
 
 

Literature Search: Needs Statement 672: Ice Loading on Piers for Minnesota’s Bridges  

Date: July 18, 2022  

Prepared for: Marcus Bekele 

Prepared by:  Sheila Hatchell | contact: Sheila.hatchell@state.mn.us  

Resources searched:  Compiled results are from the following databases:  TRID, RIP, Transport, ASCE, 
Internet, MnDOT Library Catalog.  Results are categorized as “Most Relevant” or “Additional.” 

Summary:  Any relevant information on this topic was published in 2011 or earlier.  I did include a few of 
these older resources under the Additional Results section.  PDFs of the full text are attached when 
available.     

Keywords:  (searches included ‘bridges’ and/or ‘piers’) design parameters for ice, ice crushing strength, 
ice loading thickness, pier thickness, pier width, design ice loading, pile bent piers, effects of 
temperature, ice load reduction, effect of river/stream size and flow, ice floe size, ice loading design 
parameters, ice engineering, Ice crushing  

Topic Description:  

The MnDOT Bridge Design Manual (BDM) specifies the design parameters for ice as 1.5 feet thick with a 
crushing strength of 32 ksf. These values along with the pier thickness and width are used to determine 
the design ice loading applied to bridge piers based on the provisions of the AASHTO LRFD Bridge Design 
Specifications Article 3.9. Design of pile bent piers in rivers/streams is driven by the ice loading and often 
requires increasing the pile size, number of piles, or both by a significant amount to meet the 
requirements of the specifications, even on moderately small streams. 

MnDOT’s current design guidance uses the most conservative effective ice crushing strength identified 
in the AASHTO LRFD Bridge Design Specifications, although the need to use such a conservative 
threshold has not been confirmed. In addition, the BDM specified ice loading thickness and crushing 
strength are used for design of all bridge piers regardless of their location within the state, which may be 
overly conservative for piers located in the southern part of the state. 

The Iowa DOT and Wisconsin DOT both have bridge design guidance that results in lower ice loading 
than the current MnDOT BDM despite having similar climates. (Iowa: LRFDBridgeDesignManual.pdf 
(iowadot.gov), Article 6.6.3.9; Wisconsin: ch13.pdf (wisconsindot.gov), Article 13.4. 

AASHTO LRFD Bridge Design Specifications Article 3.9.2.3 allows a reduction up to 50% in ice load for 
small streams. A method is included the commentary for determination of the reduction factor based on 
the plan area of the largest ice floe but lacks guidance on how to determine the ice floe size. 

Determining more accurate ice loading design parameters will allow MnDOT to continue to design safe 
bridges while being more cost-effective with piling. 
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Most Relevant Results 

None 

 

Additional Results  

Adfreeze Pile Design for Bridges along the Inuvik to Tuktoyaktuk Highway, Northwest Territories 

Authors: T. E. Hoeve, P.Eng.; and B. Fortin 

Publishing: 18th International Conference on Cold Regions Engineering and 8th Canadian Permafrost 
Conference, August 18–22, 2019 | Quebec City, Quebec, Canada 

Abstract: The Inuvik to Tuktoyaktuk Highway includes eight bridges. The 140 km route is underlain by 
continuous permafrost, much of it ice-rich. Bedrock is generally too deep to be accessed for foundation 
construction. Mean annual ground temperatures ranged from about -1.8°C to -4.3°C near proposed 
bridge locations. Adfreeze steel pipe piles, which are generally suited to relatively light sustained loads, 
were selected as the foundation type for the bridges. Bridge loads tend not to be light and there is not 
much precedent for the use of adfreeze piles as bridge foundations. There were two particular 
challenges for the pile designs in this application. Firstly, the strength of permafrost is time-dependent. 
Adfreeze piles are designed by assuming they will settle in creep under load. For these bridges, traffic 
live load was a high proportion of the overall foundation load. Permafrost has higher resistance to short-
term loads than sustained loads, all else being equal. The short duration of individual traffic load events 
was considered to justify correspondingly high capacities for traffic loading. Second, the bridges are 
required to have a 75 year design life. Warming of the permafrost is anticipated in response to predicted 
climate warming. It is likely that at least some of the permafrost will approach the onset of thaw over 
the design life of the bridges. A strategy is being implemented to monitor ground temperature response 
and implement mitigative measures, if pile capacity is determined to be compromised in the future. This 
paper describes the design rationale, including an adaptive response to climate change using 
thermosyphons. 

Full text: Attached as PDF 

 

ice Crushing Forces on Offshore Structures: Global Effective Pressures and the ISO 19906 Design 
Equation 

Authors: Paquette, Erin, Brown, Thomas G 

Publishing: Cold Regions Science and Technology, Volume 142, October 2017, Pages 55-68 

Abstract: Failures of offshore structures in ice covered waters carry high consequences for onboard 
personnel, the environment, and the economy. To avoid these consequences designs must address one 
of the most severe loading scenarios: the crushing of level ice sheets against a structure. Unfortunately, 
the ability to accurately predict global effective pressures is impeded by the complexity of the ice 
crushing process. Ice crushing, and the resulting effective pressure, is influenced by a number of 
parameters. Currently, ISO 19906 provides an equation for engineers to use in predicting these 



 
pressures. This equation incorporates the consideration of the aspect ratio, region specific ice properties 
and the ice thickness. This paper uses the format of the ISO 19906 equation to provide an exploration 
into how ice-structure interaction parameters influence global effective pressures. Full-scale loading 
data, empirical studies and theory are utilized. Additionally, the scope of this study is limited to level ice 
interactions with vertical or near-vertical faced structures. The ISO 19906 equation is determined to 
provide a reasonable empirical consideration of aspect ratio effects. However, an improved ability to 
quantify the aspect ratio effect is thought to be achievable in the future. Freezing degree days (FDD) are 
shown to support variations in the relative severity of ice pressures across different regions and ice 
seasons. Still, further statistical support is required in order to associate FDD based ice strength 
coefficients with specific return periods. Lastly, a multivariate analysis of the ice thickness and 
temperature effect is conducted. The validity of a linear relationship with the inverse square root of the 
ice thickness (h- 0.5) is strongly supported. Furthermore, it is strengthened when a linear relationship 
with measured temperatures is also considered. 

Full text: Contact a librarian Sheila.hatchell@state.mn.us  

 

Ice Forces on Inclined Bridge Piers 

Authors: Kenton W. Braun ; and Dempsey S. Thieman 

Publishing: Structures Congress 2008, April 24-26, 2008 | Vancouver, British Columbia, Canada 

Abstract: The American Association of State and Highway Transportation Officials (AASHTO) and the 
Canadian Standards Association (CSA) codes provide design guidelines for determination of ice loads 
due to ice crushing and ice bending failures. Both organizations' bridge codes are based upon in-situ 
field measurements on two bridges in Alberta, Canada. Design formulas provided by both organizations 
(AASTHO and CSA) rely only on the effective crushing strength of ice to determine ice loading due to 
crushing failures and ice bending failures. Equations provided for bending failures rely on an assumed 
linear relationship between effective ice crushing strength and ice bending strength. Ice bending 
strength is apparently assumed to be 0.84 times the effective crushing strength using these codes. 
Recent in-situ testing of fresh water river ice on the North Slope of Alaska indicates that the ice bending 
strength is closer to 0.5 times the effective ice crushing strength for this location. Additionally, 
numerous studies have identified that ice crushing strength is highly dependent upon temperature, 
while ice bending strength remains relatively constant through changing temperatures. Results of the in-
situ bending tests and other associated research indicate that calculations to determine ice forces due 
to bending failure should consider ice flexural or tensile strength rather than a direct correlation to 
effective ice crushing strengthen. This paper will present the testing methods and procedures, results 
and conclusions of flexural and compressive ice testing performed on river ice on the North Slope of 
Alaska. Comparisons between AASHTO and CSA predicted and actual bending strength will be made. An 
alternative calculation method determining the ice sheet bending strength will be presented. The 
authors recommend that the presented, alternative methods be adopted within the CSA and AASHTO 
codes to better predict ice loads associated with ice bending behavior. 

Full text: Attached as PDF 
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Ice Forces to Structures Testing and Evaluation of Sheet Ice Bending Strength. 

Authors: Braun Kenton W; Thieman Dempsey S 

Publishing: 18th International Conference on Port and Ocean Engineering under Arctic Conditions 
(POAC'05). 2005. Abstract reprinted with permission of the International Conference on Port and Ocean 
Engineering under Arctic Conditions (POAC). 1049-1058 (Figs., Phots., Refs., Tabs.) 

Abstract: The American Association of State Highway and Transportation Officials (AASHTO) and CSA 
bridge codes provide guidelines for determination of ice loads on piers due to both ice crushing and ice 
bending failures. The codes are based upon in-situ field measurements on two bridges in Alberta, 
Canada. Formulas rely only on the effective crushing strength of ice to determine loading due to both 
crushing failure and ice bending failure modes. Bending failure equations appear to rely on an assumed 
linear relationship between effective ice crushing strength and ice bending strength. Recent in-situ 
testing of fresh water river ice on the North Slope of Alaska indicates that the ice bending strength may 
be significantly less than indicated by current codes. Results of the in-situ bending tests and other 
associated research imply that determination of ice forces due to bending failure should consider ice 
flexural strength rather than a direct correlation to effective ice crushing strength. 

Full text: Contact a librarian  Sheila.hatchell@state.mn.us  

 

Numerical Investigation of River Ice-Bridge Pier Interaction 

Authors: Feng Xiong ; and Gang Xu 

Publishing: Structures Congress 2009, April 30-May 2, 2009 | Austin, Texas, United States 

Abstract: Rivers freeze in most North America areas in winter season. The thick ice sheets formed 
around bridge piers will not only change the constraint or boundary conditions of bridge structures, but 
also generate great forces on bridge piers under earthquake loading. The ice-pier interaction was 
deemed as the main reason that caused failure of bridges in South-central Alaska during the 1964 Great 
Alaska Earthquake. Figure 1 shows two examples of the damages occurred to the highway bridge piers. 
River ice increases the lateral constraint stiffness to bridge piers, hence reduces its free length and 
causes the formation of short piers. Short piers are notoriously known for their much weaker resistance 
to shear force than long piers. The interaction mechanism between ice sheet and bridge pier has to be 
understood in order to investigate its impact on the seismic performance of highway bridges in cold 
regions. This paper presents the interim results from the analysis of river ice-bridge pier interaction 
process. 

Full text: Contact a librarian Sheila.hatchell@state.mn.us   
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