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Evaluation of Deflection Data as 
Criteria for the Posting and Removal of 
Spring Load Limits 
HARVEYS. ALLEN AND DAVID L. BULLOCK 

The Minnesota Department of Transportation conducted 
deflection tests during the spring thaw period primarily to 
ascertain when the "spring peak" occurred. A study was 
initiated to investigate the feasibility of using a Falling Weight 
Deflectometer to define the spring thaw period so that axle 
weight restrictions could be imposed during that time. This 
study involved the establishment of a uniform testing procedure 
and a set of criteria to define this period. Fourteen sections of 
road were tested; frost tubes were_ installed in eight of the 
sections. Average DI and D7 deflections were calculated for 
each test section. Several values, including tensile strain and 
subgrade modulus, were computed from these data. Pavement 
temperature and frost tube readings were recorded when 
possible. The initial analysis showed that maximum tensile 
strain occurred prior to the peak DI deflection and a rough 
correlation of DI to frost depth was indicated. A 21-day period 
after which Dl had peaked was proposed as a criterion for the 
removal of axle weight restrictions. 

In January 1985, Deputy Commissioner R. J. McDonald 
appointed a committee called the Committee on Seasonal 
Posting Period to establish a process and criteria regarding the 
time period when axle weights on trucks should be reduced to 
prevent excessive pavement damage. 

This committee began meeting in February 1985 to determine 
which information should be considered in the establishment of 
the requested process and criteria. 

Deflection tests have been used in the past by some Minnesota 
Department of Transportation (Mn/ DOT) districts to provide 
information on the spring thaw period, although no uniform 
procedure has been established for statewide use. The committee 
decided that additional deflection data should be collected and 
analyzed to determine how tests could be used to establish 
criteria for the imposition and removal of spring axle weight 
restrictions. The following questions had to be answered: 

• Can deflection tests be used to determine when the axle 
weight restriction period should start? 

• Can deflection tests be used to determine when the 
restriction period should end? 

• Are deflection tests necessary on all restricted highways 
during the spring thaw period? 

• Should tests be performed daily, weekly, or bimonthly? 
• Which analysis can be performed with deflection data to 

lead to the establishment of spring restriction period criteria? 

Office of Research and Development, Minnesota Department of 
Transportation, St. Paul, Minn. 55155. 

• How many test sections would be needed and where 
should they be located? 

The answers to these questions are obvious in some cases and 
uncertain in others. For example, it is not feasible to collect 
deflection data on each posted highway during spring thaw 
every year. Such a task woulo be too costly and the department 
does not have enough testing devices to accomplish it. The 
question of how often to repeat the testing can also be answered. 
A study of the history of deflection testing during spring thaws 
has shown that tests should be performed at least once a week 
during the first several weeks of thaw to determine the critical 
part of the spring recovery curve. 

The Office of Research and Development has been collecting 
spring thaw data on County Road 4 in Washington County for 
the last several years. A number of these previously tested 
sections were included in this study, together with previously 
collected data. The number and location of additional test 
sections were determined using engineering judgement and 
input from the nine Mn/ DOT District Materials and a few 
maintenance engineers. 

It was anticipated that when the deflection data were 
collected and analyzed, the remaining questions would be 
answered. 

DATA COLLECTION 

A list of test sections selected for the collection of spring thaw 
data is shown in Table I. The locations of the test sections were 
selected to ensure that one or more sections were within the 
boundaries of each of the four posting zones (north, central, 
southeast, and south). A map of the test sections and the four 
zones is shown in Figure I. 

Two Oynatest Model 8000 Falling Weight Oeflectometers 
were used to collect deflection data. The sections were tested 
repeatedly during the spring thaw period and again in late fall. 
This study was supplemented by data collected by the Office of 
Research and Development during the spring thaw periods of 
1982 and 1983 on a county road in Washington County. The 
depth of thaw was recorded each time deflection data were 
taken by using the frost tubes. 

DATA ANALYSIS 

The data analysis consisted of computing the following: 

• The average DI (center of load) and D7 deflections on 
each test section, 
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TABLE 1 TEST SECTION INFORMATION 

Test 
Section 

1.2 
2.0 
2.3 
3.0 
4.0 
5.0 
6.2 
6.3 
6.4 
7.0 

8.1 

8.2 

9.0 
10.0 

• 2 . 3 
BEM0DJI 

1.2 

BRA 

CENTRAL ,4 . 0 
0

3 . 0 

Municipality Highway 

Akeley TH64 NB MP36.0 
Detroit Lakes TH34 EB MP37.2 
Crookston TH 102 NB MP18.4 
Little Falls TH238 SB MP28.3 
Little Falls TH238 NB M P33. l 
Floodwood TH73 NB MP40.6 
Hugo Washington CR 4 
Hugo Washington CR 4 
Hugo Washington CR 4 
Zumbrota TH52 NB MP82.0 

(Shoulder) 
Lake Crystal TH60 NB MP95.2 

(Shoulder) 
Mankato TH169 NB MP48.5 

(Shoulder) 
Redwood Falls TH67 SB MP72.0 
Willmar Kandiyohi CR 90 

s:o 

ON 6 , 2, 6 , 3, 6 , 4 

Sl AUL 
~Hlr<EAPOLIS 

SOUTH 

SOUTHEAST 

FIGURE I Frost zones and 1985 test section locations. 

• The average deflection basin area, 
• The tensile strain of the bituminous pavement adjusted to 

a temperature of 70° F, and 
• The subgrade modulus for each section on each day of 

testing. 

The area, which is defined as shown in Figure 2, is a modifica
tion of the deflection basin area reported by M. R. Thompson 
(1). The area values were adjusted to a standard temperature of 
70°F. 

The tensile strain in the bituminous pavement was ca!Culated 
from the average D 1 deflection and average area measurements. 

Structural Description 

Asphalt Gravel 
Surface (in) Base (in) 

6 0 
4.50 16 
6 9 
4.50 30 
8 5 
3 23 
3.50 9 
3.50 6 
4 6 
2 10 

2.75 12 

3.50 3 

8 12 
4 7 

Subgrade 

Sandy Loam/ Peat 
Sandy Loam 
Clay 
Peat/ Sandy Loam 
Plastic Sandy Loam 
Sandy Loam 
Sandy Loam 
Sandy Loam 
Sandy Loam 
Plastic 

Plastic 

Plastic 

Clay Loam 
Plastic 
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The subgrade modulus was calculated from the average deflec
tion measurements of the number 7 sensor. A typical graph that 
shows the four types of data versus time Uulian date) is shown in 
Figure 3 . 

DISCUSSION 

The graphs of the data were reviewed and the following 
observations were noted: 

1. The deflection basin area showed that there was a rapid 
loss of strength when thawing commenced (test sections 1.2, 2.3, 
4.0, and 9.0). 

2. The area generally showed a moderate increase as the D 1 
deflection peaked and then remained somewhat constant. 

3. There was an indication that the area was at its lowest 
value when the thaw depth was between 6 and 12 in from the 
bottom of the bituminous surface. 

4. The average DI deflection increased rapidly in all test 
sections during the spring thaw. 

5. The average DI deflection leveled off and remained high 
in test sections 1.2, 2.0, 2.3, 4.0, and 7.0. After the peak, there 
was a rapid decline in the D 1 deflection of test sections 3.0, 5.0, 
6.2, 6.3, 6.4, 8.1, 8.2, 9.0, and 10. 

6. A general trend that shows a decrease in deflections is 
needed to define the peak deflection. D 1 deflections were 
corrected to a standard temperature of 70° Fin accordance with 
unpublished correlations developed in Mn/DOT Investigation 
No. 210. 

7. The number 7 sensor (D7) deflection increased moder
ately during the spring thaw and then gradually decreased over 
the summer. 

8. The subgrade modulus calculated from the 07 deflection 
showed a rapid decrease in strength at the onset of the spring 
thaw and then a gradual decrease in strength for the remaining 
portion of the spring thaw. After the spring thaw, the subgrade 
modulus value increased gradually until fall. 
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FIGURE 2 Deflection basin area definition. 
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FIGURE 3 Typical spring recovery data graph. 

9. Those test sections in which both summer and fall data 
were collected (test sections 6.2, 6.3, and 6.4) weakened after fall 
rains. 

I 0. Values of calculated tensile strain that were corrected to 
a standard temperature generally had high peak values prior to 
the time of maximum DI deflection. 

11. Tensile strain values that were calculated for the asphalt 
pavement layer and corrected to a standard temperature 
showed that the peak strain occurred after the sudden loss of 
strength , as indicl'lted by the area, at the onset of the spring 
thaw. 

The results of the analysis confirmed that the pavement 
rapidly lost strength when the spring thaw commenced. The 
area changed the most during the first 12 in of thaw. The 
maximum deflections occurred later in the thaw period when 
the depth to frost was generally between 38 and 48 in, as shown 
in Figure 4. 

A typical graph that shows depth of thaw, DI deflections, 
and tensile strain in the asphalt pavement for those test sections 
in which frost tube data were collected is shown in Figure 5. A 
graph of DI deflection versus time for the yea1s 1982, 1984, and 
1985 on test section 6.2 is shown in Figure 6. It is shown in this 
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FIGURE 4 Peak deflection versus depth of thaw chart. 
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FIGURE 5 Typical spring recovery frost graph. 
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FIGURE 6 Annual deflection curve graph. 

graph that the magnitude of peak deflections and the date of 
peak deflection varies from year to year. The performance of 
deflection tests during the spring thaw period is one way to 
determine when spring posting limits should be removed. 

It is also shown in the data graphs that the deflection profile 
of the recovery curve is different for each test section and could 
be used to forecast the end of the spring posting period. 

A list is shown in Table 2 of the dates that the spring posting 
period would end if a criterion of 3 weeks, or 21 days, after peak 
deflection was established for removing spring load restrictions. 
Also included in Table 2 is the actual date that the spring load 
restrictions were removed. 

SUMMARY OF FINDINGS AND RECOMMENDATIONS 

The analysis of the deflection surveys provided the following 
findings: 

1. Deflection tests cannot be used to determine when to 
start the spring posting period because the thaw occurs too fast 
to provide ample warning to the trucking industry. 

2. The pavement is at its weakest point, as recorded by the 
area, during the first 6 in of thaw. 

3. The maximum pavement deflection occurs when the 
thaw depth is between 38 and 48 in. 

TABLE 2 1985 SPRING POSTING REMOVAL DATES 

Removal Date Using 
Tes t 21-Day Criterion 

Zone Section Test Section Zone 

North 1.2 May 18 
North 2.0 May 17 May 18 
North 2.3 May 18 May 18 
North 5.0 May I May 18 
Central 3.0 May 3 May 3 
Central 4.0 May l May 3 
Central 6.2a April 25 April 25 
Central 6.3a April II April 25 
Central 6.4a April 3 April 25 
Central 10.0 April 24 May 3 
South 8.1 April 23 April 23 
South 8.2 April l 8 April 23 
South 9.0 April 3 April 23 
Southeast 7.0 May 28 May 28 

aSections located in Twin Cities metropolitan area. 

Actual 
Removal 

Date 

May 13 
May 13 
May 13 
May 13 
May 6 
May 6 
April 29 
April 29 
April 29 
May 6 
May 6 
May 6 
May 6 
May 13 
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4. Deflection tests successfully profile the loss in pavement 
strength during the spring thaw period, and can be used to 
establish when the spring posting period should end. 

5. A correlation appears to exist between depth of thaw and 
the peak deflection. 

RECOMMENDATIONS 

1 . Deflection tests should not be used to establish the time 
when spring axle weight limits should be posted. 

2. The spring posting period should have begun by the time 
the thaw depth reached 6 in. 

3. Deflection tests should be used to aid in determining 
when the spring posting period should end. 

4. More research should be conducted to determine if the 
depth of thaw defines peak deflection (D 1 ), which, if true, 
would eliminate the need for deflection testing. 

5. Frost tubes should be installed in all test sections. 
6. A period of 3 weeks after peak deflection should be 

considered the criterion for removal of spring posting limits. 
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The Development of a Procedure for 
Analyzing Load Limits on Low-Volume 
Roads 
EMMANUEL G. FERNANDO, DAVID R. LUHR, ANDHARI N. SAXENA 

The Commonwealth of Pennsylvania has 44,000 miles of roads 
under its jurisdiction, the majority of which have pavements 
with limited structural capacity. The state has the authority to 
restrict axle loads on its roads if it believes that those axle loads 
would result in excessive damage to the pavement structure. 
The purpose of the research reported herein was to develop 
rational guidelines for the posting of load limits. To evaluate the 
effect of axle loads under a variety of conditions, a theoretical 
analysis was conducted that considered various load magnitudes 
and configurations for different pavement thicknesses and 
material properties. It was found that axle configuration (i.e., 

E.G. Fernando and D.R. Luhr, Department of Civil Engineering, The 
Pennsylvania State University, University Park, Pa. 16802. H. N. 
Saxena, Public Works Department, Jaipur, India. 

single-, tandem-, and triple-axle assemblies) did not signifi
cantly affect theoretical pavement response, provided that the 
load per tire and the tire pressure remained the same. After the 
axle loads were analyzed, a performance model was developed 
that uses deflection measurements from either the road rater or 
the Falling Weight Deflectometer to predict pavement per
formance for a given level of traffic. A microcomputer program 
was written that incorporates the new procedure and includes a 
default traffic stream that is typical of low-volume rural roads. 
The program generates information on the predicted number of 
years to failure for different load limits, which would enable the 
user to quantitatively consider the effects of axle-load limits on 
pavement deterioration. In addition, information useful for 
determining which axle loads are responsible for pavement 
damage is provided by the program. An example is given of how 
the responsibility for pavement damage can be converted to 
cost responsibility by assessing charges to heavy haulers. 




