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• Project Details

• Engineering Challenges

• Construction Progress and Challenges

• Project Outlook



Project Details
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• 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 27th, 2024
• Clearing: March 2024
• Construction Began: April 15th, 2024
• Anticipated Completion: *Fall 2026*

Awarded Contract Amount: 
      $30,606,833



Project Location- Henderson, MN
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The 1965 Flood
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Hwy 93 during March 2019 Flood



Minnesota River at Henderson
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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)



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



Minnesota River at Henderson
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• Raise Hwy 93   8 to 14 ft.
• 1 ft. above 2010 Flood Elevations

Lower Hwy 19 to act as outlet 
during flood



TH 93 grade raise

• 3-mile grade raise between 8 and 14 ft. 
over organic soils between Henderson, 
MN and US 169

• 2 bridges
• 2 pile supported culverts
• 4 column supported embankments
• 2.5 miles of wick drains and 

surcharging
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Laboratory Testing
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• 100 CPT’s and SCPT’s

• 20 SPT borings

• 13 consolidation tests

• 5 direct shear tests

• Many Atterberg limit and MC tests 



Settlement Mitigation: Surcharge and Wick Drains
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Design/Specs

• Design: Surcharge and wick drain

• Split project into 19 sections

• Predicted settlement 

• Surcharge and wick drain program
• For primary and secondary consolidation

• Staged construction for strength

• Max fill height (strength)

• PWP increase 



Settlement Mitigation: Surcharge and Wick Drains
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Design/SpecsPVD (Wick 
drains)

EXISTING GROUND

Top of Final Road

SURCHARGE ELEVATION



Settlement Mitigation: Column Supported Embankments
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Design/Specs

• Design: Column Supported Embankments

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

Embankment

Columns

Soft natural 
soils

Dense natural 
soils Column 

Supported 
Embankment

~300' Br. #72016



Settlement Mitigation: Column Supported 
Embankments
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Design/Specs

• Design: Column Supported 
Embankments

• 4000 piles!



Instrumentation

151 Settlement plates 60 Piezometers
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Instrumentation

4 Horizontal 
Shape Arrays

1 Vertical Shape Array
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Bridge 72016
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Bridge #72016 Scour

100-year scour 29 ft.

500-year scour 39 ft.

.

Image Credit: 
https://www.dot.state.mn.us/bridge/pdf/hydraulics/ScourMonitoring2010-03-09Edited.pdf

Creating Resiliency



Option 1:  3 span bridge, hammerhead piers with 
16" or 20" CIP pipe pile

Creating Resiliency

Pier 1

Pier 2



Option 2:  3 span bridge, pile bent piers with 24" CIP 
pipe pile (maximum diameter with encasement wall)



Option 3:  2 span bridge, pile bent piers with two 
6' diameter drilled shafts

Span 1

Span 2



Bridge 72016 drilled shafts

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

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

• For comparison, the St. Anthony falls I-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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Sand

SPSM



Bridge 72016 drilled shafts
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Limit State Axial Force 
(k)

Shear (k) Moment (k-ft)

Strength 1 2124 32 909
Service 1514 140 372
Extreme Event 2 551 204 3317



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)

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

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

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



Bridge 72016 drilled shafts- lateral
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A: 646
L: 657



Bridge 72016 drilled shafts- Axial Analysis

10/6/2025 mndot.gov 28

AASHTO 10.8.3.5.2

Min shaft depth for axial: 646 ft. elev.



Bridge 72016 drilled shafts



Bridge 72016
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Bridge 72016



East Shaft

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

32

• 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. 



10/6/2025 Optional Tagline Goes Here |  mndot.gov/ 33

Installation



Installation



East Shaft
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• 1st Hole collapsed on 02-12-2025- 
(mixing slurry in hole)



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

• 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

• Bottom met spec- with SID- more than 50% of test locations with < 
½” of sediment



Installation
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SID results



Installation
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Installation
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Installation
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Installation
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Installation
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Installation
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• 2 crane pick to pick the rebar cage

• Tremie took 1 hour to install. 

• 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. 



Picking and moving the cage

10/6/2025 Optional Tagline Goes Here |  mndot.gov/ 46



Picking and moving the cage
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Installation
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Installation
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Post- Installation
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Mass Concrete 
Temperature sensor



Post- Installation: CSL Testing
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Completed Pier
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Construction Progress
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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.



Construction Progress
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Thank you!
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