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Route F over the Sac River Branch
Bridge Replacement
Southwest Missouri



Project Location
 15 miles west northwest of Springfield, Missouri



Project Location

 Sac River Branch 

 Locally flows west

 Broadly flows northwest

Flow



Existing Structure K0646

 As-Built Plans from October 1935



Existing Structure K0646



Existing Structure K0646



 MoDOT is divided into 7 Districts

 District Geologists perform PGR’s 

 Auger borings only with limited lab testing of samples

 Typically limited to roadway and gentle shoulders

 Preliminary planning

 PGR Findings on this Project:

  Larger variation in top of rock than anticipated from 
 the existing plans!

 At least auger refusal occurred quickly… 

Preliminary Geotechnical 
Investigation



Geostrat



Replacement Structure A9077

 H Pile Supported End Bents and Drilled Shaft Supported Intermediate Bents

 70’-100’-100’-70’ Span Layout



Best-Laid Plans

 Initial plan
 Complete 2 borings per bent

 Borings on location of outer pile on each end bent

 Borings on Left and Right Drilled Shaft Locations on intermediate Bents

 Adjustments!
 Access to requested locations not possible due to steep embankments

 Narrow Bridge -> Close the Road

 Minor Flooding 

 Drift Debris 

 Girders and Bracing

 Environmental



Begin Drilling 

 Great Recovery

 Great RQD

 Great Strength

Bent 4 – Boring B-403

Bent 4 – Boring B-401



Continue Drilling 

 Voids

 Clay Seams

 Low RQD

 Poor Recovery

 Water Current within Void at Bent 1

 Made Design Team Aware of Conditions 

Bent 3 – Boring B-301 Offset

Bent 1 – Boring B-102



Field Investigation Complete

(Matchline)



North Bound Diagram



South Bound Diagram



Design Considerations

 Moderate to Severe Karst Conditions at Bents 1,3 and 5

 Addressing Voids and Clay Seams

 Sealing off and/or Grouting Voids

 Telescoping Permanent Casing 

 Costs

 Pile Deflection on Pinnacles

 What Lurks Beyond the 2” Core?  

 Alternate Foundation Options

 MicroPiles, Spread Footings

 Environmental Concerns






Big Picture Questions

 Careful Attention to Trends in Rock along the Alignment
 Consistent Rock Conditions Near Bents 2 and 4

 Rock Conditions Anticipated to Improve South of Bent 3  

 Did Original Design Incorporate Rock Coring?
 Fairly accurate top of rock noted on original plans vs as-builts

 Flow Direction at Bent 1 Void?
 Weighted Tape and Video Inspection

 Can an Alternate Bridge Layout be Considered?
 Cost/Benefit 

 Design Team Collaboration and Exploration of Options






Alternate Layout(s)
Option 1 (70’-100’-100’-70’)

Option 2 (85’-115’-85’-85’)

1

1

2

2

3

3

4

4

5

5



Drilling Plan For Options 1 & 2

 Compared Layout Options to Anticipated Subsurface Conditions

 Elected to Explore Option 1 First

 Preferred Option by Designer 

 Maintained Span Layout

 1 Boring Per Bent

 Prioritize Areas of Highest Concern

 Additional Borings if Findings are Favorable

 Move on to Option 2 if Findings are Not Favorable

 Focus on Rock Conditions and Limit Soil Sampling



Option 1 Drilling

 Good Recovery

 Good RQD

 Good Rock

 Few Karst Features

Bent 3 – Boring Opt1 B-302

Bent 5 – Boring Opt1 B-502



Drilling Continued
Bent 2 – Boring Opt1 B-201

Bent 4 – Boring Opt1 B-401

 And the remaining borings encountered similar conditions



Field Investigation - Option 1

(Matchline)



Bent 1 



Bent 2 



Bent 3 



Bent 4 



Bent 5 



Moving Forward 

 Elected to utilize Option 1 Layout.

 Overall Improvement

 Reduced karst impact – 

 20+ voids and clay seams/filled voids in original investigation to 7 for Option 1

 Nearly 50 feet less of encountered voids and clay seams

 Complexity of casing through the underground flow avoided

 Risk of lost return from additional drilling paid off

 Considerable Savings at Bents 1 and 3

 Anticipated shorter construction schedule



Take Aways

 Keep an Open Mind

 Reduce risk of construction complications where possible

 Allow your design to work with the site

 COMMUNICATE !

 Early 

 Often

Thank you!



The Ugly But Ended…Good

Highway 60
Route A/Route N Cross Overs

Webster County





 The roadway design, geotech, and bridge design were all consulted out due to the desire to 
expedite this project.

 It was an interesting project from the start!

 The geotechnical report mentioned karst and possible filled in sinkholes in the General Geology section 
but did not specifically mention any problem areas along the project site other than highly variable 
depths to rock. 

 The original geotechnical report provided 7 different methods to reduce the time for settlement 
without guidance for each method provided as well as a few other items we had requested clarification 
for after reviewing their report.

 No additional reports or revisions were provided for our review.  

 Fast forward to a phone call from our bidding department asking me about jet grouting for a 
project…



Initial bids were high



Value Engineer (VE) Review
Where did the Jet grouting come from?

 The Geotech report mentioned 

 Settlement of the upper soils which could be addressed with over-excavation

 Settlement of the lower clay soils accounted for  40-60% of the overall settlement 
with it taking about 20 months to occur

 The Geotech report did not recommend jet grouting

 Wick drains

 Aggregate columns

 Adding pavement repairs as settlement occurs

 We later learned the consultant designer had reached out to Keller for options 
due to time constraints.



Contractor submitted VE study



Wick Drain Recommendations

 Another consultant, FTC, completed additional borings to design the wick 
drains for the contractor

 Wick drains were designed to be 4-inch diameter with a 7-foot center to center 
spacing

 Some wick drains will be pushed, and other wick drains will be drilled due to the 
chert content in the clay materials

 Provided a settlement monitoring plan with monitoring plates and piezometers.





Hatching Confusion











Project is still under way

 We just completed review of the design calculations and plans for the rigid 
inclusions.

 Still waiting to see the final cost savings overall.



The Bad & Ugly

Reviewing Drilled Shaft
Foundation Inspection Cores











 Not all Consultants are amazing, and some may need a little coaching!

 It pays to review even if it is sign/sealed by a P.E.



Thank you!



Drilled Shafts



Rough Costs

 Additional Drilling: $30k

 Bent 1 Prebore and Piling $230/LF

 Est. Difference in Layouts: 75 LF 

 3’ 6” to 4’6” Drilled Shaft in Rock $1,050/LF*

 5’ to 6’6” Drilled Shaft in Rock $1,400/LF*

 *Typical for Shafts in Soil

 Telescoping casing expected

 Foundation Inspection Holes $175/LF

 Est. Difference in Layouts: 90 LF



Environmental 

 Environmental Group Notified

 Known Caves near site

 No dye traces in area

 No endangered species

 No permitting needed!

 No serious construction limitation
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