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This project was initiated by a memorandum from J. W. Burge dated
October 22, 1975 in which he requested that the Research Laboratory con-
duct a cooperative study with G. A. Premo, Soils and Materials Engineer
of District 1, to evaluate the usefulness of frost depth indicators and
Benkelman beam deflection measurements for determiningwhen springtime
load restrictions should be liffed from roadways in the western half of the
Upper Peninsula. Development of such procedures would provide a more
positive method for evaluating pavement support conditions during and im-
mediately following critical spring thaw periods and furnish information for
use in evaluating overload requests.

Frost depth indicators, as modified for use by the Department, have
been used successfully onother projects-and appeared to be well suited for
this work.

A review of the literature resulted in a decision to use a method de-
veloped by the Minnesota Department of Highways (1) for measuring and
evaluating seasonal variation in the deflection of the test areas in order to
compare pavement strength during the weaker springtime thawing period
with that of the stronger summer dry periods. Of particular interest was
the ability of the Minnesota method to predict the springtime critical de-
flection value from deflection measurements made at any time during the
test area's unfrozen pericd. The method, although empirical, was based
on thousands of deflection measurements and it was hoped that the relation—
ship developed would also be applicable to Michigan pavement conditions.

This project, begun in the spring of 1976, was supervised for the Re-
search Laboratory by E. C. Novak, Jr., assisted by T. M. Green. Routine
frost depth and Benkelman heam measurements were made by District 1
personnel under the direction of G. A. Premo.

FIELD TESTING

Seven pavements in District 1 were used in this study. From each of
these, the District Soils and Materials Engineer selected a one-mile test
section considered to be representative of the area with respect to pavement
cross-section, subgrade, surface uniformity, and strength characteristics.
Locations of the test areas are shown in Figure 1.

One frost depth indicator, of the design shown in Figure 2, was in-
stalled near the center of each test area. The indicators remained in place
in the pavement, being removed as required, for reading during the frozen
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Figure 2. Details of the frost depth indicators used for this study.



and thawing periods. Figure 3 shows a typical reading of the indicator in
which the frozen area of the pavement and subgrade is shown by a distinct
color change of the methyl blue solution in the calibrated indicator tube.
Frost depth measurements were made not only for the purpose of monitor-
ing frozen profiles during springtime freezing and thawing periods but also
to show when the pavement layers were no longer frozen—a requirement

when using the Minnesota method to predict springtime deflection values _

from later, unfrozen deflection measurements.

Benkelman beam deflection measurements of the test areas were ob-
tained following procedures suggested by Minnesota (Fig. 4). Ten measure-
ments, located at approximately 500-ft intervals, were made for each mile-
long test area. The average of these 10 readings (plus two standard devi-
ations, to compensate for areas weaker than the average) represented the
deflection value used for the particular test site. Measurements were be-

gun during the spring and continued periodicallyuntil fall and were resumed
the following spring.

The pavement cross-section for each test area was determined by cor-
ing through the bituminous surface and recording the thickness of each
layer. Samples of the hase, subbase, and subgrade were saved for labora-
tory identification tests and drainability analysis. Each mile-long test
section was represented by the average of layer thicknesses measured at
the ends and center of the section.

Temperatures were measured within, at the surface of, and 4 ft above
the bituminous surface course for the area at the time of testing. Supple-
mental temperature and precipitation information were obtained from the
Weather Bureau data collection station nearest to each test section.

Testing was confined primarily to 1976 and the early spring of 1977.
Pressure of other work forced discontinuance of Systematic testing after
this time. :
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TEST RESULTS

Properties of the pavement layers of the seven test sections are sum-
marized in Table 1. Drainage characteristics included in this table were
obtained by laboratory test methods described in previous Research Labo-
ratory work (2, 3). DPrecipitation data for the test areas are summarized
in Table 2.

TABLE 2
SUMMARY OF PRECIPITATION DATA FROM WEATHER BUREAU
STATIONS LOCATED CLOSEST TO EACH TEST SECTION

Precipitation, in. (Departure from Normal)
Location 1978 1977 1978

March April May June September | March April March

US 45 3.1 2.1 3.1 2.7 0.6 3.5 3.9 0.4
Watersmeet  (+1.5)  (=0.3) (=0.8) (-1.6) -2.7) (+1.9)  (#1.5)  (-1.2)
M 26 3.1 0.9 1.4 2.7 1.1 4.0 2.6 1.1
Winona (+1.6)  (-1.4) (-1.9)  (=0.9) (-2.0) (+2.5)  (+0.2)  (-0.4)
M 64 4.8 1.1 1.7 3.1 2.7 4.7 4.5 0.7
Bergland (+2.6)  (-1.8) (-2.1)  (-1.0) (~2.2) (+2.4) (+.6) (1.5
M 189 3.1 2.1 3.1 2.7 0.6 3.5 3.9 0.4
Caspian (1.5  (<0.3) (-0.6)  (-1.6) -2.7) (+1.9) (1.5)  (-1.2)
US 45 3.1 0.9 1.4 2.7 - 1.1 4.0 2.6 1.1
Ontonagon (H.6) (1.4) (-1.9) {=0.9) (-2.0) {t2.5) (+0.2) (=0.4)
M 84 4.5 1.1 1.9 6.1 1.1 2.9 2.8 0.8
Marenisco  (#2.5) (-1.5) (-2.0)  (+l.7) {-2.0) (#0.9)  (+0.2)  (-1.2)
M 95 3.1 2.2 4.0 2.8 0.8 3.6 3.9 0.7

Channing (H.4)  (-0.1) (0.7}  (-1.2) (-2.6) (+1.9)  (#.6)  (-1.0)

Figure 5 shows the seasonal deflection values forall test sections dur-
ing 1976 and the spring of 1977. These values clearly show the higher
deflection during spring following the thawing of the foundation and the re-
covery during the summer. It should benoted that several of the sites were
not frozen when measurements were begun in 1976, but were frozen during
the earlier measurements in 1977.

Figure 6 shows the deflection as related to the location of frost within
the foundation and compares these values with the highest spring and the
lowest summer deflections. These show that deflections were low when the
foundation was frozen from the surface down to several feet—as would be
expected. There was no consistent relationship, however, between deflec-
tion values and the distance of the top of the frost below the surface, nor
to the total depth of the frost layer.
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LOCATION OF FROZEN AREAS, INCHES BELOW SURFACE

"o

20

40

80

80

100

t~
&
@
)

R -2 2 -77

BERGLAND

0440
—10420
“10400
-0380
-0360
~19340

-0320

0300

0280

0260

0240

29
40
80
a0

00

3-23-77

I 3-1G-TT
3-31-77

R
[\]]
o

]

ONTONAGON

10500

10470

=-10440

=104 10

0380

0350

Q320
~-02380
-10280

-0230

0200

20}~

40

60

a0}~

3-30-76
3-15-76
3-22-717

T 3-30-77

[ CASPIAN |

0570

0540

=-16510

=0450

-10420

0380

-.0380
—0330

=10390

0270

0240

0 0360
—0340
*
204 ; —0320
! o300
i
40|- K —oza0
&
o <0260
801~ ’ _ 10240
0220
8of- 2 -0200
o
o -0t80
100 0180
0 0470
a
7 S . o440
L . §
20 } : Ho410
| | Hoaso
. i
aof { { -10350
I I
I ! ~0320
8ok ! ! o290
] i
: i ozeo
1
=1s] o E -0230
i 40200
WATERSMEET CHANNING
(00 - 0170
H
| 05390
I
o} i 405680
I
: —-0530
I
20 ! 0500
E Ho4a70
404 E -.0440
f
: 40410
|
80[- } -40380
@ ; -o3so
4 : '
8o by : -10320
i —0290
MARENISCO !
100 0260
o————=0 DEFLECTION
PO ® RANGE OF DEFLECTIONS WHEN NOT FROZEN

DEFLECTION +25 AT THE TEST SITES, INCHES

Figure 6. Relationships between frozen profile and deflection for the test sections.




*(e38p 9L6T JI0J UMOYS) PaFeoIpul SWi}

211 78 paanseslll SUOIIOO]JOP WIOLY POYJOW BIOSIUUII 2y} Aq pojolpexd se speol owyjdurads o[qemo[[V °L oandig

[ Lesl

_ dd¥ 120 1d3s ony Anr anNnr NN

B A L S UV,

1d3S oNny ATnr aNnr AV Hdv Hvn

|

..... +

1 i I I 1

dNv1oMag

T T I i I ] ot

ODSINIHVYIN

J 1 | i |
LIINSHALYM

ONINNYHD
013

VYMNONIM

T i T T ; T 01
NOOYNOLNO

ot

‘SdIM NI QY07 3TXY ONIHdS FIEVMOTV

-10 =



Based on data shown in Figures 5 and 6, the Winona test area showed
the least difference in deflection between spring thaw and dry conditions.
The Marenisco site showed the greatest change in strength. However,
there appears to beno consistent correlation between differences in deflec-
tions for the test sites and the engineering properties summarized in Table
1. ‘

Figure 7 shows data developed directly from the Minnesota method in
which allowable spring axle loads canbe computed from deflection measure-
ments made at any time during the year when the pavement is not frozen.
For example, a deflection measurement obtained in August can be converted

"to a design springtime deflection which would have been obtained had the
measurement been made during the most critical springtime condition.
This value in turn can be converted to an allowable spring axle load. The
basic steps in this method, described in Ref. 1), include:

1) Correction of measured deflection to an 80 F equivalent,

2) Conversion of this value to the design spring deflection (deflection
caused by the same test load during critical spring period) by means of a
given deflection ratio,

3) Determination of allowable spring deflection from a given table
based on surface thickness and traffic level of the test site,

4) Computation of ailowable spring single axle load from the single
axle load used in the test, using a ratio of allowable spring deflection to the
- design spring deflection. This is the value used to set load restrictions.

Figure 7 shows the mean and range of allowable single axle loads based
on the deflection values.obtained at various times of the year for the seven
test sites. Considering the fact that Minnesota data were compiled from a
large mass of data in which best fit values were used, some variation of
specific testing isto be expected. Originally, for this study, it was planned
to conduct field measurements over at least a three-year period in order

to help compensate for such variation. Further testing of the method should
be of value.

With the exception of the Marenisco and possibly the Channing test
sites, all test areas showed an ability to carry 18 kip single axle loading
during the 1976. spring thaw period and some could carry much higher.
During the spring of 1977, however, Marenisco was alsoable to carry more
than 18 kip single axle loading as was predicted by the preceding fall mea-
surements. This is a further indication that more lengthy testing would
have been desirable, in order todetermine yearly variations of the method.

-11 -
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Figure 8 shows the seasonal variation in the allowable axle load forthe
test areas as obtained from the Benkelman beam deflection measurements.
These data show the increase in support value after springtime thawing to
a level equal, approximately, to the frozen support values obtained during
the following early spring (1977). The increase instrength varies with the
different pavements-—due to their construction characteristics, particularly
drainability—but in all cases strength increase had begun by May 1 and
continued until about the middle of June. The Marenisco and Channing sites
were the only two showing aneed for springtime load restrictions but their
recovery was equal to the average gained by the other sites. The Winona
site showed an ability to support significantly higher loading than did the
other sites which fell intoa general coverage pattern as shown by the aver-
age curve in Figure 8. Other than good drainability of its subbase and
subgrade the physical properties included in Table 1 show no reason for the
significant difference nor, from Table 2, is there any indication of a speci-
fic lack of rainfall at the Winona site.

DISCUSSION

The Minnesota method is based on extensive and thorough testing of
pavement conditions in Minnesota, the performance of whichwere measured
by criteria developed from the AASHO Road Test. The method is based on
the volume of commercial traffic and maximum pavement deflection with
the assumption that the expected pavement life will be 20 years, at the end
of which time its Present Serviceability Index would be no less than 2.5.
The method establishes a maximum allowable spring axie load, based on a
combination of environmental and load induced forms of failure. Recom-
mended allowable deflections were developed from results obtained from
various sources, includingthe AASHO Road Test. The relationship between
load and deflection for any pavement section is assumed to be a straight
line relationship (but this maynot always be true)which allows computation
of expected deflection for any load, once a deflection fora specific load has
been established. However, the allowable deflections used were established
on the basis of experience not yet obtained in Michigan. Also, because of
variations in drainage characteristics, layer thickness, strengths of pave-
ment layers, and embankment classifications at a test site, the universal
application of the method might be subject to question. This would be par-
ticularly true if stabilized bases were used. Whether the Minnesota method
ig strictly applicableto Michigan pavement conditions cannot be established
at this time. However, the method was designed to provide conservative
allowable load values (1) and its use on this project, as well as on other
work in Michigan (4), has established its usefulness. for measuring relative
load carrying values for different pavements and for measuring seasonal
variations of individual pavements.

-13 -
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In favor of the more general applicability of the method are the data
plotted in Figure 8, Although the materials and engineering properties of
thetest sections are different (Table 1)and they were constructed at differ-
ent times, the plots of seasonal allowable axle loads for six of the seven
sites all fall within a relatively narrow band around an average curve. This
would indicate that pavement variables do not appreciably affect the Min~
nesota method results for pavements of the same design life (20 years).
Additional testing in other geographical locations of Michigan should be
useful for evaluating, more fully, the general applicability of the Minnesota
method for predicting the load carrying capacity of Michigan pavements.

Although the Minnesota method can be used to obtain the maximum al-
lowable springtime axle load, from which some idea of overload allowance
can be made, there is no provision in the method for actually measuring
the detrimental effects of overloads or for establishing the number of per-
missible overloads of a given magnitude for a particular pavement. An
attempt to provide such information is included as part of an overall pave-
ment design and evaluation method developed by E. C. Novak, Jr. of the
Research Laboratory-—whichwill be the subject of a future research report

)

Figure 9 shows the relationship between springtime allowable axle
loading derived by this method (rational method) and the Minnesota method
for the test areas in their weakest springtime state. Although the values
obtained by the two methods are not equal there is a definite relationship
between the two. Comparisons at other seasons, however, yielded no us-
able correlation.

Figure 10 shows the effects that overloads (applied during the weakest
condition of the pavements) would have on the life of the test areas when 0,
9, 10, and 20 percent of the total 18-kip single axle loads permitted on the
pavement were replaced by the same number of 25-kip single axle loads.
Data for these curves were derived from the rational method of evaluation
and show the percentage that the estimated life of a pavement would be re-
duced by the overload. According to these data the Marenisco and Caspian
sites would be most affected by overloads. Although the theoretical methods
used in the rational derivation of these data cannot be related directly fo
the empirical results obtained by the Minnesota method, it should be noted
that the Marenisco and Caspian sites also showed the greatest springtime
deflection by the Benkelman beam tests—the use of which was common to
both methods-~indicating that increased damage due to higher axle loads is
greatest for the weaker pavements.,
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CONCLUSIONS

Based onthe testing of sevensites in Michigan's Upper Peninsula over
an approximately one-year period, the following conclusions were reached
concerning the applicability of frost depth indicators and deflection mea-
surements to the determination of seasonal variations in pavement load
carrying capacity. '

1) Michigan's frost depth indicators are functional and show a profile
of the frozen condition of pavement layers before and during springtime
thawing periods.

2) Thetest methods used were sensitive to seasonal variations in pave-
ment strength. Increase in pavement deflections during and after spring-
time thaw and decreased deflections during summer were successfully
monitored by deflection measurements.

3) Strength increase of pavements began by May 1 at all sites and fuil
strength was regained between June 1 and 15.

4) The Minnesota method was generally successful in predicting spring
allowable loads from deflections measured at any time of the year when the
pavement structure was not frozen.

5) The Minnesota test methed indicated that, with the exception of the
Marenisco and Channing sites, all of the test areas can support at least
18, 000-kip single axle design loads during springtime conditions, with some
able to support a considerable overload.

6) A longer period of time (at least three years as originally proposed)
should be spent on this evaluation in order to compare any yearly changes
that might affect results. Also, more frequent measurements should be
made throughout late spring and summer.

7) The sampling method used for the Benkelman beam measurements,
as developed by Minnesota, is excellent and suitable for other Benkelman
beam testing programs.

8) The Minnesota method offers a relatively simple procedure for
measguring seasonal variations in pavement load supporting ability. Al-
though developed for pavement conditions (design, construction, and use)
in Minnesota, the method may be more generally applicable. In this study
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seasonal allowable axle loads, developed by the Minnesota method, did not
vary greatly for six of the seven sites tested although the pavements were
constructed at different times andof different materials and cross-sections.

9) Rational methods for evaluating pavement performance (also using
Benkelman beam deflection measurements) have been developed recently in
the Research Laboratory and offer promise of providing more detailed and
accurate information in many areas of pavement study. One such method
permits the prediction of the effects of overloads on the life of a pavement
and was used for such purpose in this study.
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