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ABSTRACT

It is estimated that a pavement structure subjected to seasona freezing has approximately
50% of the maintenance-free life of asimilarly designed and constructed pavement
structure in anon-frost area. Differential frost heaving during the winter and early spring,
and loss of pavement strength during thawing, result in a variety of pavement distresses
including cracking and rutting. These distresses have received considerable attention in
the literature. In contrast, “tenting” has received only minimal attention.

Tenting consists of localized heaving in the immediate vicinity of transverse pavement
cracks. It typically produces a highly irregular riding surface, particularly toward the end
of the winter season, and can lead to rapid premature deterioration of the pavement
surface. There have been unofficia estimates of as much as 10 cm (4 in.) of rise over a
horizontal distance of approximately 3.3 m (10 ft). In contrast to most frost related
distresses, tenting is not unique to low volume roads; it occurs just as frequently on
highways that have been designed for high volumes of traffic and to withstand freezing
and thaw weakening. Furthermore, it is frequently exhibited by pavementsthat arein
otherwise good condition.

Because the distribution of salinity (from road salt) within the base course is suspected to
be a primary contributor toward tenting, about a dozen transverse cracksin New
Hampshire were monitored throughout several winter/spring seasons. Sensors were
installed to monitor salt concentration, moisture content, subsurface temperature, and
freezing point depression at one crack, and more limited instrumentation was installed at
several other cracks. Pavement elevation surveys were conducted throughout the freeze-
season to monitor tent formation. At the end of the winter, arrays of base course samples
were collected immediately beneath and adjacent to several of the cracks for subsequent
laboratory analysis.

Most frost related distresses can be attributed to the underlying subgrade, or to
contamination of the gravel base with subgrade material. However, based upon observed
correlations between frost/thaw penetration and tenting progression, tenting on NH
highways was determined to be a near-surface phenomenon. Furthermore, it was
determined to be caused by a complex combination of factors, with the underlying cause
being intrusion of road salt-sand mix into the base course. Available water (meltwater
and precipitation serving as a transport medium), cracked asphalt (providing a point of
entry for water into the pavement system), salt-sand mix (used for winter road
maintenance), freeze-thaw cycling of the base course (due to both temperature
fluctuations and saline-induced freezing point depression), and the phase diagram of
NaCl (salt coming out of solution as freezing occurs, thereby increasing salt concentration
adjacent to the freezing front, increasing the freezing point depression even further) al
appear to be necessary components for tenting to occur.



A 1998 ASCE Cold Regions Speciaty Conference paper (Kestler et al. 1998) outlines the
test program, discusses results from field testing, and theorizes the causes and mechanics
of tenting. The following report, prepared for the NHDOT, both incorporates and
expands upon the conference paper, and provides a sequel to the 1995 winter tenting
report provided for NHDOT (Kestler and Berg 1995).

INTRODUCTION

Localized heaving in the immediate vicinity of transverse pavement cracks has been
termed tenting, or lipping (Figure 1). This phenomenon has been observed on numerous
roads throughout New Hampshire, however, it is not unique to this state. Although
tenting may occur to alesser degree throughout the year, it typically produces a highly
irregular riding surface toward the end of the winter season. Tenting istypically more
severe in the passing lane and along the shoulders than in the driving lane. Although
maximum tenting measured during the NHDOT research program was in slight excess of
3cm (1in.), there have been unofficial reports of as much as 10 cm (4 in.) of vertical rise
over ahorizontal distance of approximately 3.3 m (10 ft). Of perhaps greatest
significance is that tenting is frequently exhibited by pavements that are in otherwise
good condition, i.e., pavements that exhibit neither extensive rutting nor fatigue cracking.
Additionally, tenting does not necessarily occur each year. It is often particularly severe
one year, and negligible the following year.

Following awinter of severe tenting, the New Hampshire Department of Transportation
(NHDOQOT) employed the efforts of the US Army Cold Regions Research and Engineering
Laboratory (CRREL) in Hanover, NH in 1993 to investigate the causes and mechanics of
the phenomenon. Monitoring was conducted in two phases. The sites selected for
observation during Phase | were known to have exhibited substantial tenting in preceding
years. Because results from Phase | were not fully conclusive (Kestler and Berg 1995), a
more comprehensive Phase Il investigation was launched. Phase Il included more
frequent pavement surface elevation surveys, subsurface instrumentation (not included in
Phase 1), and afocus on salinity from road salt. The following report describes Phase |
and Il test programs and observations, then provides a discussion of probable mechanisms
and recommendations for future work. Although it was concluded that salinity from
sand-salt mixes (used for winter highway maintenance) is the primary cause of the
phenomenon, preliminary thoughts throughout both phases are discussed and the thought
process outlined through development.

PROBLEM AND ITSOCCURRENCE

Other than thermal cracking, most frost related distresses can be directly or indirectly
attributed to the subgrade or to dirty base course material. However, this was not the case
for tenting as was observed in NH. Correlations between occurrence of tenting and frost
penetration indicate that tenting is a near-surface phenomenon (related to the road salt-



sand mix getting into the base course material). In contrast to conventional frost heaving
that occurs when frost reaches the frost susceptible subgrade, tenting occurs while the
frost is contained within the upper reaches of the pavement structure when frost doesn’t
even get near frost susceptible material, whether that be the subgrade or base course with
fines that might have migrated up. It should, however, be noted that one study in central
Canada did correlate tenting to the subgrade. Undoubtedly, it is a complex phenomenon,
and can have many contributing factors.

Tenting has also been observed more frequently in longitudinal slope sections where salt-
rich surface water flow is intercepted by transverse cracks than on level road sections.
Longitudinal cracks also intercept surface water, but the drainage area is appreciably
smaller, and thisisreflected in the reduced occurrence and magnitude of tenting observed
aong longitudinal cracks.

Regarding geographical occurrence, informal tel egphone discussions were conducted with
representatives from several State Departments of Transportation. Survey results will be
discussed later in this report.

PHASE |
Sites and Field Test Procedure

In an attempt to identify the causes and mechanics of tenting, cracks at two locations were
initially selected for observation and testing: the Hanover-bound lane of Route 120 in
Lebanon, NH (Site 1), and the north-bound passing lane of Interstate 93 (1-93)
immediately north of exit 29 in Thornton, NH (Site 2) (Figure 2). The proposed plan was
to excavate atest pit and collect soil samples immediately beneath the crack in the hot
mix asphalt (HMA) and in the material immediately adjacent to the crack at each of the
two test sites. Samples were scheduled to be collected in the fall, pavement elevation
surveys conducted throughout the winter, and a second test pit excavated with samples
collected at each test site near the end of the winter, when tenting is typically at its
maximum.

During thefall of 1993, 1.3 x 1.3 x .8 m deep (4 x 4 x 2-1/2 ft deep) test pits were
excavated at one of two adjacent cracks selected for testing and monitoring at both
locations. Nuclear density and sand cone tests were conducted in each of the test pits to
determine in-place density. Subsequent laboratory tests conducted on the samples
included moisture contents, sieve and hydrometer analyses, and conductivity tests to
determine salt content.

Pavement surface elevation surveys were periodically conducted at Site 1 throughout the
1993-1994 and 1994-1995 winter to monitor the magnitude of the tenting phenomenon.
Minor tenting was observed. However, an asphalt overlay was placed over the test site



during the summer of 1995, and further monitoring of surface elevations was
discontinued.

Pavement elevation surveys were also conducted at Site 2 during the 1993-1994 winter.
The magnitude of tenting was minimal, nevertheless a second test pit was excavated in
March 1994, in-situ tests were conducted, and base course samples were collected for
laboratory analysis.

Phase | Observations

General: Phase | observations are briefly summarized in the following section.
Additional photos, discussion, and associated graphs and data are provided in areport by
Kestler and Berg (1995) prepared for NHDOT.

Elevation Surveys: Vertical displacementsfor Site 2 during the 1993-1994 winter are
shown in Figure 3. The magnitude of tenting was approximately 3 cm (1.2 in.). Peaking
at the crack was unguestionable.

Vertical displacement immediately adjacent to the crack at Site 2 occurred during late fall
and early winter when the pavement experienced multiple freeze-thaw cycles. In contrast,
additional displacement during the month of February, which had only one thaw, was
uniform aong the entire 9.8 m (30 ft) long survey line. The additional uniform heave
most likely resulted from conventional frost heaving as frost penetrated deeper into the
pavement section. Thisindicated a possible correlation between tenting and some factor,
or combination of factors, such as freeze-thaw cycles or available water (a possible
transport medium), or the salt transported by the water. Unfortunately, surface elevation
surveys were not conducted frequently enough, nor were near-surface pavement
temperatures being monitored, thus conclusions could not be drawn.

Test pit excavation: Transverse pavement cracks, test pit markings, and a pavement
surface elevation survey grid at Site 1, but typical of al test sites, is shown in Figure 4a.
Test pit excavation necessitated removal of the 11 and 23 cm (4 and 9 in.) thick HMA
layers at Sites 1 and 2, respectively, with minimal disturbance to the surface of the
underlying base course. The surface of the base course at Site 1 immediately following
HMA removal during the first pit excavation is shown in Figure 4b. A well-defined
ridge-line conforming to the path of the crack was exposed. Observations resulting from
the pit excavation follow discussion of frost susceptible soils:

Casagrande (1938) found that frost susceptibility could be expressed as an empirical
function of grain size. Thisis still accepted today. Generally, soilswith 3 or more
percent (by weight) finer than .02 mm are frost susceptible. Gravel with 1-1/2 to 3% finer
than .02 mm may be frost susceptible. Uniform sandy soils can, however, have up to
10% by weight finer than .02 mm without being frost susceptible. Figure5 and Table 1



(TM 5-818-2/AFM 88-6, chap 4) show average rates of heave for gravels, sands, silts and
clays and frost design soil classifications, respectively.

Sieve and hydrometer analyses for base course samples close to the crack at Site 2 fell
within the low to medium range for frost susceptibility. While most samples from Site 1
ranged from 3.3 to 4.9% finer than .02 mm, two samples exhibited very high percentages
--11.2% and 17.9%. These corresponded to extremely high percentages (30+/-%) passing
the No 200 sieve. These two samples were taken from the ridge-line of very fine material
immediately beneath and filling the lower reaches of the crack within the HMA discussed
above (Figure 4). This material was appreciably more frost susceptible than the base
course. Itispossiblethat thisisthe result of fines being washed into the crack from road
salt-sand mix, plus degradation of the HMA at the crack. Although ridge-line material
might account for heave in the immediate vicinity of the crack, the quantity of material
composing thisridge is relatively small. It might be a contributor toward tenting, but
cannot explain tenting in itself.

No density or salinity trends were detected. However, as discussed above, elevation
surveys at one site, in combination with local environmental conditions (air and estimated
surface temperatures (Berg draft)), indicated that tenting might be related to freeze-thaw
cycling and road salt. The salt istransported by available water from snow-melt or rain
and surface/near-surface freeze-thaw cycles. These cycles occur at varying temperatures
and varying distances from the crack because of road salt induced freezing point
depression. Because information was insufficient from Phase |, an extended, more
comprehensive Phase I study was recommended and launched.

PHASE I
General

Transverse crack sites selected for Phase |1 monitoring are shown in Figure 2.
Monitoring sites include two transverse cracks on the westbound lane of Route 112 in
North Woodstock, NH (Site 3), and several transverse cracks on Interstate 89 (1-89) near
the Sutton/Warner town line, NH (Sites 4a-c). Sites4aand b (including afew cracks
each) are located on the south-bound passing lane, and site 4c is located on the
northbound passing lane.

In 1996, Sites 3 and 4 were instrumented with thermistors to monitor subsurface
temperatures. Additionally, site 4c was instrumented with Vitel hydra soil moisture
sensors (Vitel 1994, Kestler et al. 1999, Kestler et al. 1997, and Kestler et al. draft) to
monitor subsurface moisture, salinity, temperature, and freezing point depression. A brief
construction report and corresponding plan and profile of Vitel hydra soil moisture
sensors are provided in Appendix A. Appendix B provides additional information on the
Vitel hydra soil moisture sensor as well as sketches/photos of the soil moisture sensor. A
Campbell datalogger recorded both thermistor and Vitel dataafew timesdaily. Test pits
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were excavated at sites 3 and 4c at the end of the 1996-1997 freeze season, and pavement
elevation surveys were conducted approximately every other week.

Discussion of Phasel |

Surface manifestation: Site 4 pavement elevations through the 1996-1997 winter are
shown in Figure 6. Maximum vertical displacement was 1.5 cm (0.6 in). While the
maghnitude of heave islower than values observed in the past, data show nearly an order
of magnitude more displacement immediately adjacent to the crack than at distances over
2m (6.6 ft) away. Thisclearly indicates heave activity by some winter-related
phenomenon. Appendix C provides figures showing progression of tenting at each of the
site 4 cracks (labeled as 4¢ northbound, 4c¢[2] northbound, 4b [a series of cracks on the
southbound lane], 48[ 1] southbound, and 44] 2] southbound) throughout the 1995-1996
and 1996-1997 winters. Note that the cracks on the southbound lane of 1-89 had been
sealed with a crack sealer. The magnitude of tenting was slightly less than open cracks.
However, it is assumed that some salt still remained in the base course in the vicinity of
the crack from before the cracks were sealed, and also that additional salt infiltrated into
the cracks where the crack was not perfectly sealed.

Salinity: Salinities of base course samples collected during the 1997 springtime test pit
excavation provided information about salt concentration that was believed would enable
correlations between salinity-induced freezing point depression and vertical displacement
over time. Salt concentration was significantly less at substantial vertical and horizontal
distances from the HMA crack, as would be expected for contaminant flow. However,
concentration was not a simple function of distance from the crack. Resultsfrom
laboratory testing indicated seemingly random fluctuations in salt content with increasing
distance from the crack (Appendix D). This pattern, or rather lack of, was an indicator of
the complex history of freezing and thawing of the salt contaminated base course material
at varying temperatures and varying vertical and horizontal distances from the HMA
crack. Additionally, salt application rate varied thereby causing an additional fluctuation.
Laboratory testing in which temperature and application rate of salt are controlled would
be necessary to separate variables and detect salinity patterns.

DISCUSSION
Freezing Processin the Presence of Road Salt

The following is based on Shober’swork (1971). Subsurface temperatures, frozen/non-
frozen ground conditions, and salinities from the NH field test sites conform to such
rationale: Figures 7a-d are asimplification of afigure provided by Shober: Curveson
the left side show subsurface temperature gradients as freezing and thawing occur.
Progressive cross sections of the soil are provided on theright. Figure 7a shows an initial
freezing gradient (left) and corresponding state of ground (right). Then assume athaw
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setsin. The new freezing gradient and corresponding state of ground are shown in Figure
7b. Figure 7b (right) also shows a superimposed salinity concentration at time t, after the
salt-laden surface water (carrying the salt-sand mix) entersinto the crack in the pavement
surface, and infiltrates into the thawed base course. Now assume another freeze cycle.
The progressive freezing gradient and state of ground are shown in Figure 7c. Note,
because of the presence of salt and the associated freezing point depression, the soil no
longer freezes uniformly downward and perpendicular to the temperature gradient.
Rather the freezing front proceeds in a non-linear fashion with different regions of base
course freezing at different temperatures as shown by hashed shading. Figure 7d shows
temperature gradient and state of ground as freezing continues. If freezing were to occur
from the surface downward, as in the absence of afreezing point depressing agent, the
source of water would be cut off from the crack, and the tenting process could not occur.
However, in the presence of this ongoing water source , small ice lenses, which are
responsible for heaving (or, in this case, tenting because it occurs only at the crack),
accumulate at the freezing front.

Salt Solution Phase Diagram

To add yet additional complexity to the above process, consider the phase diagram for
salt brine (Figure 8). When salt solutions of less than 23.3% freeze, pure ice freezes out
leaving saturated brine. Consequently, the highest concentration salt solution (which
occurs at the entrance to the crack) will not remain the highest, but rather be at alower
concentration than the saturated brine that remains as the salt solution freezes. This
becomes more complicated as the salt solution dissipates through unfrozen soil to areas of
lower salt concentration while air and surface temperatures change. Based upon both the
phase diagram and the manner in which a salt contaminated base course freezes (as air
temperatures fluctuates and freezing point depression governs freezing), it is not difficult
to understand why salt content can fluctuate without any definitive pattern as was the case
in samples tested following pit excavations (Appendix D).

Summer Tenting

The following theorizes why tenting does not always fully disappear during the summer:
In the presence of fluctuating air temperatures and changing concentrations of road salt
through repeated application for snow and ice control, the HMA to either side of the
crack islifted by ice pressure. Sand from the road salt-sand mix continually enters the
crack asthaw cycles occur. This exacerbates the localized heaving problem if the salt-
sand mix for ice control has a high percentage of fines. This aso increases the amount of
material, aswell as the frost susceptibility of sand immediately beneath the HMA crack.

1) Thiscould explain the higher percentages of finesin the immediate vicinity of the
crack during pit excavations.

12



2) It could also explain why tenting is generally worse in the passing lane and shoulder
than in the travel lane. Constant traffic may accel erate/hasten settling and
conformance of the HMA dlab to underlying base course before sand can make its
way into any void between the HMA and base course at the crack.

3) Finally, it could explain why tenting does not always completely disappear during the
summer.

Moreon Tenting

Taking these theories yet a step further, an independent, similar study is also being
conducted in Quebec, Canada, where some highways exhibit as much as 70 mm (3in.)
tenting by the end of atypical winter. Dore et el. (1997) hypothesized that:

1) Salt concentration gradient and the resulting freezing point depression gradient can
take the place of thermal gradient (Konrad and Morgenstern 1980) required for ice
segregation (i.e., frost heaving) to occur in salt free frost susceptible soils (in full
conformance with above theories), and

2) Salt concentration gradient can also contribute to increasing frost susceptibility of non
frost susceptible granular materials.

Dore and others (Dore et a. 1997) isothermally cooled 76 mm (3 in.) diameter cylindrical
samples of both salt free material and material comprising layers of increasing salinity
control. Salt free control samples showed no heaving, yet samples with saline gradients
exhibited maximum heave rates of 6 mm (0.24 in.) per day. This proved that salt
concentration gradient and the resulting freezing point depression gradient can take the
place of thermal gradient required for ice segregation to occur in salt free soils.

While Phase Il observations do not specifically address the above hypotheses, i.e.,
controlled laboratory conditions would have been necessary, observations unquestionably
support them. It is believed that the Dore et al. hypotheses and lab test results combined
with additional theories on the salt-sand mix entering the crack during localized thawing
(also caused by the salt having lowered the freezing point depression) devel oped during
NHDOT/CRREL Phase | and Il could provide the explanation of the complex
mechanisms responsible for tenting.

Survey of Other DOTs and Geographical Occurrence of Tenting

Conversations with representatives from State, Federal, and private agencies and
organizations in northern United States, Canada, and northern Europe indicate tenting
occurs in some seasonal frost areas, yet seemingly not in others. A telephone survey was
conducted of state DOTSs to determine which states experience, or do not experience,
winter pavement tenting, and what these states have in common,; e.g., type of road salt
(Sodium Chloride, Potassium Chloride, etc.), typical road salt application rates, typical
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gradation of sand in road salt-sand mix, specified base course gradation, etc. The specific
guestions and responses are provided in Appendix E. Most northern states responded that
they did not have problems with tenting. However, Quebec and Minnesota report they
have, at times and particular locations, observed severe tenting. Tenting in Minnesota has
been so severe that they are considering follow-up research. Tenting has al'so been
observed in Vermont, Maine, Wisconsin, and West Virginia. Unfortunately, information
necessary to determine what factor tenting states (and provinces) had in common with
each other, and not with non-tenting states, was not available, so we cannot ook toward
thisinformation as an aid in recommending preventive measures. One important piece of
information that was simply not available from State DOTs without further testing is the
grain size distribution of hydrometer size particles for the road salt-sand mix. Nor is
information on grain size distribution as aresult of wear of particlesavailable. As
discussed earlier, percent of particles smaller than .02 mm (detectable only by hydrometer
testing) is correlated to frost susceptibility. However, specifications for road sand never
refer to particle sizes that require hydrometer testing.

It is believed that tenting has also been observed in states that responded negatively to the
survey, but the particular survey recipient was unaware of tenting. It should be noted that
informal conversations with USDA Forest Service representatives indicate that
significant tenting has been observed in localized areas of Michigan, but not in others. It
is believed that this can be attributed to the higher salt use in regions that have observed
tenting. Other unofficial observations have been reported in Montana and M assachusetts.
Many states that experience tenting simply attribute it to water getting into the cracks.

SUMMARY

To identify the causes and mechanics of winter tenting, Phase | test pits were excavated
and samples collected at two sites where transverse pavement cracks had exhibited
tenting in past years. A ridge-line of very fine, highly frost susceptible material was
exposed during pit excavation at both sites atop the base course, conforming to the path
of each crack. Thisfine material, plus Phase | pavement elevation surveys hinted that
near-surface freeze-thaw cycles and available water (including free water or water in
unfrozen soil serving as atransport medium of salt) might be correlated to tenting.

A more comprehensive Phase |1 test program was launched that included bi-weekly
pavement surface elevation surveys and subsurface instrumentation to monitor subsurface
temperature, moisture, salinity and freezing point depression. Additionally, large arrays
of base course samples were collected from pit excavations and tested for salinity.
Elevation surveys showed nearly an order of magnitude greater vertical displacement in
the immediate vicinity of the crack than just 2 m (6.6 ft) to either side.

Observations from the two phase test program on a dozen pavement cracks throughout

New Hampshire along with ongoing laboratory testing by Dore et al. in Quebec enabled
theories on the causes and mechanism behind tenting to be strengthened. In contrast to
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most frost related distresses that can be directly or indirectly attributed to subgrade
concerns, it was concluded that tenting observed in NH is a near-surface phenomenon.
Once the frost reaches an appreciable depth as determined by thermistors and other
temperature sensors, water migration from awater table or lower moist materia is sealed
off, and the crack in the HMA provides the only point of entry for water into the
pavement system. Tenting is believed to be the result of salt-contaminated base course
undergoing freezing in a non-uniform manner as this plentiful localized water source
continues to provide water.

When winter highway maintenance salt-sand mixes are applied to cracked pavements,
frost penetration does not progress vertically and uniformly into the pavement system.
Rather it progresses non-linearly and at varying lower temperatures than in nearby non-
salt-contaminated base material. If material of a higher salt concentration is near the
crack, material very close to the crack will remain unfrozen because of the freezing point
depression, and the crack allows additional water to enter the system. Thus, freezing and
thawing of material near the crack is governed by salt content/gradient. Aggravating the
situation, fine grain material from the road salt-sand mix also gets washed into the open
crack. The base course immediately adjacent to the crack material undergoes freeze thaw
cycling at temperatures different than the uncracked pavement. At the same time, salt
concentration in that vicinity continually changes as additional road salt is distributed for
snow and ice control as well as from saturated brine coming out of solution right at the
freezing front. When freezing does occur, the frost susceptible sand that infiltrated into
the crack heaves, then the system undergoes thaw consolidation. Additional road sand
can continue to enter through the HMA crack before traffic causes the HMA dlab to settle
and conform to the underlying base course. This can explain the higher percentage of
finesin the immediate vicinity of the crack during pit excavations, why tenting is
generaly worse in the passing lane and shoulder than in the travel lane, and why tenting
does not always completely disappear during the summer months. The heaving of an
otherwise non-frost susceptible base course material can be further explained by the work
done by Dore et a (Dore et a. 1997) which showed that salt concentration gradient and
the resulting freezing point depression gradient can take the place of thermal gradient
required for ice segregation to occur in salt free frost susceptible soils.

RECOMMENDATIONS

Conversations with representatives from State, Federal, and private agencies and
organizations in northern United States, Canada, and northern Europe indicate tenting
occurs in some seasonal frost areas, yet seemingly not in others. A more comprehensive
written survey should be distributed to better determine which locations experience, or do
not experience, winter pavement tenting. Questions should be similar to those of the
informal telephone conversations, i.e., what factors states with tenting have in common;
type of road salt (Sodium Chloride, Potassium Chloride, etc.), typical road salt
concentrations, typical gradation of sand in road salt-sand mix (both original and some
representative post trafficking gradations to account for wear), and specified base course
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gradation, etc. Additionally, hydrometer analyses should be conducted on samples of
material used in each state to estimate frost susceptibility.

Additional laboratory testing, which enables isolation of variables, should be conducted
to determine salinity gradients, soil gradations, and combinations of the two that
maximize and minimize salinity-gradient-driven heaving.

For tenting pavements, mitigating measures include removal and replacement of salt-
contaminated base course or mixing/grading salt-contaminated base course, then re-
surfacing. Alternately, crack sealing and overlays at least prevent additional salt water
intrusion. However, when pavements are overlaid, reflection cracking often occurs, and
the cycle of intrusion of road salt into cracks continues.
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Figure 3. Vertical displacement at Site 2 during the 1993-1994 winter.
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a. Site1—transverse cracks and surface elevation grid (longer than typical 30 ft grid).

Figure 4. Test site and excavation pit.
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b. Site 1 — surface of base course during pit excavation.

Figure 4. Test site and excavation pit.
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Table 1. Frost design soil classification.

Typical soil types
Percentage finer than  under Unified Soil

Frost group Kind of Soil 0.02 mm by weight  Classification System
NSF** (a) Gravels 0-1.5 GW, GP
Crushed stone
Crushed rock
(b) Sands 0-3 SwW, SP
PFSt (a) Gravels 1.5-3 GW, GP
Crushed stone
Crushed rock
(b) Sands 3-10 SW, Sp
St Gravelly soils 3-6 GW, GP, GW-GM, GP-GM
S2 Sandy soils 3-6 SW, SP, SW-SM, SP-SM
Fl1 Gravelly soils 6-10 GM, GW-GM, GP-GM
F2 (a) Gravelly soils 10-20 GM, GW-GM, GP-GM
(b) Sands 6-15 SM, SW-SM, SP-SM
F3 (a) Gravelly soils Over 20 GM, GC
(b) Sands, except very Over 15 SM, SC
fine silty sands
(c) Clays, PI> 12 — CL,CH
F4 (a) All silts —_ ML, MH
(b) Very fine silty sands Over IS SM
(c) Clays, PI > 12 — CL, CL-ML
(d) Varved clays and other — CL,CL-ML
fine-grained, banded CLand ML
sediments CL, ML, and SM
CL, CH, and ML
CL, CH, ML and SM

**Non-frost-susceptible.

tPossibly frost-susceptible, but requires laboratory test to determine frost design soils classification.

U.S. Army Corps of Engineers
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Appendix A

Installation of Vitel Hydra Moisture Sensors, 1-89, Northbound Lane
Construction Report, Plan, and Profile
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instrumentation Installed in |-89 Northbound Lane Test Pit on December 20, 1996

On December 20 1996, representatives from the Cold Regions Research and
Engineering Laboratory (CRREL) and the New Hampshire Department of Transportation
(NHDOT) met onsite to excavate a test pit and install instrumentation on the north-bound
lane of Interstate 89 (1-89). The test pit was drilled at a crack in the passing lane which
had been previously selected for testing and monitoring based on observed tenting. The
sealer used to initially close the crack was removed before drilling began. A Mobile B-53
Drill Rig was used to excavate the pit - a series of four 8 inch overlapping circular borings
approximately 4 feet deep (Figure A-1), A monitoring boring was also drilled 18.1 feet

north of the crack, connected by a wide saw cut.

14 radio frequency probes (RF probe) were installed in the test pit to monitor
moisture and salinity in the base over time. One RF probe was placed in the control
boring located 18 feet north from the crack. An elevation survey was taken at each RF
probe placement. The probes were arranged along the length of the pit ranging 0 to 14
inches from the crack, and at different elevations ranging 9.3 to 46.6 inches from the
pavement surface (Figure #2). A Campbell Datalogger will record the moisture, temp, & salinity
twice a day and be downloaded weekly. By measuring the moisture concentration in the
soil and conducting pavement elevation surveys, a relationship among salinity, temp, moisture,

freeze-thaw cycles, and tenting is to be determined.
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Appendix B

Vitel Hydra Soil Moisture Sensors (Radio Frequency Probes)
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Description of the Vitel Hydra Soil Moisture Sensor: Excerpt from Kestler et a. (1997)

THEORY

The Vitel probe measures the dielectric constant of a soil which has been shown by along
line of researchers to be related to the soil’ s volumetric water content (Roth et al. 1990,
Schofield, et al. 1994, Kaya et a.1994, Topp et a. 1994). Because the dielectric constant
of water (80) is so much greater than that of soil particles (4) or air (1), the contribution of
water dominates the overall dielectric constant of the soil-water-air mixture. Because the
soil’ s contribution to the overall dielectric constant does not change (only the amount due
to water changes as the moisture changes), soil moisture content can be readily
determined. A thorough discussion of dielectric properties of moist soilsis provided in
Campbell (1988).

EQUIPMENT
Probe

Shown in Figure A-1, the moisture sensor / probe was originally developed by Dartmouth
College and the US Army Cold Regions Research and Engineering Laboratory (CRREL),
both located in Hanover, NH, in the 1980’s. It was then further modified by, and is now
commercialy available from, Vitel, Inc. (Vitel, 1994) (Figure A-2). Inthe ensuing
discussion, the origina probeisreferred to as the CRREL-Dartmouth probe, and the
commercialy available probe as the Vitel probe or sensor.

The original CRREL-Dartmouth probe and the Vitel probe function essentially
identically. The mgor differenceisthat the electronics required to make the
measurements were located in a“black” box for the CRREL-Dartmouth probe and have
been miniaturized and placed in the probe head for the Vitel probe. High frequency (50
MHz) complex dielectric constant measurements enable determination of both soil
moisture and salinity. Soil moisture is determined from the capacitive part of the soil’s
electrical response and salinity from the conductive part. The manufacturer’s literature
indicates volumetric water content is accurate within +/- 2% (Vitel, 1994).

As shown in Figure A-3, the probe consists of a multi-conductor cable, a probe head and
probe sensing tines. The effective volume of soil sensed is cylindrical, bound by the
outer three tines, probe head, and open end of tines (approximately 3.2 cm [1.25in.]
diameter x 5.8 cm [2.25in.] length). A thermistor islocated in the probe head to measure
temperature. The probe and cable should be protected from solvents, oils/grease and
strong oxidizing or reducing agents. The probe will operate from -10°C (14 °F) to +65°C
(149 °F). Below -10°C, the probe will provide unreliable values but will not be damaged
until -40°C (-40°F). Using the probe above +65°C (149 °F) can result in permanent
damage.
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The probe requires a7 to 30 volt DC supply voltage with a preferred range of 7-12 VDC.
The probe draws 35 to 40 mA which isafairly high current demand. The probe outputs
four voltages, V1, V2, V3, and V4 which are 0-5 VDC signals. V1to V3 areused to
determine the water content and salinity of the soil and V4 is used to determine
temperature.

The cost of an individual Vitel probe with 10 ft of cable and a connector to mate with the
Vitel Hydralogger is $295 (1997 price).
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Figure B-2. Radio frequency (RF) probe.
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Figure B-3. Radio frequency (RF) probe with hydralogger.
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Appendix C

Progression of Tenting on I-89,
1995-1996 and 1996-1997 Winters
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Appendix D

Salinity as a (Seemingly Random) Function of Distance from Crack
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Figure D-1. Salinity — Route 112, x axis = depth from surface, y axis = salinity.
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Appendix E

Resultsfrom Informal Survey of
(Northern) State Departments of Transportation
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Informal Telephone Survey Conducted of Northern State DOTs

1. Any occurrence of winter tenting?

2. Incidence of occurrence? (i.e., observed during winter with many freeze-thaw cycles,
on roads on which salt is more heavily used, only in the northern part of the state, during
winters with alot of snow, or on sloped sections of road more often than along flat
sections, etc.)?

3. Theories on causes? (skipped if inferred as part of response to last question).

4. Salt use? (Approximate application rate —i.e., Ibs. per mile, or truckloads per mile). Or
is another de-icing agent used instead of sodium chloride?

5. Sand-salt mix -- proportions of each.
6. Sand gradation for road sand-salt mix: What % is finer than .02 mm?
7. Base course specifications: What % is finer than .02mm?

8. Other comments.
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Winter Tenting Survey
22 Sept 98

01-Keith Lane Ph: 860-258-0371 | No, 0-5% (-200)
CT Dept of Trans Fx: 860-258-0399
Office of Research & Mat
280 W Street

Rocky Hill, CT 06067

02-Charles Briggs Ph: 502-564-4556 | No, Did not get information on %(-200).
KY Dept Highways Fx; 502-564-6640
Div of Operations

Frankfort , KY 40622

03-GR Wertz Ph: 803-734-1290 | No, Did not get information on %(-200).
Director of Maintenance
PO Box 191

Columbia, SC 29202

04-Pete Byers 405-521-4675
Assistant Dir of Ops
Oklahoma DOT

200 N.E. 21* Street
Oklahoma City, OK 73105

05-Edward Cox Ph: 317-232-5507 | No, Did not get information on %(-200).
Indianna DOT © | Fx: 317-232-5551
Hwy Support Manager
100 N Senate Ave. N 925
Indianapolis, IN 46204

06-Joe Doherty Ph: 518-485-7271 | No, will fax sand specs
Trans Operation Div
Bldg 5 Rm 312

5 Harriman State Campus
Albany, NY 12232

07-Eric Johnson Ph: 907-269-6242 | No, 2% (-200) Of the 2%(-200) 50% finer than 0.02mm
5800 E. Tudor Rd. Fx: 907-269-6231
Anchorage, AK 99507

08-Ed Fink Ph: 303-757-9536
State Maintenance Office Fx: 303-757-9719
1325 S. Colorado Blvd
Suite 770B

Denver, Co 80222

09-Lynn Millard/D. Anderson | Ph: 801-965-4377
4501 S. 2700 Way Fx: 801-965-4796
SLC, UT 84114

10-Michael J. Young Ph: 605-773-3704 | No, 0-10% (-200) is acceptable
700 E Broadway Fx: 605-773-3421
Pierre, SD 57501

11-Brian Picard Ph: 207-287-2661 | Yes, 20 miles north of Augusta Rt 11 and North of Bangor. Not a
M&O Fx: 207623-2526 | problem. Very little maintenance. 3-12% (-200)

16 State House Station
Augusta, Me 04333-0016

12-Mike Hedges Ph: 802-828-2793 | Testing-Allan Schneck(828-2561)
Vermont Agency of Trans Fx: 802-828-2848
133 State Street

Montpelier, VT 05633
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13-Al Hammonds

WYV Highway Operations Div
Rm 350A

1900 Kanawha Blvd East
Charleston, WV 25305

Ph:
Fx:

304-558-2901
304-558-2912

Yes, but with 7-10” concrete base course, all interstate system-
approx 2,000 miles, up to %4” crack

14-Greg Buterbaugh, RPS

55 Walnut Street

7% Floor Forum Place, BOMO
Harrisburg, PA 17101-1900

Ph:
Fx:

717-787-6522
717-787-7839

No, 4-5% (-200)

15-Ed Ryen
NDDOT-Maint Div

608 E. Boulevard Ave
Bismark, ND 58505-0700

Ph:
Fx:

701-328-4274
701-328-4623

16-David Spangenberg
Mich DOT

PO Box

Lansing, M1 48917

Ph:

517-373-7682

17-Thomas Martinelli Ph: 608-266-3745 | Yes, Jim Voborski
WI DOT Bureau of Hwy Ops | Fx: 608-267-7856

PO Box 7986, Rm 951 Ph: 715-365-5733

Madison W1, 53707-7986

18-John Selmer Ph: 515-239-1589

1A DOT Fx: 515-239-1005

800 Lincoln Way

Ames 1A, 50010

19-Thor Dyson Ph: 702-834-8300

1263 S Stewert St

Carson City NV, 8971277?

20-Paul M. Cammack 1 Ph: 402-479-4542

PO Box 94759 Fx: 402-479-3918

Lincoln, NE 60509-4759

21-Richard R. Stapp, P.E. Ph: 307-777-4456 ‘| No, 0-10% (-200)
P.O. Box 1708 Fx: 307-777-4765

Cheyenne, Wy 82003-1708

22-Jeff Gower Ph: 503-986-3123 | No, use liquid de-icer.
800 Airport Rd. Fx: 503-986-3096

Salem, OR 97310
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Appendix E cont’d:
Gradation specifications provided by several statesin response to telephone survey.
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STATE OF NEW HAMPSHIRE

DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS
MATERIALS AND RESEARCH DIVISION

GRAIN SIZE ANALYSIS

(MECHANICAL)

PRU.JECT

PROJECT 0.
LABORATCRY NO. /¢ FIELD NO.

TYPE OF YATERIAL L ppe@f PURPOSE USED (ITEM)

SURMITIED 3Y 2, Peplims REPORT TO

SMULED | 5775 . 19 FROM  C ook QUANTITY REPRESENTED

SOLRCE OF MATERIAL 4 .~y & fwca

00 Nopericed UT

TESTED BY K. pferKins

DATE 5: //-27/ 2

EXAMINE FOR
Total WelTEST NO. /2 Toral Wel TEST NO.
Sample Sample . |
3:2 Accum. Percent |Percent ||In Total Accum. Percent | Percent |{In Tntaﬂ
et g Weight Retained|Passing [|Percent - Neight Retained| Passing {Percent |
5{(_’:(9 Retained Passing ieie Retained ' Passing |
3" 3"
- |17 | ¢ 74 .
L | 500 /4 g7 11/ )
" 7.4 .2 } 77 "
3/u" 3/4"
v | 78 | 3] &7 2720
3/8" 3/8"
pa 2./ | 378 2.2 #4
Fractured Fractured
Faces Faces
rotal Wt | Minus #4 Fraction In Tot Total Wel_Minus #4 Fraction n Taral
Sample «{ Sampie
5__7/:&_ Accum. Percent | PercentliPercent Accum. Percent |Percent {Percent
4 Weight |Retained] Passing||Passing - Weight Retained|Passing }Passing
Sieve |Reotained Sieve |p_ ., inzd
Size R Size VTRl
#10 & | Y f& #10
#20 232 | o #20
#40 3765 44 24 #40
#100 Sy6 | §7 '/ #100
1200 | S96.% 745 S0 3.4 #200
Percent Percent
Moisture Moisture
REMARKS :

MER-1
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CONNECTICUT DEPARTMENT CF TRANSPORTATION
BUREAU OF ENGINEERING AND HIGHWAY OPERATIONS

SPECIFICATION FOR
COVER SAND FOR SNOW AND ICE CONTROL
REFERENCE FILE NUMBER 182-F

Issued March 12, 1876
Revised June 1, 1998

SCOPE: This specification applies to cover sand for snow and ice control.
DESCRIPTION: This sand shall consist of clean, hard, durable and uncoated
particles of quartz or other rock and shall be free from lumps of clay, soft
or flaky material, loam or other detrimental material.

The sand shall contain not more than five percent (5%) of material finer
than the 75 pm sieve, using RASHTO Method T 11.

The sand shall conform to the following gradation requirements:

Square Mesh Sieve % Passing By Mass
9.5 mm 100
4.75 mm 70-100
300 um 0-40
150 pm 0-15
Material
finer than 75 pm 0-5

Washed Sand: If washed sand is supplied, it shall be stockpiled at least
twenty-four (24) hours before use.

In no case shall sand be used that contains frozen lumps or other
detrimental material.
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Rev. 4-95

AITACHMENT C

UTAH DEPARTMENT OF TRANSPORTATION
DRSLICKING GRIT TYPR II
SPECIFICATIONS

Deslicking grit shall consist of a natural stone or manufactured
abrasive material conforming to the following requiremenctcs:

a)

b

c)

a)

The aggregate shall be either a natural or manufactured
product which shall have no more than two (2%) by weight of
vegetrable mattar or other deleterious subetance.

That portion of the fine aggregate passing the No. 40 sieve
shall be nom-plastic when tested in accordance with AASHTO
Pesignation T-90.

The portion of fine aggregate passing the No. 200 sieve shall
be determined by washing with water in accordance with BASHTO

Designation T-11.

The dry wineral aggragate shall be of such gize to meet one
of the fallowing gradation specifications.

GEADATIONS
Locese Unit Weight
40-60 3h/ft?  60-R0 1b/fr®  £0-200 1b/fr® 100-125 1b/?

Screen Passging

L Sl
3/8"
1/4™"
#4
#8
#200

e)

£}

100 100 --- ---
- 85-100 90-100 100 100
hhatd -—— 80-10G 95-100
- 60-~-10C 60-1Ga 45-100 45-100
- 15-75% 15-75 30-80 30-80
- 0-10 1-10 0-15 0-1%

The dry unit weight of the material shall be between 40
1b/ft® and 125 1b/ft > when measured according to the looae
weight determination as described in AASHTO Designation T-19.
The moisture content shall be determined according to ASTM D-
2216

The material shall bave a sand equivalency of 60 or greater
when tested in accordance with Utah Department o
Transportation's (UDOT} Materials Manual, Part B Sand
Bquivalency Test, 9-938.
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STOCKPILE METHODS
DESLICKING GRIT

Stockpilemethod-'[hcmothndforstod:pﬂhgmubespeciﬁcdmeachwnttauforcachmion.
The method will be cne of the following: S

Q)

@

3)

Stockpile by butting loads - Stackpiles shall be built at designated locations.
Suppliurmyﬂsewdd:mms,mddumpsmdpups,orbe&ydmnpstolmﬂmmial
End&mploadssbnﬂbcbumdoneasnimdwotberhwchammmutomzpy
as small a total stockpile area as possthle. If the supplier elects to vse belly dumps
or pups he must supply equipment to keep the stockpile pushed up to cover an area
nolaxga-thangsifhehaﬂusedemdmnps. It, tor any reason, the Engineer is not
sarigfied with the stockpiling, the supplier will be responsibie to reshape the
stockpile to an acceptable configuration. fUDOT personne] are forced to reshape
the stockpile, the cost of reshaping will be deducted from the contract.

Stockpile by supplier furnished londer - Stockpiles shall be built at designated
locations.  Supplier may use end dumps, end dumps and pups or belly dumps.  Each
load will be placed and *bucked up” by a supplier furnisbed loader and operator.
Smdq:ﬂunﬂlbebm’hwowasﬁﬂespmaspossﬂﬂeand‘&mkedup"toa
nniform 10 foot height I, for any reason, the Engineer is not satisfied with the
stockpiling, the supplier will be responsible to reshape the stockpile to an acceptable
configuration. If UDOT personnel are forced to reshape the stockpile, the cost of
reshaping will be deducted from the contract.

Stockpile by state forces shaping pile - Stockpiles shafl be built at designated
iocations. Supplier may use end dumps, end dumps and pups or belly dumps. The
stockpiles will be shaped by state forces.



Deslicking Grit (Cont.)
Page 2

9} The deslicking grit sball be sampled and tested in s8tockpiles
at maintenance staciong to determdne < lizance with
gradacion specifications. Out of specification material wilil
be rejected and ordered to be removed. The. supplier shall
not be paid for any such material or its removal costs.

Method of Measurement - The material will be paid for by the cubic yard
with the guantities to be determined using one of the following
mathodg =

1) The following formmla is to be used to convert pounds of material
to cubic yards of material.

Cubic Yards = _. W- (KM
ma7

W= Weight of material delivered determined from weight
tickets.

M= Percent moigture determined form samples taken when
delivered.

U= Unit weight of material as determined in part (e} above.
This factor shall be determined from samples obtained by the UDOT
Region Materials Lab closest to the source. The determination for the -
value of this factor shalil be made and agreed upom prior to
cammencement of hauling operations. Once determined and agreed upon
this factor shall be used far the entire contreact.

2) The Contractor will place the material in a uniform stockpiled of
such configuration to allow for accurate field measurement. The
camputation of quantities will be the sole responsibility of the
UDOT EBngineer.

55



TO C4I/‘/( _{,b,/ C;'ﬁso/é”(/ﬂeed PHONE

(&75)
FROM J'Q_D,,AVA, AYSDo7 PHONE_%<-222/-

PAGES = (including cover sheet) DATEM‘
7/—14/9}

COMMENTS /A ofbhed 2 shechk sme oun LY

/trs 74"' ”04/ 540/4/44/(/7(/04: "5740’(
)«’* 57$)<: “Seg 4 "‘w/é)(/ 5 4"‘/64/(/‘ /A

ﬂoﬁ)“t/q,,,gsf Freay (Oﬂ/'

kyzofg 7 ‘2 do/ ‘//7/?"
0 /) vse g jmm/ /c:/t’f 5 6,,/ Vc"

/’9/':/; <

56




- DO _NOT USE FOR BID ELIGIBILITY -

REJECTION GRADATION SHEET *+

PERCENT PASSING PENALTY
GRADATION SIEVE SIZE REJECTION GRADATION FACTOR
i/2" 100 -
3/8" 95-100 1
A B4 70-100 1
#50 0-22 2
4200 0-5 5
1/2= ‘ 100 -
3/8" 95-100 1
B g6 70-100 1
#50 0-30 2
#200 0-8 5
/2= 100 -
3/8" 95-100 1
c #4 70-100 1
#50 0-40 2
#200 0-8 5

**NOTE: THE ABOVE TABLE IS NOT TO BE USED TO DETERMINE BID ELIGIBILITY

(SEE SPECIFICATION GRADATION SHEET FOR THAT USE). REJECTION GRADATION

IS USED TO DETERMINE THE ACCEPTABILITY OF DELIVERED MATERIAL AND CALCULATE
APPLICABLE REDUCED PAYMENT.
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-USE FOR BID ELIGIBILITY -

SPECIFICATION GRADATION SHEET+*

PERCENT PASSING

SPECIFICATION
GRADATION SIEVE SIZE GRADATION
1/2" 100
3/8" 100
A #4 80-100
250 0-18
#200 0-3
1/2" 100
3/8" 100
B #a 80-100
#50 0-25
#200 0-5
/2~ . 100
3/g~ 100
Cc #6 80-100
#50 0-35
#200 0.5

*NOTE: THE ABOVE TABLE IS TO BE USED FOR DETERMINING BID
ELIGIBILITY. TO BE ACCEPTABLE, THE GRADATION ANALYSIS
SUBMITTED WITH THE BID MUST SHOW THAT THE PROPOSED SOURCE
MEETS THE ABOVE SPECIFICATIONS.
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Commonwealth
of Pennsylvania

Department f y M\\
of Transportation \ “‘]

From the Desk of

Greg Buterbaugh, Roadway Programs Specialist
Bureau of Maintenance & Operations

555 Walnut Street - 7th Floor Forum Place
Harrisburg, PA 17101-1900

Phone: 717-787-6522 -- FAX 717-787-7839

To: @harl.e gwu‘ul -

Number of pages including cover: =

703.4 ANTI-SKID MATERIAL —

(a) General. Furnish material, from a supplier listed in Bulietin 14, mecting the
gradation of Table E for use on ice or snow-covered pavement surfaces. Only material
not containing substances such as metal or glass, substances which may be barmful
to automotive equipment and vehicles, and material reasonably free of deleterious
substances or foreign materials, will be acceptable. Deleterious substances or foreign
materials include, but are not limited to, dirt, shale, slate, incinerated bituminous coal
mine waste, and as listed in Section 703.2(e), Table B, Type C.

(b) Description.

1. Types 1 and 1A. Cinders (dry bottom ash), coke, boiler slag (wet bottom ash),
or a combination of these. Boiler slag is the glass residue of water-quenched molten
ash, obtained from coal-burning boilers.

Meet the following requirements:

* an air-dry loose weight of not less than 35 pounds per cubic foot, as
determined in accordance with PTM No. 609;
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703.4(b) Aggregate 703.4(c)

¢ Type 1, having a unit weight of 76 pounds per cubic foot or less, or Type
1A, having a unit weight of more than 76 pounds per cubic foot;

e crushed brick, crushed stone, slag, or gravel may be present in amounts not
exceeding a total of 3% by weight, as determined by the weight of this
material retained on the 1/2-inch sieve and by the total dry weight of the
sample; and

e unburned or partially burned coal may be present in amounts not exceeding
7% by weight, as determined by the weight of this material retained on the
3/8-inch sieve and by the total dry weight of the sample.

2. Type 2. Crushed stone, crushed gravel, or crushed slag, meeting the following
requirements:

« Not exceeding 105 Ibs. per cubic foot;

» Los Angeles Abrasion loss, not exceeding 55% by weight, as determined
in accordance with AASHTO-T96, Gradation D; and

e When crushed gravel is furnished, not less than 85% of the fragments
retained on the #8 sieve are required to be crushed, one face, as determined
in accordance with PTM No. 621.

3. Types 3, 3A, and 3B. Either patural sand, with not less than 35% of the
material retained on the #8 sieve being crushed fragments, as determined in
accordance with PTM No. 621; or manufactured sand, except limestone sand; or a
combination of these.

4. Type 6S. Crushed stone, crushed gravel, or crushed slag meeting the following
requirements:

* Not exceeding 105 1bs. per cubic foot;

« Los Angeles Abrasion loss not exceeding 55% by weight as determined in
accordance with AASHTO-T96, Gradation D; and

e When crushed gravel is furnished, not less than 60% of the fragments
retained on the #4 sieve are required to be crushed, one face, as i
in accordance with PTM No. 621.

(c) Gradations. Conforming to the gradation of Table E, as determined in
accordance with PTM No. 624.
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703.4(c)

Aggregate

703.4(d)

TABLE E — ANTI-SKID GRADATION

Maximum Perceat Passing

Anti-Skid L2
Type { 1/4" 34" | 112¢ 3/8" #4 #8 | #50 1#100 F2000

Type 1 100 70 | 18

Type 1A 100 |90-100 55|18

Type 2 100 | 95-100 30 8

Type 3 100 85 8

Type 3A 100 sS 8

Type 3B 100 |85-100 | ss 5 |4

Type 6S 100 3585 | 55 8 |5+

* As determined by PTM No. 100

(d) Testing. Test material for moisture content when shipping to Department
stockpiles. Conduct tests, in accordance with PTM No. 513. Have the results verified
by a Department representative. A minimum of two tests per day is required. When
conditions exist which would cause a change in moisture content, additional tests are
required. Document tests at the end of delivery tonnage at the end of the day and
determine the average moisture content. An adjustment of the delivery tonnage will
be required, based on the average moisture content. The percent of moisture will be
deducted from the aggregate tonnage shipped, and payment will be based oa the
calculated oven dry weight.
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