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ELEMENTS OF CONSTRUCTION RISK 
MANAGEMENT

• Issue a GBR – Geotechnical Baseline Report – all claims would be           
based on the GBR.

• Prequalification Process – Owner and Engineer Reviews Contractor 
Qualifications

• Real time Construction Monitoring

• Regular Team Meetings to Resolve Problems

• Monthly Progress Meetings – All Parties 

• Weekly Construction Meetings between Resident Engineer and  
Contractor



Contractor Prequalification

WHY?

• Site extremely complex with highly variable geology

• Methods proposed to investigate and treat the foundation rock would 
require interactive implementation during construction

• The ground conditions required a high level of construction expertise, 
flexibility, and responsiveness.  

• The contractor would need to be able to react to variations in drilling 
and grouting conditions and highly variable quantities between adjacent 
hole locations



Contractor Prequalification Requirements
• Corporate

– 5 similar projects in last 3 years

• Personnel
– Superintendent with 5 years of similar job experience

• Specific Technical Experience
– Drilling and grouting in similar conditions
– Monitor While Drilling Experience
– Ability to process, interpret, display and act upon data during construction

• Installation and Work Plan
– Safety plan with special consideration to mine shafts
– Operation sequence
– Drilling Methods
– Grout and reinforcement placement
– Details of automated recording and reporting systems
– Details of grout types
– Details of micropile testing equipment and procedures
– Understanding the scope of work and interaction with investigation, pretreatment, and 

practical operational interface with the Engineer.



CRITICAL STEPS OF CONSTRUCTION INSPECTION

CHARACTERIZE THE GROUND

–Site geology and subsurface conditions were deemed “chaotic”
–Subsurface conditions could change dramatically from boreholes 
drilled less than a meter apart

CONSTRUCTION ENGINEERING AND INSPECTION

– Log each hole with subsurface conditions
–Verify ground conditions matched design assumptions
–Change design values based on conditions encountered

*Do all this with minimal delay



Real Time Monitoring During Construction

– Due to unpredictable nature of site, each treatment hole would be 
used to characterize the ground.

– Full time inspectors on each rig will log each hole.  

– Contractor will furnish Monitor While Drilling (MWD) parameters 
to inspectors after each hole.

– Inspectors will interpret subsurface and prescribe treatment in
real time.

– Avoid delays – Resolve conflicts.  Resident Engineer charged 
with resolving most conflicts with contractor.



Drill Rig Controls with Monitor While Drilling Instrumentation
Drilling Rate- Thrust Pressure - Torque



− Rig Inspectors Recorded:

Manual Monitoring

o penetration rate
o lithology
o flush return characteristics (cuttings, volume)
o drill “action”
o interconnections between holes
o hole stability
o groundwater observations



Inspectors Drill Log



Contractors MWD Drill Parameter Log



Inspectors Low Mobility Grout Log



MWD Low Mobility Grout Log



Inspectors High Mobility Grout Log



MWD High Mobility Grout Log



Inspectors Micropile Installation Log



Four Phases of Route 249 Construction

• Mine Shaft Closure
– Explore at suspected shaft locations
– Close known shaft locations and those found during exploration

• Type 1 Closure – Fill with LMG
• Type 2 Closure – Cap with Structural Concrete

• Ground Treatment
– Explore and Fill Mine Voids at Bridge Approach Embankments and at known mined 

areas near bridge foundations 
– Involved Systematic drilling and treating with LMG on a grid pattern to a 

predetermined depth

• Foundation Treatment
– Excavate Foundation Locations and Examine for Mining Activity
– Treat with Combination of LMG and HMG to Improve Ground and Limit Micropile 

Grout Take

• Micropiles
– Install and Test Design Verification Piles
– Install Production Micropiles
– Perform Proof Tests



Mine Shaft Closure – Type 1
“Critical Shaft”

• Definition:
“Mine shafts/open features located within 15-meters of a major 

structural element or within 5-meters of the footprint of an 
embankment or cut.”

• Construction Procedure
– Exploratory Mine Feature Inspection Excavation – Dig with Backhoe

If Mine Feature Exists:
– Excavate to top of rock 
– Drill and grout from base of shaft to top of rock
– Verify closure with two secondary holes, grout as necessary



Abandoned Mine Shaft - 1.5 x 1.5 meters 
45 meters deep



Grouting Mine Shaft with Low Mobility Grout



Injection of Low Mobility Grout into Mine Shaft 
Previously Capped by MDNR



Placement of Low Mobility Grout with Concrete Pump



Mine Shaft Closure – Type 2
“Non-Critical Shaft”

• Definition:
“Mine shafts/open features located beyond 15-meters 

of a major structural element or beyond 5-meters of 
the footprint of an embankment or cut.”

• Construction Procedure
– Exploratory Mine Feature Inspection Excavation Dig with Backhoe

If Mine Feature Exists:
– Excavate to top of rock
– Plug throat with polyurethane foam and cap with concrete



Expose Mine Shaft Opening



Type 2 Mine Shaft Closure – Structural Concrete Cap



Ground Treatment – Bridges – Walls - Culverts

• Philosophy:
Locate and treat unforeseen mine features and/or voids

• Construction Procedure
– Drill primary holes (30-meters deep) in predetermined pattern shown on 

drawings

– Grout primary holes utilizing Low Mobility Grout (LMG)
• Small fissure grouting is not necessary



Typical Layout - Ground Treatment – 4 Meter Grid



Typical Hole Layout for Ground Treatment 



Ground Treatment at Retaining Wall



Ground Treatment at Box Culverts



“Making Water” Adjacent Drill Hole  Foundation 
Treatment



“Losing Water” Adjacent Drill Hole



Controlling Artesian Groundwater with High Mobility 
Grout



Spread Footings Bearing on Rock



Micropiles - Installing Permanent Casing



Drilling Battered Micropile Bond Length



Attaching Tremie Tube and Centralizers



Micropile Reinforcing – 2 ¼” Thread bars



Installing Reinforcing Bars



Mixing Micropile Grout



Freshly Grouted Micropile



Micropile with Nut and Shear Plate



Six Piles for Typical Footing



Construction Costs “K” Job

Planned Cost = $5,396,238

Actual Cost = $5,565,100

3 Percent over run of plan cost

Fun Facts

•17,895 Meters of Drilling = 58,710 Feet = 11 Miles

•6964 Cubic Meters of Grout = 9108 Cubic Yards = 2 
Miles of Two Lane Roadway

•3,270 Meters Micropiles = 10,728 Feet = 2 Miles



Foundation Package Design Team

Geotechnical, Structural Engineering and Construction 
Engineering and Inspection

HNTB

Micropiles and Grouting

Geosystems Inc – Donald Bruce 
Isherwood and Associates – Marcelo Chuaqui

Rock Mechanics

Wyllie and Norrish – Norm Norrish


