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Problem Statement 
 
Road life is shortened and maintenance costs go up when vehicles carrying too-
heavy loads travel on roads that can’t adequately support their weight, causing 
cracking and rutting. 
 
To protect flexible-pavement roads, Wisconsin has a year-round weight limit of 
80,000 pounds gross weight with special overweight permits for log trucks up to 
90,000 pounds. In mid-winter, when roads are frozen solid, a 98,000-pound limit 
without a permit takes effect. This allows trucks hauling logs, salt or winter 
abrasives to increase loads and take advantage of direct routes on secondary 
state roads, saving time and money. 
 
In spring, however, frozen pavements, bases and subgrades begin to thaw, 
soften and take on water, making them more vulnerable to damage. This 
temporarily reduces allowed loads during the spring by as little as 20% (lowering 
the year-round 80,000-pound limit to 64,000 pounds) and has been shown to 
increase pavement life by as much as 60%.  
 
Knowing when to impose spring weight restrictions and when to lift them has 
been a perennial challenge, especially since WisDOT tries to make these 
decisions two weeks in advance to allow for adequate notification of highway 
users. Restricting truck weights longer than necessary may prevent farmers, 
loggers and others from legitimate use of the roadways. However, a late 
imposition of spring limits or premature return to normal limits raises costs for 
everyone if roads are damaged and require more repairs and earlier 
replacement. 
 
A research study in 1996-1997, sponsored by WisDOT, was undertaken by Peter 
Bosscher to develop a computer model to correlate climate and pavement data 
for the year in progress in order to project when to impose and lift weight 
restrictions. The research team collected field data relating to weather and road 
stiffness over two winter-spring periods, which enabled the development of a six-
phase computer model integrating weather conditions, heat transfer, roadway 
stiffness, stress-strain effects, and estimates of pavement damage load (EDL) for 
a given road 30, 60, 90, or 120 days into the future based on user-supplied 
average daily temperatures experienced in the year to date.  
 
WisDOT’s Bureau of Highway Operations, (BOH) used this software, known as 
UWFROST, during the ’98-’99 and ’99-’00 winter seasons and found the 
software’s fall freezing and spring thawing projections to be quite accurate for 
normal winters. 
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Since this study was conducted, additional data has been collected using frost 
tubes to declare the roads frozen and then unfrozen. Changes in Wisconsin 
climate have also been noted which will affect the model. More data has been 
collected at the national level, which relates pavement material moduli to 
temperature. 
 
Research Objectives 
 
The UWFROST software is organized currently as shown in Figure 1.   
The work proposed was to make improvements to the existing software with 
special emphasis to improving the: 
 
1. Weather model 
2. Soil temperature model 
3. Material behavior (modulus) model 
4. Prediction/damage algorithm. 
 
Work Done 
 
The PI Peter J. Bosscher passed away unexpectedly and a search through his 
records indicated that he is the only one who could make changes to UWFROST 
since he created it alone.  However, Peter Bosscher had already been in contact 
and worked closely with key WisDOT personnel on this software and its use over 
several years.  This has been done on a volunteer basis once the project was 
completed in 1998.  Though this work has been collaborative, however, finances 
or the exchange of mutual benefit were not involved.   
 
Certain materials related to the project have been extracted from his files and 
presented herein.  WisDOT personnel can take this information into account in 
implementing the frost weight rules. 
 
 
Notes on UWFROST 
 
It is desired to run the software from any directory.  This requires having the 
program located in one fixed and known location.  It is suggested that it be 
C:\Program Files\University of Wisconsin\UWFROST\  Then the current directory 
needs to be recorded and used for some  or all of the temporary storage files.  
When the UWFROST or WES programs are called, the calls need to point to 
fixed location.  It is not known if WES can run from one location but gets its 
information from another directory. 
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Notes on UWFROST Performance 
 

1. Zero Prediction causes problems (at least with Madison data).  The 
reason is not known.  Until this is determined, don’t use zero prediction. 

2. The soil temperature results seem correct based on examination of input 
temperatures. 

3. Minor changes in depths can cause fairly dramatic changes in Half Axle 
Load 

 
 
 
Conclusion: 
 
Use Frost Depth results for Frozen Road and Spring Load Reduction Estimates 
 

Frozen Road Declaration should be valid anytime frost gets into subgrade 
Removal should be when frost leaves base 

 
Spring Load Reduction should be two weeks before frost leaves subgrade 
and last approximately 30 days thereafter. 
 

Suggested Improvements: 
 

1. Tie together the two isotherms (from top and from bottom in the spring) 
2. Use this point + 30 days as the end of the thaw period 
3. Use a point where the thaw enters the top of the base and stays for at 

least 5 days as the beginning of the thaw 
 
 
 
Frozen Road Declaration History 
 
Frozen road declaration history has been compiled and presented in Appendix A. 
 
 
Ground Truth 
 
Ground truth information was collected by him and made available attached to 
this report (Appendix B). 



 
 
Figure 1.  UW FROST Software Organization 



APPENDIX A 
 

FROZEN ROAD DECLARATION HISTORY 



Frozen Road Declaration History

Year Start End Extended to No. of 
Days

No. of 
Weeks

1983-84 Dec. 19 March 2 March 16 88 13
1984-85 Dec. 17 March 1 March 7 82 12
1985-86 Dec. 16 Feb. 28 March 7 83 12
1986-87 Dec. 8 March 6 88 13
1987-88 Dec. 21 Feb. 26 67 9.5
1988-89 Dec. 19 Feb. 24 March 10 82 12
1989-90 Dec. 18 March 2 75 11
1990-91 Dec. 17 March 1 75 11
1991-92 Dec. 15 March 1 77 11
1992-93 Dec. 21 March 1 March 8 77 11
1993-94 Dec. 20 March 7 Feb. 28 70 10
1994-95 Dec. 26 Feb. 27 63 9
1995-96 Dec. 18 March 4 76 11
1996-97 Dec. 16 March 3 77 11
1997-98 Dec. 22 March 1 Feb. 16 56 8

Dec. 14 
N. of 

US 10
March 8

March 1 
N. of

US 10
84 12

1998-99
Dec. 21

S. of
US 10

March 1
Feb. 22

S. of 
US 10

70 10

1999-00 Dec. 27 Feb. 28 64 9
Dec.18
N. of

US 10

March 12
N. of 

Wis 29
83 12

2000-01
Dec.25
S. of

US-10

Feb.26
S. of

Wis 29
63 9

Dec. 31
N. of

US 10
March 4 February 25 56 8

2001-2002
Jan. 7
S. of

US 10
March 4 February 25 49 7

2002-2003 Dec. 16 March 3 March 17 92 13

Dec 29 N. of 
USH 10 March 1 63 9

2003-2004
Jan. 12

S. of
 USH 10

March 1 49 7

Dec 27 N. of 
USH 10

Jan 3 S. of 
USH 10

20 Year
Average Dec.19 March 4 76 11

20 Year 
Range:

Dec. 8 – 
Jan. 12 49-92 7-13Feb. 16 – March 17

2004-2005

Updated 12/20/2004



APPENDIX B 

 
GROUND TRUTH – FORST TUBE DATA 
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