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DISCLAIMER

The contents of this report reflect the views of the authors, who are responsible
for the facts and the accuracy of the data presented herein.  The contents do not
necessarily reflect the official views or policics of the Washington State Transportation
Commission, Department of Transportation, or the Federal Highway Administration.

This report does not constitute a standard, specification, or regulation.
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STUDY SUMMARY

The use of load restrictions to reduce or preclude pavement damage during

spring thaw periods is widely used in the US. and Euwrope. Load

restrictions arc primarily applied to low voilume road networks.

Extcnsive cxaminations of load restriction related issues have been

conducted in recent years in states such as Alaska, Minnesota and

Washington.

A survey of current practice in the U.S. and Canada reveals the following:

(a) Load restrictions are applied mostly to pavements which have
subgrades composed of moisture susceptible silts and clays.

(b) Load restrictions arc applied mostly to aggregate and/or asphalt
surfaccd pavements. These pavements are usually older (about
20 years).

(c) The maximum legal loads are generally reduced about 40 to
50 percent for single axles and 30 to 50 percent for tandem axles.

(d) Judgment by ficld personnel is primarily used to assess where,
when, how much and how long to apply load restrictions.

For detcrmining where to apply load restrictions, the following factors are

oftcn considered:

(a) comparison of summer and spring pavement surface deflection data,

(b) surface thickness,

(c) moisture conditions,

(d) subgrade type, and

(c) local ¢xpericence.



Use of temperature based criteria appecar to be straightforward ways to
determine when and for how long to apply load restrictions.

The average load restriction (reduction} applied by the agencics
interviewed (bascd on scven individual state arcas) is about 44 percent,
Further, an analysis based on characterizing a pavement structure as a

layered elastic system suggests that the minimum load restriction level (if

any load reduction is needed) is about 20 percent. Load rcductions
greater than 60 percent are not justifiable for the range of cases studicd.
Current national practice and the analysis performed in this study suggest
that for those pavements nceding load restrictions, load reductions ranging
from 40 to 50 percent should accommodatc a wide range of pavement
conditions.

The following recommendations are provided on where, how much, when

and how long to apply load restrictions:

(a) Where to_apply load restrictions. If pavement surface deflections

arc available to an agency, spring thaw deflections greater than 45
to 50 percent of summer deflections suggest a need for load
restriction.  Further, considerations such as depth of freezing
(gsenerally areas with air Freczing Indices of 400°F-days or maorc),
pavement surface thickness, moisturc condition, type of subgrade,
and local experience should be considered, Subgrades with Unified
Soil Classifications of ML, MH, CL and CH wilt result in the largest
pavement weakening.

(b) Amount of load reduction. The minimum load reduction Icvel

should be 20 percent. Load reductions greater than 60 percent

generally are not warranted bascd on potential pavement damage.



(<)

(d)

A load reduction range of 40 to 50 percent should accommodate a
wide range of pavement conditions.

When to apply load restrictions. Load restrictions should be applied
after accumulating a Thawing Index (TI) of about 25°F-days
{based on an air temperature datum of 29°F) and must be applied
at a Tl of about 50°F-days (again based on an air temperaturc
datum of 29°F). Corresponding TI1 levels are less for thin
pavements (e.g. two inches of asphalt concrete and six inches of

aggregate base).

When  to  remove  load  restrictions. Two approaches are

recommended, both of which are based on air temperatures. The
duration of the load restriction period can be directly estimated by
the following relationship which is a function of Freezing Index
(FI):

Duration (days) = 25 + 0.01 (FI)
Furthcr, the duration can be estimated by use of TI and the
following rclationship:

TI =03 (FD






INTRODUCTION

RESEARCH OBJECTIVES

The objcctive ol the study was to develop guidelines for local governments to use
in cstablishing weight restrictions on county and city pavements in advance of spring
breakup. To achicve this objective the following goals were accomplished as originally
rcported in Reference 1:

I a literaturc scarch was conducted and the findings were summarized;

2. contacts with various highway agencies were established and in-person

interviews were conducted;

3. the data from thc literaturc search, interviews, and analysis were used to

develop load restriction magnitudes and timing; and

4, guidelines were developed which can be used by local agencies to assess

the nced, magnitude, and time to apply and remove load restrictions.

THE PROBLEM

In areas of the United States which are subject to moderate or severe seasonal
frcezing, pavement structures can be susceptible to weakening during the thawing period
(normally during the spring but this can occur any time during the winter months). To
preciude accclerated pavement deterioration two possibilities exist:

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

2. design, construct, or othcrwisc modify the pavement structure to prevent

or reduce the thaw weakening phenomenon,

Duc to the budget constraints for many of the agencies faced with this problem,

thc only choice is Item (1) above.



A review of the literature reveals that few rational procedures have becen used to
determine the magnitude of the load restrictions, when to apply them and when to
remove them. Therefore, a need cxists to develop guidelines oriented toward local
agencies to assist them in handling this serious problem.

Frost action in soils can cause several detrimental cffects. The effect commonly
addressed is that of frost heave. Less information is available on an cqually serious
problem, that of loss in structural capacity. This loss in strength occurs during the thaw
period (usually late winter or early spring) when the moisturc content increascs in the
pavement layers. This effect is similar to the effects duc to the rise of the ground water
table or infiltration of moisture through a porous pavement surfacing or shoulder.
Whatever the cause, the presence of moisture levels above the amount assumed for
pavement design will reduce the strength (or stiffness) of the various pavement layers.
The same is true for most base and subbase materials,

The majority of currently used design methods is based on empirical studies of
pavement behavior. The strength of the subgrade is usually estimated at the equilibrium
conditions of moisture and density after soaking for several days {(c.g., the CBR test).
Empirical design methods based on the above classification procedurcs cannot account
for adverse subgrade conditions caused by the thaw period or unusually high water
tables, unless such conditions were generally prevalent when the original empirical
studies, on which the methods are based, were conducted. This is because the methods
are based on the average subgrade conditions exhibited by the subgrade throughout most
of the pavement’s life.

The damage to a pavement structure is directly rclated to the magnitude and
frequency of the load applied. This was clearly demonstrated at the AASHO Road Test
[2]. Subscquent studies of material behavior have demonstrated that the fatigue and

permanent deformation characteristics of many materials depend on the magnitude and



frequency of stress and strain levels induced [3]. A majority of the state DOTs use the

AASHTO Interim Guide for Design of Pavement Structures [4] for designing their

pavement thicknesses (or at icast a portion of the AASHTQO Guide), In designing a
specific pavement using this method the traffic is converted to equivalent 18,000 Ib,
single axle loads for a given decsign period and for known or assumed material
propertics. Any lowering of material strength or increase in the number of equivalent
18,000 1b. single axlc loads reduces the life of the pavement. Thus, the method of
reducing loads when the strength of the pavement materials is reduced is a reasonable
way to maintain the design life and general serviceability of the pavement. Hence, the
need for load restrictions during critical pavement periods,

Local and state highway agencies have a wide variety of practices for imposing
weight restrictions in advance of the "spring thaw.” Truck weight enforcement programs
adopted by the various agencics vary widely in terms of the weight limits applied, the
forms the restrictions take and their implementation. The decision of closing or opening
a lacility is largely determined by cxperience and sometimes political pressure. There is
very little definitive data to help in decision making, especially for secondary and lower
category highways, cven though these types of highways form the bulk of county and
city highway systems. Local governments generally have low to modest maintenance
budgets and normally cannot afford to overlay the pavements alter damage during the
spring thaw. Therefore, a need exists for criteria to use for determining truck weight
restrigtions during the spring thaw,

The problem of pavement rclated (rost effects can be separated and summarized
into two separate but related processcs:

k. frost hcaving resulting [rom the accumulation of ice in the pavement

layers (primarily base and subgrade) during the freezing period, and



2. weakcning of the pavement structure when thawing temperatures occur

(weakening is mainly due to excessive moisture from meclting ice and/or

surface infiltration).

The conditions necessary for frost heave to occur include

1. subfrcezing temperatures,
2. water, and
3. frost susceptible soil (mainly silts and silty soils).

Remove any of the above conditions and pavement related frost effects will be

eliminated or at least minimized.

Heaving

Frost hcaving of soil is caused by crystallization of icec within the larger soil
voids and a subscquent extension to form continuous ice lenses, layers, veins, or other ice
masses. An ice lens grows in thickness in the direction of heat transfer until the water
supply is depleted or wuntil freezing conditions no longer support further ice
crystallization. Ice segregation occurs primarily in soils containing fine particles (i, "a
frost susceptible soil"). Clean sands and gravels arc non-frost susceptible.  Frost
susceptible soils are mainly silts and clays. Figurce 1 illustrates the formation of ice
lenses in a frost susceptible soil,

In general, it is difficult to totally eliminate heave; thus, the objective is to
reduce its magnitude and make it morc unifgrm. An occasional probiem for many

pavement sections is diffcrential heave, which is likely to occur at locations such as

1. abrupt transitions from cuts to fills with ground water close to the
surface,
2. where subgrades change from clean sands and/or gravels to silty frost

susceptible materials,

3. whcere excavation exposes water-bearing strata, and
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4, culverts, which frequently result in abrupt differential heaving due to
different backfill material or compaction and the fact that open buricd
pipes change the thermal conditions (i.c, rcmove heat from the
surrounding soils resulting in more frozen soil -- analogous to an air
conditioning duct),

Thawing

Pavement thawing can proceed from the top downward, from the bottom upward,
or both. How this occurs depends mainly on the pavement surface temperaturc. During
a sudden spring thaw, melting will occur almost entircly from the surface downward,
This type of thawing leads to extremely poor drainage conditio‘ns. The frozen soil
beneath the thawed layer can trap the water relcased by the melting ice lenses so that
lateral and surface drainage are thc only paths the water can take.

Loss of pavement strength (or load capacity) during the spring thaw period (or
other thawing periods occurring during thc winter months) is one of the most serious
problems associated with frost action. The ususl pattern of pavcment seasonal strength
variation includes a significant ingcrease from “normal® summer-fall conditions during

the winter months when the pavement structure (including at least part of the subgrade)

is frozen. Thawing can produce a rapid degcrease in pavement strength below the
summer-fall conditions followed by a gradual recovery over a period of weeks or
months. Figure 2 illustrates this process of strength variation by use of pavement

surface deflections (higher deflections represent a weaker pavement structure).
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SURVEY OF CURRENT PRACTICE

INTRODUCTION

This section summarizes the results of contacts and visits with selected agencies

throughout the US. and Canada. The purpose of the contacts was to assess the

following:
1.

2

5.

types of pavement failures associated with spring thaw,

types of facilities requiring weight restriction during the spring thaw
period,

the intended purposc of weight restriction and how such policies were
developed and implemented,

cost benefit analysis of weight limit enforcement on a specific facility (if
available data existed), and

legal aspects of truck load restrictions.

To collect the nceded information, three survey techniques were used which

included an initial information request mailed to all state DOTs and most Canadian

provinces (which generally experience cold winter weather), interviews with selected

agencics and detailed follow-up requests to additional selected agencies.

RESULTS OF INTERVIEWS AND FOLLOW-UP REQUESTS

Personal interviews were conducted in five states with a total of twelve agencies.

Follow-up questionnaires were obtained from six states and one Canadian province.

Each agency was asked questions dcaling with the following:

i.

2.

3.

development of load restrictions,
types of highways recciving load restrictions,

design information for roads receiving load restrictions,

11



4.

5.

criteria for imposing load restrictions, and

enforcement methods.

Responses to each of the above topic areas are summarized below.

Development of Guidelines

Specific questions dealing with the types of pavement failure associated with

spring thaw, the cxtent of the problems, and the procedures used for detcrmining

locations for load restrictions were asked of all agencies (state, county, and city). The

results indicate the following:

L.

The predominant types of pavement failure included alligator cracking,
rutting, frost boils, and potholes.

The extent of the problem varied {rom very little to agency-wide, and
predominantly on low volume roads.

The locations for load restrictions were based on past experience and/or
surface defiection. For some of the smaller agencics, the restrictions were

placed on all roads.

Highways Receiving Load Restrictions

This topic was concerned with defining the types of highways receiving load

restrictions. Specifically, the following questions were asked:

1.

2.

What highway functional classes receive load restrictions?

What are typical values for average daily traflfic (ADT) and pecrcent of

trucks for these highways?
What s0il types are found beneath these highways?
What surface types receive load restrictions?

What are typical cross sections for the roadways receiving load

restrictions?



The responses to these questions gencrally indicate the following:

Load restrictions by statc agencies were applied to both primary and
sccondary roads but mostly sccondary. Few states applicd them to
Interstate facilities. Local agencies gencrally applied load restrictions to
all types of facilities.

Of thosc statcs responding, load restrictions were generally applied to
roads with ADT less than 2500 and 10 percent trucks or less. Local city
and county agencics applicd restrictions to roads with ADTs up to 30,000
and up to 10 percent trucks.

Primarily, load restrictions were applied to pavements which had moisture
susceptible silt or clay subgrades. If the agencies had granular subgrades,
load restrictions were not usually required.

Load restrictions (il used) were normally applied to aggregate and/or
asphalt surfaced roads. Most portland cement concrete pavements
reportedly had adequate structure to withstand the critical thaw period.
The pavement cross sections to which load restrictions were applied

generally ranged as follows:

Rangpe Normal
Asphalt surface, inches 1.5-5 2-4
Aggregate basc, inches 4-18 6-12

Thicker pavements apparcntly have sufficient strength to overcome the thaw weakening

period,

Design Information for Roads Receiving Load Restrictions

This topic dealt with design questions such as:

2

Is frost protection considered in thickness design?

Arc load restrictions used in lieu of full frost protection?

13



3.

4,

What is the age of pavements recciving load restrictions?

What arc the typical drainage conditions of pavements receiving load

restrictions?

Responscs to these questions indicate

I

Some of the state agencics surveyed designed pavements for partial frost
protection while others did not consider [rost protection in design at all.
Most local agencies did not consider frost protection in their design
procedure.

Scveral of the agencies interviewed used load restrictions in licu of
designing for full frost protcction.

A varicty of thickness design procedures were used to determine layer
thickness. The most common was the AASHTO mcthod. Others included
the Hveem method, expericnce and/or precedent.

The age of pavements recciving load restrictions tended to be 10 to 20
ycars or older. In some cascs they tended to be farm-to-market kinds of
roads constructed just after World War II.

Drainage conditions for pavements recciving load restrictions varied from
poor to good. There appeared to be little relation between surface

drainage and the need for foad restrictions.

Load Restriction Criteria

This question dealt with

1.

2.

the current load limits (normal vs. spring),
methods used to establish toad limits,
the basis for initiating and/or removing load restrictions, and

whether deflection mceasuring cquipment have been used to establish load

restrictions.

14



The significant findings resulting (rom this question include

L.

For most agencies normal load limits were 18,000 to 20,000 1bs on a single
axle and 34,060 Ibs on tandem axles.

Spring load restrictions generally ranged from 10,000 to 14,000 lbs for
single axles and 18,000 to 28,000 1bs for tandem axles.

Percentage reductions were 30 to 50 percent for single axles and 18 to
47 percent for tandem axles.

Most load limits had becen established from experience. A few agencies
such as the Alaska, Minnc¢sota, and Washington DOTs had conducted
cxtensive studics.

The basis for starting a load restriction varied from cxperience (presence
of watcr coming through cracks/joints or pumping) to the use of deflection
measurements. By far the majority of the agencies relied on the judgment
(or expcrience) of ficld personnel.

Load restrictions were removed based on the judgment of field personnel,
deflection measurements, or when sufficient political pressure mounted.
Most agencies, however, relied on judgment or past experience.

Only three of the agencics interviewed used deflection measurements to

cstablish load limits.

Enforcement Methods

The next topic dealt with ¢nforcement methods for spring load restrictions.

Specifically, it rcquested information to questions such as

1.

2.

how load restrictions are enforced,
how vehicle operators are notified,

arc overweight permits available,

15



4,

5.

what enforccment mcthods are used, and

are fines levied, and il so, what are they?

In general, the following impressions were noted:

I.

Both fixed and portable weigh scales were used. Some agencies rclied only
on patrols,

Mcthods used to notify vehicle operators of the load restrictions included
{a) ncewspapers and news releases,

(b) road signs,

(c) dectour and embargo maps,

(d) radio and tclevision,

Most of the agencics used overweight permits. Some agencies had
exceptions to the load limits (¢.8., school buses and/or CMCrgency
situations).

Enforcement methods used included patrol (by police) or weighing trucks
(all or a sclective sample).

Fines were levied by almost all agencies. The fine was normally assessed

as a cost per 1000 1b.

Legal Aspects

The last topic dealt with legal aspects of load restrictions. Specifically, the

requested information related to

1.

2.

3.

the availability of local regulations addressing load restrictions,
enforcement problems with the use of load restrictions, and

legal problems associated with load restrictions.

The significant findings are discussed below:

L.

All agencies had regulations allowing them to initiate and cnforce foad

restrictions.

16



The major problems with enforcement included

(a) lack of personnel to adequately enforce the load restriction,
(b) political pressurc to allow truck operations, and

(c) cvasive tactics of truckers.

Most agencics had not experienced legal action as a result of enforcing

load limits.

EVALUATION OF SURVEY RESULTS

The survey of agencics with load restrictions provided significant information in

several areas including

1.
2,
3.
4,

5.

types of load restrictions currently used,

basis for load limits,

criteria used to initiatc and remove load restrictions,
unique capabilitics of local agencies, and

requircments and problems associated with enforcement.

Each of these issues arc discusscd in the lollowing sections.

Types of Load Restrictions

Most agencies interviewed restricted loads on a per axle basis. Limits differed

between single and tandem axles, but not with tire size (conventional vs, flotaticnal).

The load reductions were a maximum of 60 percent for single axles and 60 percent for

tandem axles.

Basis for Load Limits

Current limits were established primarily on the basis of prior experience. Only

a [cw state DOTs rcported that they used research studies to establish or verily their

load limits. There appears to be a definite nced to develop a more rational approach lor

establishing load limits.

17



Criterta Used to Initiate and Remove Load Limits

Most agencies surveyed indicated that they initiated limits based on judgment.
This could range from evidence of water at the surface (indicating a saturated base) or
signs of cracking (which is too latc). Other agencics simply relied on an established
date. Few agcencics used deflection or weather data to establish a starting date For load
limits. Clearly, there is a need for an improved method of cstablishing this date.

Rcemoval of load limits was also generally based on expericnce. Use of dellection
measurements could greatly aid in this process and should be cncouraged.

Capabilities of Local Agencies to Measure Deflections

Most local agencies did not have the cquipment or personnel to measure surface
deflections.  Unless this changes, it would be impractical to recommend use of
deflections to establish the initiation and removal of the load limits.

Pcrsonnel used to establish thesc critical periods were often from the maintenance
department and would have to be trained in the use and interpretation of defllection

data.

Requirements and Problems with Enforcement

Enforcement was usually accomplished by the county sheriff or city police.
Special training was not usually rcquired to enforce load limits.

The major problem to be overcome with enforcement is to develop a proper data
base to resist political pressures to waive the limits. If the amount of damage donc to
the roads during the critical spring period and the associated cost of early wear-out
could be shown, the political problems of load limits could be minimized. The
development of a visual aids package to assist local officials in this effort would be of

great value. Such a package has been developed as part of this study.
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LOAD RESTRICTION GUIDELINES

INTRODUCTION

Bascd on the literature review, survey of current practice, and analysis conducted

in the study, the following guidelines will be presented in this section:

1. where to apply load restrictions,
2. the magnitude of the load restrictions, and
3. when to apply and remove load restrictions.

The guidelines arc general in scope and not intended to be "absolute,” since the nature of

the problem is site specific.

CUIDELINES FOR WHERE TO APPLY LOAD RESTRICTIONS

An cxamination of the study analyses shows that pavement sections which have
surface deflections 45 to 50 percent higher during the spring thaw than summer values
arc candidates for load restriction. Clearly, this is not an absolute criterion for selecting
pavement scctions to reccive load restrictions. Site specific conditions could
significantly alter thc deflection increase threshold. For example, a relatively "thin" or
"weak” pavement section may have relatively high summer deflections. Thus spring
thaw deflections may nced to increasc much less than the threshold level of 45 to
50 percent to necessitate load reductions, Surface dcflection increases of less than
45 pcrcent result in load reductions of about 25 to 30 percent or less.

Other criteria which should be considered in selecting pavements for load

restrictions include

1. surface thickness,
2. pavements on fince-grained subgrades, and
3. local ¢xpericnce relating to observed moisture and pavement distress.



If the surface thickness of a pavement is about two inches or less and in an area
where the FI is grcater than 400 °F-days (i.c., a modest depth of freczing), then this
suggests that load restrictions should be considered. Figure 3 is provided to illustrate
how the depth of freeze increascs with increasing F1 for a relatively thin pavement
structure. In general, the depth of frecze increases as a function of the FI.

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

The observed site specific drainage is significant in asscssing 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 necd any type of restriction.

Another criterion to use for selecting load restriction locations involves
observation of pavement distress such as fatigue (alligator) cracking and rutting. 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 possiblc (or
appropriate).

Overall, local experience relating to the conditions associated with the
performance an individual agency’s road nctwork is important. Clearly, various
nondestructive pavement response measures such as surface dellection can help define
the potential pavement weakening during the thaw period; however, the experience of

agency personnel should be used to the fullest extent,

GUIDELINES FOR LOAD RESTRICTION MAGNITUDE

The load rcductions used by the agencies interviewed ranged from about 20 to
60 percent. The average load reduction for seven locations (grouped state areas) was

approximatcly 44 pcrcent (standard deviation of about 8 percent). This suggests that
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reducing the load on individual axles (or tires) by about 40 to 50 percent reduces the
associated pavement response to levels that preclude or reduce the resulting pavement
distress to acceptable levcls,

The study analysis results show that as the load reduction percentage is increased
the associated pavement life is increased (as onc would cxpect). The following potential

pavement life increases result as a function of load reduction (starting with a load

reduction of 20 percent):

Pavement
Load Reduction (%) Lile Increases {%)
20 62
30 78
40 88
50 95

Thus, if the 44 percent load reduction level is used {avcrage of thc seven grouped state
arcas previously noted), this results in a potential improvement in pavemecnt life of
about 90 percent. The basic (and very conservative) assumption is that all the pavement
damage (hence load rcduction benefit) occurs during the thaw weakened pcriod. For
somc pavements, this may actually occur but gencrally is not the casc for most.

Clearly, the necded level of load reduction is not as simple as the preceding
numbers suggest. For cxample, many thin or generally weak pavement structurcs need
high levels of load reduction during the spring thaw period to prevent significant
pavement damage (i.c., small or even modest levels of load reduction will not preclude
significant pavement damage).

If load restrictions are to be used, it appears that 2 minimum load reduction of
20 percent is needed. Load reductions greater than 60 percent appear to be excessive

(given the assumptions uscd in the analysis). Further, genceral national practice is to use
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load reductions ranging from 40 to 50 percent. The analysis performed in this study

tends to confirm this range of load reduction,

GUIDELINES FOR WHEN TQ APPLY LOAD RESTRICTIONS

A primary activity of the study was to develop guidelines on when to apply and
remove load restrictions (assuming that load restrictions are necded). These guidelines
arc bascd on casy to obtain air temperature data from local weather stations or site
specific high-low recording thermometers. As pointed out earlier, most agencies do not
have the capability to use deflection mcasuring equipment during the start of the
critical period to assess when to apply load restrictions.

Thermal analyses performed in the study resulted in two possible times for
applying load restrictions. Both were based on a Thawing Index (TI) calculated by use

of a 29°F datum (not the normally used 32°F) and are a function of total pavement

thickness,
Thawing Index
{“F-days)
Pavement BST/Asphalt Concrete Basc Course Should Must
Structure Thickness (inches) Thickness (inches) Level Level
M Thin 2 inches or less 6 inches or less 10 40
W Thick Greater than 2 inches Greater than 6 inches 25 50

Should Level

The "should" load restriction application time occurs after accumulating a
TI = 10°F-days lor thin pavements and 25°F-days for thick pavements following the

start of the thawing period. This is used to estimate thaw to the bottom of the base

coursc.
Must Level

The "must" load restriction application time occurs after accumulating a

TI = 40°F-days for thin pavemcnts and 50 °F-days for thick pavements following the
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start of the thawing period. This is used to cstimate thaw to approximately four inches

below the bottom of the base¢ course.

Discussien

The above criteria are best suited for use during the "normal” start ol the spring
thaw period (generally late February to April). A different condition cxists lor mid-
winter thawing cases. First, the sun anglc is lower for a mid-wintcr thaw than used in
the analysis, suggesting a higher basc temperature (such as 31°F) [or calculating TI.
Second, for most arcas, the percent cloud cover is higher during mid-winter.

The temperature based TI criteria arc best applicd to finc-grained soils. The
analysis performed in the study showed more consistent results For this soil type than

coarsc-grained.

GUIDELINES FOR DURATION OF LOAD RESTRICTIONS

Based on thc literature review, interviews, and the structural and thermal
analyscs, the duration of the load restriction period should approximate the time
rcquired to achicve complcte thawing.

Two differcnt approaches were developed in the study to predict the duration of
load restrictions, both of which were based on regression cquations with the Frcezing
Index (FI) as the independent variable,

The [irst equation was dcveloped for finc-grained subgrade cases (which tend to
be the most critical) and can be uscd to estimate the load restriction duration as a
function of FI. This ¢quation is

Duration (days) = 22.62 + 0.011 (FI)

where
Duration = duration for complete thaw bascd on a start date when the air
temperature is 29°F or above (days),
Fl = freczing index {(°F-days)
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An approximatc solution to the above cquation is

Duration = 25 + 0.01 (FD

The two above cquations are based on [ine-grained soils at a moisture content of
15 percent and a range of Fl from 400 to 2000 °F-days. Predicted durations outside
of this data range may result in poor cstimates. Further, for locations with rclatively
low FI (400 to 500 °F-days), the predicted durations are probably conservative (i.c.,
longer than actual).

Another approach to use in estimating the time required (or complete thawing to
occur {(hence duration of load restrictions) is based on a TI criterion. The TI (again
based on a 29°F air temperature datum) is estimated from a regression equation which
has the independent variable of Fl.  The resulting equations have higher correlation
cocfficicnts than thosc for cstimating duration as a function of F!. The cquation
sclected for potential use (based on finc-grain cascs and 15 percent moisture content) is

Tl = 4,154 + 0.259 (FI)

An approximate solution is

T1 ~ 0.3 (FI)

An examplc of how to calculate FI and Ti for a "typical” pavement and location
is shown in Appendix A.

The above criteria for duration of load restrictions results in a restriction period

of slightly less than four weeks and 6.5 wecks for arcas with FIs of 400 and

2,000 " F-days, respectively.
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APPENDIX A
EXAMPLE OF DATA COLLECTION AND ESTIMATION OF START
AND DURATION FOR IMPOSING LOAD RESTRICTIONS

Location: Mansfield, Washington (central Washington state)
Pavement section typically restricted during spring thawing
2 inches bituminous surfacing
6 inches granular base
Silty subgrade
High and low daily temperatures are collected through the freezing and thawing period to calculate freezing

index, based on 32°, and thawing index based on 29°F (Figure A-1).

ALCULATIN E
The freezing index is a measure of the magnitude and duration of the temperature differential during the

freezing period. The freezing index is calculated using the following equation:

Fl = ¥(32-T

where:
T = 12(Ty+Tpin'F,
Ty = maximum daily temperatere (F), and
Ty, = minimum daily temperature (°F).

The temperature data collected for Mansfield to identify the freezing period and the freezing index are shown

in Figure A-1,

STEPS:
1. When T becomes less than or equal to 32°F for several days, the freezing season begins. The
freezing season for 1985 begins on November 9.
2. The average daily temperature is equal to

T = 1/2(column 3 + column 4)
On November 13, for example:

T=12035+7=2F
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3. The freezing degree-days per day (column 6} is equal to
Daily FI = 32 - T (from column 5)
For November 13, for example:
Daily FI = (32 - 21) = 1{°F-days
4, The freezing index is the accumutation of daily freezing degree days from the start of freezing
Fl= X (32-T) from the start of freezing
For November 13, for example:
FI = (3+7+9+8+11) = 38°F-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 to begin.
The thawing season for Mansfield during 1986 begins on February 24 (refer to Figure A-1). The
freezing index for the entire freezing season from November 9 to February 23 is
FI=YX(32-T)
FI=(3+7+9+8+..+ 24 (February 21) + 18 (February 22) + 10 (February 23)}
FI = 1375°F-days
A review of the temperature data in Figure A-1 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 cumulative freezing effects as well.

ESTIMATING THE TIME TO PLACE LOAD RESTRICTIONS

The pavement consists of 2 inches of asphalt concrete on 6 inches of apggregate base, This would be

classified as a thin pavement. The "should” level for placing load restrictions for thin pavements is

Tlpg should restrict = 10°F-days

The thawing season starts on February 24,

i

Tlyg = 9 (February 24) + 14 (February 25)

23°F-days
The load restrictions should be placed by February 26.

TI must restrict = 40°F-days



The "must" level for restricting a thin pavement is
Tlag = 9 (February 24) + 14 (February 25} + 11 (February 26} + 7 (February 27)
= 41°F-days
The load restrictions myst be placed by February 28.
The earlier thaw period (January 31 to February 7) could have been used to start load restrictions. However,
this would have been somewhat premature being as this period was followed by more freezing weather. As with any
criterion, judgment must be used. For this location (Mansfield, Washington), the normal thaw period starts during

the last week of February or the first week of March,

ESTIMATING THE DURATION FOR LOAD RESTRICTIONS
The duration may be estimated in days or in thawing degree-days. It is preferable to 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 period the exact equation is;

Tlyg= 4.154 + 0.259 (FI)
Tlyg = 4.154 + 0.259 (1375°F-days)
= 360°F-days
On March 28, the Tlyg (column 9) is 347°F-days

On March 29, the Tlpg is 368°F-days

Therefore, the load restrictions should be removed by 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:
Theg = 03(F])

Tlag = 0.3 (1375°F-days)

= 412°F-days

On March 31, the Tlog is equal to 412°F-days. Therefore, the load restrictions should be removed by

April 1. Alernatively, the duration of the thawing period may be estimated in days.
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The exact equation for estimating duration in days is
D = 22.62+0.011 (FI)

For this freezing season in Mansfield,

FI 1375°F-days

D

22.62 + 0.011 (1375°F-days)
= 38 days from the start of thawing (February 24) = April 2
A simpler approximate equation for estimating duration in days which may be used instead of the preceding
equation is
D = 25+001(FDh
D = 25+0.01(1375F-days)

= 25 + 14

= 39days=Aprll

A4



‘SJUBWISABY PSORLNG SNOUILLNKG IO} 19aysSHIoOM |-y ambig

‘dy o) Aenigad
812 U LIS [IIM "S'( Y} JO LN Joj posad xepu| Bumey | ey xepu| Bumey] o) 4.62 PUe 4.2¢ §| Xepu} Buizeaiy sof wniep sinjesaday
Je 8y -pouad Buizesyy [euuou sy inoyBnoiyr sleinwnsoe pue uosess Buizeay sy jo BuuuiBag sy je Bujbets xspul Buizaa. 4 Ajeq 8le|NoBY) aloN

N e ge o1 i _— 0t
\or 0c€ 4 L “ P [+17)
L6t OE Z %) " N 82
L9t B2 v 91 . . ie
EETC 33 L cl " " 9
20t EE l- o]} . “ T4
692 [ g L “ N e
BET o] C ¢l “ . £g
e ey BOT e S e e o i B
731 iZ G b 14 N
/5L i 5 g gl .
ofL e . G- 0z .
e eeereseseeseeesssseeneess besssssssmmsesssseessnessss s sesese G OB L 2O (SOOI SOOI SYUUNTITS. | SOIRY N
g6 gl g g 52 .
[:74 cl 44 L ct .
9 ! Il ¥ i3 ;
4] id3 1 ¥ £e .
BE 1L (¥4 L Sg .
L2 8 44 8 oy .
6l 3 te it SE . |
ol i 52 0l oF . )
i £ 3 62 £1 $p T 5
ve 81 05 “ " B
_— or g2 7S _ 3
o 3¢ 05 . g
ov 3¢ 0% .. g
ar Se 03 . b
or 92 56 . " £
or 62 53 “ u g
ve ve 94 GB, "AGN S
6190 2102 L7100 91D S1e0 100 €100 AN (o8] L 100
(shep - 3 o hep- 3 |(poreem) | 7 4BIH
(shep-4.) (ajou ®8s) (shep-4.) (910U 898} ' IBaA
xapu| Bumen | “ u_mmm. xepu| Buizea.y o n_z&m. (o) /oW Aeq
Ayeq jo wng wal Alle Areqowng | OUELAIRA | gimesedway {4 .) aineladwia ],
) Bay = xapu| Bay = xepu| Iy Aieg Iy Aleq painsespy
Buimey ] AjeQ Buizes.4 Ajreq sBelany oo

A-S



"("JU0D) sjusWaABd PAIBLNG SNOUILINYG JOf 19USHIOM " |-V 23nBiy

"|udy o) Aseniga 4
81| Ul LEIS 1M SN 8L} JO yanw Joj potad xapu| Bumey | ey] ‘xapuj Buimey] 1o} 4,62 pue 4,2¢ S| xepu| Buizaas Joj wniep sinjeiedws)
se 8y "pouad Buzesy; rewlou iy Inoybnosy) ele|nwnsoe pue uoseas Buizesly ey Jo BuiuLiBag eyl je Buiuels xepu) Buizesld ARQ BIRINOERS aloN

£E6 L Sl 0l 0e " . 1€
316 9l 94 cl 174 . - 0t
006 91 91 24 [} - u 62
vS8 gl 31 vl i .. 82
898 ¥l 81 i \2 " u 12
bl 9l 9 cl %4 u - 92
BL8 vl 8l i [44 u - 52
¥28 £l 6l g1 zz . vz
L8 Ll 134 81l e " . £2
LBL ol 44 8l 214 M “ 12
Lid 6 £g B8l Bge . - 02
B89 il gl 0l ¢ " 5 6l
IS WO U < 72 o L. SO 1SRN ST - S O L
BEL 12 Li 4 Q2 - . L1
LLL e 8 £- 0g - u gl
£69 e 0l c- Zc . N Sl
149 (44 o] 8 £- £e N u ¥i
1] 34 Ll ¥ 92 . N 19
829 Sl L} 2l 22 N " i
ELS L2 L4 4 0Z N " L
265 el 61l Zl 92 N . 0l
6.5 ) L2 02 e . " 3]
Y5 B 44 vl b M . g
994G L S¢ 9l bad - . L
655 ] £2 ci vE M . 9
Q45 5 £C Zl ¥e N - )
5 kL ol 8 Ve .. " \4
GEs 144 0l Z 8l M . £
£08 ot 0 8- ] - N Z
ily 82 v -3 Ll 58, 08 L
6190 8190 47190 9190 g 1D ¥ 100 £7100 2190 L1090
4
{shep - 4.) (shep- 4 ) TR Mo yBIH
(shep-4.) (e1ou oss) (skep-1o) (610U @es) A il 1o
xapu| Buimey ] i 4 Mmm ~ | xepu) Buizesiy g E] >&m i () /HUOW feg
Areq jo wng owel Aleq fregowng | SWELAIRQ | o)npiadiua) (4 .) asnpesadws |
. Bay = xepu| Bay = xepu) e Apeq 1y Areq painseej
Bumey) Areq Buizaaid Aireq abeiany o

A6



'("]H00) SIUBLIBARH PAOBJING SNOUILINYG O} 198USHIOM |-y 2nDi-

"Judy o1 Alenige 4

8le| Ul L=]S (|IM "' 8y} Jo yonw oy posad xapu) Suimey) eyl ‘xepu| Bumeyl Jo 4.62 PUe J.2€ St Xepu| Buizesld Jo; wnjep einjeiadwal
Je ay | "poued Burzees eutou ey InoyBnosy) ejenwnsoe pue uoseas Buizess) ey jo BuuwiBaqg ey je Buiues xepu| Bujzes.y A|leg 8leiNdED eloN

g S £911 Z- e 0ot 8€ N " LE
0 0 S9lL £ 6 ¥ 4 " " oF
2914 L <z 0< 0t . . 6e
SS9l ¥ ¢ re LE - . 82
151 0l 4 al 8g “ . &2
- 549 9l gl ) 92 - . 92
5 Y £l 6L 9 e . Sg
gt 2kl 0F 0¢ Iy . “ 2
St oLLl 8g (44 vE - “ €2
[+]} 0atl 0F e . “ 1z
gi 8601 ce 4 _ 0zg
i 9601 Sg og . . 61
7. . ST ST VPPN SYRUTOON. | S

[ . “ 4

. . 9t

9601 4 02 ¥i 9c - . St

7801 vl 8l g8 81 . = vl

0401 Li LZ 0t 2€ . s £l

0 . 6501 L 52 1 ¥E s 2zl
¥ L sl g ot 0z 6€ . " Ll
£ £ 0501 0 et gc LE . . 0l

0501 4 82 Gl or .. 6

90} cl 02 Ol 0oF . . 8

¥E04 St Ll g 9¢ .o L

6104 kL ¥ zl 0f . 9

800! vl gl <] 8¢ “ - S

$66 ¥l gl 6 82 - . 4

086 5} gl 9 92 . £

736 Gl Ll 1] ¥e " . 2

696 g4 9l ] ie 99, Uer 3

610D 800 47100 910D § 100 ¥ 100 €100 2190 LoD
(shep- 4 o) (shep- ) | ( %v Mo uBiH
(skep-3.) {Biou 83¢) (shep-4,) | (BI0U 838) _ oA
xapu; Bumey ) dwe m%@m. xapul Buizesly » m%mm. (o) SRUOW Aeq
Alreq jo wng 5 |H 'eq Areq jo wng . Emn._, WG | ‘aumeradwa) (4 o) ssnjesadws |
AY = xapu| Ba = xapu 1 Areq a1y Aireqs peinsesiy
Buimeyy, Areq Buizeaid Alleq abelany

A7



"("JUOD) SIUBLWBARY PODELING SNOUIWNIG 10f 199YSHIOM |-y 8inbig

"Judy o} Aenigay
8B} Ul PEIS (1M SN By} JO Yanw Joj poiad xapu) Buimeyy eyl ¥spu| Bumey] 1o} 4.62 PUB 4.2€ S xapu| Buizaal 4 Jo) wniep sinjessdws)
He sy] ‘poliad Buizessy [ewlou euy Inoybnosy) e1e|munooe pue uosees Bujzesly ey 1o BuiuuiBag ey e Buuels xapu) Buizeeld Areq eienafes ejoN

524 ] LE 92
34 2 gc Pe
4 L OF [
214 ¥i [12 (13
8 6 - - Bt ze
. SIEL or zz 04
SSTSUSNNS SNMPRIURRROURIOTY OROTOS -.>1 SOV OO - | SOOI SOOI 4 SSSRTOR RO SR
ivEl v g 3- 1z
£2E 1 92 9 0l- £2 u u
LBZ1 X Ll 8- 0t 9 u
SRS SOOI RO SLEL ke TSSO VU OURROOITS SSRROAEJ SUUSSPRRRY SOTRRTOOR.. NSOV VPRI SRR SOOI
9921 cl 02 il 0¢ M "
¥Sel cl Qc cl 62 . -
Zrel 0t z2 q OF ..
ZEzh zl 0z ! 62 . .
0221 Zl 0z ) Zt . .
- G- g0zt 8 Ve Sl et u u
i } I 0021 ol 2 vl 0t o
g I 0611 0l 22 g} ge ..
sl £ RN g 9z [i¥4 ZE . 8
gl 8- Y i iz 0l 2t . . g
o¢ 0 €941 £ 62 Bl [o1d - - L
§¢ } 09t} Z 0g 52 9€ N “ 9
52 £ g5ii ) 3 iz i€ . g
44 S g9l z- Ve 0t 8t . “ \4
Ll £ 051 i 0 (43 0t vE “ " £
vl 14 0911 [ [ %3 9z oy “ " [
ol § 1901 2 ve F20 g€ 98.793 i
6100 8100 L109 9100 g 10D ¥ 10D £ 100 2100 L 190
(shep - 4 o) (shep- 3 | ( aﬂ.ﬂqﬁm m) Mo YBIH
(etou ves) {sj0uU BaS) ' Ieaj
(shep-4.) 2~ {shep-J.) 26 o keq
xapu| Buimey| o i xapu| Bujzssiy d ; {do)
Areq jo wng el Aleq Al jo wng WeL Aled | ‘ainpesedws | (4 o) Bimeledwa]
. By = xapul . "Bay = xapu| ay Ajeq Iy Areg painseay
Buimey | AreqQ Buizaaiy Areq abeisay

A-8



("JuUOD) SIUBWAABY PSOBUNG snoulnlig 10} J18BYSHIOM " |-Y ainbi4

"ludy oy Arenugs 4
12| U1 LIS || "S" 84} O yonL 10j pouad xapuy Bumey | eyl "xapu BuimEy | O} 4,62 PUE 4.ZE ! xapu| Buizaal4 10§ Wajep sinelsdus)
e ayy -pouad Buizee) [wUoU By INoYBN0ILYL B1BINWNIOR pUE LUOSESS Buizeay ey jo BuuwiBaq syl 1e Buiuels xapu| Buizes. 4 Ajle( 2lEINIRD 810N

cly £2 28 £y 09 . M 32
B K] s or 65 . e
89¢g e 05 34 285 N - 62
LPE ié 0s 44 85 " " 82
92t Sl A4 g 25 . » L2
Lig i 24 e 25 . “ 92
152 Ll )4 413 09 " . S2
582 £l Zy 0t rS . . e
€42 bl or vE iy N £
B i Bl e f e L 08 Tt e s
0s2 61 ar Sg 28 .. 14
344 1 Y Zt 18 u " 02
9ig Sl Y LE 95 . - 6l
N4 1 OO SO RN L ANV SRR -, - O+ S Bl
L1 [¢14 a¢ £ . . Lk
9.1 Ll or a2 £5 . " gl
81 Ll oy 22 £S M N St
vS 1 € ZE 0z 5y . vi
151 3] 8E G2 25 “ M £t
(441 £l .4 [ 2§ - - 43
621 L g€ gL o “ . L
o ...czgl £l zr Le 25 . 0}
601 ik v 0t 0§ .. 6 ]
86 Ll or 9 ¥ “ . g
i8 6 ¢ 62 iy - . £
84 9 St ¥e gy - . 9
i ] ¥e 4 Ly . N S
L 9 SE ¥e gy " . \4
19 L [ 0c or . . €
e 9 S¢ ze 8 e F
¥S S ve sé 34 98, JEW I
6199 g1o0 L7109 9100 §'1eD 7190 €100 2100 17100
(shep- 4o) (shep- 4 ) A.di_ﬂu_qﬂ; ¢ v Mo yBIH
(shep-40) (ajou eas) (shep-4.) {sj0U 2as) i 1BBA
xapuj Bumeyt -duis mm_mw " | xaput Buizaai] dws n__aow% ) (de) JUIUOW Aeq
ki@ 10 WNG guwal Ard freqowng | SWRLAEA 1 ginmeiadwa) {4 .) BuryesBdLa |
Bry = xapul Bay = xapul v Aea ay Aeq paunseapy
Buimeyy Areq Buizaar Aleq sbelany

A9



