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METHODS OF CALCULATION AND 
IMPLEMENTATION 

Other Countries’ and States’ 



Methods of Determining 
Susceptibility 

1) Falling Weight Deflectometer (FWD) 
2) Benkelman Beam Analysis 
3) Frost Tubes (data specific to exact location) 
4) RWIS or ESS Frost Depth (typically top 18 inches) 
5) Thawing Index of Air Temperatures 
6) Test Hole Excavation 

 
 



FWD Testing 

 

ASTM D 4695 



Benkelman Beam 

 

Gilson Company, Inc. 





The Benkelman beam test can be a valuable aid 
to the engineer in providing a more objective 
basis for his determination of the requirements 
for reinforcing and upgrading flexible pavements, 
evaluating his flexible pavement designs, and in 
setting spring load restrictions. It is hoped that 
Minnesota engineers will take advantage of this 
research and implement a program of deflection 
measurements to aid them in making engineering 
decisions in which the strength of flexible 
pavements is a factor. 

MNDOT 1968 



It is a general conclusion of this investigation that 
the Benkelman beam can be a very effective tool 
for obtaining information which will be a valuable 
aid in making engineering decisions with respect 
to the strength of flexible pavements. It is 
recommended that Minnesota highway engineers 
strongly consider using a program of deflection 
measurements as an objective basis for 
evaluating the strength of their flexible 
pavements. The procedures to be followed for 
performing the Benkelman beam test and for 
estimating load carrying capacity are given in 
PART II of this report. 

MNDOT 1968 



10 tests 
1 every 500 ft 

MNDOT 1968 
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Repeat for 
each mile 

MNDOT 1968 



Europe 

Isotalo 1993 



• In Finland, use of FWD has recently ousted the use of 
Benkelman beams. 

• In Iceland, the thawing of frost is measured. 
• In Norway, most measurements are made with 

FWDs. 
• In Sweden, no quantitative criterion is measured. 
• In France, it is difficult to achieve a coherent system 

because of the large number of decision makers, 
haphazard approach to meteorological information, 
and insufficient inter-regional and inter-county 
cooperation. 

• The United States have no uniform formulae on how 
to apply load restrictions. 

Isotalo 1993 



Ontario, Canada 
Depth of Thawing 

OMT, LU 2013 



• A variety of methods and criteria are used to establish restriction 
dates, creating uncertainty for commercial road users. 

• This provides scientifically-based projections to assist decision 
makers in determining load restriction dates. 
 

• An initial effort developed a degree-day index model to predict 
the depth of freezing early in winter and the depth of thawing 
from the top and bottom as the thawing season progresses. The 
index approach is similar to one developed in Minnesota (Ovik et 
al, 2000), with the difference that the Ontario model predicts 
frost and that depth rather than the load restriction start date. 
 

• Tools have been added to the Ministry of Transportation’s RWIS 
web site that provide observations and forecasts of frost and 
thaw depths, and estimated critical dates for the initiation and 
ending of Winter Weight Premiums and Spring Load Restrictions. 
 

Isotalo 1993 
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Wisconsin 
 

Frost Tube & RWIS  
Subsurface data 

For State Highways 
 
 

With 
 

Thawing Index  
Recognized For Local Roads 



Wisconsin Highway Region Map 



• Wisconsin’s extensive local road system is a 
lifeline for our state and local economies. 

• Local officials have a responsibility to preserve 
our investment in roads by protecting them from 
excess damage caused by trucks carrying heavy 
loads. 

• For local roads, you generally must use 
judgment and experience. However, a Thawing 
Index (TI)—calculated like heating degree days 
used by winter fuel suppliers—can help you 
predict when to begin restrictions. 
 

WTIC 2003 



• Begin using the Thawing Index when the 
average daily temperature rises above 29° F—
chosen as a reference temperature because 
tests show than an asphalt pavement surface is 
32° F when air temperature is about 29° F. 

• Pavement thickness determines how many 
thawing degree days are needed for applying 
spring load restrictions. The FHWA study 
Guidelines for Spring Highway Use Restrictions 
has established “should” and “must” Thawing 
Index levels for thick and think pavements. 

WTIC 2003 



• Effective communication with the public, 
your own agency, and affected haulers is 
essential. 

• Protecting local roads from damage by heavy 
vehicles is the responsibility of local 
authorities. 
 

WTIC 2003 



Minnesota 
 
 

Thawing Index 
 

Projected Using RWIS and ESS data 
 

With  
 

Regional Implementation 



Minnesota 
Regions using Thawing Index 

 



• Critical time for SLR is when the pavement first 
thaws, thus proper measurement and prediction of 
freeze-thaw events is crucial to a successful load 
restriction strategy. 

• Counties, townships and municipalities generally 
followed state recommendations on load restriction 
posting and removal dates. 
 

• The current MnDOT policy uses actual and forecasted 
averages daily temperature to determine when SLR 
should be placed and removed. 
 



For Minnesota, SLR impacts many more miles of the 
county township and municipal systems than the state 
trunk highway system. Damage incurred to the entire 
road system is quite substantial if SLR are not placed 
before the critical thaw period. 
• SLR are not new to Minnesota. Although changes 

were recently made in the way SLR are placed and 
removed, the concept had been around since 1937. 

• As the average air temperature decreases, a 
pavement structure freezes from the surface, down. 
In the same manner, as the average air temperature 
increases, a pavement thaws from the surface down. 
 

MnDOT 



MnDOT 

3-day notice 
for 
restrictions 
 
TI based on 
forecast for 3 
days 
 
TI > 25 F 
 
TI =  



Cumulative Data Available on Web-Site 

MnDOT 



Montana, N. Dakota,  
S. Dakota 

 
 

Subsurface Modeling Of Conditions 
 

Based upon 
 

Sub-pavement soil profiles, RWIS data, and 
weather observations 

 
 



Clarus (Latin for Clear) 

FHWA 



The Clarus Initiative, a joint effort of the U.S. Department of 
Transportation Intelligent Transportation Systems (ITS) Joint 
Program Office and FHWA’s Road Weather Management Program 
(RWMP), is a six-year effort to develop and demonstrate an 
integrated weather observation data management system that can 
reduce the impact of adverse weather conditions on surface 
transportation. 
Participants in the SLR Clarus regional demonstration project 
included State Maintenance Operations personnel in Montana, 
North Dakota, and South Dakota. 
SLR uses Clarus and other observation and a numerical model 
output as input to a subsurface model that generates weight 
restriction guidance based upon simulated structural stability in the 
subpavement soil profile. The decision support tool lead also uses 
past and current weather observations, long-lead time weather 
forecasts, and characteristics of the subpavement thermal and 
moisture profiles to create its soil stability assessment. 

FHWA, MT, ND, SD 



FHWA, MT, ND, SD 



Analysis of 
Regional Boundary (Zone) 
Implementation in Michigan 

 

Are Regions based upon historic data a viable 
option for Michigan? 
  



Potential Michigan Regions 
Based Upon Historic CRAM Data 

(2006 - 2012) 

Historic CRAM data from all counties has been 
analyzed by date to construct trends of adjacent 
counties with similar (or identical) 
implementation dates…….. 

CRAM 



Sample of 2008 Data 
 

CRAM 



DRAFT Michigan Regions 



CRAM 



CRAM 



CRAM Council Survey 

• During the December 3, 2012 Engineering 
Committee Meeting, Council support OR 
non-support for a regionalized approach to 
weight restriction implementation in 
Michigan was communicated. 

 

CRAM 



Support of a Regionalized Approach To 
Weight Restriction Implementation In 

Michigan: 
 Council   Support Regions (Yes/No) 

Blue Water    No 
Great Lakes    No 
Southeastern     No 
Paul Bunyan    Yes 
Southwest    Yes 
Vacationland    Yes 
Straits Area    No 
Urban     No 
Seven County    Yes 

CRAM 



Future 

CRAM Engineering Committee decided to: 
• Retain Sub-committee to educate members on methods 

and research. 
• Conduct 2013, 2014 test pilot programs throughout the 

state to re-evaluate regional approach. 

CRAM 
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