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Need Statement Title: 

Development of an Effective Evaluation Procedure for Determining In-Place Length of MnDOT High 
Mast Light Tower Inclined Pile Clusters 

   
Need Statement:  Describe the problem or the opportunity.  Include background and objective. 

There are roughly 500 High Mast Light Towers installed throughout Minnesota; many have poor or 
absent soil stratigraphy and construction documentation. A review of the designs within the LRFD 
framework suggests that many, supported on CIP steel shell or H-type piles, could have an insufficient 
uplift capacity in the event peak wind loads are applied. Without knowledge of the foundation length, an 
expensive retrofit or replacement program would need to be conducted. Estimated costs of retrofitting a 
single tower are as much as $20,000. The foundation geometry, consisting of a truncated triangular pad 
and use of 3 inclined piles, is a more challenging than vertical drilled shafts commonly used by other 
states. Preliminary work conducted by MnDOT for the field assessment of unknown pile foundation 
lengths using CPT and parallel seismic geophysical methods was found to work at some field locations, 
but was inconclusive at others.  
 
The research work is needed to systematically establish field methods for examining in-place pile 
lengths, establish where field methods have good reliability, establish techniques for reducing data and 
documenting the estimated precision and accuracy of the methods, estimating timelines for conducting 
the processes in a production setting, estimating the cost per tower for a recommended technique, and 
examine the sensitivity of the results to determine if the proposed technique is a cost effective screening 
tool as compared to a bulk retrofit of all towers with unknown foundations. A further component of the 
work will be to explore, through computational modeling, the impact of soil type and ground geometry 
(slopes) on the reliability/safety of the tower system. Related portions of the work could include an 
examination of appropriate LRFD resistance factors or field measurements of existing tower 
performance. The research may re-examine CPT parallel seismic as well as other techniques, such as 
low-strain, pulse echo, or induction field (IF) methods. 
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The objectives of the research effort are: 
 

1) Review MnDOT High Mast Light Tower (HMLT) Designs and database of existing state-wide 
tower information and metadata. 

2) Review existing project information and techniques used by MnDOT in the concept/prototype 
evaluation phase of CPT seismic methods. 

3) Develop a set of concept field evaluation techniques to explore for efficiency and effectiveness 
(including site access and preparation, as well as equipment/labor, field data acquisition, post 
processing, presentation, and accuracy). A series of HMLT towers with known foundation 
lengths will be used as a control group. Examine seismic CPT, cross-hole methods, low-strain, 
pulse echo, induction field (IF) methods or related techniques. 

4) Conduct field work to examine effectiveness of techniques. Field work, examining existing 
tower foundations, may be performed in partnership with MnDOT forces, depending on the 
nature of techniques used. Conduct field monitoring of existing towers, as needed, to evaluate 
techniques. Opportunities to examine techniques where the top of the foundation or the base of 
the foundation with exposed piling may exist.  

5) While as part of the work, relatively invasive methods may be used for development and 
evaluation of ‘research-techniques,’ effort must be directed toward relatively non-invasive, non-
destructive, and practical methods for wide-scale evaluation of MnDOT in-service towers. 

6) Evaluate the influence of adaptations or changes to field methods (seismic impact weights, 
locations, durations, geophone sensitivity, data reduction techniques, applicability of continuous 
seismic CPT methods, etc…)  

7) Develop analysis methods and data presentation techniques to document pile lengths. 
8) Examine the accuracy, precision, and reliability of the methods. Determine if methods appear to 

be influenced by soil type, stratigraphy, or pile length or type.  
9) Develop computational/numerical models to examine the sensitivity of the HMLT length 

evaluations to the reliability/safety of the towers based on soil properties, site geometry, loading 
direction and conditions, and the possibility for error in the determination of the unknown 
foundation length (i.e. what level of conservatism is needed in the field). 

10) Based on the work, evaluate and report the strengths and weaknesses of procedures studies. 
Establish a recommended field procedure and evaluation technique and provide information on 
the reliability [success rate/confidence].  

11) Develop an estimate of the cost and time associated with a full-scale field evaluation program. 
 

 
Provide a summary of the potential benefits: 

Effective techniques, as determined by this work, will be implemented in a pilot program to evaluate 
HMLT installations thought to be at highest risk (proximity to roadways, high ADT, age, etc.).  
 
Results will aid in developing the program requirements and developing plans and provisions for the 
examination of HMLT foundation depths. If the research shows techniques are inconclusive, study 
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information will be used to further assess the cost effectiveness of investigating the HMLT foundations 
as compared to a bulk retrofit of tower foundations. 
 
The research will accelerate the review of HMLT foundations and the effectiveness of evaluation 
techniques, which has previously been slow due to limited resources.  
 
HMLT foundations, determined to have insufficient pile embedment depth for uplift capacity will be 
replaced or retrofitted to ensure proper performance and an acceptable level of safety and reduced risk 
of failure in extreme events.  
 

 
How does this project build upon previous research (include title or reference to a completed 
research effort)? 

While there are techniques for determining unknown pile lengths, none appear to be well suited to the 
comparatively complex geometry of the MnDOT HMLT design, which consists of a concrete collar, 
truncated triangular pile cap and three inclined (battered) H-type or CIP steel shell piles in a ‘tripod’ 
formation. Other than the central concrete collar, the remaining portions of the foundation are buried 
when the HMLT is in-service.  
 
The majority of other U.S. practice is to use vertical drilled shaft elements. Systems such as the Pile 
Integrity Tester (PIT) work well for vertical shafts or piles where the surface of the element is exposed 
for the testing system to propagate waves cleanly to the base of the pile and assess the return of the 
signal.  
 
This work will build on previous work by exploring the effectiveness of techniques generally used on 
simple pile alignment and geometries and examining difficulties associated with unknown foundation 
lengths of pile systems with comparatively complex geometry, potentially difficult site access, and a 
preference for non-invasive, non-destructive, testing and evaluation.  
 

 
Provide names to consider for a technical advisory panel:  

Rich Lamb 
Paul Rowekamp 
Jihshya Lin 
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