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Abstract

In 2011, the New Hampshire Department of Transportation (NHDOT) re-
constructed 2 miles of Pickering Road in Rochester. This included build-
ing three distinct reinforcement conditions: a geogrid reinforcement
within the granular base-course layer and no geotextile separator, a geo-
textile separator between the subgrade soil and the subbase course, and a
geogrid reinforcement within the granular base-course layer with a geotex-
tile separator between the subgrade and the subbase layer.

The Cold Regions Research and Engineering Laboratory (CRREL) con-
ducted a series of falling weight deflectometer (FWD) tests to monitor
changes in layer moduli as the seasons changed. FWD tests occurred sev-
eral times throughout the year on selected locations along the reinforced
and non-reinforced (southern portion) pavement. Based on the seasonal
back-calculated moduli for 2014 and 2015 values, the reinforced geogrid
granular base-course layer provided higher moduli than the non-rein-
forced sections, and it appears that the aggregate layer thickness can be re-
duced to 33%—42% if the base course is reinforced with a geogrid mesh.
This higher stiffness should allow the pavement to withstand many more
traffic repetitions before fatigue cracking develops; and the geogrid should
minimize the influence on thermal cracking.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-
tation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

This document is disseminated under the sponsorship of the New Hampshire Department of Transportation (NHDOT)
and the Federal Highway Administration (FHWA) in the interest of information exchange. It does not constitute a stand-
ard, specification, or regulation. The NHDOT and FHWA assume no liability for the use of information contained in this
document.

The State of New Hampshire and the Federal Highway Administration do not endorse products, manufacturers, engineer-
ing firms, or software. Products, manufacturers, engineering firms, software, or proprietary trade names appearing in this
report are included only because they are considered essential to the objectives of the document.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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1.1

Introduction

By definition, all roadways and airfield pavements built in seasonal frost
areas undergo annual freeze—thaw cycles. During the spring thaw, the
pavement structure becomes weaker due to excess moisture content. Geo-
synthetics have been used to strengthen pavements with weak subgrade
soils; and geosynthetic materials, particularly geogrids, are in widespread
use for road applications to reinforce pavements, potentially reducing the
rate of distress during the structure’s service life. However, the reinforce-
ment’s performance and optimal benefits depend on the grid constituent
material, the mesh shape and size, geogrid material stiffness, and position
within the pavement structure. Higher pavement stiffness increases fa-
tigue resistance and reduces rutting.

The cost of the geogrid material is between $4 and $6 per sq yd, which is
equivalent to 1 in. of asphalt layer. The manufacturer (Tensar Interna-
tional Corporation) claims that the application of this product can reduce
asphalt layer thickness 15%—30% and aggregate layer thickness 25%—50%
and provides additional strength in comparison to the conventional sec-
tion. Through both laboratory and in situ investigations, many research-
ers (Hass et al. 1988; Cancelli and Montanelli 1999; Raymond and Ismail
2003; Kwon et al. 2008; Al-Qadi et al. 2008; Henry et al. 2009; Shu et al.
2014; Zornberg and Gupta 2009, 2010; Zornberg 2015; and many others)
have thoroughly studied its performance and optimal benefits as a rein-
forcement material, and it remains an important subject of debate.

Purpose and scope of project

In 2011, the New Hampshire Department of Transportation (NHDOT) re-
constructed 2 miles of Pickering Road in Rochester, NH (Figure 1). The
layer structure and thicknesses were kept constant along the 2 miles of
road. This project built three distinct reinforcement conditions. The
northernmost portion of the 2-mile road section included a geogrid rein-
forcement within the base-course layer” and no geotextile separator. The

* A base-course layer applies to the relatively stiff layer below the pavement surfacing layer (i.e., the as-
phalt concrete) constructed with aggregate materials to provide drainage or for rapid evacuation of in-
filtrated water in the pavement system. In this report, we use base, base layer, base course layer, and
granular base interchangeably.



ERDC/CRREL TR-15-17

southernmost portion of the road sections included a geotextile separator
between the subgrade soil and the subbase-course layer. The intermediate
section of the road included both a geogrid reinforcement within the base-
course layer and a geotextile separator between the subgrade and the sub-
base course. For half of the northernmost portion of the road, the geogrid
was placed 3 in. from the top of the granular base-course layer. For the
other half of the northernmost portion of the road, the geogrid reinforce-
ment was placed 6 in. below the top of the granular base-course layer.

The research study proposed that the U.S. Army Cold Regions Research
and Engineering Laboratory (CRREL)

a. conduct a series of falling weight deflectometer (FWD) tests on the re-
inforced base-course layer and the adjacent conventional pavement
sections once in the summer (representing a normal condition), fall,
and spring (under thawing conditions) at selected locations;

b. calculate and analyze the data to quantify the moduli values of the lay-
ers from the FWD data; and

c. summarize the moduli values to compare the geogrid and the non-ge-
ogrid base-course test sections.

The objective of this study was to examine the structural benefit (if any) of
the pavement reinforcement application for NHDOT by providing a com-
parative assessment quantifying the properties of the pavement reinforce-
ment application and how significantly stronger it was compared to the
conventional pavement that contained only a geotextile separator fabric
between the subgrade soil and the subbase course. The scope of this study
included the seasonal assessment using FWD tests on both the geogrid-re-
inforced and the non-reinforced (control) portions of a reconstructed 2-
mile road segment. CRREL conducted FWD tests at various dates
throughout the seasons to establish the seasonal variations of layer moduli
and pavement stiffness.
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Figure 1. Pickering Road, Rochester, NH, test-section descriptions. Geogrid-reinforced base
course along the yellow section. Geogrid-reinforced base course and geotextile between the
subbase and subgrade along the green section. Geotextile between the subbase and
subgrade along the b/ue section.
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1.2

Project collaboration

In partnership with NHDOT staff, a CRREL team coordinated with
NHDOT on the testing dates and traffic safety controls. NHDOT con-
ducted core sampling to quantify and verify the structural layers of the
pavements. In addition, NHDOT provided background information of the
site, including traffic data, as-built drawings, photographs during con-
struction, surface profile data, and soils information. This report includes
and describes all of the data.

It is important to note that CRREL was not involved in the design, con-
struction, or quality control during the reconstruction of the 2-mile test
section.
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2 Background

Geogrids increase fatigue resistance, reduce degradation over time, reduce
crack propagation, and increase structural performance in pavements. For
flexible pavements, the maximum reinforcement benefit derived from ge-
ogrids is obtained when there is a good interlock between the granular
base course and the geogrid (Henry et al. 2009). However, lack of consen-
sus remains with regard to geogrid reinforcement value for a variety of
base-course soils used at different geographical locations and with regards
to the depth of the geogrid within the base course.

Studies have claimed that the use of geogrid at the unbound aggregate
base—subgrade interface have helped to improve pavement performance
and to extend service life (Hass et al. 1988; Cancelli and Montanelli 1999;
Raymond and Ismail 2003; Kwon et al. 2008; Al-Qadi et al. 2008; Shu et
al. 2014). Additionally, pavement experts have indicated that the optimal
benefits and effectiveness of the geogrid in flexible pavement may depend
on the installation locations or position of the grid in the pavement struc-
ture (Brown et al. 2001; Al-Qadi et al. 2012). Previous studies claimed
that the reinforcement should be placed at the bottom of the asphalt con-
crete layers where tensile strains are the highest and can be absorbed by
the grid (Brown et al. 2001; Bocci et al. 2007). Another example of this ef-
fort is the study conducted by Henry et al. (2008, 2009) in a controlled en-
vironment where the geogrid was placed at the bottom of the base course.

Moreover, Brown et al. (2001) found that reinforced pavements provided a
service life 1.2—1.8 times higher than the non-reinforced pavements due to
the added stiffness of the grid mesh and to the interlocking effect. Accord-
ing to Al-Qadi et al. (2012), the improvement in pavement responses as a
result of reinforcement implied that the base—subgrade interface is an ef-
fective location for the geogrid. Likewise, having the geogrid placed at
one-third of the base-layer thickness reduced the shear flow of the granu-
lar material. Other experts claimed that the stiffness of the pavement sys-
tem is not influenced by the presence of the reinforcement (e.g., geogrid)
and that, under repeated traffic loads, the stiffness contribution of geogrid
initiates when the asphalt concrete reaches fracture (Austin and Gilchrist
1996).



ERDC/CRREL TR-15-17

The influence of geogrid on the pavement structural performance has been
examined through in situ investigations using non-destructive methods
(i.e., FWD in full-scale laboratory studies) (Zornberg and Gupta 2009;
Henry et al. 2009; Kinney et al. 1998a, 1998b). While these studies were
done in a controlled environment, the modulus values of the reinforced
base layers were generally greater than those of the unreinforced control
(Henry et al. 2009), and the geogrid slowed the development of fatigue
cracking on pavements.

These studies showed that geogrid is often beneficial when used to rein-
force supporting soil layers in pavement systems. However, field trials
have been limited and have provided mixed results. Part of the reason is
that construction practices also affect geosynthetic-reinforced pavements
performance (Zornberg and Gupta 2009, 2010; Zornberg 2015). There
have been reports of construction incidents where the contractor laid rolls
of geogrid and left a portion of supposedly geogrid-reinforced pavement
without the reinforcement (Zornberg and Gupta 2009). Other occur-
rences of poor performance were due to inadequate junction efficiency
(overlap), highlighting the need for better material characterization and
the possible inadequacy of commonly used specifications for geogrid-rein-
forced pavements (Zornberg and Gupta 2009, 2010; Zornberg 2015).

In addition to construction and material irregularities, field case studies
are likely to encounter other factors affecting the performance of geogrid-
reinforced pavement. These compounding factors include the environ-
mental and topographical variability, which have spatial and temporal
characteristics of influence. The reality in research is that budgetary con-
straints do not allow studying these factors holistically, and this limits the
research scope.

Using an FWD, this project provides a seasonal assessment to quantify the
significance in structural change and performance of the geogrid com-
pared to the conventional pavement structure. Given a specific research
scope and to add to the body of knowledge, this study also characterizes
some attributable factors affecting the performance.
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3 Road Section Description

As shown in Figure 1, the NHDOT reconstructed Pickering Road as fol-
lows:

e A geotextile was placed at the subgrade—subbase interface in the south-
ern part of the 2-mile road section, a line designated in blue in Figure 1.

e ATriAx TX 160 geogrid was placed within the base-course layer in the
northern portion of the road section, a line designated in yellow in Fig-
ure 1.

e A geotextile at the subgrade and a TriAx TX 160 geogrid within the
base course was placed in the middle transition, a hashed line desig-
nated in green in Figure 1.

Because CRREL was not involved in the design, construction, or quality
control during the reconstruction of the 2-mile test section, NHDOT con-
ducted test borings along the test section to verify the thicknesses of the
pavement structure. Section 4 describes the general profile of the road
based on these test borings. The wearing course or asphalt pavement layer
varied from 5 to 6 in. thick along the test sections. The base-course (and
the subbase-course) layer ranged from 18 to 31 in. thick. From the test
borings, the geogrid was placed approximately 3 and 6 in. from the top of
base-course layer. NHDOT did not have on record final design plans or
profiles generated for the pavement section. Tensar was not involved with
the project oversight; however, they donated half of the TriAx TX 160 ge-
ogrid used for the entire road reconstruction; NHDOT purchased the re-
mainder. Appendix A shows the product specification for TriAx TX 160
geogrid.

The NHDOT District 6 Engineer supplied as-built information (Sanders
2014). This road was constructed with 5 in. of asphalt concrete (Item
403.11, Hot Bituminous Pavement Machine Method). The typical base
course was composed of a 6 in. layer of crushed stone fine (Item 304.4), a
6 in. layer of crushed stone coarse material (Item 304.5), and a 12 in., layer
of subbase consisting of (natural) sand (Item 304.1) on top of the sub-
grade. In wet areas with a high surface water table, a layer of sand greater
than 12 in. was placed as part of the subbase course (Sanders 2014). The
extra sand of approximately 4 ft in depth was placed in close proximity to
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the FWD2 location. The extra sand was 165 x 26 ft. Compaction of the
base-course material during construction was at approximately 100%
compaction (at 145 Ib/ft3 optimum compaction). Appendix A provides a
summary of the gradation and compaction information during the road
construction and a description of the road construction. The typical sub-
grade soils in the road are sandy silt or silt, a highly frost susceptible soil;
and a Marine clay subgrade was prevalent along the southerly end of the
project.

The town of Rochester maintains this road in the winter, and NHDOT Dis-
trict 6 maintains this road in the summer. This road test section receives
varying vehicle traffic in terms of annual average daily traffic (AADT). In
2012, NHDOT measured the traffic volume along this road
(http://gis.dot.nh.gov/nh-roads/) iN the northern section from NH 125 to Tebbetts
Road and in the southern side from Tebbetts Road to England Road. The
northern section along locations FWD 6 and 5 had an AADT of 6500 in
2012. The southern section along location FWD 4, 3, 2, and 1 had an
AADT of 2800 in 2012.


http://gis.dot.nh.gov/nh-roads/
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4.1

Approach

The following sections describe the methods used in this study.

Explorations—pavement cores and test borings

NHDOT drilled a total of nine test borings along the test section to verify
the thicknesses of the pavement structure (Figure 2). Five test borings
(FT1 through FT5, Figure 2) were drilled along the northbound right wheel
path from 30 to 31 January 2014 (Figure 3). Four more borings (PC1, PC2,
PC3, and PC6) were conducted on 29 December 2014. The test borings
used a combination of coring and case and wash drilling methods to
depths from 6 to 6.5 ft below the pavement surface. All of these borings
were extracted on the northbound lane near the edge of the road. At each
location, the existing pavement was cored using a 6 in. diameter core bit.
Base, subbase, and subgrade soils beneath the pavement were sampled us-
ing a 3 in. inner diameter split-barrel spoon sampler. Materials were char-
acterized in the field by using NHDOT modified visual-manual descrip-
tions and were compiled in a report (Appendix B). The soil samples were
taken to the NHDOT Materials Section for grain size distribution testing
and for further classification in accordance with the Unified Soil Classifica-
tion System (USCS). The soils were also classified into American Associa-
tion of State Highway and Transportation Officials (AASHTO) soil descrip-
tions (Appendix B).

Based on the test boring, the wearing course or asphalt pavement layer
varied from 5 to 6 in. thick (Figure 4). The base-course layer was charac-
terized as granular gravel materials in varying depths. The thickness of
the base course varied significantly, ranging from 7 in. (at PC2) to 19 in. (at
FT2). Similarly, the subbase varied in thicknesses, ranging from 12 in.
(FT2) to 29 in. (PC2). According to the District Engineer (Sanders 2014),
during construction, a thick subbase (using sand) was placed in locations
with a high water table, for example, near FT1. The scope of our work ex-
cluded monitoring the water table.

Figure 5 shows core-sample base materials through the geotextile and
down to the subgrade at FT1. The geogrid material was placed between
approximately 3 and 6 in. from the top base-course layer in locations FT3,
FT4, FT5, and PC6, which are in the northern portion of the test section
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(Figure 2). Figure 6 shows pieces of geogrid and geotextile retrieved from
coring at FT4. The data summary from the borings provided the actual
pavement profiles, the location of the geogrid, and soil conditions (Table 1;
Figure 7).

Figure 2. Test boring locations along the test sections.
Milometay (] 07" %, 073(1,000) 0.6 (2,000)

«

GEOTEXTILE ONLY
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Figure 3. Coring operation and sample collection.

4
]

Figure 4. Cored asphalt concrete at location FT5.



ERDC/CRREL TR-15-17

Figure 5. A core of base materials through the geotextile and down to the subgrade at
location FT1. The light brown sand subbase material is above the geotextile and natural
gray sandy silt subgrade material.

Figure 6. Geogrid and geotextile from the core sampling at FT4.
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Figure 7. Test-section pavement profiles based on the location labels in Fig. 2.
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Figure 8 shows gradation results taken from the core samples at the test
boring locations (FT1, FT2, FT3, FT4, FT5, PC1, PC2, PC3, and PC6). Ap-
pendix D shows the gradation in AASHTO classification. The base course
ranged from poorly graded sand with silt and gravel (SP-SM) to poorly
graded gravel with silt and sand (GP-GM) or well-graded gravel with silt
and sand (GP-GM). The base course in this case was consistently an A-1-a
based on AASHTO classification. The representative subbase was classi-
fied as poorly graded sand with gravel (SP), with typical AASHTO classifi-
cations of A-1-b and A-2-4(0) in other locations (i.e., PC3). The subgrade
was characterized as sandy silt or silt (ML) although this was only meas-
ured in one location (FT5); discussions with the District Engineer (Sanders
2014) indicated that this is a representative subgrade soil for the area (
Table 2).

Table 1. Summary of pavement profile and thickness based on the location labels in Fig. 1.

Locations from north to south

Profiles PC6 | FT5 | FT4 | FT3 | FT2 | FT1 | PC3 | PC2 | PC1
AC (in.) 0-6 | 0-6 | 0O-5 | 0-5 | 0-5 | 0-6 | O-5 | 0-5 | 0-5
Base Course (in.) 6-12 | 6-12 | 5-11 | 5-8
Geogrid Depth (in.) 12 12 11 8 5-24 | 6-24 | 5-12 | 5-12 | 5-20
Base Course (in.) 12-18|12-19(11-20| 8-19

Subbase (in.) 18-42|19-34|20-34|19-34(24-36|24-44|12-34|12-41|20-38
Geotextile Depth (in.) 34 34 34 36 44 34 41 38
Subbase (in.) 34-53

Subgrade Depth (in.) | 42 53 34 34 36 44 34 41 38

Table 2. Summary of soil gradation in both USCS and AASHTO (brackets) at various locations.

Locations from north to south

Profiles PC6 FT5 FT4 FT3 FT2 FT1 PC3 PC2 PC1
Base GP-SM | GP-GM |GW-GP|SP-SM |SP-SM | SP-SM | GW-GM | GW-GM | GW-GM
Course [A-1-a] | [A-1-a] |[A-1-a] |[A-1-a] |[A-1-a] | [A-1-a] | [A-1-a] | [A-1-a] | [A-1-a]
Geogrid yes yes yes yes none | none none none none
Base SP-SM SP-SM
Course [A-4(0)] [A-1-b]
Subbase SP SP SP SP SP SP SP

[A-1-b] |[A-1-b] [A-1-b] | [A-1-b] | [A-2-4(0)] | [A-1-b] | [A-1-b]
Geotextile | none yes yes yes yes yes yes yes yes
Subgrade ML

[A-2-4(0)

to A-4(0)]




Figure 8. Grain size distribution from core samples along the test sections.
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4.2 Surface slope and banks

Pavement cross sections typically include a crown designed to help water
drain towards the pavement edges and banks by using appropriate sur-
face-slope criteria (Doré and Zubeck 2009). In addition, roadside drain-
age ditches should be of sufficient width and depth to handle the design
runoff and should be at least 6 in. below the subgrade crown to ensure sta-
bility of the base course. The NHDOT team collected a cross-sectional sur-
vey along the test locations to assess slope and bank conditions (Figure 9;
Appendix A).

Figure 9. Selected as-built cross-section profiles. Horizontal scale is equal to vertical scale.
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4.3

In this case, the road was built with the design crown sloping away from
the road center towards both edges. In certain sections along the west side
of the road, the drainage ditch was built too shallow, especially from
FWD4-1 to FWDA4-9 locations. There are several culverts crossing from
east to west for seasonal streams and to drain the surface water from the
watershed. We found that these ditches had water ponded, particularly
during our spring tests. The low spots of the test section were at FWD]1,
along FWD3 to FWD4-4, and adjacent to FWD5-1 and FWD5-2.

Manual instrumentation—frost penetration

Manual instrumentation used for the project consisted of five frost tubes
fabricated and installed by NHDOT in general accordance with The Field
Assembled Frost Gage (Ricard et al. 1976). Frost-tube construction gener-
ally consisted of a 3/4 in. inner diameter PVC pipe installed from just be-
low the pavement surface to the bottom of the test boring. Pipe casings
were 6 ft (72 in.) long. Boring depths ranged from 6 to 6.4 ft (77 in.). The
pipe was sealed at the bottom with a PVC cap. Soil cuttings, minus hand-
picked gravel-sized materials, were placed back into the drill hole in the
order in which they were removed in 8 to 12 in. thick loose lifts and com-
pacted with a wood dowel around the outside of the casing. A5 ft long,
5/8 in. outer diameter flexible plastic tube that was filled with water and
capped at both ends was inserted into the pipe. The tube was held above
the bottom of the pipe by a plastic wire tie fastener. To provide some con-
trast observing frozen portions of the tube, the water in the tube initially
contained a few drops of green food coloring. The green colored water was
replaced on 14 January 2014 with fresh water containing a 0.07 oz/gal.
(0.5 g/L) concentration of methylene blue indicator dye. After filling with
colored water or methylene blue liquid, the stopper was sealed into place
with epoxy inside the top of the flexible tube. A wire tie fastener was
placed around the top of the tube to act as a stopper to keep the tube from
sliding into the pipe casing. The top of the pipe was covered at the surface
with a pentagonal-keyed metal roadbox that was sealed slightly below the
pavement surface with concrete (Figure 10).
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Figure 10. Frost-tube installation, backfilling with the PVC pipe covered to prevent clogging
the pipe.

The frost tubes were installed consecutively with test borings FT1 through
FT5 (Figure 2) to provide an indication of the frost and thaw depths in the
pavement. No frost tubes were installed in PC1, PC2, PC3, and PC6. Loca-
tions selected were in close proximity covering the test sections along the
geotextile in the subgrade—subbase interface and the geogrid in the base
course and the geotextile in the subgrade—subbase interface (Figure 2).
The NHDOT team monitored all the frost tubes and measured the actual
frost and thaw depths from the frost tubes from which they were able to
get readings.

The weather information of the Rochester area was used to determine
when it was time to measure the frost and the thaw depths of the frost
tubes. (Section 4.5 further discusses site climate.) The frost tubes were
monitored based on the forecasted temperature of the Rochester area, par-
ticularly when there were cooling and warming patterns. NHDOT took
measurements by pulling out the flexible tube and measuring the frozen
layer (Figure 11). The frost depths were measured on 3 and 25 February
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and on 20 and 27 March 2014. Four of the frost tubes seemed to be work-
ing during the first winter as shown in Figure 12 (FT1, FT2, FT3, and FT4).
The maximum frost depths measured on 25 February 2014 were 40 in.,
38in.,36in.,and 33 in. at FT1, FT2, FT3, and FT4, respectively. The max-
imum frost depths were near the bottom of the subbase or in some cases
just above the subgrade (Figure 12). Thawing stared sometime in mid-
March 2014, showing thaw progression in the subbase and surface of the
pavement.

Figure 11. The method of measuring the frost and thaw depth with the frost tube at FT2 on
2 March 2015. The depth from the pavement surface to the top of the tube at this location
ranged from 2 to 3 in. Frost-depth measurements provided in Fig. 12 and 13 reflected this
dimension.
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Figure 12. Frost depths from frost tubes from February to March 2014.
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In the fall of 2014, only two of the frost tubes (FT2 and FT5) were func-
tioning to monitor the frost depth during winter 2014—15 (Figure 13).

(The NHDOT team suspected that the covers on the non-functioning frost
tubes were not working properly, leaving them vulnerable to traffic and
plowing as the frost pushed the PVC casings upward toward the surface.)
The frost tubes were monitored on 2, 9, 13, 16, 18 25, and 27 March and on
1 April 2015. The maximum frost depths measured were 42 in. and 45 in.
at FT2 and FT4, respectively (Figure 13). The thawing in the base course
started the second week of March and progressed toward the subbase until
the end of March 2015. FT2 was completed thawed by 1 April 2015; how-
ever, FT5 had 16 in. of frost depth in the subbase.
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Figure 13. Frost depths from frost tubes from February to early April 2015.
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4.4 Digital instrumentation—soil temperature and moisture

Digital instrumentation used for the project consisted of five Decagon 5TM
combination soil temperature and moisture probes connected to an Em50
five-channel digital datalogger manufactured by Decagon Devices, Inc.
(http://www.decagon.com/). The probes measure temperature and volumetric
water content with accuracies of +/-1% and +/-3%, respectively. The dat-
alogger can store up to 1 MB, which is composed of 36,000 scans for up to
five instruments per scan, and is powered by five AA alkaline batteries that
were reported to provide 8 to 12 months of service for continuous data col-
lection. The NHDOT team programmed the datalogger by using proprie-
tary ECH20 Utility v1.72 software installed on a laptop computer and a
proprietary USB/3.5 mm stereo cable.

The NHDOT prepared and installed the instrumentation to measure the
generalized freezing and thawing trend at the site to estimate when to per-
form FWD testing. Their line of thinking was that the temperature preci-
sion was of minor importance to that of the temperature trend, and most
of the team’s effort was applied to understanding the instruments’ ability
to measure soil moistures at different probe orientation and locations.
Prior to field installation, soil temperature and moisture probes were cali-
brated in the laboratory in three different medium: in the open air; in a
sample of silty fine sand (100% passing the #4 sieve); and in a sample of
water. In each medium, the probes were scanned at 5 min intervals for 30
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min using the Em50 datalogger, which was attached to a laptop and moni-
tored using the ECH20 software. Open air, soil, and water temperatures
ranged from 66.7°F to 68.4°F." Open air and water volumetric water con-
tent measurements from the scans were uniformly —2.38% and 101.1%, re-
spectively. For the sand portion of the calibration, the probes were in-
serted vertically and in a circular array into the sand. After measuring the
initial volumetric water content of the soil, the probes were removed; and
water was thoroughly mixed into the soil until free water could be seen on
the surface of the sample. The probes were reinserted into the soil, and
the final volumetric water content was measured. Initial and final soil vol-
umetric moisture content measurements ranged from 1.50% to 2.19% and
25.05% to 29.16%, respectively. These measurements corresponded well
with laboratory moisture-content tests and volumetric water content and
water content phase relationships.

Soil temperature and moisture probes were installed on 2 April 2014
within the middle third of the test section beneath the narrow gravel
shoulder on the east side of the roadway near FT3 (Figure 18). The probes
were installed in individual holes drilled parallel with the edge of pave-
ment. They were placed at an approximate horizontal spacing of 2 ft from
each other. A 5.25 in. diameter hollow stem auger was used to drill the
holes. The probes were installed at approximate 1 ft vertical intervals at
depths from 1 to 5 ft below the shoulder surface. After drilling to the pro-
posed depth, the probe was inserted vertically into the soil at the bottom of
the drill hole and held into place with a plastic rod during backfilling. Soil
cuttings, minus hand-picked gravel-sized materials, were placed back into
the drill hole in 8 to 12 in. thick loose lifts and compacted with a wood
dowel.

Probe leads were buried in a shallow trench that was hand excavated
across the tops of the drill holes. Extensions were attached to the leads by
sealing the connections with electrical tape and then passed through a

10 ft long section of PVC electrical conduit oriented perpendicular to the
edge of pavement to span or cross the adjacent shallow ditch. Connections
were located inside the conduit and were sealed with electrical tape. The

* An ice bath calibration was not conducted to determine the accuracy of these instruments at 0°C. The
instrumentation specifications, however, indicated that the volumetric water content had a £0.02
m3/m3 (or £2% volumetric water content) in any porous medium and +1°C for temperature (ICT Inter-
national, n.d.).
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NHDOT team eventually determined that the sensor at a depth of 5 ft had
a nick in the cable and yielded intermittent results. The extensions were
draped on the ground surface from the end of the conduit to the datalog-
ger, which was mounted on a metal post approximately 25 ft from the edge
of the pavement and 4 ft from the ground surface. The logger was always
above the snow and away from plowed snow banks. Excess extension
wires were looped and fastened to the post with plastic wire tie fasteners
and plugged into the datalogger.

The datalogger was programmed to record at 60 min intervals throughout
the entire testing period to capture the seasonal variations. The NHDOT
team downloaded the data as often as necessary when it was near or dur-
ing the time of FWD tests. (The data was downloaded on 10 April 2014,
08 July 2014, 23 October 2014, 30 October 2014, 14 January 2015, 02
March 2015, 13 March 3015, 18 March 2015, 25 March 2015, and 01 April
2015.) The data from the moisture sensors were found to be sporadic (

Figure 14), particularly the soil moisture at the 1 ft depth. The moisture
content diurnal extremes (high and low) at the 1 ft depth from May to Oc-
tober 2014 could potentially be due to responses from the precipitation
events as the base course is designed to drain or pass excess water. How-
ever, during this timeframe, the moisture content at the 4 ft and 5 ft
depths in subgrade was consistently at approximately 30% (vol.). The
moisture sensors continued to provide sporadic data from January to May
2015, which was likely due to moisture intrusion (Figure 13).

Figure 15 shows the pavement temperature downloaded from 2 April 2014
to 1 April 2015. In the summer months, the base course (at a 1 ft depth)
reached a temperature of near 80°F while the subgrade reached near 70°F
(at a5 ft depth). As the air temperature decreased in the fall, the pave-
ment temperature followed its trend. Frost depth reached a 1 ft depth be-
tween 8 and 10 January 2015. The minimum temperature at a 1 ft depth
was approximately 26°F, and the temperature sensor showed that the base
course was frozen down to 2 ft in February 2015 (Figure 15). The frost
depth measurements from the sensor did not match the frost-tube data
showing maximum depth of 24 in. The maximum frost depths measured
from frost tubes were 42 in. and 45 in. at FT2 and FT5, respectively
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(Figure 13). These variations were likely due to different subsurface condi-
tions (the edge of the pavement where the instruments were installed ver-
sus the frost tubes located closer to the middle of the lane).

Climate

The road is exposed to the typical northeast United States seasonal cli-
mate. CRREL and NHDOT compiled air temperature (Figure 15) and daily
precipitation data (Figure 16) from the local weather station in Rochester,
NH and used them to document the seasonal changes. In 2014, the pre-
cipitation events in Rochester, NH, occurred throughout the year with a
maximum precipitation of 2.98 in. on 31 August 2014 and a total annual
precipitation of 37 in.

In addition, the weather data from 2000 to 2015 were compiled from the
National Climatic Data Center (NCDC). Appendix C compiles the data to
compare 2014 and 2015 to other annual trends. The average annual pre-
cipitation from 2000 to 2014 was 42.5 in. while the total precipitation in
2014 was approximately 37 in., implying that this might have been a rela-
tively dry year. Comparatively otherwise, 2005, 2008, and 2009 were ex-
tremely wet years with total annual precipitation of 57, 58.6, and 48.9 in.,
respectively.

For winters 2013—14 and 201415, the length of freezing days was at 164
and 145 days, respectively. When compared to the other years’ freeze sea-
sons, it is apparent that the 2013—14 and 2014—15 seasons ended at least
two weeks later than all other seasons. Based on this analysis, the 2013—
14 and 2014—15 freeze seasons ended unusually late. These seasons also
reached lower cumulative temperatures than the average at (absolute)
1857°F-days and (absolute) 2093°F-days, respectively. Based on this data,
the 2013—14 and 2014—15 winters were colder and longer than usual with
potentially deeper frost depths than in other years.
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Figure 14. Pavement moisture from the five 5TM combination soil temperature and moisture probes.
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Figure 15. Pavement temperature from the five 5TM combination soil temperature and moisture probes.
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Figure 16. Daily precipitation data during the test period.
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4.6

Falling weight deflectometer test

Pavement engineers have used FWD testing extensively for many years to
assess structural condition and to determine the in situ moduli of pave-
ment layers (Bush and Alexander 1985; Goel and Das 2008; Mehta and
Roque 2003; Henry et al. 2009; Janoo and Berg 1992; Sharma and Stub-
stad 1980). In an FWD test, an impulsive load is applied on the pavement
surface to mimic the vertical loading of a vehicle load at a normal speed on
the road. Thus, the magnitude of the load, duration, and area of loading
correlate with the standard axle loads on the pavement structure (Sebaaly
et al. 1991). The instantaneous deflections of the road surface are meas-
ured at a number of points at different distances radially outward from the
center of the falling weight, obtaining a bowl shape of deflection. Infor-
mation on the structural condition of a pavement can be extracted from
analysis (by back-calculation) of the FWD data.

The FWD tests are conducted to examine the structural benefit of the
pavement reinforcement application. The CRREL team measured the sur-
face deflection at points shown in Figure 17 by using CRREL’s Dynatest
8000 FWD (Figure 19). The FWD measurements were collected with
seven geophones evenly spaced 12 in. apart to a radial distance of 72 in.
from the center of the loading plate. At each load and drop, the deflections
(recorded in 171000 of an inch) captured by the geophone sensors should
be in a decreasing order at increasing distance from the center of loading
plate, creating a defection basin response. In addition, the FWD collected
instantaneous asphalt (using an infrared sensor) and air temperatures.
Prior to testing for spring 2014, CRREL’s FWD was sent in June 2013 to
Pennsylvania and was calibrated following AASHTO (2010) or the ASTM
equivalent. The vehicle used to tow the FWD was replaced with a new one;
Dynatest in Florida connected the vehicle and the FWD and calibrated the
connections and sensors before the fall 2014 testing.

CRREL conducted the FWD tests at locations (listed as FWD in Figure 17)
along the wheel path and center lane for north and south directions, ac-
cording to ASTM (2015a, 2015b, 2015¢) and AASHTO (1993) procedures.
The FWD measurements were conducted at four load settings: at approxi-
mately 6000; 10,000; 13,000; and 17,000 Ib. There were four drops for
each set of loading, with a total of 16 drops at each location.
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4.6.1 Test Sections

From three test sections—geotextile in subgrade, geogrid in the base
course with geotextile on top of the subgrade, and geogrid in the base
course (Figures 17 and 18)—the test locations at each test section were se-
lected based on representative and relatively consistent locations with sim-
ilar characteristics for roadway geometry, gradient, surrounding topogra-
phy, drainage, and solar exposure.

Figure 17. Test-location plan using the FWD along the test sections.
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Figure 18. Close-up map of the transition area
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NHDOT and CRREL selected fourteen FWD locations. Figure 7 shows the
profiles of each of the test location. The test locations were divided into
sections corresponding to each unique structural pavement section and
thickness (Table 3). Test sections FWD1 through FWD4-4 were located
with the geotextile on top of the subgrade and non-reinforced base course.
Locations FWD4-5 through FWD4-9 captured geogrid in the base course
with geotextile on top of the subgrade while FWD5 and FWD6 were lo-
cated in test sections with geogrid in the base course. The geogrid was
placed between 3 (FWD4-5 to FWD4-8) and 6 in. (FWD4-9, FWD5, and
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FWDG6) below the top of the base course. At each location, a set of FWD
measurements were conducted along the north (N) and south (S) bound
lanes in the outside (right) wheel path (W) and at the center of the lane
(C). (For example, INW1 is a measurement at FWD1, north bound lane,
wheel path and first set).

Table 3. Falling weight deflectometer (FWD) test locations.

Northbound Southbound Pavement Profile
Centerline
Wheel Wheel | AC Base [Subbase| Elevation
Test Section Path |Center|Center| Path (in.) (in.) (in.) (ft)
Geotextile |FWD1 INW1 |INC1 |1SC1 [1SW1 [0-5 |5-20 |20-38 |146.824
gtbgrade FWD2 2NW1 |[2NC1 |2SC1 [2SW1 |0-5 |b-12 |[12-41 |165.218
FWD3 3NW1 [3NC1 |3SC1 [3SW1 [0-5 [|5-12 |12-34 |162.172
FWD4-1 [4NW1 [4NC1 |4SC1 [4SW1 162.266
0-6 |6-24 |24-44
FWD4-2 [4NW2 [4NC2 |4SC2 [4SW2 162.270
FWD4-3 [4NW3 [4NC3 |4SC3 [4SW3 162.439
0-5 |5-24 |24-36
FWD4-4 [|4ANW4 [(4NC4 |4SC4 [4SW4 162.489
Geogrid in |[FWD4-5 |4NW5 [4NC5 [4SC5 |4SW5 167.088
Base FWD4-6 |4NW6 |4NC6 |4SC6 |4SW6 167.758
Course and 0-5 |[5-19 |19-34
Geotextile |FWD4-7 |4NW7 |4NC7 [4SC7 |4SW7 170.106
at FWD4-8 [4NW8 [4NC8 |4SC8 [4SWS8 169.795
Subgrade o529 [ANWO |4NCO |45CO |4SW9 |0-5 |6-20 |20-34 |167.732
Geogrid in |[FWD5-1 |5NW1 |BNC1 [5SC1 [5SW1 160.331
Base 0-6° [6-192 [19-34s
Course FWD5-1 [5NW2 [5NC2 |5SC2 [5S5W2 160.995
FWD6-1 |[6NW1 [6NC1 |6SC1 [6SW1 |0-6 |6-18 |18-42 |171.523
FWD6-2 [6NW2 [6NC2 |6SC2 [6SW2 171.413

NW = Northbound, wheel path
NC = Northbound, center lane
SW = Southbound, wheel path
SC = Southbound, center lane
aEstimated

4.6.2 Falling weight deflectometer test schedule and conditions

Table 4 lists the seasonal FWD testing schedule. The conditions varied, as
shown in Figure 17, with dry and wet pavement surfaces.

For testing during the spring thaw, the indication from the frost tubes of
frost depth diminishing on 27 March 2014 showed that the pavement
structure was completely thawed when the first FWD test was conducted
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on 3 April 2014. During the 3 April 2014 test, the temperature at the base
course was approximately at 37°F while the moisture in the base course
was high at 2 ft depth and down to the subgrade. (Spring thaw can weaken
conditions before moisture has time to redistribute). The asphalt temper-
ature (near the surface) recorded by the FWD temperature sensor was be-
tween 45°F and 50°F.

Table 4. FWD test dates and conditions.

Pavement
Surface Air
Seasonal Temperature | Temperature Description of Pavement
Test Date (°F) (°F) Conditions
Spring 3 April 44.6-55.4 44.6-48.2 Low temperature; snow in some spots in
2014 the banks; thawing conditions with high
moisture in the base course and
subgrade (25.6%, 35%, 32.7%, 32%, and
31% by volume at 1, 2, 3, 4, and 5 ft
below the pavement surface); zero frost
depth, and pavement was completely
thawed; below asphalt, pavement
temperature was 37 °F
17 35.6-42.8 33.8-374 Wet pavement surface from snow melt;
March thaw depth between 18 and 21 in. from
2015 the asphalt concrete along the wheel
path and frozen layer below; snow in the
banks
1 April  |35.6-59 35.6-48.2 Low temperature; thawing; snow in spots
2015 in the banks
Summer |23 July |75.2-120.2 —a High temperature; several rain events
2014 with 7.6 in. of precipitation within one
month prior to this test date; 0.3 in. of
precipitation fell on this day; 30%-32.8%
by volume at 3 to 5 ft below the
pavement surface
Fall 27 46.4-57.2 46.2-55.4 Mild temperature; 3.2 in. of precipitation
October |(a.m.) (a.m.) within one month prior to this test date;
2014 62.6-68 55.4-59 16% at 1 ft and 31% to 34% by volume
(p.m.) (p.m.) at 2 to 5 ft below the pavement surface

a Air temperature from the FWD sensor was not recorded.

The second FWD test was conducted on 23 July 2014 to characterize the
pavement structure capacity during the summer season with a relatively
dry condition. The temperatures below the asphalt pavement were 80°F
and 70°F at 1 and 4 ft, respectively. The soil moisture content in the base
course was lower than the previous spring (7.5% by volume at 1 ft depth
below the pavement surface); however, the subbase and subgrade had high
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soil moisture content (30%—32.8% by volume at 3 to 5 ft below the pave-
ment surface). The asphalt temperature (near the surface) recorded by the
FWD temperature sensor varied extremely throughout the day between
75.2°F and 120.2°F.

The conditions during the fall FWD (27 October 2014) test were almost
identical to the summer conditions (23 July 2014), except that the fall
temperatures below the asphalt pavement were 25°F cooler in the base
course and 12°F in the subgrade (53°F at 1 ft, 57°F at 2 ft, and 3 ft, 58°F at
4 ft, and 60°F at 5 ft below the pavement surface). The soil moisture con-
tent in the base course was approximately 16% by volume at 1 ft depth be-
low the pavement surface while the subbase and subgrade had high soil
moisture content ranging from 31% to 34% by volume at 2 to 5 ft below the
pavement surface.

The temperature sensors data during the 17 March 2015 test showed that
the pavement temperatures were at 32.2°F, 32°F, 32.7°F, 34.2°F, and
36.9°F at 1, 2, 3, 4, and 5 ft, respectively. Soil can be frozen at temperature
ranges of 29.7°F—32.2°F (Eaton 2015). In this case and based on the tem-
perature sensors’ location, a frozen layer in the pavement existed between
approximately 1 ft and 2.1 ft. On the other hand, the frost tubes indicated
a frost layer was present between approximately 18 and 42 in. at FT2 and
between 22 and 44 in. at FT5. A partially thawed base course existed at
varying depths with a frost layer at 12, 18, and 21 in. below the pavement
surface and with varying thickness (of 12 to 24 in.) throughout the test sec-
tion. Note that the temperature sensors and the frost tubes have spatial
variability (FT2 is approximately 200 ft away south of the temperature
sensors and FT5 is approximately 400 ft north of the temperature sensors
(Figure 18) and is one of the causes for these inconsistencies.

The pavement conditions on 1 April 2015 showed that the temperatures
were above freezing where the temperature sensors were installed (33.1°F,
33.4°F, 34.2°F, and 36.5°F at 1, 2, 4, and 5 ft, respectively). The frost tube
at FT2 indicated no frost layer; at FT5, a frost layer of 16 in. was present
between 18 and 44 in. below the pavement surface. Thus, it was likely that
the test sections on 1 April 2015 had a varying layer of frost depth in the
subbase and that in other places the pavement was totally thawed.
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Figure 19. FWD along the test sections. 7op /eft, 3 April 2014 at FWD4-4 southbound wheel
path, 10:41 a.m.; fop right, 17 March 2015 at FWD4-4 southbound wheel path, 10:32 a.m.;
bottom left, 1 April 2015 at FWD4-3 southbound center lane, 12:23 p.m.; bottom right, 27
October 2014 at FWDA4-1, southbound wheel path, 9:12 a.m.

S |
— 0 ad
3

4.6.3 Modulus estimation (back-calculation)

Back-calculation is an extremely extensive process and is primarily in-
tended to estimate the in situ elastic modulus (E) of the different pave-
ment layers. In this process, the deflection values are calculated for as-
sumed elastic moduli values, then compared with the observed deflection
values, and further adjusted for the next iteration. The iteration continues
until the computer program obtains a minimal error between the meas-
ured and the computed deflection.

There are various models available to use for calculating the moduli from
the FWD data. Each method of back-calculation has some advantages and
limitations (Sharma and Das 2008). Any computer program will give a
modulus value that may be obtained by minimizing the error between the
measured and the computed deflection. Mehta and Roque (2003) had
alerted users that, because the iterative process during back-calculation
depends heavily on the initial (seed) value provided by the user, arriving at
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a reasonable moduli value requires engineering judgment and thorough
evaluation of all available data.

One of the programs used in our study was Pavement-Transportation
Computer Assisted Structural Engineering (PCASE). The U.S. Army Corps
of Engineers developed PCASE for use in the design and evaluation of
roads and airfield pavements for the Army, Navy, and Air Force (current
version PCASE 2.09, https://transportation.erdc.dren.mil/pcase/). PCASE integrates
the WESDEF program (based on the layered-elastic model) to calculate
moduli for the individual pavement layers (Huang 1993). When given an
initial estimate of the elastic modulus and a limiting range of moduli, the
WESDEF back-calculation program uses an optimization routine to calcu-
late the modulus of best fit between a measured deflection basin and the
computed deflection basin.

The other program used in this study is the commercially available Evalua-
tion of Layer Moduli and Overlay Design version 6 (ELMOD 6) from Dy-
natest, designed to calculate moduli for the individual pavement layers
(Dynatest 2014). The ELMOD 6 program used the Odemark-Boussinesq
method of equivalent thickness, in which the outer geophone readings are
used to determine the non-linear characteristics of the subgrade and the
inner geophones are used to determine the upper pavement layer moduli
(Dynatest 2014). There are back-calculation methods in ELMOD 6 to se-
lect: the radius of curvature or the deflection basin fit method. The radius
of curvature along with the actual or apparent non-linear subgrade proper-
ties is used to determine moduli within the pavement system. First, the
subgrade material properties, stiffness and non-linearity, are calculated in
ELMOD using the deflections from the outer geophones; then the radius of
curvature from the central geophones can be used to assess the stiffness of
the upper pavement layer. The stiffness of the remaining layers is then
calculated based on the overall pavement response to the applied load.
This ensures that the proposed pavement structure results in the correct
central deflection under the measured load. On the other hand, the basin
fit option methodology starts with a set of estimated moduli for the pave-
ment structure and calculates the theoretical deflection bowl for the pave-
ment structure. The error between the measured deflections and calcu-
lated deflections is then assessed. The moduli in the structure are then
increased or decreased by a small amount (typically 10%), and if the error
in either of these deflection bowls is less than the original deflection bowl,
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this is taken to be a better solution. This process is iterated until error be-
tween the calculated and measured deflection bowls is minimal. If no seed
moduli are entered using the deflection basin fit method, the program in
ELMOD 6 will calculate seed values by using the radius of curvature
method.

Knowing that there are a variety of back-calculation programs available to
calculate the moduli values for the individual pavement layers, what is im-
portant in this analysis is to be consistent in using a specific method for
the specific purpose. For a comparison, back-calculation analyses for the
FWD data at Pickering Road was run using both PCASE 2.09 and ELMOD
6 and using the pavement profiles for each test section (Table 1). Appen-
dix D shows a detailed comparison of back-calculation results between
PCASE 2.09 and ELMOD 6. In this assessment, the pavement structure is
composed of a three-layer system—surface course, base, and subbase—
where the thickness values are entered for asphalt as a first layer, base
course as a second layer, subbase as a third layer, and subgrade as the
fourth layer.

In ELMOD 6, the estimated moduli values used the back-calculation ap-
proach based on the deflection basin fit method for the corresponding
pavement profiles for each test section (Table 1). The back-calculations
were run with seed moduli values (Table 5), and the results were compara-
ble with the same root mean square. For consistency in our analysis, the
back-calculation results are based on seed moduli values (Table 5) and
with a root mean square less than or equal to 0.2. The back-calculation
also uses the recorded asphalt temperature collected in the FWD infrared
sensor. The average value for deflection basins from the second, third, and
fourth drops is calculated for the various loadings: (approximately 6000;
10,000; 13,000; and 17,000 Ib loads). The Results section describes the
actual loads and the back-calculation results from ELMOD 6.

Table 5. Seed modulus used for back-
calculation in the ELMODG program.

Material Seed Modulus (ksi)
AC 150
Base Course 18
Subbase 12
Subgrade 6
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Results

The results discussed in this section include the deflection measurements
compared between test loads and the moduli values back-calculated be-
tween test loads and seasons using the ELMOD 6 program by Dynatest.
The estimated moduli values used in the back-calculation approach are
based on the deflection basin fit method. The back-calculated moduli” re-

sults reflected the pavement profile described in Table 1.

Loads and deflection

Table 6 summarizes the distribution of the actual impulse load for load

settings and for all locations.

Table 6. Summary of the actual test loading distribution for four load settings and for all

locations.
Loads (Ib) ‘ Drop #2-4 Drop #6-8 Drop #10-12 Drop #14-16
3 April 2014
Average 6550 10,305 12,945 16,883
Maximum 6841 10,630 13,304 17,438
Minimum 6267 9941 12,451 16,388
23 July 2014
Average 6290 9997 12,559 16,304
Maximum 6759 10,483 13,124 17,028
Minimum 6037 9597 12,025 15,568
27 October 2014
Average 6158 10,004 13,066 17,191
Maximum 6595 10,450 13,764 18,193
Minimum 5840 9695 12,664 16,585
17 March 2015
Average 6070 9209 12,593 17,199
Maximum 6431 9695 13,353 18,160
Minimum 5840 8875 12,057 16,503
1 April 2015
Average 5956 8945 12,087 16,510
Maximum 6283 9433 13,025 17,832
Minimum 5627 8498 11,533 15,749

* The terms back-calculated moduli and moduli are used in this section interchangeably.
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Deflection (1/1000in.) Deflection (1/1000in.)

Deflection (1/1000in.)

The average, maximum, and minimum values from the second, third and
fourth drops are calculated for all four load settings. The actual loads can
vary slightly, which is quite common in FWD tests. The typical deflection
basins from the data collected along the test section showed lower deflec-
tion responses with lower loads and higher deflection responses with lower
loads (Figure 20), and deflection responses are followed by a decreasing
order at increasing distance from the center of loading plate. Figure 20
shows examples of typical deflection basin responses from the data col-
lected along the test section. Within a set of loads, the deflection values
showed very minimal variations; for example, the deflections from the sec-
ond, third, and fourth drops are consistently the same. The responses are
identical to other loads.

Figure 20. Deflection responses from the 3 April 2014 FWD test for selected test locations.
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5.2

Moduli comparison between loads

The average values of the second, third, and fourth drops were calculated
to compare the back-calculated moduli of the four load settings. For the
asphalt concrete layer, the average back-calculated moduli values showed
a degree of variability at each test location (Figure 21). These variations
can be seen in all FWD tests for the asphalt concrete layer. However, in
most cases, the average moduli values for the base-course layer at each lo-
cation produced almost identical results for all four load settings. For ex-
ample, at location FWD4-4 the average moduli values ranged from 498 to
530 for the asphalt concrete layer and ranged from 9 to 10 for the base-
course layer. Appendix D shows the rest of the moduli comparisons be-
tween load settings.

Figure 21. Average values of back-calculated moduli for four loads.
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5.3

Seasonal moduli comparison

The seasonal moduli comparison used for this analysis is based on drops
numbers 6, 7, and 8 in Table 6 (for the approximate 10,000 Ib load). This
load simulates a heavy loading condition such as that imposed by a typical
FHWA Class 9 truck (18-wheeler tractor-trailer) that this road can encoun-
ter. Because the layer of interest in this study is the base course, the back-
calculated modulus is compared between the wheel paths and center loca-
tions on both the north and south bound lanes. Figure 21 shows the per-
formance between the non-reinforced and the geogrid-reinforced base
course along the test sections. Within each test section (northbound,
wheel paths, and southbound), the moduli showed variability (Figure 22)
in most of the test locations. These variations are particularly consistent
during the fall and summer moduli values. These variations in all test sec-
tions are likely to be a function of layer thickness, moisture content, drain-
age, topography, etc. Some of the moduli values along the wheel paths
during spring tests, particularly on 3 April 2014 and 1 April 2015, were
higher than in the center lanes (e.g., FWD2, FWD3, FWD4-5, etc.). Part of
the factors in the moduli values’ variability could be due to the presence of
frost in the pavement and the trapped excess soil moisture.

The seasonal moduli values of the geogrid-reinforced and the non-rein-
forced base-course layer for the test locations correlated the performance
with a consistent trend along the test sections from FWD1 to FWD6-2.
This trend indicated that the weak sections remained relatively weak while
the stronger sections maintained their relative strength from one test sea-
son to the next. The weak zones throughout the test sections were from
FWD4-1 to FWD4-9 (Figure 22). The weak locations of the non-reinforced
sections were along FWDA4-1 through FWD4-4 and sections FWD4-5 to
FWD4-9 for the reinforced sections. However, along these weak zones, the
geogrid-reinforced base course provided slightly higher moduli than the
non-reinforced base course (Figure 22).



ERDC/CRREL TR-15-17 41
Figure 22. Seasonal moduli values of reinforced and non-reinforced base-course layers for
the test locations. NW means northbound wheel path; NC means northbound center lane; SW
means southbound wheel path; SC means southbound center lane.
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It is difficult to distinguish the influence of the geogrid location from the
moduli values—the 3 in. (FWD4-5 and FWD4-8) versus the 6 in. (FWD4-
9, FWD5, and FWDG6) below the top of the base course. Boring infor-
mation at FT3 was used to represent the profiles of geogrid being at 3 in.
below the top of the base course from FWD4-5 to FWD4-8, which could
likely have varying thickness along the test sections.
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An average value is taken from the back-calculated modulus at the wheel
paths and center locations along both the north- and southbound to com-
pare the various FWD locations. Table 7 summarizes the back-calculated
moduli for spring, summer, and fall 2014 and spring 2015 tests. In most of
the test sections, the asphalt concrete layer was stiffer on 17 March 2015
than at the other times because of the temperature of the asphalt.

As shown in Figure 22, it is not unusual to discover that the moduli values
in the base course are lower in the spring during thawed periods than in
normal conditions (i.e., summer and fall). However, in some test locations
during the 17 March 2015 test, the moduli were higher or stiffer than in the
fall (27 October 2014) or comparable to summer (23 July 2014) values.
This is likely because of the presence of a frozen layer between 18 and

44 in. below the pavement surface.

A modulus comparison to the ideal condition or a back-calculated ratio
comparison, in this case using the fall (27 October 2014) test, is compared
to other modulus to examine the difference in pavement structural re-
sponses (Table 8). The layer of interest in this study is the base course to
examine the performance of the reinforced layer with geogrid and the non-
reinforced section. It is difficult to discern the soil moisture conditions
from the soil moisture sensors; however, based on the climate infor-
mation, it can be inferred that that the pavement condition was relatively
drier in the fall than in the summer as the area had relatively less precipi-
tation in the fall than in the summer.

Examples of excessive moisture in pavement bases and subgrades are nu-
merous and well known during springtime in New England. Conventional
drainage is designed for saturated conditions, and most water movement
near the surface occurs under unsaturated (and partially saturated) condi-
tions. With excessive moisture in pavement bases and subgrades during
the spring, drainage is problematic when the surface water level is high.
This was a typical occurrence at Pickering Road with water ponding along
the road shoulders. Positive drainage off of and away from the roadway is
imperative to remove moisture from under the road which affects its load
supporting capacity.



Table 7. Back-calculated layer moduli for spring, summer, and fall 2014 and spring 2015 tests.

. Back-calculated Modulus (ksi)
Test Section
Asphalt Concrete Base Course Subbase Subgrade
Fall, Fall, Fall, Fall,
Spring, | Spring, | Spring, |Summer, 27 Spring, | Spring, | Spring, |Summer, 27 Spring, | Spring, | Spring, |Summer, 27 Spring, | Spring, | Spring, |Summer, 27
3April [17March| 1April | 23July | October [ 3April |17March| 1April | 23July | October | 3April |17March| 1April [ 23July | October | 3April [17March| 1April | 23July [ October
Test Season| 2014 2015 2015 2014 2014 2014 2015 2015 2014 2014 2014 2015 2015 2014 2014 2014 2015 2015 2014 2014
FWD1 552 1065 619 194 746 14 16 16 21 25 13 12 9 26 16 12 25 10 12 11
FWD2 505 1192 499 241 676 20 22 22 26 33 15 10 10 23 16 12 19 13 11 17
Geotextile FWD3 441 784 437 189 537 13 12 12 16 22 9 14 7 20 15 10 17 10 9 12
at FWD4-1 290 515 324 127 398 7 8 8 14 16 8 14 9 15 11 12 23 8 9 10
Subgrade FWD4-2 268 463 306 133 412 7 8 8 14 17 8 16 7 15 10 11 18 9 10 12
FWD4-3 463 662 455 187 601 11 10 10 17 19 9 11 7 18 12 9 21 9 10 11
FWD4-4 519 796 442 195 581 9 8 8 13 18 6 13 5 13 9 9 20 12 8 9
Geogridin | FWD4-5 622 995 636 217 744 14 12 12 16 21 8 10 6 17 11 10 24 10 9 11
Base FWD4-6 590 954 563 220 717 15 13 13 19 23 10 9 7 21 14 9 22 11 9 11
Course FWD4-7 482 724 521 214 652 13 12 12 20 25 10 12 8 25 18 9 18 10 11 12
& FWD4-8 476 629 498 260 673 15 14 14 23 28 11 12 10 32 18 11 18 11 12 14
Geotextile | FWD4-9 946 622 435 295 885 14 17 17 21 28 5 13 9 18 9 12 25 13 9 14
Geogrid in FWD5-1 362 875 630 157 648 19 22 22 28 31 14 14 12 21 13 10 21 12 9 14
Baseg FWD5-2 360 946 669 164 637 18 19 19 26 28 14 13 10 21 14 10 23 13 9 13
Course FWD6-1 335 487 424 190 490 20 23 23 33 30 18 16 17 26 19 13 25 13 11 13
FWD6-2 311 602 443 185 512 20 19 19 30 28 16 16 14 25 18 12 28 12 11 14
Table 8. Back-calculated ratio comparison for spring, summer, and fall 2014 and spring 2015 tests.
Layers Asphalt Concrete Base Course Subbase
Fall, Fall, Fall,
Spring, | Spring, | Spring, |Summer, 27 Spring, | Spring, | Spring, |Summer, 27 Spring, | Spring, | Spring, |Summer, 27
3 April |17 March| 1 April 23 July [ October | 3 April [17 March| 1 April 23July [ October | 3 April |17March| 1April | 23July | October
Test Season| 2014 2015 2015 2014 2014 2014 2015 2015 2014 2014 2014 2015 2015 2014 2014
FWD1 0.74 1.43 0.83 0.26 1 0.57 0.76 0.63 0.86 1 0.85 0.77 0.58 1.66 1
FWD2 0.75 1.76 0.74 0.36 1 0.61 0.59 0.67 0.80 1 0.94 0.65 0.65 1.48 1
Geotextile | FWD3 0.82 1.46 0.81 0.35 1 0.59 0.71 0.54 0.73 1 0.63 0.96 0.46 1.36 1
at FWD4-1 0.73 1.29 0.81 0.32 1 0.44 0.80 0.49 0.85 1 0.71 1.29 0.79 1.35 1
Subgrade FWD4-2 0.65 1.13 0.74 0.32 1 0.43 0.90 0.46 0.84 1 0.78 1.62 0.68 1.49 1
FWD4-3 0.77 1.10 0.76 0.31 1 0.57 0.91 0.50 0.86 1 0.69 0.89 0.56 1.43 1
FWDA4-4 0.89 1.37 0.76 0.34 1 0.51 0.84 0.46 0.71 1 0.73 1.44 0.60 1.50 1
Geogridin | FWD4-5 0.84 1.34 0.86 0.29 1 0.65 0.65 0.58 0.74 1 0.76 0.89 0.57 1.57 1
Base FWD4-6 0.82 1.33 0.78 0.31 1 0.64 0.68 0.56 0.82 1 0.70 0.63 0.49 1.47 1
Course FWD4-7 0.74 1.11 0.80 0.33 1 0.54 0.68 0.50 0.80 1 0.55 0.70 0.47 1.41 1
& FWD4-8 0.71 0.93 0.74 0.39 1 0.54 0.76 0.50 0.80 1 0.61 0.66 0.57 1.76 1
Geotextile | FWD4-9 1.07 0.70 0.49 0.33 1 0.50 0.92 0.60 0.75 1 0.57 1.36 0.99 1.91 1
Geogrid in FWD5-1 0.56 1.35 0.97 0.24 1 0.62 0.72 0.71 0.91 1 1.07 1.10 0.89 1.63 1
Base FWD5-2 0.57 1.49 1.05 0.26 1 0.63 0.75 0.68 0.93 1 0.98 0.94 0.70 1.49 1
Course FWD6-1 0.68 0.99 0.87 0.39 1 0.68 0.86 0.79 1.12 1 0.92 0.84 0.89 1.34 1
FWD6-2 0.61 1.17 0.86 0.36 1 0.73 1.06 0.69 1.07 1 0.89 0.89 0.80 1.42 1

LT-ST-41 134¥2/9ay3
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Although pavement practitioners expected that pavement structures
would be the stronger in summer conditions than in other seasons, the
back-calculated ratio comparison from the five FWD tests to assess the
seasonal performance indicated that the moduli values during the fall
FWD were the highest (Figure 23). The back-calculated ratio comparison
between 27 October 2014 and March 27 2005 shows that higher moduli
values exist because of the frozen layer 18 and 44 in. below the pavement
surface. The moduli values for the other spring FWD test were indicative
of spring thaw responses on performance.

Figure 23. Seasonal moduli values of the base-course layer for the test
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Base-course equivalent thickness

To relate the non-reinforced base-course sections (the sections without ge-
ogrid) to the reinforced base course with a TriAx TX 160 geogrid, we con-
ducted a back-calculation analysis by reducing the thickness of the rein-
forced base course. This is an iterative analysis to estimate the equivalent
thickness so that the modulus value of the non-reinforced base course is
similar to the modulus value of the reinforced base course by using the ba-
sin fit option and using the same seed modulus value in Table 5 in
ELMODG6. The adjacent test sections, which are FWDA4-1 to FWD 4-9,
were analyzed and compared because these test sections were relatively
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close to each other. An 18 to 19 in. range of non-reinforced base course is
equivalent to a range of 8 to 11 in. of reinforced base course with a TriAx
TX 160 geogrid (Table 9). The estimated equivalent thicknesses are based
on the road conditions observed on Pickering Road and may not be the
same in other locations. In this case, a reinforced base course with a TriAx
TX 160 geogrid in this location and under these conditions indicated a sig-
nificant performance increase. In these test sections, the reinforced base-
course sections with a TriAx TX 160 geogrid provided a reduction of thick-
ness between 1.5—1.7 times that of the non-reinforced ones due to the
(added) stiffness of the grid mesh. Or, the aggregate layer thickness can be
reduced 33%—42% with reinforcement in the base course. However, these
numbers are based just on the moduli values by backing out what the
thickness would be and do not account for other factors affecting the per-
formance, such as moisture content, drainage, topography, frost penetra-
tion, etc. In addition, the reduction in thickness is evaluated based only on
the stiffness performance. The results for the pavement structure do not
account for other performance factors, such as deformation, fatigue, and
thermal cracking

Table 9. Non-reinforced and reinforced base-course equivalent thickness and moduli values.

Base-Course _ 1 April | 27 October
Layer 3 April2014| 2015 2014
Thickness, Moduli Moduli Moduli
Test Section in. (ksi) (ksi) (ksi)
Non-reinforced FWD4-1 18 7 8 16
:3(:‘59 C°‘:'Se FWD4-2 Actual 7 8 17
eotextile at .
_ thick
subgrade) FWD4-3 19 ICKness 11 10 19
FWD4-4 9 8 18
Reinforced Base FWD4-5 6 4 17
Cgurse FWD4-6 15 Equivalent 8 4 17
(Geogrid in base or
course & geotextile FWD4-7 modified 8 6 15
at subgrade) FWD4-8 thickness 11 5 18
FWD4-9 11 9 8 20

It is important to note that the results provided in this study reflected only
the seasonal conditions and environmental factors at Pickering Road and
for the type of geogrid used. Reduction in thickness due to a reinforced
base-course layer may differ from one region to another with varying sea-
sonal and environmental conditions.
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Summary and Conclusions

For many years, pavement researchers have studied reinforced base course
with geogrid. These studies claimed that the use of geogrid at the un-
bound aggregate have helped to improve pavement performance and to
extend service life. To date, the effectiveness of geogrid continues to be a
controversy with regard to the degree of aggregate—grid interlock, the
guality of the base-course materials, and the installation locations or posi-
tion of the grid in the pavement structure.

This study encompassed the seasonal assessment by using a non-destruc-
tive method (i.e., FWD tests on selected dates) at Pickering Road, in Roch-
ester, NH, to provide a comparative assessment between the reinforced
and non-reinforced base course.

For the Rochester, NH, area, frost penetration was measured as between
33 and 38 in. in the 2014 winter and spring. The maximum depth of frost
in 2015 was 42 to 45 in. The 2013—14 winter had 1031.6°C freezing de-
gree-days (higher than the average of 708.3°C) and the 2014—15 winter
was at 1162.4°C freezing degree-days—the highest of the last 15 measured
years. Both years were much colder and longer than average.

The modulus (strength) of the asphalt concrete was nine times that of the
base and subbase courses and 25 times that of the subgrade (Table 5) dur-
ing most of the year. However, the summer modulus of the asphalt (when
the pavement surface temperature was greater than 120°F) was approxi-
mately one-third of the spring or fall values when the pavement tempera-
ture is below 90°F (Table 7).

The seasonal modulus (strength) for the geogrid (reinforced) and non-re-
inforced base-course layer can be summarized as follows:

e The fall modulus values had a higher stiffness than other seasons, with
lower stiffness during the spring thawing period than the normal con-
ditions (i.e., summer and fall).

e The performance along the test sections showed a consistent trend or
similar pattern from one FWD test to another. This trend indicated
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that the weak sections remained relatively weak while the stronger sec-
tions maintained their relative strength from one test season to the
next.

e The weak zones throughout the test sections were from FWD4-1 to
FWDA4-9.

e The weak locations of the non-reinforced base-course (a geotextile sep-
arator between only the subgrade soil and the subbase course) sections
were along FWD4-1 through FWDA4-4.

e The weak sections FWD4-5 to FWD4-9 were along the reinforced sec-
tions with a geogrid reinforcement within the base course and a geotex-
tile separator between the subgrade and the base course.

e Overall, the geogrid-reinforced base course provided higher moduli
than the non-reinforced base-course (a geotextile separator between
only the subgrade soil and the subbase course) sections.

Because of the added stiffness effect of the grid mesh, the 11 to 12 in. ge-
ogrid-reinforced base course with a TriAx TX 160 in this study was equiva-
lent to 18—19 in. of base course without geogrid. In other words, the ag-
gregate layer thickness can be reduced to 33%—42% with reinforcement in
the base course. However, these numbers are based on just the moduli
values by backing out what the thickness would be and do not account for
other attributable factors affecting the performance, such as moisture con-
tent, drainage, topography, etc. In addition, we assessed the reduction in
thickness based only on the stiffness performance. The results do not ac-
count for other performance factors, such as deformation, fatigue, and
thermal cracking.
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7 Recommendations

For better and more definitive answers, we recommend constructing a
more representative test by using 200—300 ft long test sections with fewer
variables. The study should have uniform subgrades with the same water
table, identical pavement thicknesses, similar drainage conditions, the
same topography, and similar traffic conditions to compare geogrid (at the
top of the base, in the middle of the base course, and at the base-course
and subgrade interface), geotextile, and no reinforcement. The study
should assess the overlaps at transverse and longitudinal connections of
joints. In addition, the test should include a better instrumentation
scheme and increased monitoring of subsurface conditions for better char-
acterization of the non-reinforced and reinforced base-course perfor-
mance.

A thorough geogrid cost-benefit analysis should be evaluated for further
study. The assessment should examine not only the purchase price of the
geogrid and the savings from reduced base and subbase-course materials
but also the added installation cost during the construction, the long-term
maintenance, and the performance costs and savings (with potentially less
resultant cracking, etc.).

To reduce the construction, maintenance, and operations resources and to
increase pavement life, we recommend that new products be evaluated un-
der the New Hampshire environmental, traffic, and soil conditions to opti-
mize the transportation system.
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Appendix A: Pickering Road Construction
Background, Geogrid Specification, and
Cross Sections

ROCHESTER 15863

Roadway: Pickering Road; Rochester, NH
SRI: N3890505
Project Length: 2.0 miles

Project Limits: From pavement joint just south of Brickyard Drive (Urban
Compact) southerly to pavement joint south of England Road (end of State
Maintenance).

Construction Timeline:

e 2010: 5 asphalt cores were taken in support of the project design phase.
Base course sampling was performed at all 5 locations to a depth of 5
feet below the pavement. Grain Size analyses were performed on all re-
covered samples. See attached core report. See LIMS for gradation re-
sults.

e 2011: Full box reconstruction with 3 inches of new HBP (3” binder).
Work was performed under contract: Rochester 15863. Contractor was
Pike Industries with bid of $993,460.

e 2012: 1-inch wearing course overlay to increase total pavement thick-
ness to 4 inches. Work was performed as part of the Resurfacing Dis-
trict 6 16166A contract. Contractor was Continental Paving.

Soil Reinforcement:

e Tensar Triax TX160 Geogrid
0 Product was donated by Tensar. Approx. 20,000 SYs
o0 Special Provision for Item 415.9, Triax Geogrid Installation, was
created for this project. Pike bid $0.30/SY for a total of
$15,394/SYs
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Tensar. &8V

Product Specification - TriAx® TX160 Geogrid

Tensar International Corporation resenves the right to change its product specifications at any time. 1t is the responsibility of the person specifying the use of
this product and of the purchaser to ensure that product specifications relied upon for design or procurement purposes are current and that the oroduct is
suitable forits intended use in each instance. Tensar TrlAx® Geogrid

General

1. Thegeogrid is manufactured from a punched polypropylene sheet, which is then oriented in three
substantially equilateral directions so that the resulting ribs shall have a high degree of molecular
orientation, which continues at least in part through the mass of the integral node.

2. The properties contributing to the performance of a mechanically stabilized layer include the

following:
Index Propertles Longitudinal Diagonal Transverse  General
= Ribpitch™, mm (in) 40 (1.60) 40 (1.60) -
*  Mid-rib depth™®, mm (in) - 1.6 (0.08) 1.4 (0.08)
*  Mid-rib width™, mm (in) - 1.0 {0.04) 1.2(0.05)
*  Ribshape Rectangular
" Aperture shape Triangular

Structural Integrity

*  Junction efficiency™, % 93
*  Radial stiffness at low strain™. kN/m & 0.5% strain 200
{Ib/ft @ 0.5% strain) (20,580)
Durabllity
*  Resistance to chemical degradation™ 100%
*  Resistance to ultra-violet light and weatheringm 70%

Dimensions and Delivery

The TX geogrid shall be delivered to the jobsite in roll form with each roll individuzlly identified and nominally measuring 3.0 meters (3.8 feet)
and/or 4.0 meters (13.1feet) inwidth and 75 meters (246 feet) in length.

MNotes

1. Unless indicated othenwise, values shown are minimum average roll values determined in accordance with ASTM Da759-02. Brief descriptions of
test procedures are given in the following notes.

MNominal dimensions.

Load transfer capability determined in accordance with ASTM De537-10 and ASTM D7737-11 and expressed as a percentage of ultimate tensile
strength.

Radial stiffness is determined from tensile stiffness measured in any in-plane 2xis from testing in accordance with ASTM Des37-10.

Resistance to loss of load capacity or structural integrity when subjected to chemically aggressive environments in accordance with EPA 030
immersion testing.

6. Resistance to loss of load capacity or structural integrity when subjected to 500 hours of ultraviolet light and aggressive weathering in accordance
with ASTM D4355-05.

Tensar International l:urpnratinn This sperification supersades any and 3l prior specifications for the product designated abmo and is not applicable to amy product
. shippad prior to |anuary 31, 2004. Tensar and Trifx are trademarics of Tensar Intemational Corporation or its affilates in the US and
2500 Northwinds F‘h'l“ﬁ' many othar cowntries. Trifls geogrid and the use thermof ane protectad by LS. Patent No. 7,000,112, Patants or patent apphrations abso
Atlanta Geungia 30009 exist in other countries. Final determination of the sutabiity of the abewe- mentioned information or product for the wse comemplated,
: and its manner of use are the sake responsibiliey of the wser. Tensar Intemational Conporation disdkims any and all mopeess, implied or
Phone: BOO-TENSAR-1 statutorywananties, induding but not limited to, amy waranty of merchantability or fitnoss for 2 particular purpose reganding this
www.tensarcorp.com praduct or the Company's other products, technologios or services. Thoinformation contained heroin doos not constituto enginoorning

e, TY_SPEC_TX1E0_214
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State of New Hampshire Department of Transportation
Bureau of Materials and Research
Cr. Stone Fine (304.4)

Sample ID: AA65506

Project: ROCHESTER Federal No:

Proj No: 15863 Source: Brox Ind

NH Lab No: Report 10: Ralph Sanders

Material: Cr Stone Fine Submittal 10/5/2011

Sampled from: Stockpile Rochester Sample 10/372011

Lot #: Sampled by: R. SANDERS

Purpose: 304.4 Cr. Stone Fine

Analysis Validated by: JA  Date: 10/10/2011 Sample Validated JA Date:  10/10/2011

Remarks:

METHOD ANALYSIS RESULT UNIT MIN MAX VIOLATIONS
Tested By: RD

T27 2 in (50 mm) Sieve 100.0 % Passing 100

T27 1 1/2in (37.5 mm) Sieve 845 9% Passing &5 100

T27 1in (25 mm) Sieve 60.3 % Passing

T27 3/4 in (19 mm) Sleve 42.2 % Passing 45 75 Falled

T27 1/2in (12.5 mm) Sieve 305 % Passing

T27 #4 (4.75 mm) Sieve 19.54 % Passing 10 45

T27 #10 (2.00 mm) Sieve 781 % Passing

T27 #20 (0.850 mm) Skeve 56.7 % Passing

T27 #40 (0.425 mm) Sieve 415 % Passing

T27 #100 (0.150 mm) Sieve 27.88 % Passing

T27 #200 {0.075 mm) Sleve 17.26 % Passing

T27 % Passing #200 in Total Sample 337 % Passing 0 5

Comments:  There will not be a proctor test performed on this material to establish a maximum dry density, The material retained on the #4

sleve

excaads the maximum allowable of 40% per AASHTO T99. A test strip should be performed in the field per 304.3.8 of the standard
specifications, which is also described in the construction manual section 704.7.4.

Monday, October 10, 2011
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State of New Hampshire Department of Transportation
Bureau of Materials and Research

Sample 1D: AAB5824

Nuclear Density
Federal No:
Source: Brox Inds,
Report to: Ralph Sanders
Submittal 10/13/2011
Samp.fe 10/62011
Sampled by: K. COGSWELL

Analysis Validated by: Ja  Date: 10172011 Samiple Valldated — JA  Date:  10117/2011

Project: ROCHESTER
Proj No: 15863
NH Lab No:
Materlal: Pickering Rd. CSB
Samipled from: Sta. 28+50, 6'Lt.
Lot #:
Purpose: 304.4 - Crs.Stone Base
Remarks:
METHOD ANALYSIS
Gauge ID
Calibration/erification Date
Standardization Data
T30 Test Depth
T310 Haight of Fill
T30 Wet Density of soil
T27 No 4 {4.75mm) Sieve
T30 Weight of H2O in Sample
T310 % Moisture
T310 Dry Density
To9 Maximum Diry Density
T224 Corr. Max. Dry Dan.
% Compaction
Tested By:

RESULT

20730
42011
2186/648
6

1

152.2

58
4.8
1454
145
145
100 +
K.C.

UNIT MIN MAX FIOLATIONS

inchas

Feset

Ibs/f3

% Retained
Ibs/fta

ki

Ibs/ft3

Ibsiftd

Ibs/ft3

Yo 95

Commentis: Informational/Acceptance in-place density test, based on assumed MDD = 145 pef

Monday, Ociober 17, 2011
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State of New Hampshire Department of Transportation
Bureau of Materials and Research

Nuclear Density
Sample ID: AA65823
Project: ROCHESTER Federal No:
Proj No: 15863 Source: Brox Inds.
NH Lab No: Report to: Ralph Sanders
Material: Plckering Rd. CSB Submittal 10/13/2011
Sampled from: Sta 17+60, 5' Rt Sample 10062011
Lot #: Sampled by: K. COGSWELL
Purpose: 304.4 - Crs.Stone Base
Analysis Validated by: JA  Date:  1017/2011 Sample Validated Ja Date:  10/17/2011
Remarks:
METHOD ANALYSIS RESULT UNIT MIN MAX VIOLATIONS
Gauge ID 20730
Calibration/\erification Date 42011
Standardization Data 2186/648
Tal0 Test Dapth 3 inches
T310 Heaight of Fill 1 Fesat
T310 Wet Density of soil 150.4 lbs/ft3
T27 No 4 (4.75mm) Sieve - % Retained
THO Weight of H2O in Sample 6.0 Ibs/ft3
T310 % Moisture 4.2 %
T310 Dry Density 144.5 Ibs/ft3
Tog Maximum Dry Density 145 |bs/ft3
T224 Corr, Max. Dry Den. 145 Ibsift3
% Compaction 99.7 % 95
Tested By: K.C.
Comments: Infermational/Acceptance in-place density test, based on assuned MDD = 145 pef

Monday, October 17, 2011
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State of New Hampshire Department of Transportation
Bureau of Materials and Research

Sample ID: AA465821
Project: ROCHESTER
Proj Ne: 15863
NH Lab No:
Muaterial: Pickering Rd, C5B
Sampled from: Sta 6+00, 2'Rt.
Lot #:
Purpose: 304.4 - Crs.Stone Base
Analysis Validated by: JA  Date:
Remarks:
METHOD ANALYSIS
Gauge ID
Calibration/Verification Date
Standardization Data
T310 Tast Dapth
T310 Height of Fill
T310 Wet Density of soil
T27 No 4 (4.75mm) Siave
T310 Weight of H20 in Sample
T310 % Molsture
T310 Dry Density
T899 Maximum Dry Density
T224 Carr. Max, Dry Den.
% Caompaction
Tested By:
Comments:

Monday, October 17, 2011

Nuclear Density
Federal No:
Source: Brox Inds.
Report to: Ralph Sanders
Submittal 101372011
Sample 1046/2011
Sampled by: K. COGSWELL

10172011 Sample Validated

RESULT

20730
4/2011
2196/648
8

1
1443

5.0
38
139.3
145
143
96.1
K.C.

Ja Dafer 1017/2011

UNIT MIN MAX VIOLATIONS

inches
Fest

Ibs/ft3

% Retained
Ibaft3

Ibsft3
Ibsi/ft3
Ibs/ft3
% 95

Informational/Acceptance in-place density test, based on assumed MDD of 145 pef
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Sample ID:
Profect:

Proj No:

NH Lab No:
Material:
Sampled from:
Lot #:
Purpose:

Analysis Validated by: JA  Date:

Remarks:

METHOD

T27
T27
T27
T27
T27
T27
T27
T27
T27
T27
T27
T27
T27
T27

Comments:
should

material to

which

State of New Hampshire Department of Transportation

Bureau of Materials and Research
Cr. Stone Coarse (304.5)

AA65507

ROCHESTER
15863

Crushed Stone Coarse
Stockpile Rochester

304.5 Crushed Stone Coarse

ANALYSIS RESULT
Tested By: RD

3 1/2 in (90 mm) Sieve 100.0
3in (75 mm) Sieve 96.5
2 in {50 mm) Sieve 71.8
1 1/2in (37.5 mm) Sieve 49.2
1 in {25 mm) Sieve 29.6
3/4 in (19 mm) Sieve 252
1/21n (12.5 mm) Sieve 2.7
#4 (4.75 mm) Sieve 16.08
#10 (2.00 mm) Sieve 79.9
#20 (0.850 mm) Sieve 60.9
#40 (0.425 mm) Sleve 45.1
#100(0.150 mm) Sieve 24.49
#200 (0,075 mm) Sleve 16.77

% Passing #200 in Total Sample 270

10172011 Sample Validared

Federal No:

Source:

Report to:
Submistal

Sample

Sampled by:

UNIT

% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing

MIN
100
85
60
40

15

0

Brox Ind

Ralph Sanders
10/572011
10032011

R, SANDERS

JA Date: 101772011

MAX

100
a0
70

40

]

VIOLATIONS

Failed

Falled

Although aggregate retained on the 1 1/2 " and 3/4 " sieves is too coarse for DOT 304.5 gradation requirements, the extra stone

still make the material suitable for this roadway's application. Please Mote - There will not be a proctor test parformed on this

establish a maximum dry density. The material retained on the #4 sieve exceeds the maximum allowable of 40% per AASHTO T&9.
Pravious Test Strip data on this Crushed Stone Base product can be applied in the field per 304.3.8 of the standard specifications,

is also described in the construction manual section 704.7.4.

Monday, October 17, 2011
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State of New Hampshire Department of Transportation
Bureau of Materials and Research

Cr. Stone Fine (304.4)
Sample ID: AAGI506
Project: ROCHESTER Federal No:
Proj No: 15863 Source:
NH Lab No: Report to:
Material: Cr Stone Fine Submittal
Sampled from:  Stockpile Rochester Sample
Lot #: Sampled by:
Purpose: 304.4 Cr. Stone Fine
Aralysis Validated by: Date: 123011893 Sample Validated
Remarks:

METHOD ANALYSIS

Tested By:
T27 2in (80 mm) Sieve
T27 1142 in (37.5 mm) Sieve
TZ7 1 in (25 mm) Sieve
T27 344 in (18 mm) Sieve
T27 142 in (12.5 mm) Sieve
T27 #4 (4.75 mm) Sieve
T27 #10 (2.00 mm) Sleve
T27 #20 (0.850 mm) Sieve
T27 #40 (0,425 mm) Siave
T27 #100 (0.150 mm) Sieve
T27 #200 (0.075 mm) Sieve
T27 % Passing #200 in Total Sample

RESULT

RD
100.0
84.5
60.3
422
30.5
19.54
78.1
§6.7
41.5
27.89
17.26
337

UNIT

% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing
% Passing

MIN

100
a5

45
10

0

Brox Ind

Ralph Sanders
10/5/2011
100372011

R. SANDERS

Date: 12301899

MAX VIOLATIONS

100

75 Failed
45

5

Comments: There will not be a proctor test performed on this material to establish a maximum dry density. The material retained on the #4

sieve

exceads the maximum allowable of 40% per AASHTO T99. A test strip should be performed in the field per 304,3.8 of the standard
spacifications, which is also described in the construction manual section 704.7.4,

Wednesday, October 05, 2011
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State of New Hampshire Department of Transportation
Bureau of Materials and Research

Sand Fine & Coarse (304.1)

Sample ID: AAG471S

Projeci: ROCHESTER Federal No:
Praj No: 15863 Source: Pike Ind.
NH Lab Ne: Report to: Ralph Sanders
Material: sand Submirial al15/2011
Sampled from: Roadway Sample 9/12/2011
Lot #: Sampled by: R. SANDERS
Purpose: 304.1 Sand
Analysis Validated by: Date: 123011899 Sample Validated Dare: 121301899
Remarks:
METHOD ANALYSIS RESULT UNIT MIN MAX VIOLATIONS
T27 6 in (150 mm) Sieve 100.0 % Pagsing 100
T27 2 in (50 mm) Sieve 96.4 % Passing
T2T 1142 in (37.5 mm) Sleve 91.5 % Passing
T27 1 in (25 mm) Sleve B6.0 % Passing
T27 34 in (19 mm) Sieve B8za % Passing
T27 1/2in{12.5 mm) Sieve 763 % Passing
T2T #4 (4.75 mm) Sieve 65.53 % Passing 7O 100 Failed
T27 #10 (2.00 mm) Sleve B7.6 % Passing
T27 #20 (0.850 mm) Slave 66.7 % Passing
T27 #40 (0.425 mm) Sieve 448 % Passing
T27 #100 (0.150 mm) Sieve 16.00 % Passing
T27 #200 (0.075 mm) Sleve 7.62 % Passing 0 12
Tested By: RD

Comments: Meets specifications for 304.2 Gravel

Thursday, Seprember 15, 2011
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State of New Hampshire
Department of Transporation

ATTERBERG LIMITS TEST METHODS

AABHTO - TEB Detarmining tha Liquid Limit of Soils

m Buresu of Materigls & Ressarch
Eremt Tanests

r
Lecaiion: Plokering Road
Mumbar, 158533

AASHTO - T8 Determining the Plasfic Limlt and
Plasticity Index of Sclis
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PAVEMENT CORE / BASE SOIL SAMPLE REPORT

fJ'r.pur:‘-m-«J if Prawaparialion

Bureau of Materials and Research, 5 Hazen Drive, Concord, New Hampshire 03301
Phone (603) 271-3151 Fax (603) 271-8700

Project:
Project Number:

Roadway:

Sample Date:
Sampled By:
Base Soil VC By:
Pavement VC By:

Rochester
Special (10892-934)

Pickering Rd
1/11/2010

Craig Cleveland

Brian Kulacz / Matt Courser

1/26/2010
PAVEMENT BASE SOIL(S)
CORE LOCATION NOTES
Thickness (In) Visual Classification sample Depth (f) Visual Classification % Pass#4 % Pass #200
MM g 38 Mix 51 0.0-1.58 |GRAVEL.Med sand, frace silt 54.47 521
STA 51 B/C 17015014525
NORTH 282200078 2" PMST 52 1540 |SLT 05.37 7178 Frost estimated at 1 foot
S-2 B/C 20/23/25/25
EAST 1168660.254
LANE Morthbound 112" (38 Mix
Cco1 5" Asphalt Apprax 5 1/4 inches
OFFSET
LEFT 2 58" 12 Mix *GPS coordinates collected at each
. ore location was for DigSafe
RIGHT & from center lina information. Close to exact core but
OTHER not right on it
MM 4" 38 Mix S-1 0.0-20 |SAND, Med, trace silt 72.55 776
STA 51 BIC 00/130/85/20
NORTH 280434 821 234" [PMST 5-2 2.0-4.0 |SAND, Medfine, silty - varicus colors 79.35 25.95 Frost estimated at 1 foot
5-2 B/IC 20/21/15/16
EAST 1171214.588
LANE southbound X
coz 312" Asphalt Approx 2 1/2 inches
OFFSET
LEFT & from canter fine *GPS coordinates collacted at each
ore location was for DigSafe
RIGHT information. Close to exact core but
OTHER not right on it
MM 5" Various lifts of 3'8 Mix 51 0.0-2.0° |SAND, Med, some silt ga.z1 16.37
STA 51 B/C 32/2212/8
NORTH 278366.185 21/2" [Cutback 52 2.0-4.0 |SLT 04.32 70.08 Frost estimated at 1 foot
-2 BIC 781417
EAST 1172104 428 S2BCTa
LANE Morthbound -
co3 71/2 Asphalt Apprax 7 1/2 inches
OFFSET
LEFT *GPS coordinates collacted at each
ore location was for DigSafe
RIGHT 6" from center ling information. Close to exact core but
oTuER not right on it

Eric_Rochester, Pickering Rd,Special 10882 xlks

Page 1of2

LT-ST-41 134¥2/9ay3

€9



PAVEMENT BASE SOIL(S)
CORE LOCATION NOTES
Thickness (In) Visual ClassHication Sample  Depth (f) Visual Classification " Pass#4 9 Pass £200
MM 21/2"  [Various lifts of 3/8 Mix 51 0020 |SAND Medfine, some silt B5.05 12.67
STA 51 8/C 20/24/10/12
NCOHRTH 27E171.226 2" Various lifts of PMST 52 2.0-4.0 |SLT oa.78 63.7 Frost estimated at 1 foct
S-2B/IC 881114
EAST 1173230.434
LANE southbound 112"  |Cutback
Co4 B" Asphalt Apprax & inchas
OFFSET
LEFT &' from center line “GPS coo_rdinulas oolla_clad at each
ore location was for DigSafe
RIGHT information. Close to exact core but
OTUER not right on it
MM 2 Various lifts of 38 Mic 51 0020 |GRAVELY Sand, Mad 5452 33
STA 5-1 B/C 12510077328
1 estimated at 1 foot
NORTH 274473271 o |various lifts of PMST s2 2040 |SAND, some sil 78 1705 |oopm etaaio
EAST 1175060.877
Co5 LANE Morihbound 9 7 Cutback . : Asphalt Apprax 6 7/8 inches
OFFSET Can't measure Cutback lifts (Broken up) .
*GPS coordinates collected at each
LEFT core location was for DigSafe
RIGHT & from cantar lina inionrﬁau'on. _Close to exact core but
not right on it
OTHER

LT-ST-41 134¥2/9ay3

9
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Figure A-1. The as-built cross section of the test section FWD1. Horizontal scale is equal to
vertical scale.

B — ASPHALTCONCRETE ———
— BASE COURSE —_—

— - SUB-BASE

SUBGRADE T——GEOFABRIC

Figure A-2. The as-built cross section of the test section FWD2. Horizontal scale is equal to
vertical scale.

R CPHALT COMNCEELE _
T —_— BASE COURSE — —

- SUB-BASE

SUBGRADE T—

—GEOFABRIC

Figure A-3. The as-built cross section of the test section FWD3. Horizontal scale is equal to

vertical scale.
o —————— ASPHALT CONCRETE —_—
o — BASE COURSE — ~ ~
B _— SUB-BASE
— - - ~_
SUBGRADE ——GEOFABRIC

Figure A-4. The as-built cross section of the test section FWD4-1. Horizontal scale is equal to
vertical scale.

-— S mATCONREE

BASE COURSE

SUB-BASE

- ~_

SUBGRADE T~—GEOFABRIC

Figure A-5. The as-built cross section of the test section FWD4-2. Horizontal scale is equal to
vertical scale.
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Figure A-6. The as-built cross section of the test section FWD4-3. Horizontal scale is equal to
vertical scale.
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Figure A-7. The as-built cross section of the test section FWD4-4. Horizontal scale is equal to
vertical scale.

I ASPHALTCONCREIE —— ————————
— BASE COURSE

SUB-BASE

SUBGRADE T~ GEOFABRIC

Figure A-8. The as-built cross section of the test section FWD4-5. Horizontal scale is equal to

vertical scale.
— — — ASPHATTCONCRETE __———
T— - BASE COURSE T~ —
- SUB-BASE ——GEOGRID - 8"
[ — — — —
SUBGRADE ~ GEOFABRIC - 34"

Figure A-9. The as-built cross section of the test section FWD4-6. Horizontal scale is equal to

vertical scale.
. ASPHAITCONCRETE 7 —
— —— " masecoumse N
T —_ SUB-BASE — ~—GEOGRID - 8
SUBGRADE xﬁ*GEOFABRIC - 34"

Figure A-10. The as-built cross section of the test section FWD4-7. Horizontal scale is equal
to vertical scale.

— ASPHALT CONCRETE————— —
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Figure A-11. The as-built cross section of the test section FWD4-8. Horizontal scale is equal
to vertical scale.
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Figure A-12. The as-built cross section of the test section FWD4-9. Horizontal scale is equal
to vertical scale.
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Figure A-13. The as-built cross section of the test section FWD5-1. Horizontal scale is equal

to vertical scale.
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Figure A-14. The as-built cross section of the test section FWD5-2. Horizontal scale is equal

to vertical scale.

SUBGRADE

-
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Figure A-15. The as-built cross section of the test section FWDG6-1. Horizontal scale is equal

to vertical scale.
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Figure A-16. The as-built cross section of the test section FWD6-2. Horizontal scale is equal

to vertical scale.
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Appendix B: Pickering Road Test-Boring Re-
port and AASHTO Soil Classifications

TEST BORING REPORT Mo Hasnpsioe || BORING NO. FT1
STATE OF NEW HAMPSHIRE DEPARTMENT OF TRANSPORTATION NT SHEET NO 1 oF 1
MATERIALS & RESEARCH BUREAU - GEOTECHMICAL SECTION =i STA 51;50 OFF. RT 0B
PROJECT NaME _ROCHESTER 156805 BRIDGE NO. __N/A BASELINE CL
DESCRIFTION Pickering Road Reinforced Base Course Materials ELEVATION () 162.3
GROUNDWATER EQUIFMENT | SAMPLER CASING CORE | START/END ___1/3014/ 1/30/14
o SEFTH | ELEV. | BoTrom | soTrom|_TTPE: sL 7| Fawmen | DRILLER _C. Cleveland (NHDOT)
f| DATE | TME ) ) |oF CASING] OF KOLE[ s1ZE 1D (iny: 3 4 [ wo INSPECTOR Aaron Smart
130014 T B HAMMER WT. [IbE 140 ~ e ——
E HAMMER FALL [} = DELLRIG CLAS_SIFIER _ AS 0
T TAMMER TYPE: yYPe— CME 45-C Trir EAST/NORTH (ft) __117T2288/278162
- DEPTH [FTRATHM CHANGE ) sto'rgs SAMPLE qu"E\ée.}rEP?v qnﬁgé
2l Ty CerT Jeevanon| e |NUMBER(FSEONE . FIELD CLASSIFICATION AND REMARKS
= u 0s | 1818 PC1 | 0.5100) [M7 o5 PC1: 0°-6" ASPHALT PAVEMENT (7/8" 3/8 inch mix, 2° 5/8 inch mix,
P : . SL1 0.50100) |54 o[ \3-1/8" &8 inch mix), care ramained intact upon relrieval. il
] SL1: Mostly light beown to brown, mediom 1o coarse SAND, seme medium
o o coarse subrounded 1o angular gravel
o Fai)
z
: stz | zopog ELI;E {upper): 0"-20" Similar to lower SL1. Single layer of GEOFABRIC at
T 37| 1888 2 SL2 lower): 20™-24" Meslly olive gray sandy SILT, some orange and dark
E margon matiling.
= 5 SL3 | 2.0[100] SL3: Similar bo lower SL2.
&0
Battorm of Exploration @ 6.0 1 (El. 156.3)
NOTES:
= 1} SPT N-values not obtained with use of non-slandard SL-sized samplher.
o
&-— 10 — 2) B0 deap frost tube installed in 1% 10 PYC pipe (capped at bottom). Top
I ol pipe 3" below surface. Top of raad bax (slandard pentagonal read bes
& wreneh) mounted
b=
=
i
i
E
=
2
; -
G
7
G
x
o
g
20 —
25 —
Sampler identification COHESIVE S0ILS MOM-COHESNE SOILS Soil Descriptions Proportion
g Standard Split Spoon Blowsfoot (M}  Consistency Blows'foot (M) Apparent Density Capitalized Soil Mame Major Component
&L Large Spoon (0.0D= 3in} o- 1 Wery Soft 0 - 4 Very Loose Lower Case Adjective 3 50%
T Thin Wall Tube 2 - 4 Soft 5 -10 Loose Some 204 a5%
u Undisturbed Piston 5 .- 8 Medium Stiff 11 - 30 Medium Denze Little 10% - 20%
- O Open End Rod 9 - 15 Seiff 3 - 50 Dense Trace 1% - 10%
w A Auger Flight 16 - 30 “Wery Stiff =50 Very Dense
o C Core Barrsl =30 Hard WOR - Weight of Rod
#[ NR  MNotRecorded WOH - Weight of Hammer ENGLISH
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TEST BORING REPORT Mon Hamaiiive|| BORINGNO.  FT2
STATE OF NEW HAMPSHIRE DEPARTMENT OF TRANSPORTATION NT SHEET NO ] OF 1
MATERIALS & RESEARCH BUREALU - GEOTECHNICAL SECTION = aTA 53;85 OFF. _RT 08B
PROJECT NAME ROCHESTER 156805 BRIDGENO. __NIA | poec ne cL
DESCRIPTION Pickering Road Reinforced Base Course Materials ELEVATION (ft) 163.0
GROUNDWATER EQUIPMENT | SaMPLER cASING  ©core | START/END 1/30014 / 1/30/14
2 e | e | DEPTH]| ELEV. | BoTTOM [oTTOM| TYPE: 5L WW__| Fawmen | DRILLER _C. Cleveland (NHDOT)
i ift) M) |OF CASING|OF MOLE|  SIZE LD\ (ink: 3 4 6.0 INSPECTOR Aaron Smart
153014 i} Gdd HAMMER WT. jlb 140 e —
;E HAMMER FALL [ink 30 DELLRIG CLASSIFIEH ALS}
b HAMMER TYPE: Fmomaie | —CME 45-C Trr | EAST/NORTH (f) 1172211/278374
7| oEpry [TRATUM CHANGE [ | BLOWS | g pypq p | SAMPLER | DERTH STRATUM
2l " P Py — EEﬁ NUMBER QEEHTI';EW q-":::GE FIELD CLASSIFICATION AND REMARKS SYMBOL
=~ 0 -
= I PC 0.4 [100) |00
e D4 162.6 L TE DA PC1: 0-5-1/4" ASPHALT PAVEMENT (34" 38 inch mix, 27 58 inch mix,
o lll\,2-1?2' S8 inch mix), core remained intact upon redriaval. /
& SL1 | 20[100) SL1: Mostly light brown to brown, medium 1o coarse SAND, some medium
54| '0coarse subrounded to angular gravel.
; T SL2 (upper): 0°-7" Similar to lower SL1. Single layer of GEOFABRIC at 7.
E, 30 160.0 sL2 | 2.0[100) SL2 (lower): 724 Mostly olive gray sandy SILT, some orange and dark I}]..,ﬁ’,[,
L maroon maotlling. &
4 . -
; ‘ vie
i Advanced withoul sampling. J,nr\-\: H
¥ Bottom of Exploration @ 6.4 it (El. 156.5)
4
-: NOTES:
':er
z 1} SPT N-values nat ablained with use of non-standard SL-sized sampler.
e
é— 10 H 2} 60" deep frast Wube installed in 1" 10 PYC pipe (capped al bottom). Top
@ ol pipe 2-1/2" below surface. Top of road bex (slandard pentagonal road box
el wrench) mounted 17
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-:' Sampler Identification COHESIVE S0ILS MOMN-COHESNE SOILS Soil Descriptions Proporion
™ 5 Standard Split Spoon Blowsfoot (W)  Consistency Blowsffoot (W1 Apparent Density Capitalized Soil Name Major Component
;’ 5L Large Spoon (2.0.= 3in) o- 1 ey Soft a- 4 Very Loose Lower Case Adjective 5% - 50
F T Thin Wall Tube 2 4 Soft 5 - 10 Looss Some 0% - 35%
= W] Undisturbed Pision 5 - B Medium Stiff 11 - 30 Kedium Dense Little 10% - 20%
_.5( O Open End Rod 9 - 15 Saiff 3 - &D Dense Trace 1% - 10%
s & Auger Flight 16 - 30 Wery Stiff =50 \ery Denss
e c Core Barrel =30 Hard WOR - Weight of Rod
[ _NR__Not Recorded WOH - Weight of Hammer ENGLISH
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TE-12 5 'WATERIALE-RESEARCHRESEARCHAESEARCH PROJECTESP R PROJECTENSGA0S - STRUCTURAL COMDITION ASSESSMENT OF BASE QDURSEPICKE RIMGILOGE 1 56304 PICHERING FTGR) 210/2015 11644 PM TE12

TEST BORING REPORT Kon Haspibive|| BORINGNO.  FT3
STATE OF MEW HAMPSHIRE DEFPARTMENT OF TRANSPORTATION mT SHEET NO 1 OF 1
MATERIALS & RESEARCH BUREAU - GEOTECHNICAL SECTION =4 STA. 55;6? OFF.__RT 07
PROJECT NAME ROCHESTER 156805 BRIDGE NO. BASELINE oL
DESCRIPTION Pickering Road Reinforced Base Course Materials ELEVATION {#) 164.9
GROUNDWATER EQUIFMENT | SAMPLER CASING CORE | START/END 1/30014 § 1130114
e | tae | 0EPTH| ELEV. | BOTTOM [BOTTOM| TYPE: SL W | Pawman | DRILLER _C. Cleveland (NHDOT)
it} it} |OF CASING| OF BOLE|  SIZE LD (in): 3 4 [ INSPECTOR Aaron Smart
15014 [i] [ rH HAMMER WT. (b} 140 T
HAMMER FALL [ = ORILL RIG CLASSIFIER ALS
HAMMER TYPE: Auramate | —CME 45-C Trir | EAST/MORTH (ft) 1172142278553
DEPTH [FTRATVM CHaneE 1 | BLOWS [ oo | SAMPLER | DEPTH STRATLM
it PP FEpEy— OFEFfl WUMEER QE?H?F;':E:W "h"\:GE FIELD CLASSIFICATION AMD REMARKS EYME L
— T
. FC1 0.4 [100] &0
04 | 1645 4 100) T D‘J' PC1: 0-5" ASPHALT PAVEMENT (S/8" 3/8 inch mix, 2-1/8" 5/8 inch mix, |
0.7 164.2 1 2-1/4" &8 inch mix), core seperated between lower and middle layers upen |
sl | 20400 'mea. i
o = {upper): 07-3" Mostly ight brown 1o brown, medium Lo coarse SAND, |
TL 4 lgome medium to coarse subraunded Lo angular gravel, singhs layer of |
28 162.1 H'seccROs 7
sL2 | 20[100) '?1 (iowerf 3°-147 Similar 1o upper SL1. 147-247 Mastly brown mediom I| \‘H’PJ
| SAND, litthe coarse rounded gravel.
44 L2 (upper): 0°-5" Similar to lower SL1. Single layer ol GEOFABRIC at 5. *Hf
P 5L (lower). 5°-247 Mastly olive gray sandy SILT, some orange and dark |
maroon mallling. 2
Advanced wilhoul sampling. @_}
5 -3
Baltam of Exploration @ 6.4 i1 (El. 158.5)
NOTES:
1} SPT N-values nol obtained with use of non-standard SL-sized sampler.
10 2} 60" deap frast tube installed in 1" 1D PYC pipe (capped al beltom). Top
of pipe 3" below surface. Top of road bax (slandard pantagonal road box
wrench) mounted 17 below surface.
L 45
- 20
Sampler |dentification COHESIVE S0ILS NOMN-COHESIVE SOILS Soil Descriptions Propaorticn
5 Standard Split Spoon Blowsfoot (M Consistency Blowsifiont (W Apparent Density Capitalized Soil Mame Major Component
5L Large Spoon (O.0.= 3in) o -1 ‘ery Soft a - 4 Wery Loose Lower Case Adjective 5% - 50%
T Thin Wall Tube 2 - 4 Soft 5 - 10 Loose Some 2% - 35%
U Undisturbed Piston 5 . B Medium Stiff 11 - 30 keadium Dense Little 104 - 20%
o] Open End Rod 9 - 15 Saiff 3 - 50 Drense Trace 1% - 10%
A Auger Flight 16 - 30 Very Stiff =50 very Dense
[ Core Barrel =30 Hard WOR - Weight of Rod
NR__ Mot Recorded WOH - Weight of Hammer ENGLISH
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TEST BORING REPORT Kon Hamsiiive|| BORING NO.  FT4
STATE OF NEW HAMPSHIRE DEFPARTMENT OF TRAMSFORTATION m y SHEET NO ] OF 1
MATERIALS & RESEARCH BUREAU - GEOTECHNICAL SECTION =4 STA 5?;33 OFF. RT 07
PROJECT NaME ROCHESTER 156805 BRIDGE NO. __NIA | o0 er E CL
DESCRIPTION Pickering Road Reinforced Base Course Materials ELEVATION (ft) 169.6
GROUNDWATER ECUIPMENT | SaMPLER casSING  core | START/END 1/31/14 / 131114
= oare | e | o] ELev | momow Jeomrou] TEE sL W] Fawmen | DRILLER _C. Clevelam.:l (NHDOT)
B i) i) |OF CASING| OF HOLE Slﬁr:qgni:‘\]-'r _ ia 4 [ w0 INSPECTOR Drrill Crew
131014 [1] [(TH i - b 1 DR RIG
E SAMMER FALL [T = CLASSIFIER ___ ALS
= HAMMER: TYEE. e | —EMEAS-CTAr | EAST/MORTH (it) __1172069/278746
T| pepri [IRATHMCHARGE T | BLOWS [ puypyp | SAMPLER [ DEPTH STRATLINM
zZl m PR P — EEF}I NUMBER “Ei'-“;"ilil-«;E:F‘-’\’ ‘?f\:::GE FIELD CLASSIFICATION AND REMARKS TYMECL
= 0 -
= s PC1 0.4 [100] [00
od D.4 160.2 L [y L VPC1: 0-5" ASPHALT PAVEMENT (34" 38 inch mix, 27 5/8 inch mix, f
z 049 168.7 ) F\2-1/4" &8 inch mix), core rermained intact upon retrieval. fi
s SL1 | 2.0[100) 1 507 (upper): 06 Maslly light Brown to brown, medium Lo coarse SAND, )
- | some medium Lo coarse subrounded to angular gravel, single layer of [
4 ) e T4 |GEOGRIDatE" _ _ _ _ _ __ _ J
¥ 28 | 1669 7 SLT (fower). 76 Simiar 1o upper SL7. 16-247 Moélly biown médion | W-—l’
= 5L2 | 2.0 [100) | SAND, lithe coarse rounded gravel [ Frtet
r L2 (upper): 0°-4" Similar to lower SL1. Single layer of GEOFABRIC at 4" PR
=4 ) 44] 512 (lower): 47-2497 Moslly alive gray sandy SILT, some orange and dark
‘@_ 5 i marcon matiling.
g 5.3 1.9 [96] SL3: Similar o lower SL2.
=1 B
; Bettomn of Exploration @ 6.4 L(El. 163.2)
£ NOTES:
% 1) SPT M-values not obtained with use of non-standard SL-sized sampler,
!
W 10 — 2) 60" deep frost lube installed in 1" 1D PYC pipe (capped at bottom). Top
b of pipe 4" below surface. Top of road bax (standard pentagonal road bex
o wrench) maunted 17 balow surface.
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-:' Sampler Identification COHESIVE S0ILS MOM-COHESNE SOILS Soil Descriptions Proportion
o S Standard Split Spoon Blowsffoot (M}  Consistency Blowsfook (W Apparent Density Capitalized Soil Mame Mzjor Component
;’ SL  Large Spoon (0.0D.= 3in) o -1 ey Soft a- 4 Wery Loose Lower Case Adjective 35% - 50%
" T Thin Wall Tube 2 4 Soft 5 -10 Loose Some 0% - 35%
= u Undisturbed Piston 5 - B Medium Stiff 11 - 30 Medium Dense Little 10% - 20%
__5; O Open End Rod 9 - 15 Seiff 3 -850 Dense Trace 1% - 10%
] & Auger Flight 16 - 30 Very Stiff =50 Very Dense
e [ Core Barrel =30 Hard WOR - Weight of Rod
g NR_ hotRecorded WOH - Weight of Hammer ENGLISH
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TEST BORING REPORT Kon Hsmssiive|| BORINGNO.  FT5
STATE OF NEW HAMPSHIRE DEPARTMENT OF TRAMSPORTATION mT SHEET NO 1 OF 1
MATERIALS & RESEARCH BUREALU - GEOTECHNICAL SECTION = STA. 59;94 OFF.__RT 08
PROJECT NAME ROCHESTER 156805 BRIDGE NO. __ N | gaar NE cL
DESCRIPTION Pickering Road Reinforced Base Course Materials ELEVATION (ft) 167.9
GROUNDWATER EQUIPMENT | SAMPLER CASING  ©oORe | START/END 1/31/14 [ 113114
o RS [N R — 5L W | Pawman | DRILLER _C. Cleveland (NHDOT)
g| DATE | TME it ) |OF CASING|OF HOLE|  SIZE LD, (in): 3 4 [ & Dri
i i) ity SIZE LD. (i) 0 INSPECTOR rill Crew
13114 a BAE HAMMER WT. (b} 140
;ti HAMMER FALL finf o ORI RIG CLASSIFIER F\LSJ
,““2 HAMMER TYPE: Aamabc M EAST/MORTH l{f[] M
T | DEpri [TRATUM CHARGE [ | BLOWS | o pypq [ SAMPLER | DEPTH STRATUM
2 "® | oerm [emwnon PeR | RER QE?ﬁ?f;e':w RANCE FIELD CLASSIFICATION AND REMARKS Py
= 0 —=
= PC 0.5 [100) |60
= 0.5 167.4 [ 05 ol PC1: 0-5-1/27 ASPHALT PAVEMENT (3/4™ 3/8 inch mix, 2-1/4" 5/8 inch I
i 1.0 166.9 i, 2-1/2° 58 inch mix), core remained inlact upon relrieval. i
= SL1 [ 20[100) 1301 [upper): 0°-5 Moslly lighl brown to brown, medium lo coarse SAND,
\game madium Io coarse subrounded gravel, single layer of GEOGRID al 57 |
E4 . " =] SLT(jower]: 512 Simiar lo upper SL1. 15-247 Mosty brown mediim
o 28 | 1852 T SAND, some coarse subrounded gravel. I
5 5Lz 1.3 VEL2 (upper): 0"-4" Similar o lower SL1. Single layer of GEOFABRIC al 47
i [E5] L2 (uppar). 074" Similar o low L1 Single layer of GEOFABRIC al 4 o
L S (lower ). & -247 Maslly brown Tine 1o medium SAND.
2 44 | 1835 45 :
@_ s - a5 _Sldf’:—.-t
7 | Ao
= SL3 | Z0[100] BL3: Moslly olive gray sandy SILT, some orange and dark marcon mollling. |2 42
: i
3 65 I
® Battom of Exploration @ 6.5 1L (E. 161.4)
W
L
L NOTES:
]
% 1} SPT N-values nol obtained with use of non-standard SL-sized sampler.
L
B 10— 2} B0" deep frasl lbe installed in 17 1D PYC pipe (capped at boltem). Top
Ft of pipe 4" below surface. Top of raad box (standard pentagonal road box
& wrench) mounted 1° below surface.
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4| Sampler Identification COHESIVE SOILS NOMN-COHESIVE SOILS Soil Descriptions Propartion
w 5 Standard Split Spoon Blowsffoot (W)  Consistency Blows/foot (W Apparent Density Capitalized Soil Mame Major Component
;‘ 5L Large Spoon (0.D= 3in) o -1 ‘ery Soft - 4 Very Loose Lower Case Adjective 5% - 50
F T Thin Wall Tube 2 - 4 Soft 5 - 10 Loose Some 20% - 35%
= 0 Undisturbed Piston 5 - B Medium Stiff 11 - 30 Medium Denze Little 104 - 20%
_§ Q Open End Rod 9 - 15 Saiff 3 - 50 Dense Trace 1% - 0%
o A Auger Flight 16 - 30 ‘ery Stiff =50 Very Dense
™ c Core Barrel =30 Hard WOR - Weight of Rod
[ NR_ Mot Recorded WOH - Weight of Hammer ENGLISH
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TEST BORING REPORT Fiow Hamasiive|| BORING NO. PC1
STATE OF NEW HAMPSHIRE DEPARTMENT OF TRANSPORTATION mT SHEET NO 1 OF 1
MATERIALS & RESEARCH BUREAU - GEOTECHNICAL SECTION =4 STA. 15+53 OFF. RT 06
PROJECT NAME ROCHESTER 156805 BRIDGE NO. ___NiA BASELINE cL
DESCRIFTION Pickering Road Reinforced Base Course Materials ELEVATION (ft) 146.7
GROUNDWATER EQUIPMENT | SAMPLER CASING CORE | START/END _ 1229014 / 1206114
2l oare | 7ae | DEPTH| ELEV. | BOTTOM |BOTTOM| TYRE: 5 ww | DRILLER _C. Cleveland (NHDOT})
& it} ft}  |OF CASING|OF HOLE[ SIZE 1D (ing: 1.375 1| INSFECTOR Drill Crew
HAMMER WT. (b 140
.f SAMMER FALL [E o DRIL BIG CLASSIFIER ALS
3 HAMMER TYPE: EAST/NORTH {ft) __ 1174174275172
: DERTH [ETRATUM CHANGE | | BLOWS SAMPLE S.PLHI':"LER DEFTH STRATUM
2| """ [ oem [azvanon GPEP: NUMRER QEﬁrﬁfjw RA:GE FIELD CLASSIFICATION AND REMARKS SYMBCL
= 0
= D4 | 1483 T3 PC1: 05" ASPHALT PAVEMENT (%" 38 inch mix, X* &8 inch mix, X°
T A8 mch mix), core remained inlacl upon retrieval. {
2 L1 | 1.5[75] 501 0°F-17 Mastly ight Brown to brown, medium o coarse gravelly SAMD.
o 1718 Mostly brown medium SAND.
"fr T3 24 g2 {upper): 0"-&" Similar 1o lower SL1. Single layer of GEOFABRIC at 8°.
; 32 135 L2 | 2.0[100) SL2 (lower): B*-24" Mostly olive gray sandy SILT, some orange and dark }H-; “H
= N maraon mollling. A8
E 4.4 1423 = L L
= 5 7 Bottom of Exploration & 4.4 it
?
= MOTES:
(]
i:'_ 10 1) SPT M-values not obtained with use of non-standard SL-sized sampler.,
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| Sampler Identification COHESIVE SOILS WOM-COHESWVE SOILS Soil Descriptions Proportion
& 5 Standard Split Spoon Blows/foot (N} Consistency Blowstfoot (M| Apparent Density Capitalized Soil Mame Major Component
;’ 5L Large Spoon (O.D= 3in) o -1 ey Soft a - 4 Very Loose Liower Case Adjective 5% - 50
#| T Thinwall Tube 2 - 4 Sioft 5 - 10 Looss Some 0% - 35%
U undisturbed Piston 5 - & Medium Stiff | 11 - 30 Medium Dense Little 10% - 20%
#| ©  OpenEndFRod 9 .15 Seiff 3 - 50 Dense Trace 1% - 10%
] A Auger Flight 16 - 30 ery Stiff =50 Very Dense
| ¢ CoreBarrel =30 Hard WOR - Weight of Rod
@[ NR_ hot Recarded W OH - Weight of Hammer ENGLISH
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TEST BORING REPORT Hon tamsiie|| BORINGNO.  PC2
STATE OF NEW HAMPSHIRE DEPARTMENT OF TRANSPORTATION M‘T SHEET NO OF 1
MATERIALS & RESEARCH BUREAU - GEOTECHNICAL SECTION = STA. 20465 OFF. RT 06
PROJECT NamME ROCHESTER 156805 BRIDGE NO. __NA | gasElNE oL
DESCRIPTION Pickering Road Reinforced Base Course Materials ELEVATION (ft) 165.1
GROUNDWATER EQUIPMENT | SAMPLER CASING CORE | START/END _1228(14 / 1220/14
< pate | tme | DEPTMH| ELEV. | BOTTOM |moTTOM| TYPE: 5 ww | DRILLER _C. Cleveland (NHDOT)
i ity ity |OF CASING| OF HOLE|  SIZE LD. (in}: 1,478 3 | INSPEGTOR Crill Crew
HAMMER WT. b} 140
E TAMMER FALL T o DRILL RIG CLASSIFIER ALS
z HAMMER TYPE: EAST/MORTH (ft) __1173207/276178
o e e ] LM e | SNELER 5T FIELD CLASSIFICATION AND REMARKS
=l ™ [ oeprs |eevanon| gsg [NUMBER(T g e i) IELD CLASSIFICATI N
i
= 04 | BT TZ PC2: 075" ASPHALT PAVEMENT (X" 3/8 inch mix, 3" 58 inch mix X"
o S8 meh mix), cora remained inlacl upon ratrieval.
s 501 | 1.8[90] SLT: UF-8" Mostly light brown 1o brown, medium 1o coarse gravelly SAND.
o 820" Mostly brown medium SAND.
'2 - 24
Z SL2 (upper): 0"-12" Similar to lower SL1.
: 2 : sL2 | 2.0[100)
£ 34| B o0} SL2 [lower): 1224" Moslly dive gray sandy SILT, some orange and dark w_ﬂ
E - 44]  maroon moliling. 8105
2 44 | 180T
= Bottom of Exploration @& 4.4 it
5
g
b o
¥
E\;
i
= MOTES:
o3
é— 10— 1} SPT M-values nol obtained with use of non-standard SL-sized samplar.
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#| sampler Identification COHESIVE SOILS MWOM-COHESIE S0ILS Soil Descriptions Proporticn
W 5 Standard Split Spoon Blows/foot (N}  Consistency Blows'foot (W] Apparent Density Capitalized Soil Name Major Component
;‘ 5L Large Spoon (D= 3in) -1 ‘Wery Soft - 4 Very Loose Lower Case Adjective 5% - 5%
#| T  ThinWall Tube 2 - 4 Soft 5 -10 Loose Some 20% - 35%
= 0 Undisturbied Piston 5 - B Bedium Stiff 11 - 30 hedium Dense Little 0% - 20%
#| © OpenEndRod g - 15 Stiff 3 - 50 Dense Traca 1% - 10%
w A Auger Flight 16 - 30 Wery Stiff =50 Very Dense
| © Core Barel =30 Hard WOR - Weight of Rod
#[_NR__Not Recorded WOH - Weight of Hammer ENGLISH
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TEST BORING REPORT pon, Hasnsiive|| BORING NO.  PC3
STATE OF NEW HAMPSHIRE DEPARTMENT OF TRANSPORTATION N‘T SHEET NO 1 OF 1
MATERIALS & RESEARCH BUREAU - GEOTECHMICAL SECTION = STA. 42438 OFF.__RT 06
PROJECT NAME ROCHESTER 156808 BRIDGE NO. __NIA | paar INE cL
DESCRIPTION Pickering Road Reinforced Base Course Materials ELEVATION (ft) 1621
GROUNDWATER EQUIPMENT | SAMPLER CASING  CORE | START/END _1226/14 / 12/26/14
2 pare | mme | mEPTe| ELEV. | BOTTOM |EoTTOM[ TEE: 5 | DRILLER _C. C‘E"E‘E”‘? (NHDOT)
i it H) | OF CASING|OF HOLE[  SIZE LD (in): 1.375 3 [ INSPECTOR Drill Crew
HAMMER WT. lbr 140
E SAMMER FALL [ = DRILL RIG CLASSIFIER __ AMS
z HAMMER TYFE: EAST/MORTH (ft) 1726200277302
| pEpri [TRATUMCHANGE ) | BLOWS | ooy p | SAMPLER | DEFTH STRATLM
2| ™ [oeete [esvanon EEE‘I WUMBER QEE’ICI:I:;‘.E:RY Wl:::GE FIELD CLASSIFICATION AND REMARKS EYMBOL
S 0
= D4 | 18L7 A PC3: 075" ASPHALT PAVEMENT (X 3/8 inch mix, X* 58 inch mix, X"
o A nch mix), core remained inlacl wpon retrieval.
= L1 | 1.3[85] SL1: 0°-8" Mostly light brown 10 brown, mediurm 1o coarse gravelly SAND.
o 816", Mostly brown medium SAMD.
If s
& 28 | 1883 - — — — . statelst
¥ a2 | 2000 5L2 (lower): 4°-24" Maostly olive gray sandy SILT, some orange and dark A
B - ! maroon mottling. Ve
z A 577 44| SL2 (upper): 04" Similar o lower SL1. Single layer of GEOFASRIC al 4°. bt
£ y .
= 2 7 Bollom of Exploration @ 4.4 it
?
b
i
(¥
E\_
= NOTES:
o
é— 10 H 1} SPT MN-values not oblained with use of non-standard SL-sized sampler,
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#| Sampler [dentification COHESIVE SOILS NOMN-COHESIVE SOILS Soil Descriptions Proportion
™ 5 Standard Split Spoon Blowsffoot (M)  Consistency Blowsaifoot (N1 Apparent Density Capitalized Soil Name Major Cornponent
;’ 5L Large Spoon (2.0= 3 in) -1 Very Soft - 4 ery Looss Lower Case Adjective 5% - 50
#| T ThinWall Tube 2 - 4 Soft 5 - 10 Loose Some 200 - 5%
&l U Undisturbed Piston 5 - 8 Medium Stiff | 11 - 30 Medium Dense Litdle 100 - 20%
2 © OpenEndRed g - 15 Siff M -5 Dense Trace 1% - 0%
o A Auger Flight 16 - 30 ey Stiff =50 Very Dense
| € Core Barrel =30 Hard WOR - Weight of Rod
[ NR_ Mot Recorded WOH - Weight of Hammer ENGLISH
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TEST BORING REPORT Kon Hamaidie|| BORINGNO.  PC6
STATE OF NEW HAMPSHIRE DEPARTMENT OF TRANSPORTATION m‘T SHEET NO ] OF 1
MATERIALS & RESEARCH BUREALU - GEOTECHNICAL SECTION = STA. 104+00 OFF. RT 06
PROJECT NamME ROCHESTER 156805 BRIDGE MO, __NIA | pyor o CL
DESCRIPTION Pickering Road Reinforced Base Course Materials ELEVATION (ft) 171.4
GROUNDWATER EQUIPMENT | SAMPLER CASING  CORE | START/END __ 1228014 [ 122514
2 pare | e | EPTH| ELEV. | BOTTOM |mOTTOM[ TYPE: 5 ww | DRILLER _C. Cleveland (NHDOT)
i ity Mt} |OF CASING| OF HOLE|  SIZE LD. (i) 1.375 a [ INSPECGTOR Drill Crew
HAMMER WT. lbr 140
E HAMMER FALL ink 30 QRLLRIG CLAS_SIFIER ALS}
= RAMMER TYPE: EAST/MORTH (ft) __1169048/281809
L: DERTH [ETRATUM CHANGE (7] | BLOWS SAMPLE S.’LHF:L:ER DEPTH STRATLIM
5 TR e prp—— NUMBER QE&?EW %:::GE FIELD CLASSIFICATION AND REMARKS SYMBOL
= o 05 170.9 _ PCE: 0°-6" ASPHALT PAVEMENT (X" 38 inch mix, X* 58 inch mix, X"
o 1.lJ 1T:]-4 L5 "\SI'L', neh mix), cora ramaned inlacl upon relrieval. ’.
] ’ : 519 2.0/[100] SL1 {upper): 0"-6" Mostly light brown 1o brown, medium o coarse gravelly
v ' ) | SAND, single layer of GEQGRIDaLE” _ u
] ss| BT (lower): =127 Similar 1o uppar SL1-
¥ i SL2 (upper): 0"-12" Mastly brown medium SAND,
& k 57 5L2 | 20([100) e
£ 35 | 1673 (o0 SL2 (lower]: 12'-24" Moslly dlive gray sandy SILT, some orange and dark |34 ]
é 45|  margon metlling. A T8TS
= 2 Botom of Explaration & 4.5 It
g
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!_'I;
= NMOTES:
]
i_ 10— 1} SPT N-values not ablained with use of non-standard SL-sized sampler.
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[ Sampler identficanion COHESIVE SOILS NOM-COHESNE SOILS Soil Descriptions Proportion
™ 5 Standard Split Spoon Blowsfoot (N}  Consistency Blowsffoot (W] Apparent Density Capitalized Soil Name Major Component
;‘ 5L Large Spoon (O.00= 3in) -1 ey Soft a - 4 Wery Loose Lower Case Adjective 5% - 50%
#| T ThinwWall Tube 2 - 4 Soft 5 - 10 Loose Some 2 5%
= U Undisturbed Piston 5 - B Medium Stiff 11 - 30 hadium Dense Little 1 i
2| © OpenEndRod g - 15 Seiff M -8 Cense Trace 1% - 10%
i A Auger Flight 16 - 30 Wery Stiff =50 Very Dense
w|  ©  Core Barrsl =30 Hard WOR - Weight of Rod
2] NR_ NotRecorded WOH - Weight of Hammer ENGLISH




Particle Size Distribution Report

Particle Size Distribution Report
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GRAIN SIZE - mm. GRAIN SIZE - mm.
o % Gravel % Sand % Fines . % Gravel 9% Sand % Fines
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Appendix C: Climate

The following precipitation data was collected at the Skyhaven Airportin
Rochester, NH. Because this location is only 3 miles from Pickering Road,
the climate data is acceptable to use for our Pickering Road analysis. Fig-
ures C-1to C-4 show Rochester’s daily precipitation in millimeters over a
1-year span. Itis important to look at 2014 and 2015 as that is when the
FWD testing took place. As seen in Table C-1, the average yearly precipita-
tion from 2000 to 2014 was 1080.2 mm while the total precipitation in
2014 was 943.8 mm, implying that this might have been a relatively dry
year. Data was collected for only half of 2015, so it is impossible to com-
pare precipitation totals for that year; but it is still useful to look at the first
six months. Table C-2 also shows total precipitation per year but only
through 30 June. The average 1 January to 30 July precipitation from
2000 to 2014 was 505 mm, much higher than the 311.1 mm recorded in
the first six months of 2015. Such a low value implies that 2015 is also a

relatively dry year.

Figure C-1. Precipitation data from Skyhaven Airport in Rochester, NH, for 2000 to 2003.
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Figure C-2. Precipitation data from Skyhaven Airport in Rochester, NH, for 2004 to 2007.
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Figure C-4. Precipitation data from Skyhaven Airport in Rochester, NH, for 2012 to 2015.
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Table C-1. Total yearly precipitation for Skyhaven Airport in Rochester, NH.

Year Precipitation (mm)
2000 1037
2001 808.7
2002 993.5
2003 1035.7
2004 1094
2005 1448
2006 1118.1
2007 1070
2008 1487.9
2009 1243.1
2010 1082.4
2011 1062.1
2012 944.6
2013 834.8
2014 943.8
Average 1080.2
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Table C-2. Total yearly precipitation for Skyhaven Airport (through June 30).

Year Precipitation (mm)
2000 492.4
2001 426.6
2002 553.6
2003 453.2
2004 476.8
2005 662.9
2006 612.3
2007 551.3
2008 662.1
2009 524
2010 578.9
2011 489
2012 467.3
2013 379.7
2014 439.3
2015 3111
Average 505

Figures C-5 to C-9 show the maximum daily temperatures at Skyhaven
Airport from 2000 to the first half of 2015. In each chart, the curves con-
sistently peak around 26°C and have very similar slopes before and after
peaking. Maximum temperatures in 2014 and 2015 also peak around the
26°C mark, implying that the maximum temperatures in these years were
not abnormal. The 2014 and 2015 curves also have the same shape and
slope as the other years’ curves, further showing 2014 and 2015’s routine
temperature behavior.
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Figure C-5. Maximum daily temperatures for 2000 to 2002.
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Figure C-6. Maximum daily temperatures for 2003 to 2005.
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Figure C-7. Maximum daily temperatures for 2006 to 2008.
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Figure C-8. Maximum daily temperatures for 2009 to 2011.
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Figure C-9. Maximum daily temperatures for 2012 to 2015.
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Figures C-10 to C-14 show the minimum daily temperatures at Skyhaven
Airport from 2000 to the first half of 2015. In each chart, the curves con-
sistently peak around 17°C and have very similar slopes before and after
peaking. Minimum temperatures in 2014 and 2015 also peak around the
17°C mark, implying that the minimum temperatures in these years were
not abnormal. The 2014 and 2015 curves also have the same shape and
slope as the other years’ curves, further showing 2014 and 2015’s routine

temperature behavior.
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Figure C-10. Minimum daily temperatures for 2000 to 2002.

2000-02 Min. Temperatures

N
o~

LN
i

Figure C-11. Minimum daily temperatures for 2003 to 2005.
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Figure C-12. Minimum daily temperatures for 2006 to 2008.
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Figure C-13. Minimum daily temperatures for 2009 to 2011.
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Figure C-14. Minimum daily temperatures for 2012 to 2015.
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We determined which days of a given year had an average temperature be-
low 0°C and considered the freeze season over if there were four consecu-
tive days with an above freezing average temperature. Table C-3 shows the
length of each year’s freezing season at Skyhaven Airport and an average
length from all the years. This table shows that the 2013—14 season was 24
days longer than the 87 day average season length while the 2014—15
freeze season was only 4 days longer. Both seasons ended at nearly the
same time (27 and 29 March, respectively), which is perhaps more signifi-
cant than the length of the seasons given that data was collected in the
spring, summer, and fall. When compared to the other years’ freeze sea-
sons, it is apparent that the 2013—14 and 2014—15 seasons end at least two
weeks later than all other seasons besides that of 2002—03. Based on this
analysis, the 2013—14 and 2014-15 freeze seasons ended unusually late,
perhaps delaying ground thaw and therefore skewing FWD data.



ERDC/CRREL TR-15-17

20

Table C-3. Length of freeze season by year.

Year Freeze Season Length (days)
2000-01 102
2001-02 81
2002-03 109
2003-04 88
2004-05 91
2005-06 93
2006-07 57
2007-08 96
2008-09 91
2009-10 74
2010-11 95
2011-12 81
2012-13 51
2013-14 111
2014-15 91
Average 87

Figures C-15 and C-16 and Table C-4 below show the cumulative freezing
degree-days (FDD) for each freezing season from 2000 to 2015. We gath-
ered this data by summing the average daily temperatures from when the
freeze season began (sum of daily temperatures is zero) to when the sum
of the daily temperatures reached zero again. In other words, negative-
temperature days cause the cumulative FDD to decrease while positive-
temperature days do the opposite. As seen in Table C-4, the average num-
ber of FDD from 2000 to 2015 was 141 days; and the average cumulative
temperature was —708.26°C-days. Both the 2013—14 and 2014—15 FDD
seasons were longer than the average at 164 and 145 days respectively.
These seasons also reached colder cumulative temperatures than the aver-
age at —1031.6°C-days and -1162.4°C-days, respectively. Based on this
data, the 2013—14 and 2014—15 winter seasons were colder and longer
than usual.
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Figure C-15. Cumulative freezing degree-days (FDD) for winter 2000-01 to winter 2007 -08.
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Figure C-16. Cumulative freezing degree-days (FDD) for winter 2008-09 to winter 2014-15.
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Table C-4. Cumulative freezing degree-days (FDD) from 2000 to 2015.

Year Length (days) |Cumulative FDD (°C-days)
2000-01 162 -909.25
2001-02 111 -238.55
2002-03 181 -1066.75
2003-04 160 -846.05
2004-05 150 -830.15
2005-06 132 -415.45
2006-07 117 -711.75
2007-08 158 -628
2008-09 152 -828.5
2009-10 121 -548.8
2010-11 153 -772.9
2011-12 92 -206.3
2012-13 119 -427.45
2013-14 164 -1031.6
2014-15 145 -1162.4
Average 141 -708.26
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Appendix D: Moduli Comparison Between
Loads, and PCASE vs. ELMOD FWD Analy-
sis

Figures D-1 to D-5 give comparisons between loads for asphalt concrete
and Figures D-6 to D-10 compare the loads for the base-course layer.

Figure D-1. Load comparisons for asphalt concrete for 3 April 2014.
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Figure D-2. Load comparisons for asphalt concrete for 17 March 2015.
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Figure D-3. Load comparisons for asphalt concrete for 1 April 2015.
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Figure D-4. Load comparisons for asphalt concrete for 23 July 2014.
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Figure D-5. Load comparisons for asphalt concrete for 27 October 2014.
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Figure D-6. Load comparisons for the base course for 3 April 2014.
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Figure D-7. Load comparisons for the base course for 17 March 2015.
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Figure D-8. Load comparisons for the base course for 1 April 2015.
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Figure D-9. Load comparisons for the base course for 23 July 2014.
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Figure D-10. Load comparisons for the base course for 27 October 2014.
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The following data compared ELMODG6 versus PCASE FWD analyses. We
used PCASE 2.09, a software used for designing and evaluating airfield
and roadway pavements. Though primarily used for the design of future
roads and runways, PCASE is also able to back-calculate moduli of existing
surfaces using FWD data. To determine the base layer moduli at Pickering
Road, the FWD data and pavement profiles for the various test sections
were imported; and PCASE used the WESDEF program (developed by the
former U.S. Army Engineer Waterways Experiment Station [WES]) to cal-
culate moduli for the individual pavement layers. When given an initial
estimate of the elastic modulus values and a limiting range of moduli,
WESDEF will use a computer optimization routine to calculate the modu-
lus values of best fit between a measured deflection basin and the com-
puted deflection basin. After back-calculation in PCASE, the moduli for
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the base layers were grouped by test section and plotted, as seen in Figures
D-11 to D-16.

Figure D-11. Moduli for the base layers from the 27 October 2014 tests
from ELMODG.
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Figure D-12. Averages of the moduli for the base layers from the 27 October
2014 tests from ELMODG.
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Figure D-13. Moduli for the base layers from the 23 July 2014 tests from
ELMODG.

<0 000 Summer, 23 Jul. 2014
' © NW BNC A SC X SW

= 40,000

& . n¥a

g 30,000 g x

ézo,ooo -ﬁ——‘ ~ % %—-;—%—g Ll

w 10,000 5——‘ na ﬁ——é

O H H H H H H H H H . . H

A NN I T T T T T DN OO
o 000000000000 o000
=333z zzzzzz¢z




ERDC/CRREL TR-15-17

Figure D-14. Averages of the moduli for the base layers from the 23 July
2014 tests from ELMODG.
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Figure D-15. Moduli for the base layers from the 1 April 2015 tests from
ELMODG.
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Figure D-16. Averages of the moduli for the base layers from the 1 April
2015 tests from ELMODG6.
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Figures D-17 to D-19 compare the PCASE FWD analysis with the ELMOD6
Figure D-17. A comparison of the PCASE and ELMOD6 FWD analyses.
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Figure D-18. Averages of the moduli for the base layers from PCASE.
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Figure D-19. Averages of the moduli for the base layers from ELMODG.
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