Bridge 72016 Drilled Shafts for Hwy 93 Grade Raise Project

Joe Nietfeld
Midwest Geotechnical Conference, Indianapolis, IN
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* Project Details

* Engineering Challenges
* Construction Progress and Challenges

* Project Outlook



Project Details

e Structural EOR: MnDOT

 Geotechnical EOR: MnDOT

* Geotech Peer reviewer: Barr Engineering

* Drilled shaft construction oversight: DBA
 Civil Roadway EOR: Bolten and Menk

* Prime Contractor: S.M. Hentges & Sons, Inc.
* Drilled Shaft Contractor: Veit

Schedule _
Project Award: February 27t, 2024 Awarded Contract Amount:
* Clearing: March 2024 53016061833

e Construction Began: April 15th, 2024
 Anticipated Completion: *Fall 2026* 3
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Hwy 93 during March 2019 Flood
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Minnesota River at Henderson

745
® NOAA/NWS Historic Crests Co Rd 6 Closure Elev at Gage (733.3)

——Hwy 19 Closure Elev at Gage (732.2) ——Hwy 93 Closure Elev at Gage (733.2)
—— Mn River at Henderson (Adjusted) ——100-Year Level (DNR Effective HEC-RAS Model)
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Minnesota River at Henderson

DAILY COST OF CLOSURE:
$87,000/DAY (2017 DOLLARS)
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Minnesota River at Henderson

Lower Hwy 19 to act as outlet
during flood

* Raise Hwy 93 8 to 14 ft.
1 ft. above 2010 Flood Elevations
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TH 93 grade raise

* 3-mile grade raise between 8 and 14 ft.

over organic soils between Henderson,
MN and US 169

2 bridges

e 2 pile supported culverts

* 4 column supported embankments

2.5 miles of wick drains and
surcharging

mndot.gov 10



Laboratory Testing

e 100 CPT’s and SCPT’s
e 20 SPT borings

e 13 consolidation tests

e 5 direct shear tests

* Many Atterberg limit and MC tests

10/6/2025 11




Settlement Mitigation: Surcharge and Wick Drains

1: i

|
|
|

e Design: Surcharge and wick drain
* Split project into 19 sections
* Predicted settlement

e Surcharge and wick drain program -

* For primary and secondary consolidation 0

» Staged construction for strength

* Max fill height (strength)

* PWHP increase

10/6/2025



Settlement Mitigation: Surcharge and Wick Drains

SURCHARGE TYPICAL SECTION
¢ T.H. 93

| 8' SHLD | 12" 12° | 8' SHLD |

‘ ‘SURCHARGE ELEVATION \ ‘

VAR, DEPTH SURCHARGE MATERIAL

SELEC MBANKMENT (CV)
(SEE . URATIONS)
Top of Final Road ‘

GRADING GRADE = -

EXISTING GROUND |_
eI TTTONATTCCRECETE BASE (CV) CLASS 6

(SEE TABLE FOR DEPTHS AND SETTLEMENT DURATIONS)

PVD (Wick . ; | . . . | | .
| ; | | (70 TP OF FINAL PROFILE GRADE) |

i SE—— : ! : : (TO: : ' :
drains) ; ; : : | . . .

! : - ! : 10" AGGREGATE BASE (CV) CLASS 6
10/6/2025
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Settlement Mitigation: Column Supported Embankments

* Design: Column Supported Embankments TRIANCULAR SPACING

()
N

* 4000 CIP pipe piles- 8 in. and 10 in.

TIMBER PILE LAYOUT
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Settlement Mitigation: Column Supported
Embankments

e Design: Column Supported
Embankments

* 4000 piles!
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27-Jul

10/6/2025

2+00 to Ridge Rd

4-Nowv 24-Dec 12-Feb 3-Apr 23-Ma

151 Settlement plates

Instrumentation

Sensors:

=— - 56400 VWP [Pressure)
58400 VWP [Pressure)
—_— G0+00 VWP [Pressure)
== G2+00 VWP (Prassura)
64400 VWP [Pressura)
66+00 VWP [Precsure)
—  G8+00 VWP (Pressura)
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Instrumentation
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Bridge 72016
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Bridge #72016 Scour

Local Pier Scour

100-year scour 29 ft. v

| -See-full presentation at: \\ad\bridge\Data\Share\Bridge Scour presentation



Option 1: 3 span bridge, hammerhead piers with
6" or 20" CIP pipe pile
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Option 2: 3 span bridge, pile bent piers with 24" CIP
pipe pile (maximum diameter with encasement wall)
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Option 3: 2 span bridge, pile bent piers with two
6' diameterdrilled shafts
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Bridge 72016 drilled shafts

* Bridge #72016 will be the first known highway bridge with
a drilled shaft bent in MIN.

* 6' diameter drilled shafts for a 200' bridge!

* For comparison, the St. Anthony falls [-35W bridge at
1216' used 8' diameters drilled shafts

* Takeaway- unique engineering challenges (large grade
raise and associated 39' scour) create unique solutions



Bridge 72016 drilled shafts
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Bridge 72016 drilled shafts
i vl
(k)

Strength 1 2124

Service RGN 110 375
551 204 3317

10/6/2025 mndot.gov 25



Bridge 72016 drilled shafts- Lateral Analysis

* Worst case: Extreme Event 2 limit state parallel to pier

* Structural Fixity:
—_—

* Bridge engineer assumed point of fixity —generated loads

» Geotech ran loads/deflections in LPILE- determined point of
fixity
* Horizontal load at the top of the pile (204 kips)

e Deflection of shaft at point of max moment (2.3 in. at 35.5 ft.)
e Stability:

e Extreme Event 2 limit state stability check- deflection of 4.2 inches

e GEC 10 Section 9.3.3.3.1- 10% of diameter ~7.2 inches ok!




ridge 72016 drilled shafts- lateral

Lateral Pile Deflection (inches)
Top of shaft (Top of 0.3 ¥ 5 1.3 3 Lateral Pile Deflection (inches)
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Bridge 72016 drilled shafts- Axial Analysis

Unit Shaft Shaft area Nominal Resistance | Resistance | Factored
(kst) length (sT) Resistance Factor factor Resistance
below (kips) 2029 (kips)
scour reduction
elevation (AASHTO
(feet) LRFD
10.5.5.2.4)
Side 3.4 51.5 970.75 3301 0.55 0.8 1452
Tip 60 28.27 1696 0.5 0.8 678
Total 2130
AASHTO 10 8 3 5 2 If N, =50, then q, =12N (10.8.3.5.2¢-1)
where:
. - 1. Nso = average SPT blow count (corrected only for
M|n Shaft depth fOF aX|a|. 646 ft EIev. hammer efficiency) in the design zone under
consideration (blows/ft)
The value of g, in Eq. 10.8.3.5.2¢-1 should be limited
to 60 ksf, unless greater values can be justified though
10/6/2025 mndot.gov load test data.




Bridge 72016 drilled shafts
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1) QUANTIT
o ANALYS]

ITEM 2¢

@
O
PIER DRILLED SHAFTSz DESIGN DATA

FACTORED DESIGM Ts NOMINAL Ty MOMINAL Rr PROV'D -

Lo ares) | % | % KSF) P s tkIpsie | LOAD CASE

2,124 0,43 | Q.44 2,130 STRENGTH

PIER 340 L]
1,540 LoD | 100 4397 EXTREME
# BASED ON 100 YEAR SCOUR CONDITION
PIER COMPUTED PIER COMPUTED
PILE LOAD - TONS/SHAFT PILE LOAD - TONS/SHAFT
FACTORED DEAD LOAD TI16 FACTORED UEAD LOAD 5868
FACTORED LIVE LGAD 32LT FACTORED LIVE LOAD 319
FACTORED OVERTURNING 6.7 FACTORED OVERTURNING LT
£ FACTORED DESIGM LOAD 1062.0 £ FACTORED DESIGN LOAD TT0.4
# BASED OM STRENGTH I LOAD COMBINATION # BASED ON EXTREME EVEWT II LOAD COMBINATION
§ TH 93 (THE)
v & WORKING LINE
4
PERMANENT CASIMNG. \. G DRILLED SHAFT coLuMy —-—l

SEE SPECIAL PROVISIOMS.

B'-0" MIN, @ DRILLEG SHAFT (TYP

WP RN —¢ PIER WP, H
'___5'_____{ e - S e - ' L'j __________________ — - g
\
k &6°00'00.00"
\
| |
-gn 3-gn 3-on 31-gn
1 1
80" MIN, &'-0"" WIN.
) | i e A PR
COLUMN SPACING A‘{ 10'-35; . 10'-6" 131" i ToAsY
WORKING B PP WP NP
SPE?%:-:I- 2'-5%" 20'-95" 20'-954" 2153
25'-5"
WEST SIDE EAST SIDE
DRILLED SHAFT COLUMN LAYOUT
(LOOKING URSTATION!
10/6/2025 Optional Tagline Goes Here | mndot.gov/ 30



Bridge 72016
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East Shaft

* 6 ft. diameter soil socket
* Shaft length- 87.5 ft. mostly into sand

* ~40 ft. permanent casing an a ~ 50 ft. soil socket. Perm
casing 7' diameter. 8 temp casing.

32
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Installation




Installation




* 15t Hole collapsed on 02-12-2025-
(mixing slurry in hole)

Notes:
e Veit has slurry tank not running due to cold weather, during today’s drilling, the slurry was
not mixed in tank, but in buckets and in the hole. Veit needs to provide slurry test results.

2/13/20235, Thursday, sunny, -8 to 10 degrees

e |arrived site at 10 am and checked the water level inside casing after auger broke the ice.
The water was tape measured 99 inch from the top of temporary casing, which was at
elevation 732.75" similar to river level. | took a sounding and got a measurement of 45.3’,
which indicated the solil inside hole collapsed into the hole.

LU/ U/ LULO UpLIVIIdl Tagllic gucs ricic | niivuL.guvy 29



Installation
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Installation
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Installation

 Successfully drilled and poured the week of 02-24-2025

e Used slurry additive to keep the hole open and
periodically topped off the slurry over 2 days

* For sediment removal on 02-27-2025:
* Tried an airlift, but were concerned with hole sloughing

* Used a cleanout bucket instead- waited 1/2 hour tested, waited 1
hour

 the slurry had significantly less than 1% sand after cleanout

e Bottom met spec- with SID- more than 50% of test locations with <
%" of sediment

10/6/2025 Optional Tagline Goes Here | mndot.gov/ 38



Installation

SID results

10/6/2025 Optional Tagline Goes Here | mndot.gov/ 39



Installation

10/6/2025 Optional Tagline Goes Here | mndot.gov/




Installation

10/6/2025 Optional Tagline Goes Here | mndot.gov/ 41



Installation
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Installation

7
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Installation
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Installation

10/6/2025

e 2 crane pick to pick the rebar cage
* Tremie took 1 hour to install.
e Pour took 2.5 hours

* The concrete was placed via. pump truck to a
tremie pipe. Veit had to constantly pump out
slurry as the concrete was placed, but still
maintain the 5" of head.

Optional Tagline Goes Here | mndot.gov/ 45



ing and moving the cage
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ing the cage

Picking and mov




Installation
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Installation
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Post- Installation
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Post- Installation: CSL Testing

Results

Based on our analysis and review of the collected data for the center pier East and West Drilled Shafts at
Bridge 27016, no records exhibited velocity reductions greater than ten percent. Therefore, we assign

these shafts a “Good” rating and conclude these shafts are of sound integrity, in accordance with the

criteria presented in Table 4.
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Completed Pier
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Construction Progress

Historic Flooding

Heavy rains in May of 2025 led to historic flooding throughout southern Minnesota
Highway 93 project mostly underwater, with exception of portions of the Rush River Bridge
2025 Flood broke the previous flood elevation record at Henderson by over a foot

Flood waters were within 1.5" of the top of the levee

Projected floodwaters on final product showed that 2 sections would have been under an inch or two of
water.
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Construction Progress
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Thank you!
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