1483		8120		668		4.7642		1483		11438

		121.5		621.5		98		90		Test Shaft		743		123		620		Sandston, fresh		136.5		1896		98		90		11.4						663		4.83025		1743		6721		663		5.33025		1999		8635		663		5.33025		1999		11954

		126.5		616.5		97		94		P3-1		743.1		125.8		617.3		Sandstone, highly wx to fresh		117		1625		80		54		10.5						658		5.3963		2265		7243		658		5.8963		2572		9208		658		5.8963		2572		12527

										P3-1		743.1		132		611.1		Sandstone, fresh w/ vugs		83.6		1161		100		52		8.9						653		5.96235		2845		7823		653		6.46235		3203		9839		653		6.46235		3203		13158

										P3-3		741.3		136		605.3				145.5		2021						11.7						648		6.5284		3483		8460		648		7.0284		3891		10528		648		7.0284		3891		13846

												741.3		143		598.3				100.4		1394						9.7						643		7.09445		4178		9156		643		7.59445		4638		11274		643		7.59445		4638		14593

																																		638		7.6605		4932		9909		638		8.1605		5442		12079		638		8.1605		5442		15397

																																		633		8		5731		10709		633		8.72655		6304		12941		633		8.72655		6304		16259

																																		628		8		6548		11525		628		9.2926		7224		13861		628		9.2926		7224		17179

																																		623		8		7365		12342		623		9.85865		8202		14838		623		9.85865		8202		18157

																												avg, 665-645ft						618		8		8182		13159		618		10		9216		15852		618		10		9216		19171

																		avg, 665-646ft		55.5		770.2				(qu/pa)**0.5 =		7.1						613		8		8998		13976		613		10		10237		16873		613		10		10237		20192

																		avg, 646-633ft		35.4		492.3						15.1		ksf				608		8		9815		14793		608		10		11258		17894		608		10		11258		21213

																		qb = 2.5 qu =		88.6083333333		tsf				w/mea'd fs =		42.0		ksf				603		8		10632		15609		603		10		12279		18915		603		10		12279		22234

																		fs = C(pa)(qu/pa)**0.5								C =		2.79						598		8		11449		16426		598		10		13300		19936		598		10		13300		23255

																																		593		8		12266		17243		593		10		14321		20957		593		10		14321		24276

																																		588		8		13082		18060		588		10		15342		21978		588		10		15342		25297

																																		583		8		13899		18877		583		10		16363		22999		583		10		16363		26318

																																		578		8		14716		19693		578		10		17384		24020		578		10		17384		27339

																																		573		8		15533		20510		573		10		18405		25041		573		10		18405		28360

																																		568		8		16350		21327		568		10		19426		26062		568		10		19426		29381

																																		563		8		17166		22144		563		10		20447		27083		563		10		20447		30402

																																		558		8		17983		22961		558		10		21468		28104		558		10		21468		31423

																																		553		8		18800		23777		553		10		22489		29125		553		10		22489		32444
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Key Issues

 Top portion of rock
extremely weathered i/,
& “soil-like”, easy to
drill with earth auger

e Socket defined from
“good rock” as
indicated by drilling
resistance with rock
auger

e A



Net Unit Side Shear ( ksf)

35W - Side Resistance

Net Unit Side Shear Curves

Test Shaft 2 - 1-35 W of Mississippi River - Minneapolis, MN
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35W Side Resistance
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35W Base Resistance

Unit End Bearing
Test Shaft 2 - [-35 W o/ Mississippi River - Minneapolis, MN

300 r
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Downward Lower O-cell Displacement (in)

For rigid circular footing on elastic half-space:

B{l—v?
Withv=7%: E=7,800ksf =54 ksi LPs = 0.79- q ( )

E = 100q, for q, = 550psi E




U.S. 61 Bridge over Mississippi River
Hastings, Minnesota
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Foundations to Rock
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LDOEP Bridge Foundations
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Column Supported Embankment Plan
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Eads Bridge

PROFILE OF BRIDGE.
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Eads Bridge (Constr 1868-74)

. . . SECTION OF EAST PIER AND CAISSON
National historic landmark 2 S
. . oo High Water, STHOWING THE INTERIOR OF THE MAIN ENTRANCE SHAFT AND AIR CHAMBER
Plonee rlng use Of AND THE WORKING O.FAOV*{E.OF THE SAND PUMPS
phneumatic caissons L i .

e Chamber

Eads adopted techniques .

from salvage diving

Per Alphonse Jaminet

(physician)

— 600 men worked in the
caissons;

— 119 were stricken with
“caisson disease”;

— 14 died

Sketches and photos from Miller
and Scott, The Eads Bridge,
Missouri Historical Press




Stan Musial/Veterans Memorial Bridge
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Alternate Technical Concept (ATC)

Prequalified Contractors only

Pre-bid confidential submittal of ATC for
owner evaluation & approval

Contractor may bid base design and/or pre-
approved ATC design

DBA worked for Massman-Traylor-Alberici to
develop ATC foundation design



Alternate 20-¥18-V1173
with 20-¥8-¥1174

Alternate Design
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Load Test Shaft Constructlon
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Load Test Shaft Construction
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LOADTEST

Osterberg Cell Load-Displacement

Test Shaft 1 - 1-70 Mississippi River Bridge - St. Louis, MO

0.10 r : : : : : : :
é é 1 é | Uowatwoow] |
005 f--mmmimmos boseenoeeans bmoeeenoeee domeenoeeea denmeeennnnea bonemmneen e bomomeeee bosgennnnees
Over 40ksf avg mobilized | | * | | i |
unit side resistance 0.00 }
: | | | | | | |
2005 b oo oo I P e S e
c F 1 1 | 1 1 | I
£ : i | l i i i
450ksf base resistance P LT L L LT L L P
a L | | | | y | |
mobilized at < % inch displ 5 | | f | | § |
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- Test Shaft 1 - I-70 Mississippi River Bridge - St. Louis, MO : PR L : . .
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Bl 3wt eoretamiroiosotil e R O-cell Load (kips)
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For rigid circular footing on elastic half-space
withv="%:

E =191,000ksf = 1330ksi
E = 100q, for q, = 13Kksi



Footing Construction




Ref: F.K. Jacoson, 2013. “Construction of the Main Tower Pier Caissons for the Greenville Bridge in
Mississippi,” 38t Annual Conference on Deep Foundations, DFI




Open-well Caisson




Caisson Cutting Edge showing
Half-cylinder Air Domes
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Audubon Bridge

-
=

! Cable-stayed bridge, 1583’ main span T
“oo=eg .y Two pylons: 3 x 7 group of 7.5’ dia. Shafts ———

A
- High approach: 2 column piers PARSONS
g

Photo courtesy Flatiron Corp.



Soil Conditions at Pylons
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Base Grouting

 Enhance Axial Resistance
 Improve Reliability
 Mitigate Imperfections in Base Conditions

Criteria:
» Target Pressure
» Minimum Net Volume
» Limit Upward Shaft
Movement




Base Grouting

Tube a Manchette Cover Plate
(using CSL tubes)




Casing & Oscillator System
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Base Grouting Measurements
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Performance During Grouting

oot
77 .
Passsy




0.00 B

*1.00 -

N

o

o
|

Downward Displacement (inches)

3.00 A

4.00 A

5.00

Load Test Results
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Huey P. Long Bridge Widening

Owner:

La. DOTD
Structural Engineers:
Modjeski and Masters
Geotechnical Engineers:
Eustis Engineering
General Contractor:
Kiewit/Massman/Traylor
Subcontractor:
Malcolm Drilling Company
Foundation Consultant:

Dan Brown and Associates
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Rotator System







Excavation Using Hammer-grab
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Shaft Cleaning & Inspect

47



Reinforcement
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Placement of Reinforcement




Shaft/Cap Connection

Thid LS80S 088

-———— |

/‘Ilﬂ WATER EL +1B.00

551
280
f_

LHS=ENs




Concrete

Mix Proportions For One Cublc Meter (Cublc Yard) of Concrete

Cement %Lﬂ.il kg (ib)
Flv Ash

]

Slag J ;

Fine Aggregate (SSD) LLLSIOUS | g (1)

Coarse Aggregate 1 (SSD)  LLIHBIL| g o)

Coarse Aggregate 2. (8SD)  L_L L I 1yq gy

Water L3151 1| L ?gal) |

Water Reducer |_1114[e10] mL (0z) . UNIT
Air Entrainer L1 b L. |ml{oz) kg, L, mL
Set Accelerator Lok b Lol 1 inkfor) . (Ib, gal, 0z)
Superplasticizer {1 12{]11e{Q] mL (oz)

Special Additive A L1 _1417]s10] L1 T
Special Additive B L1 1211 lelO] o

Special Additive C L f 1 b T i | i
Contractor _ K TT MIesM AN TAANLOAZ

Certified Concrete Technician éﬁ%& . 1408
Date Submitted |0 14" 19, Z(~ 1619 ] , Code

Recover (7 oz/cwt)
VMA (3 oz/cwt)

51



Base Grouting




Base Grouting QC/QA

General Information Post Grout Criteria

5 Minimum Required Grout Pressure: | 650 psi (45 bar) (measured at pump)
AFTP D?t:i AUguEs 7, 2008 Maximum Permissible Displacement: | 0.25 inch (measured via survey at shaft top)
rogli *| 808117 Minimum Grout Volume: | 5 cubic feet (net pumped togw/
Project ] e . ) —
Description: Huey P. Long Bridge Widening, State Project No.: 006-01-0021 Post Grout Measurements

Data Acquisition System Used: MEGADAC

Client Name: | Kiewit-Massman-Traylor Constructors (KMTC) Pressure Transducer Used: Hewlet Packard

AFT Sisterbars

Client Address: | 4910 Pontchartrain Avenue Suite T, Jefferson, LA 70123 Strain Gages :

Micro-Measurements ¥ Bridge Resistance

Client Contact: | Mr. Luis Paiz Manual Grout Pressure: Manual Qil Filled Bourdon Gage
Survey Level: By AFT
Post %ﬂ.‘;ut July 29, 2009 Manual Gr: : i el Manual Measurement
ate: !

AFT Grout Specialist. | Jason Frederick

SUMMARY OF POST GROUT RESULTS

AFT Data Acquisition Specialist: | Mike Muchard P.E.

AFT Responsible Engineers: | Mike Muchard, P.E., Tom Santee, P.E. Maximum Grout Upward Shaft Maximum Gross Estimated Net
i i Pressure (psi) Displacement (inches) Volume Placed (cubic Volume_ Placed
Drilled Shaft Information . e feet) feuble feel
Bent/Pier — -
1) Net val as follows:
Shaft Number Number Diameter (inches) Length (feet) Installation Date @ Net Volume = Gross Vol Tbes ( cu. ft.)
Test Shaft N/A 110 ~190 7/21/09 Tube 1.D. = 2.0 in., Avg. tube length 210 feet.
Ground Surface Elevation (feet) Approximate To= =& T ~smvabs Blavatise fanit Thommoaslimbiens mosdbdes = A S0 o & Rois bes 2 hecamme blocked approximately 2hrs-40min.
~4135 Pressure and Volume During Base Grouting of Test Shaft Jcu. ft.
Cut Off Elevation (feet) Tig Huey P. Long Bridge Widening
110 New Orleans, Louisiana ents
Installation Records provided )
200 e at Shaft Bottom vs Time ]zl
180
ves [] Mo attached [ ] % | Spread Sheet via erail [x]
Instrumentation Installed in ey
Strain Gages Installed:. | Yes s 140 =
Installed By: | Jason Frederick, AFT €] 10 § lents —
Number and Location: | 4 gages at g feet above grout plate g 120 !_regwrec_l minimum grout pressure,
Other Instrumentation: | Grout Pressure Transducer, LVDT's & & = 1;3 £ nissible displacement.
2 g o & 'greed well except during grouting of
J ! S
Post Grout Informat = w2
Grout Distribution - 4 708 )2 inch (Y2 mm) of each other. It is
Apparatus Type: | | 1Pe—a-Manchette with plate (als ) o ® urred 115 to 130 minutes into the
Grout Tube Type: | 2" steel (also used for CSL testin 40 wer.
Number of Grout Tubes: | 8 (4 - U-Tube pairs) % out pressure assumed to apply over
Tube Reference: | Northernmost tube designated # oIkLS fg in gages agreed well for the initial
Grout Plant Type: [ Hany IC 720 (note: had Hany IC 4 . R L ey | o ns beyond that length of time are
Grout Type: | Type I/l F’O_I'lla_nd Cement andW 0 10 20 30 40 50 60 70 B0 90 100 110 120 130 140 150 160 170 180 180 200 210 220 ortions of the base area. In addition,
as needed in field as shown on fi Time (min) )calized portions of the base where

| —e—Grout Pressure  —— Grout Volume

P LR R ETI VIPTE IR ROV
- N . . 2

e i

ict on the full base area. We believe

e maee e g Jdave contributed to a more uniform

., WS




Performance of Load Test
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Summary

Foundations for large bridges
present special challenges: key
Issues
— Construction plan to minimize risks
— Constructability issues of design
— Coordinated effort of partners

— Performance verification
requirements
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