
Improving MnDOT’s Field Construction 
Control Methods for Driven Pile 
Foundations
What Was the Need?
Driven piles made of steel, timber or concrete are used 
to support the majority of highway bridges in Minnesota. 
Unlike other foundation systems such as spread footings 
or drilled shafts, driven piles may be monitored during 
installation and the pile depths adjusted in the field. By 
measuring the energy imparted during driving and the cor-
responding pile movement, engineers can use a mathemat-
ical formula to estimate pile capacity. The accuracy of this 
field capacity prediction varies depending on the accuracy 
and precision of the formula used. 

Until recently, most states, including Minnesota, used a 
variation of a pile driving formula published in the Engi-
neering News-Record in the early 1900s. MnDOT initiated 
a research project to develop a more accurate and statisti-
cally supported formula that includes resistance factors 
consistent with the AASHTO Load and Resistance Factor 
Design specifications. Resistance factors are safety multi-
pliers that address risk and reliability, minimizing the probability of exceeding service or 
strength limit thresholds. 

The first phase of this project used available data from other states. However, pile 
foundation practices vary considerably across the country, and these data sets were not 
well suited to represent MnDOT’s practices. A second phase of this project was needed 
to further refine MnDOT’s pile driving formula and better reflect regional pile driving 
practices. 

What Was Our Goal?
The objectives of this project were to reevaluate the pile driving formula and resistance 
factors developed in Phase 1 of this study, compare performance to other established 
pile driving formulas, and recommend and validate a preferred formula and associated 
resistance factors. 

What Did We Do?
Researchers reviewed MnDOT bridge projects to establish common driven pile con-
struction practices in Minnesota. They examined pile driving data from around the 
world, developing filtered databases applicable to Minnesota practices (using diesel 
hammers and steel piles). Next, researchers evaluated dynamic pile capacity equations 
used by other state DOTs, including the Phase 1 formula. They developed a new pile 
driving formula for steel piles, MPF12, based on Minnesota practices and conditions, and 
derived resistance factors for it. 

Researchers compared the performance of MPF12 to other formulas using the results of 
two static pile load tests. Next, they developed modifications to the MPF12 formula and 
its resistance factors for use with timber and prestressed precast concrete piles. Finally, 
the investigators made recommendations for improving and updating MnDOT specifica-
tions and processes. 
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A crane with a hammer drives 
piles into the soil for a bridge 

foundation. Piles must be driven 
deep enough to bear the loads of 

a bridge without wasting 
resources by driving them too far.
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The pile driving formula 

and resistance factors 

developed in this project 

offer an improved method 

for determining pile 

capacity in accordance with 

the AASHTO Load and  

Resistance Factor Design 

method, which is required 

for bridge design by FHWA 

and is intended to ensure 

bridges’ safety and 

reliability. 
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What Did We Learn?
The newly developed MPF12 formula performed well, outperforming the other evalu-
ated equations in accurately predicting pile capacity based on the manufacturers’ 
published hammer energy (75 percent of the maximum) or the measured field energy. 
The study clearly showed the importance of well-defined hammer energy. MnDOT now 
requires field energy measurements, and limits values for blow counts and applicable 
pile sizes, for proper use of MPF12 to obtain reliable capacity predictions.

As MPF12 was implemented, a comparison of the results with the previous formula 
tended to reflect reduced available geotechnical capacity. Two static pile load tests, con-
ducted as part of the ongoing MnPILE program, confirmed that MPF12 provides quality 
predictions of capacity and again demonstrated the tendency of the former formula to 
overpredict capacity at high blow counts. Data from numerous other projects showed 
that the retired formula did not predict static pile capacity accurately; in some cases the 
reported capacity was nonconservative, supporting the motivation and need for this 
work. Corresponding improvements in the MPF12 resistance factors, based on improved 
quality and reduced risk, compensate for the comparatively lower (but more accurate) 
field capacity predictions. The quality of the MPF12 formula is reflected in more favor-
able resistance factors. As an example, MnDOT practice is so consistent for H-type piles 
that the MPF12 resistance factor for this pile type (0.6) is 50 percent better than the 
previous factor (0.4) used with the retired MnDOT formula.

What’s Next?
After preliminary pilot testing, in 2013 MnDOT began using the MPF12 formula for all 
bridge projects, and the department has been very satisfied with its performance. Use 
of MPF12 is now contributing to improved accuracy, safety and efficiency of driven pile 
foundations. More efficient pile driving practice reduces both material costs and con-
struction time, each of which results in financial savings. Periodic load testing and re-
evaluation of design factors following accumulation of a larger statistically valid database 
of Minnesota construction data is planned as part of the MnPILE program. Evaluation of 
cost impacts related to implementation of the new MPF12 formula with respect to past 
practice is a potential future effort. 

In addition, geotechnical and structural engineers are more actively collaborating earlier 
in the design process. Together, they are working to select cost-effective foundation sys-
tems and to target larger structures for higher-quality construction control methods or 
higher-capacity foundation systems, which can result in significantly improved construc-
tion efficiencies.
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The most accurate way to determine the capacity of piles is to conduct tests in 
which static loads are applied to them in the field. 

“The new pile driving 
formula developed in this 
project is working well for 
MnDOT. It’s not only more 
accurate than the previous 
formula; it also allows us to 
comply with AASHTO LRFD 
requirements.”

—Paul Rowekamp,
MnDOT Bridge Standards 
and Research Engineer

“MPF12 is better suited 
to Minnesota practices 
and conditions because 
it provides more accurate 
capacity predictions and 
adequate resistance 
factors, which allow for 
consistent, reliable and 
more cost-effective 
foundation construction.”

—Sam Paikowsky,
Professor, University of 
Massachusetts, Lowell, 
Department of Civil 
and Environmental  
Engineering
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