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Problem Statement

 Excessively high curing temperatures in 
mass concrete can affect long-term durability 
from Delayed Ettringite Formation (DEF).
 Differential Temperature in  mass concrete 

has more immediate adverse effects in the 
form of cracking. . .
 Drilled shafts are susceptible to Mass 

Concrete issues.



Project Tasks

 Construct Voided Shaft (monitor, model, etc)
 Collect Field Temperature Measurements of 

Mass Concrete / Shaft Elements (via 
thermocouple and integrity scans)
 Calibrate/Update Thermal Software



When is Concrete Mass?

 Guidelines
 Mass Concrete Geometry Limit
 Drilled Shaft Diameter Limit

 Performance Based Specification
 Differential Temperature Limit
 Peak Temperature Cut-off



Geometry Criterion Applied to Shafts
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Case Studies: Hoover Dam

 Built 1932 - 1935
More than 5 million yd3 of concrete
 Equivalent to 2 lane road coast to coast 

(w/sidewalks)
 600 miles of 1” steel cooling tubes
 100 yr estimated cooling



Ringling Causeway Bridge

 Built 2001-2003
 9 ft diameter shafts
 Standard FDOT shaft mix (4 ksi)
Winter construction
 No cooling system

http://www.flickr.com/photos/angiology/293739039/�


Ringling Causeway Bridge
Shaft Curing Temperature
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Predicting Mass Concrete 
Conditions

Must know mix design with detailed cement 
and flyash reports (can change monthly)
Must know geometry of shaft or other 

concrete element in question
Must know environmental conditions (e.g. 

air temp, soil type, soil temp, etc.)



Hydration Energy
(Schindler, 2005)

Cement Energy Production

Total Energy Production



Hydration Energy
(Schindler, 2005)

Degree of Hydration

Rate of Energy Production



Input Parameters
(from concrete supplier)





9 ft Diameter Shaft
(Model simulation)
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9 ft Diameter Voided Shaft
(Model simulation)
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Voided Shaft Construction

 Install access tubes in soil around proposed 
excavation site
 Instrument 8 ft diameter cage / 4 ft central 

casing
 Construct Voided Shaft
Monitor shaft and ground temperatures via 

thermocouples and integrity scans



Install ground access tubes

1/4D, 1/2D, 1D, and 2D

Instrument cage w/access 
tubes and thermocouples



Instrument central casing w/access tube and thermocouples



Instrument Central Casing



Excavation and Cleanout



Cage Placement

Access Tubes



Central Casing Installation



Secure??? Central Casing



Double Tremie



Concreting



Concrete level measurements



Surface Casing Extraction



Surface Casing Extraction



Finished Shaft



Cellular Antenna

Solar Panel

Data Logger

Thermocouple 
Wiring

Thermal Integrity 
Access Tubes



9ft Diameter Shaft w/ 4ft Void
Thermocouple Data / R.W. Harris Test Site
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Thermocouple Data
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Modeled Temperature Predictions 
Presented at GRIP 2007
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9ft Diameter Shaft w/ 4ft Void
Thermocouple Data / R.W. Harris Test Site
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Collect Field Temperature 
Measurements

 Voided Shaft Monitoring (shafts)
 I-35W Bridge Replacement (shafts and 

footing)
Marion County Courthouse (shafts)
 Lake Okeechobee Dike Remediation (cutoff 

wall) 
 I-4, District 5 (shafts)



I35W St Anthony Falls Bridge Replacement



End 
I35W



Monitor Shaft Temp
Monitor Footing Temp
Monitor Construction Loads
 Provide Realtime Warning System

Project Goals

(Pier 2 Southbound)



 Pier 2 Southbound Footing
 40’ x 90’ x 12’ = 1600 yd3

 8 - 7 ft diameter shafts, 100 ft deep
 SCC shaft mix
 Thermocouples / Strain Gages



Cast 
Shafts Cut 

Wires

30 F
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Wiring Conduits to Data 
Collection System



I-35 St. Anthony Falls Bridge
Shaft 1 Thermal Data
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1600 cu yds

Footing Temperature 
Monitoring



Insulation Blankets to Maintain External Footing Temperature



Network of 
cooling tubes



Cut wires

55 F



Thermal Integrity Scans

 Field Results / Model Predictions
 Bulging
 Necking
 Cage Alignment
 Concrete Maturation 



Normal Access Tube Temperatures for 
Courthouse Site



Normal Shaft Signature Bulge
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Cage Alignment



WSDOT Nalley Valley I-5/SR16



WSDOT Nalley Valley I-5/SR16
Modeled and Measured Core and Tube Temps
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Cage Alignment
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Cage Alignment
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Conclusions

 Thermal modeling of shafts shows when concrete 
mix and environment will cause mass concrete 
conditions

 Large diameter shafts can be voided to alleviate 
mass concrete conditions

 Demonstration shaft showed constructability and 
verified temperature control (peak and differential) 

 Measured temperatures were in close agreement 
with model predicted



Conclusions

 Thermal Integrity scans showed remarkable 
capability to detect anomalies in and outside 
the reinforcing cage (bulges and necks)
 Cage alignment and concrete cover can be 

verified.
 Timeframe for testing is dependent on shaft 

size and mix (e.g.1 – 3 days optimal).
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