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FOREWORD

This Tech Share report supplements the video tape "Guidelines for Spring
Highway Use Restrictions." This report provides guidelines for where to apply
1oad restrictions, the amount of the load restrictions to apply, and when to
apply and remove load restrictions.

This study was conducted as part of the Federal Highway Administration's Rural
Technical Assistance Program.

Additional copies of the report can be obtained from the National Technical
Information Service, Springfield, Virginia 22161.
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R. J. Betsold :
Director, Office of Implementation
Federal Highway Administration

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof.

The contents of this report reflect the views of the author who is responsible
for the facts and the accuracy of the data presented herein. The contents do
not necessarily reflect the policy of the Department of Transportation.

This report does not constitute a standard, specification, or regulation.
The United States Government does not endorse products or manufacturers.
Trade or manufacturers' names appear herein only because they are considered
essential to the objective of this document.
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INTRODUCTION

{n some areas that have cold weather,
damage can occur to pavements during the
thawing periods (normally during the spring, but
thawing can also occur during the winter
months). To prevent potholes and cracks from
forming, two possibilities exist:

1. apply truck load restrictions during
the thawing (or critical) period; and

2. change the pavement structure to
prevent or reduce damage.

Due 1o budget constraints, for many of
the agencies faced with this problem the only
choice is item (1) abovs.

Until studies were recently completad
by the Washington State Transportation Center
in cooperation with the Washington State
Depariment of Transportation, Oregon State
University, the Federal Highway Administration,
and numerous state, city and county agencies,
few straightforward procedures existed which
could be used to determine the amount of load
restrictions needed, whento apply them and
when to remove them. Therefore, a need
exisled to develop quidelines [1] to help local
agencies handle this serious problem. The
following pages describe a method to help local
agencies moare effectively apply load restrictions
and can be used in conjunction with the
associated videotaps.

THE PROBLEM

Frost action in soils can cause several
damaging effects. A commonly known effectis
frost heave. Less information is available onan -
equally serious problem, loss in pavement
strength. This loss in strength occurs during the
thaw period (usually late winter or early spring)
when moisture increases in the pavement
layers. This effect is similar to the effects of a
rising groundwater table or infiltration of

s
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moisture through a porous pavement surfacing
or shoulder. Whalever the cause, if the amount
of moisture is above the amount the pavement
was designed for, the strength (or stiffness) of
the pavement layers will be reduced.

Most of the currently used pavement
design methods are based on studies of
pavement behavior. The strength of a subgrade
is usually estimated at the time when moisture
and density are at equilibrium after soaking for
several days (e.g., the CBRtest). Design
methods based onthis procedurs cannot
account for unfavorable subgrade conditions
caused by thaw periods or unusually high water
tables, unless these conditions were present
whenthe strength studies were conducled.
This is because the design methods are based
onthe average subgrade conditions present
throughout most of the pavement's life.

The damage 1o a pavement structure is
directly related to the amount and frequency of
the load applied. This was clearly demonstrated
atthe AASHO Road Test[2]. A majority of the
state DOTs use the AASHTO Interim Guide for

j [Bltor
designing their pavement thicknesses. In
designing a specific pavement using this
method the traffic is changed to equivalent
18,000 Ib. single axle koads for a given design
period and for known ar assumed materials. Any
lowering of malerial strength orincrease in the
number of equivalent 18,000 Ib. single axle
loads reduces the life of the pavement. Thus,
the method of reducing loads when the strength
of the pavement materials is reducedis a
reasonable way 1o maintain the design life and
general serviceability of the pavement. Hence,
there is a need for load restrictions during critical
pavement periods.

THE GUIDELINES

Local and state highway agencies have a
wide variety of practices for applying load
restrictions before the “spring thaw.” Truck load
enforcement programs adopted by the various

L
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agencies differ widely interms of the load limits
applied, the forms the restrictions take and their
implementation. The decisionto close oropena
highway or street is largely determined by
experience and sometimes political pressure.
There is very little information to help in decision
making, especially for secondary and lower
category highways, even though these types of
highways form a large part of county and city road
systems. Local governments generally have low
to modest maintenance budgets and normally
cannot afford to overlay the pavements after
spring thaw damage. Therefore, a need exists
forcriteria for determining truck weight
restrictions during the spring thaw.

The following guidelines are based onthe
literature review, the survey of current practice,
andthe analysis conducted inthe previously
mentioned studies [1}:

1. whereto apply load restrictions,

2. the amount of the load restrictions to
apply, and

3. whento apply and remove load
restrictions.

The guidelines are general and must be
applied with judgment, since the nature of the
praoblemis site specific.

IDELINES FOR WHERE
LOAD RESTRICTIONS

APPLY

Criteria that should be considered in
selecting pavements for load restrictions include

1. surface thickness,
2. type of subgrade,
3. local experience relatingto

observed moisture and pavement
distress, and

4. surface deflections.

it the surface thickness of a pavement is
about twa Inches orless and in an areawhers
the Freezing Index (Fl) (see detinition in the
Example, page 5) is greater than 400°F-days
(i.e., a modest depth of freezing), then load
restrictions should be considered.

Pavements on fing-grained subgrades
such as silts and clays (Unified Soil classifications
ML, MH, CL and CH) are candidates for load
restrictions. Again, the depth of ground freezing
is important.

Local experience, such as observed site
drainage, is significant in determining the need
for load restrictions. Items such as poor drainage
from side ditches, available ground water, high
winter precipitation, and snow removal policies
should be considered. For example, pavement
in cold but dry locations probably will not need
any type of restriction. Observation of pavement
distress, such as fatigue (alligator) cracking and
rutling, may also determine the need forload
restrictions. If these distress types primarily
occur during the spring thaw, load restrictions
are needed if options such as strengthening the
overall pavement structure are not possible (or
appropriate). Various nondestructive pavement
rasponse measures such as surface deflection
can help define the potential pavement
weakening during the thaw period; however, the
experience of agency personnel should be
used as much as possible.

Finally, study results concluded that
pavernent sections which have surface
deflections 45 to 50 percent higher during the
spring thaw than during the summer are
candidates for load restrictions. Howsver, site
specific conditions can significantly alterthe
deflection threshold. For example, a relatively
“weak" pavement section may have relatively
high summer deflections. Thus its spring thaw
deflections, although less than the threshold
level of 45 to 50 percent, may still require load

~ reductions. Surface deflection increases of less

than 45 percent result in load reductions of
about 25 to 30 percent or less.




The load reductions used by the
agencies interviewed in the study ranged from
about 20 to 60 percent. The average load
reduction for seven locations (grouped state
areas) was approximately 44 percent. This
suggests that reducing the load on individual
axles (or tires) by about 40 to 50 percent
reduces the associated pavement response to
levels that prevent or reduce the resulting
pavement distress to acceptable levels.

The study results showed that as the
load reduction percentage is increased the
associated pavement life is increased. As shown
in Table 1, potential pavement life increases are
dependent on kad reductions (startingwitha
load reduction of 20 percent). Thus, if the
44 percent bad reduction level is used
(average of the seven grouped state areas
previously noted), this resuits in a potential
improvement in pavement life of about
80 percent.

However, the necessary level of load
reduction Is nol as simple as the preceding
numbers suggest. For example, many thin or
generally weak pavement structures need high
levels of load reduction during the spring thaw
period to prevent significant pavement damage

(e., small or even madest levels of load
reduction will not prevent significant pavement
damags).

if load restrictions are to be used, a
minimum load reduction of 20 percent appears
to be needed. Load reductions greater than
60 percent appear to be excessive. Further,
general national practice is to use load
reductions ranging from 40 to 50 percent. The
analysis performed in the study confirmed this
range of load reduction.

IDELINES FOR WHEN TO APPL
LOAD RESTRICTIONS

A primary activity of the study was 1o
develop guidelines on when to apply and
remove load restrictions. These guidelines are
based on airtemperature data that are easy to
obtain from local weathar stations or site specific
high-low recording thermometers.

As shown in Table 2, thermal analyses

+ performed in the study resulled in two possible

times for applying load restrictions. Bothwere
based on a Thawing index {T1) {(see Example,
page 6) calculated using a 29°F airtemperature
datum {not the normal 32°F) and are a function
of tolal pavement thickness. (An airtemperature

TABLE 1
Pavement Pavement
Load Reduction {%) Life Increases (%}
20 62
30 78
40 88
50 95




Pavement BST/Asphalt Concrete
Structurg -Thickness (inches)

* Thin 2inches orless

= Thick Grealer than 2 inches

TABLE 2

Thawing Index
Base Course Should Must
] i Level Level
6inches or less 10 40
Greaterthan 6 inches 25 580

datumof 29 © F is used to account for bituminous
pavement surface heating effects since the
pavement gurface is about 32°F when the air
temperalure is about 29°F.)

hould Lev

The "should” load restriction application
time occurs after thin pavements accumulate a
Thawing Index of 10°F-days and thick
pavements accumulate a Thawing index of 25°F-
days following the start of the thawing period
(see Table 2). Thisis usedto estimate thawto
the bottom of the base course.

Must Leve|

The "must” load restriction application
lime occurs after thin pavements accumulate a
Thawing Index of 40°F-days and thick
pavements accumulate a Thawing Index of 50°F-
days following the start of the thawing period.
This is used to estimate thaw to approximately
four inches below the bottom of the base
course.

Discussion

The above criteria are best suited for use
duringthe stan of the spring thaw period
(generally late February to April). A ditferent
condition exists for mid-winter thawing cases.
First, the sun angle is lower during a mid-winter
thaw than the sun angle calculated inthe

analysis, so that a higher base temparature {such
as 31°F) is needed for calculating the Thawing

. Index for mid-wirter. Second, for most areas,

the percent of cloud cover is higher during mid-
winter.

The temperature based Thawing Index
criteria are best applied to fine-grained soils. The
analysis performed in the study showed more
consislent results for this soll type than for
coarse-grained soils. Anexample of how lo use
this criterion is shown in the Example on page 6.

GUIDELINES FOR DURATION OF LOAD
BESTRICTIONS

The literature review, inlerviews, andthe
structural and thermal analyses showed that the
length of the load restriction period should
approximate the time required to achieve
complete thawing. (This assumption should be
verified by those agencies which use these
guidelines.)

An equation is used to estimale the time
required for complete thawing to occur (hence
the length of load restrictions) and is basedona
Thawing Index criterion. The Thawing Index is
estimated from a regression equation whose
independent variable is the Freezing Index. The
equation selecled is
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Thawing Index = 4.15 + 0.26 (Freezing
Index)

An approximate solitionIs
Thawing Index ~ 0.3 (Freezing Index)

An example of how to calculate the
Freezing index and Thawing Index for a "typical”
pavement and location is shown inthe Example
on page 6.

The above criterion for duration of load
restrictions results in a restriction period of
about two to four weeks for areas with Freezing
Indexes of 400°F-days and about six 1o eight
weeks for areas with Freezing Indexes of
2,000°F-days.

ESTIMATION OF START
BESTRICTIONS

Location: = Mansfield, Washington (central

Washington state)

» Winter of 1985-1586

* Pavement section typically
restricted during spring thawing

« 2 inches bituminous surfacing

» 6 inches granularbase

«Silty subgrade

High and low daily temperatures were
collected daily throughout the freezing and
thawing period to calculate freezing index,
based on 32°, and thawing index based on 29°F

(Table 3).
CALCULATING THE FREEZING INDEX

The freezing index is a measure of the
amount and duration of temperature differences
during the freezing period. The freezing index is
calculated using the following equation:

Fl = X(32-T)

L= the sum of

T average daily temperature
=1/2(TH+T)in"F,

TH maximum daily temperature
("F),and

Ty = minimum daily temperature
(‘F)
The temperalure data collected for

Mansfield to identify the freezing period and the
freezing index are shown in Table 3.

STEPS:
1. When T becomes less than or equal o
32'F for several days, the freezing

season begins. The freezing seasonfor
1985 began on November 9.

2. The average daily temperature is equal
to

T= 1/2(column 3 + column 4)
On November 13, for example:
T= 1/2(35+7)=21"F

3. The freezing degree-days per day
{column 6} is equal to

Daily FI =32 - T (from column 5)
For November 1 3, forexample:
Daily Fl = (32 - 21) = 11°F-days
4, The Freezing Index Is the accumulation
of daily freezing degree days from the

start of freezing

Fl= 3 (32-T)fromthe start of
freezing




T

For November 13, for example:

Fl= (3+7+9484+11)=38F-
days

5. The end of the freezing season is near
for pavements when the average daily air
temperatures (column 5} in spring go
above 29°F for several days, causing
thawing of the pavement {o begin. The
thawing season for Manstield during
1986 began on February 24 (referto
Table 3). The freezing index forthe
entire freezing season from November9

to February 23 was
Fl= X(32-T)
Fil= (@+7+9+8+...+
24 (February 21) +
18 (February 22) +
10 (February 23})
Fil=  1375'F-days

A review of the temperature data in
Table 3 shows that four thawing periods
occurred during January and February.
Three of these periods were followed by
freezing periods, thus canceling any
cumulative thawing effects
(approximately) and reducing the
cumutative freezing effects as well,

ESTIMATING THE TIME TO PLACE
LOAD RESTRICTIONS

The pavement consists of 2 inches of
asphalt concrete on 6 inches of aggregate base.
This is classified as a thin pavement. The
"should” tevel for placing load restrictions for thin
pavementsis

Tlag should restrict = 10°F-days

The thawing season starts on February
24,

Tlog= 9{February24) +
14 (February 25)

= 23°F-days

The load restrictions ghould be placed
by February 26.

Ti must restrict = 40°F-days

The "must” level for restricting a thin
pavement is

Tlog= 9 (February 24) +
14 (February 25) +
11 (February 26) +
7 (Fehruary 27)

41°F-days

The lad restrictions must be placed by
February 28. o

The earlier thaw period (January 31 1o
February 7) could have been used to start load
restrictions. However, this would have been
somewhat premature since this period was
followed by more freezing weather. Aswithany
criterion, judgment must be used. Forthis
location {Mansfield, Washington), the normal
thaw period starls during the last week of
February or the first week of March.

ESTIMATING THE LENGTH OF LOAD
BESTRICTIONS '

The duration may be estimated in days
orin thawing degree-days. It is betterto estimate
the duration of the thawing period using the
thawing index based on 29°F.

To estimate the number of thawing
degree days required for the restricted periad
the equation is:

Tlog= 4.154+0.259 (F)

Tiog= 4.154 +0.259 (1375°F-
days)

= 360"F-days

OnMarch 28, the Tlog (column 9) is
347 F-days

On March 29, the Tlog is 368°F-days




Therefore, the load restrictions should
be removed by about March 30,

The simpler approximate equation for
the thawing degree-days required for the
restricted period which may be used In place of
the above equation is:

Tlog= 0.3 (F})
Tlog= 0.3 (1375'F-days)
=412°F-days

On March 31, the Tlog Is equalio 412°F-
days. Therefore, the Joad restrictions shoukd be
removed by April 1.
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