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M. Sc., Civil Engineering, Tashkent Automobile and Road Construction Institute,

Tashkent, Uzbekistan 1987

ABSTRACT

Rehabilitation of poor conditioned airport pavements can be very expensive compared to
the rehabilitation of relatively good conditioned airport pavements. Determining the
conditions of airport pavements is a first step to determine appropriate rehabilitation
method and timing. In this study, the conditions of 10 airport pavements in New Mexico
are evaluated. Those airports include a total of 19 runway pavements. The major goal is
to rank these airport pavements based on their functional and structural conditions. The
functional conditions of the pavements are evaluated based on the field collected surface
distress data and skid resistance. Field collected distress data such as rutting, cracking,
and shoving are processed using MicroPaver, a commercial pavement management
software, to calculate the Pavement Condition Index (PCI). Field collected skid resistance
test data are processed to obtain a single value Skid Number (SN). Drilling and field

coring are performed to collect samples of asphalt cores, base aggregate, and soils. These

vii
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samples are then transferred to the Pavement Laboratory at the University of New
Mexico for testing. Soil tests include index properties, moisture, and classification tests.
Using these laboratory test results, a strength parameter called the California Bearing
Ratio (CBR) value of the subgrade soils is determined. Also, the CBR value of base
aggregate is determined. These CBR values are used to rank the airport pavements
according to the FAA’s Advisory Circular 150/5320 — 6D. Asphalt concrete cores are
tested for parameters such as resilient modulus (Mg), indirect tensile strength (ITS), void
ratio, asphalt content, and aggregate gradation. These parameters are used to determine

the structural strength of a pavement in this study.

Based on the PCI value, 5 out of 19 runway pavements are found to be in poor condition.
These pavements have a PCI value of less than 55. The PCI value is used in pavement
rehabilitation design. Based on the SN value, 6 out of 18 runway pavements are found to
be in poor condition. Their SN values are below the minimum required value of 50. Low
skid resistance can pose a threat to the safe operation of aircrafts on pavements during
wet weather conditions. When PCI and SN values are combined to estimate the overall
functional condition, 7 runway pavements are shown to be in poor condition, 7 in fair

condition, and 4 in good condition.

Based on the subgrade CBR value, all the runway pavements look good because they
passed the minimum required CBR value of 15 for subgrade. Based on the base course
CBR value, all the pavements can be considered to have a fair to good base course.
Ranking based on subgrade and base course CBR is important. A subgrade with a poor
CBR value may need expensive rehabilitation measures because it requires removing the

surface and base course in order to fix the subgrade. CBR value is useful for Aircraft

viii
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Classification Number — Pavement Classification Number (ACN-PCN) based rating of
pavements. Based on the resilient modulus of asphalt concrete (Mg, only one runway has
shown to have poor performance with a value of 183.6 ksi, 3 runways have fair Mg
values, and 10 runways have satisfactory Mg values. An indirect tension modulus of 300
ksi is considered to be good for existing surface course. The Mg value is used in
mechanistic design of roadway pavements, however, it has not been adopted in airport
pavement design yet. Based on the ITS value, all the pavements are in good condition. A
pavement having an ITS value of greater than 100 psi is considered to be in good
condition in this study. A pavement with a low ITS value is more likely to develop low
temperature cracks during winter seasons. In addition to strength and modulus of asphalt
cores, mix design parameters such as asphalt content, air voids, and aggregate gradation
of surface course are determined. Five runways have over 7% air voids, 7 runways have
between 4-7% air voids, and 2 runways have less than 3% air voids. A high percent of
air voids can lead to higher permeability and moisture damage problems. Low air voids
can lead to rutting problems. Five runways have more than 7% asphalt content, and nine
runways have 5-7% asphalt content. Low asphalt content (2-3%) can be a problem in
terms of pavement durability. Based on the structural strength calculated using CBR, Mg,
and ITS, 1 runway is in poor condition, 9 in satisfactory condition, and 4 in good

condition.

Overall, based on combined functional and structural strength, 2 runways are in poor
condition, 6 runways in fair condition, 4 runways in satisfactory condition, and 2 runways
in good condition. It is hoped that this ranking will help design the future alternative

rehabilitations when it is time to apply such rehabilitation alternatives.
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CHAPTER 1
INTRODUCTION

1.1 Problem Statement

Airports have pavements in the form of runways, taxiways, and aprons. The main
function of these pavements is to serve the air-traffic safely, comfortably, and efficiently.
With time and under repetitive air-traffic loading, the conditions of the airfield pavements
deteriorate and one or more of the functions are compromised. As the reconstruction cost
of a pavement is high, they must be protected through periodic rehabilitation and
maintenance. Rehabilitating airport pavements in very poor condition can be up to three
times more expensive than rehabilitating pavements in fair condition (USGAO 1998).
Preventive maintenance is the best way to eliminate expensive rehabilitation. Therefore,
these pavements should be evaluated through laboratory and field testing to determine
their conditions accurately in order to build efficient and timely maintenance and

rehabilitation strategies.

According to Haas et al. (1994), the condition of the pavement can be defined using four
key measures: 1) Roughness (as related to serviceability or ride comfort), 2) Surface
distress, 3) Surface friction (as related to safety), and 4) Deflection (as related to
structural adequacy). Roughness is derived from the longitudinal profile of the pavement
surface and affects the ride quality. Since the pavements are constructed for the users,
roughness defines the functional response of the pavement and is the primary operating
characteristic affecting the users. Distress is the deterioration of the surface, such as
cracking and rutting. Although safety of the pavement surface is mainly related to surface

friction or skid resistance, it is also affected by severe rutting or potholes. Structural
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adequacy is the ability of the pavement to carry loads without resulting in undue distress.
Structural evaluation can be used to estimate the future response of the pavement to load.
The focus of this study is to rank airport pavements of 10 selected airports in New

Mexico based on functional and structural strength.

It is beneficial to develop a database of the condition of the existing airport pavements at
both the state and national level. In that way, the investments in airport pavements can be
allocated in a timely manner. A database can help forecast the future condition of the
pavements as well as provide pavement management personnel with sufficient time to
plan for maintenance and/or rehabilitation. Timely maintenance can prolong major
maintenance works and reduce the overall cost over time. The United States General
Accounting Office (USGAO) recommended that the Federal Aviation Agency (FAA)
improve existing runway condition information to create a database for forecasting
anticipated maintenance needs. A runway condition database can help ensure that airports
are funded in a timely manner to reduce reconstruction cost in the long run. In this study,
data from a total of ten airport pavements are entered into a mini-database over the past
two years. These data can be used to determine the future conditions and remedy using

MicroPaver software.

In New Mexico, there are about 47 privately and government owned airports that had not
been evaluated recently. A map of New Mexico with all the airports is shown in Figure
1.1. In 2006 and 2007, a distress survey was carried out. The distress data are analyzed
using MicroPaver, a pavement management software, to determine the Pavement
Condition Index (PCI). The PCI value is used to determine the functional conditions of

the pavements of the 10 airports. Field and laboratory tests are performed to determine
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the structural conditions. Field tests include the Falling Weight Deflectometer (FWD)
test, skid test, and coring. Cores and underlying base, subbase, and subgrade materials are
collected and tested in the laboratory. These data are used to populate the database, and
engineering analyses are carried out to gain a comprehensive understanding of the

remaining service life of airport pavements and their past performance.

1.2 Hypothesis

Airport pavements can be evaluated using the surface distress data. However, this is not
sufficient since surface data does not provide enough information about the structural
strength of pavements. A pavement may show an adequate surface roughness, but its
structural condition may not be good at all. So far, there is no symmetric study of both
functional and structural health of a network of airport pavements. A complete evaluation
requires analyzing both the functional and the structural health of the pavements. If the
functional and structural health conditions can be combined, it will provide the overall
condition of the airport pavements. In this study, it is hypothesized that the functional and

structural strength can be combined to rank airport pavements.

1.3 Objectives

The objectives are to:

1. Determine the functional conditions of 10 airport pavements using surface distress

data collected through field survey. In particular, determine Pavement Condition
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Index (PCI) using the distress data and Skid Number (SN) using the skid resistance

data.

2. Determine the structural strength of 10 airport pavements. Characterize asphalt core,
soil, and base aggregate materials from each runway. Soil tests include gradation,
Plasticity Index (PI), moisture, and classification test. Base aggregate is tested for
gradation and classification only. Asphalt cores are tested for resilient modulus (Mg),

indirect tensile strength (ITS), void ratio, asphalt content and gradation.

3. Combine the structural and functional condition of the pavements in a single index

value. Using this combined index, rank the pavements of the 10 airports.
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CHAPTER 2

LITERATURE REVIEW

2.1 Recent Evaluation of Airport Pavements

Buttlar et al. (1999) conducted a study on the rehabilitation alternatives for runway 18-36
at Rantoul Airport in Champaign, Illinois. The evaluation of the pavement system
included a visual survey, a full-scale Pavement Condition Index (PCI) Survey, Falling
Weight Deflectometer (FWD) Testing, and Dynamic Cone Penetrometer (DCP) Testing.
The PCI survey provides the type, extent and severity of distresses over a section. PCI
analysis was performed using the ASTM method to manually determine the numerical
index. There are sixteen types of distresses for asphalt concrete pavements with three
levels of severity — low, medium and high. PCI calculation involves interpreting deduct
values from deduct curves for each of the sixteen types of distresses. The deduct curve
for alligator cracking is shown in Figure 2.1. As it can be seen in Figure 2.1, a deduct
value of 0 means that the distress has no effect on the pavement structural integrity
whereas a deduct value of 100 indicates an extremely serious distress. Deduct values for
all the distresses are obtained. In this project, an automated PCI analysis program
MicroPaver was used. MicroPaver can not only perform a quantitative assessment of the
pavement condition but also design maintenance and rehabilitation strategies. The PCI
values were as low as 17. Runway 18-36 was in a very poor or failed condition according

to the PCI rating.
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DCP values were converted to California Bearing Ratio (CBR) using an algorithm

developed by Kleyn (1975) as follows:

log(CBR) =0.84 — 1.2610g(Nf) (2.1)

where N¢is the number of blows per inch of DCP penetration.

The upper 12 inches of subgrade under runway 18-36 had an average CBR value of 3.5

and was evaluated as weak cohesive soil.

Bell et al. (2008) carried out a study for the US Army Corps of Engineers which involved
evaluation of four Army airfield pavements in different states to develop a method for
predicting the performance of aged Asphalt concrete (AC) surfaces in situ. The seismic
modulus was measured on site using the Portable Seismic Pavement Analyzer (PSPA)
and adjusted to find the AC design modulus at a temperature of 77 °F and design

frequency of 15 Hz using the formula (Nazarian et al. 2005):

E
E — PSPA (2.2)

H— 0.0109[(T —-32) 3} + 1.2627}(3.2)}

where E77°r = AC design modulus in ksi, Epspa = modulus measured by the PSPA in ksi

and T = pavement temperature in °F.

Bell et al. (2008) established a correlation between Indirect Tension Strength (ITS) peak

stress and AC design modulus as follows:

E =1581(0,; ) +219,200 (2.3)
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with root mean square error of 105,000 psi and R* = 0.55. Here, oirs is the peak stress in
indirect tension strength test. Results of their tests and calculations are presented in Table
2.1. It can be seen that the AC modulus varies from 355 to 763 ksi, whereas the indirect
tensile strength varies from 118 to 358 psi. The peak value of ITS does not confirm that it
is peak modulus. This is expected as the former is strength and the latter is stiffness.

Stiffness and strength are different parameters of a material.
2.2 Pavement Condition Index

Shahin et al. (1978) summarized the concepts and theory that led to the development of
the Pavement Condition Index (PCI). Pavement Condition Index (PCI) is a numerical
value of pavement condition based on visual survey information. The PCI varies from 0
and 100, with 100 being excellent condition of pavements. The PCI for airport pavements
was developed by the United States Army Corps of Engineers (ASTM D 5340 — 03).
Determination of the PCI requires three pavement distress characteristics: type of
distress, severity of distress, and amount of distress. The development of acceptable
distress definitions and deduct values required extensive field testing, improvements and

revisions. The process required having three experienced pavements engineers evaluate
the airfield pavements to come up with the mean Pavement Condition Rating (PCR ).

The Mean Deduct Value (DV ) is then calculated using the formula:
DV =100 — PCR (2.4)

In Shahin et al. (1978), the procedure was repeated for 16 distress types. It was found that
the PCIs for sections with several distress types were lower than the PCRs. Since the

deduct values were developed for different distress types, they cannot just simply be

8
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added together. All deduct values less than five were omitted as they have little effect on
the pavement condition. Further a graph (Figure 2.2) for the Corrected Deduct Value
(CDV) was developed. CDV is obtained using the sum of the deduct values greater than
five and the corresponding number of distresses. PCI for the section is calculated using

the formula:
PCI=100-CDV (2.5

Shahin et al. (1978) evaluated the PCI of 38 sections from five airfields using the above

procedure and found it correlated closely with the mean subjective Pavement Condition

Rating (PCR ) of experienced pavement engineers.

Greene et al. (2004) studied the methodology used by the U.S. Air Force for assessing
and rating airfield pavements condition. The factors addressed in the ratings include PCI,
Structural Index (ratio of aircraft classification number to the pavement classification
number), friction characteristics, and foreign-object damage (FOD) potential. According
to Greene et al. (2004) study, the standard PCI rating has seven categories as shown in
Table 2.2. The seven categories are Good (PCI = 86-100), Satisfactory (PCI = 71-85),
Fair (PCI = 56-70), Poor (PCI = 41-55), Very Poor (PCI = 26-40), Serious (PCI = 11-25),
and Failed (PCI = 0-10). However, for simplicity of presentation, the categories may be

reduced to three: Good (PCI = 71-100), Fair (PCI = 56-70), and Poor (PCI = 0-55).

Muntasir (2006) collected airport pavement management data of over 1360 airports from
22 states and stored them in a MicroPaver database. Forty two states have successfully
established the Airport Pavement Management System (APMS) and 75 percent of them

use MicroPaver. Muntasir (2006) database includes four major types of pavement surface
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such as Asphalt concrete (AC) pavement, Asphalt concrete over asphalt concrete (AAC)
pavement, Portland cement concrete (PCC) pavement, and Asphalt concrete over
portland cement concrete (APC) pavement. Muntasir (2006) reported that 81 percent of
the pavements were initially constructed with an AC surface as opposed to 17 percent
PCC. The area-weighted age of AC, AAC, PCC and APC is 12, 10, 25 and 13 years
respectively. Muntasir (2006) study includes airports from four regions: Central, North
Atlantic, Southern and Western. It is reported that even though the area-weighted age of
PCC is twice that of AC, PCC is not the frequent choice of airport construction in any of
the regions. Of the total pavement area, 42 percent was runway, 36 percent taxiway, 21

percent apron, and less than 1 percent helipad.

The study by Muntasir (2006) reported that AAC with a PCI value of 81 performed the
best while APC with a PCI value of 70 performed the worst. Also, the taxiway in all of
the regions was found to be in a better condition as compared to the other facilities. The
pavement condition with age for different regions is shown in Table 2.3. It can be seen
that pavement performance was slightly better in the Western region for the first 20 years
whereas it was worst in the Southern region. The data suggested that the performance of
AC pavement was better than that of AAC pavement for the first ten years with the
exception of the Southern region. After ten years, the condition of the AC pavement
deteriorates faster than that of AAC pavement. The performance of PCC pavement was
better than that of the APC pavement in all age categories with the exception of 0-5 years

in the Western region and 21-30 years in the Northern and Southern regions.

Garg et al. (2004) analyzed the pavement data of 30 airports from 10 states. Sixteen

distresses defined in ASTM D 5340 were used for determining the PCI of HMA

10
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pavements. The authors divided the distresses into five groups: i) Cracking — includes
longitudinal and transverse cracks, alligator or fatigue cracking, block cracking, slippage
cracking, and reflection cracking, ii) Disintegration — includes raveling and weathering,
iii) Distortion — includes rutting, corrugation, shoving, depression, and swelling, iv) loss
of skid resistance — includes bleeding, polished aggregate, and fuel spillage and v) Others
— includes jet blast and patching distresses. The accumulated deduct values due to
distresses in a group are defined as the reduction of PCI for the group as shown in Table
2.4. It can be seen that group I is responsible for higher PCI reduction value for runways
as compared to taxiways and aprons suggesting that runways have more cracks. On the
other hand, group III is responsible for higher PCI reduction values for taxiways and
aprons as compared to runways suggesting that the taxiways and aprons have more
distortion distresses such as rutting. Garg et al. (2004) also developed a formula to
calculate the Structural Condition Index (SCI):

DSCI (%)

SCI =100-(100—- PCI)x
100

(2.6)

where PCI = Pavement Condition Index, DSCI(%) is deduct SCI and is equal to the sum

of the deduct values due to load related distresses.

Only the load-related distresses, alligator cracking and rutting, were considered for
computing the SCI of flexible pavements. Higher values of SCI are desirable and the
minimum required value is 80. Garg et al. (2004) reported that the SCI of runways is
higher than the SCIs of taxiways and aprons. The slow speed of the aircraft on the
taxiways and aprons and longer load durations are the contributing factors as both of

them are related to HMA fatigue (alligator cracking) and pavement rutting.

11
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2.3 California Bearing Ratio (CBR)
2.3.1 CBR Test

CBR test was developed by the California Department of Transportation. It is a strength
test for evaluation of the strength of subgrades and basecourses. The procedure for
finding the CBR value in the laboratory is described in ASTM D 1883. In the CBR test, a
standard piston having an area of 3 in.> is used to penetrate the soil at a standard rate of
0.05 in. per minute. The pressure at each 0.1-in. penetration up to 0.5 in. is recorded and

its ratio to the bearing value of a standard crushed rock is termed as the CBR:

P
CBR =—-1x100 2.7)

2

where P; = unit load on piston for 0.1 or 0.2 inches penetration, P, = standard unit load
for standard crushed rock (1000 psi and 1500 psi for 0.1 inches and 0.2 inches

penetration respectively).
2.3.2 Correlation of CBR with Soil Index Properties

CBR is correlated to Dg (Sieve size through which 60 % passes), Passing #200 sieve
(P200), and Plasticity Index (PI) (NCHRP 1-37). Materials are divided into two groups: (i)
coarse, clean and non-plastic soils and (ii) soils containing more than 12% fines and
exhibiting some plasticity. For the first group i.e. non-plastic soils, the CBR value is

correlated with to the Dgo using the following equation:

CBR= 28.09(D, )*** for P1 =0 (2.8)

12
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where D¢y = sieve size through which 60 % materials pass. Equation 2.8 is limited to Dg
values greater than 0.01 mm and less than 30 mm. For Dgy less than 0.01 mm, the
recommended value of CBR is 5. For Dg greater than 30 mm, the recommended value of
CBR is 95. For soils containing more than 12 % fines and exhibiting some plasticity, the

CBR value is correlated to the weighted Plasticity Index (wPI) using the equation:

BR= 5 for PI >0 (2.9)
1+0.728(wPI)

where wPI is the weighted Plasticity Index = Passing # 200 * Plasticity Index.

2.3.3 Correlation of CBR with My

Gopalakrishnan and Thompson (2006) evaluated and compared the subgrade
characterization test results obtained from the pre-traffic and post-traffic test pit at the
National Airport Pavement Test Facility (NAPTF) located at the Atlantic City

International Airport, New Jersey. Their study developed the following correlations

between CBR and Mg:
(1) Pre-traffic condition:
M, =1268 CBR, R*=0.80 (2.10)
(i1) Post-traffic condition:
M ,=2596CBR" "™, R*=0.92 (2.11)

13
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Gopalakrishnan and Thompson (2006) reported that the low-strength subgrade CBR
increased while medium-strength subgrade CBR decreased as a result of trafficking.
Also, backcalculated moduli are higher than their laboratory counterparts for low-

strength soils and the reverse is true for medium-strength soils.

Walston et al. (2000) carried out the field tests at three General Aviation (GA) airports in
1997 to address the loading conditions at these airports. The soil types varied and
included clays, silts, and granular materials with in-situ CBR values ranging from 6 to 50.
Back-calculated FWD subgrade moduli ranged from 4000 psi to 50,000 psi. The
condition survey indicated that most pavement distresses were related to weather and not
load induced. The PCI values ranged from 50 to 90. Walston et al. (2000) developed the

following relationship for the subgrade soils of GA airports in North Carolina:

E=1000(CBR) (2.12)

E is in psi unit. This equation results in a more conservative subgrade strain criteria for

GA airport pavement analysis.

The resilient modulus of fine-grained soils can also be estimated using the relationship

developed by Heukelom and Klomp (1962):
M , =1500(CBR) (2.13)

Rahim (2005) proposed the following correlation equations to predict resilient modulus

(MR) for fine- and coarse-grained (sandy) soils. For fine-grained soil:

LL H (4000
M. =17.29 x N Biiieied 2.14
K (wc+1 7"’} (100) 219

14
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with R? = 0.70.

For coarse-grained (sandy) soil:

0.8998 #200 —0.4652
M, =324.14 Lo Rl (2.15)
w, +1 log C,

with R = 0.72

where Mg = resilient modulus (MPa), LL = liquid limit (%), # 200 = passing # 200 sieve
(%), 7, = maximum dry density (kN/m’), ¥, = dry density (kN/m’), C, = uniformity

coefficient, R? = coefficient of determination.

2.4 Structural Capacity of Airfield Pavements

Structural Number (SN) expresses the capacity of the pavement to carry loads for a given
combination of soil support, estimated traffic, terminal serviceability, and environment.
SN has been related to the Falling Weight Deflectometer (FWD) data by different
researchers. Romanoschi and Metcalf (1999) developed the following relationship to
calculate the SN of the flexible pavement where the surface layer material is much stiffer

than the underlying base layer material:

SN =6.96—0.19¢[(AREA) - 450(D,,, )] (2.16)
AREA =254[4DEF, +6D,,, +5D,,, +3D,, | (2.17)
15
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where D200, Daso, D3oo, D2oo = extrapolated values of the deflection at an offset of 1200,
450, 300 and 200 mm. from the center of the FWD ball drop and DEF, = temperature-

corrected deflection under the ball drop (microns) and is calculated using the formula:
DEF, = (D,)(DAF) (2.18)
and DAF is calculated from the relationship:

log(DAF) =3.65x107 (68T

mac

YAC (2.19)

where DAF=deflection adjustment factor, AC; = thickness of asphalt (in.), and Tpae =

asphalt concrete layer mid-depth temperature (°F) at testing time.

Jameson (1993) developed the following formula for calculating the subgrade CBR from

FWD data:

l0g(CBR) = 3.264—1.018log(D,,,) (2.20)

where Dygy = normalized deflection at 900 mm offset (microns).

The deflection normalization is the process of correcting the deflection measured at load

P to a standard load P, and calculated as:

D = Dy (2) (2.21)

P

where D; is the normalized deflection, D,, is the measured deflection, P is the measured

load and P, is the standard load.

16
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2.5 Skid Resistance

Skid resistance is an important pavement evaluation parameter. Inadequate skid
resistance may lead to higher incidences of skid related accidents. Most agencies have an
obligation to provide users with airport pavements that is reasonably safe. Skid resistance
measurements can be used to evaluate the effects of various types of materials and
construction practices contributing to safety.

It is a common fact that the lower the skid resistance value, the higher the percentage of
accidents, especially during the wet seasons. A low value of skid resistance value on an
asphalt concrete surface can be attributed to the following reasons: (i) use of higher
asphalt content than recommended by the mix design procedure, (ii) mix design
procedure itself, (iii) used aggregate gradation, and (iv) aggregate quality (Asi 2007).
Good skid resistance on asphalt pavement surface could be achieved by controlling both
microtexture and macrotexture. Microtexture is affected by polish-resistant, hard, coarse,
angular aggregates composed of minerals capable of differential wearing. Macrotexture
depends on the type of mix (dense or open graded). Microtexture controls contact
between tire and surface and depends on coarse aggregate properties. Macrotexture
controls the escape of water from under the tire and depends on the arrangement of the
aggregate particles. Design procedures focus on controlling aggregate quality, i.e. the
microtexture. However, research shows that macrotexture plays a significant role in
determining skid behavior at higher speeds and wet pavement conditions (Bazlamit and
Reza 2005).

Skidding is usually a wet weather concern. At low speeds, the water is usually squeezed

out from underneath the tire. At higher speeds, the water has less time to escape. A layer

17
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of water gets trapped between the surface and the tire resulting in significant reduction in
friction with the possibility of hydroplaning. Macrotexture plays a significant role here in
absorbing and transporting the water away. The coefficient of friction is multiplied by

100 to obtain the skid number:
F
SN =100u = IOO(WJ (2.22)

where p = coefficient of friction, F = the tractive force applied to the tire, W = dynamic
vertical load on tire. Skid number deteriorates with increasing traffic until it reaches a

level of equilibrium. There is no specific value at which it levels off (Shahin, 2005).

Surface friction is defined as the force developed when a tire that is prevented from
rotating slides along the pavement surface. Figure 2.3 shows that the force required to
drag a locked wheel along the surface depends on the vertical load on the wheel and the
coefficient of friction between the pavement surface and the wheel. It is computed as:

F = uxw (2.23)
In general, friction coefficient decreases with increases in speed, significantly so on wet
pavement. Slip is the relation between the angular wheel speed at free rolling and at time
of measurement. When brake is applied, it increases until it reaches 100. It can be seen
from Figure 2.3 that the friction factor increases with slip until it reaches a maximum
value at critical slip (usually 10 — 15 %) and then it decreases. SN is calculated when the

test wheel is fully locked, that is at 100 % slip.

18
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2.5.1 Variation of Skid Resistance with Temperature

The general trend is that during seasons with warmer temperature, skid resistance
decreases and during seasons with colder temperatures, skid resistance increases. Since
the temperature varies each time a measurement is made, it is important to relate skid
number obtained at some arbitrary temperature to an effective skid number at a reference
temperature. Bazlamit et al. (2005) carried out a research in the laboratory using the
British pendulum tester to examine the effect of temperature on friction and developed
the following relationships:

BPN, =125.2508 — 0.232T (2.24)
where T = temperature in Kelvin, BPNt = value of British pendulum number at
temperature T.

ABPN , = 68.0108 — 0.232T (2.25)
where ABPNt = number to be added to the BPN reading at T =293.15 K. (63°F).

Kissoff (1988) developed the following correlation between SN and BPN:

SN =0.862(BPN)—9.69 (2.26)
ASN, =58.453-0.1994T (2.27)

where ASNt = number to be added to the SN reading obtained at T = 293.15 K. The

equation (2.25) yields positive values for T <293.15 and negative values for T > 293.15.

2.5.2 SN Measurement Equipments

There are a number of equipment types that measure skid resistance. Al-Qadi et al.

(1991) studied the various technologies available to determine the pavement condition.

19
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Table 2.5 lists some of the equipment in use. The technologies used are the slip test,
locked wheel and side force. Most of the states including New Mexico perform skid
resistance test in accordance with the ASTM E 274. It can be seen from Table 2.5 that

ASTM E 274 is a locked wheel test.

20
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Table 2.1 Test Results of Various Army Airfield Pavements (Bell et al., 2008)

Al
Name of Age PSPA Desicgn ;;Fask
Sample Army ’ PCI T,°F | Modulus,
Airfield | " ksi | Modulus, | Stress,
ksi psi
LM-2 | Lab sample 0 No data 72 1160 355 118
P-1 | Polk 22 8 72 1625 498 237
P-2 | Polk 7 82 79 1948 622 358
R-1 Redstone 21 43 62 2388 690 262
R-2 | Redstone 41 47 86 1765 589 188
S-1 Simmons 14 57 59 2388 679 256
S-2 | Simmons 14 53 74 1840 570 263
S-3 | Simmons 14 48 91 1780 614 258
F-1 Forney 27 43 59 2683 763 232
F-2 | Forney 27 59 69 1526 459 164
F-3 Forney 7 66 89 1260 429 191

21
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Table 2.2 Standard PCI Rating Scale (Greene et al., 2004)

PCI Rating

86 — 100 Good

71 -85 Satisfactory
56 -70 Fair

41 -55 Poor
26-40 Very Poor
11-25 Serious

0-10 Failed

22
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Table 2.3 PCI Value by Surface Type, Region, and Age Group (Muntasir, 2006)

Surface Central Northern Southern Western
Age AAC AC AAC AC AAC AC | AAC AC
0-5 93.4 94.3 93.0 96.1 93.9 88.2 | 94.9 95.4
6-10 77.0 78.1 82.8 85.6 77.9 742 | 85.3 86.3
11-15 69.2 73.1 78.9 76.6 66.6 71.0 | 84.3 77.5
16 -20 68.8 65.7 69.2 67.0 67.1 57.0 | 69.1 71.2
21-30 63.6 67.0 64.4 61.4 61.9 533 | 66.6 60.4
31-40 40.4 62.7 61.9 56.0 38.3 509 | 659 53.0
>40 60.4 49.2 71.2 50.2 - 351 | 71.8 53.8
23
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Table 2.4 Pavement Condition Index Reduction by Group (Garg et al., 2004)

Group Location PCI Reduction, %
Runways 82.2
I Taxiways 71.8
Aprons 72.0
Runways 6.6
I Taxiways 5.4
Aprons 6.6
Runways 8.1
I Taxiways 17.1
Aprons 16.9
Runways 1.6
v Taxiways 3.1
Aprons 1.9
Runways 1.5
v Taxiways 2.6
Aprons 2.6
24
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Table 2.5 List of In-Use and Underdevelopment Equipment to Measure Skid
Resistance Based on Technology Used (Al-Qadi et al., 1991)

Locked Wheel Slip Test Side Force
ASTM E 274 Runway Tester Mu Meter (U.K.)
Diagonal Braking BV 8 (Sweden) Stradograph (Denmark)
Cobiert Trailer (Poland) BV 11 (Sweden) Skid Tester ST-1(Finland)
LCPC Trailer (France) BV 12 (Sweden) Odoliograph (Belgium)
SCRIM (U.K.) RWL Trailer (Netherlands) | DF Tester (Japan)
COMTUCI CS-130 SAAB Friction Tester Australian Road Evaluation
(Hungary) (Sweden) Vehicle (Australia)
Stuttgarder Reibungnesser Spin-up/Spin-down British Pendulum Tester

(Germany)

Belgium Tester (Belgium)

Portable Skid Resistance
Tester (U.K.)

Friction Measuring Device
(Finland)

SUMMS Ttaly (Italy, U.K.)

Grip Tester (U.K.)

SRT (France)

Danish Stradograph
(Denmark)

Yandell-Mee Texture
Friction Meter (Australia)

Road Surface Analyzer

Portable Friction Tester
(Sweden, Germany, France,
U.K)

(UK.

25
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CHAPTER 3
FIELD AND LABORATORY TESTING

3.1 Distress Data

Ten airports evaluated in this study are: (1) Double Eagle II, (2) Sierra Blanca Regional,
(3) Raton Municipal, (4) Moriarty Municipal, (5) Las Cruces International, (6) Grant
County, (7) Deming Municipal, (8) Roswell International Air Center, (9) Belen
Alexander, and (10) Clayton Municipal Airports. Figure 3.1 shows the locations of these
airports in New Mexico. The airport pavements are divided into three branches according
to their functions. These branches are runway, taxiway, and apron. A runway is a
pavement on which an aircraft can take off and land. A taxiway is a path that connects
runways with ramps, hangars, terminals, and other facilities. Aprons are parking areas for

aircraft.

Each of the runway, taxiway, and apron areas was subdivided into sample units of 5000
square feet plus-minus 2000 square feet if the pavement was not evenly divisible by
5000. Distress data was collected for 10 — 20 % of the total sample units. Figure 3.2
shows longitudinal and transverse cracking on runway 4-22 of Double Eagle II airport.
Distress data collection was done in accordance with the ASTM 5340-03 for the 16
distresses and three severity levels: low, medium, and high. Sample Condition Survey
Data Sheet for Las Cruces International Airport, Runway 12-30 is shown in Figure 3.3. It
can be seen from Figure 3.3 that for sample unit 4, there is 1000 square feet of low
severity block cracking, 210 square feet of low severity, and 10 square feet of medium
severity alligator cracking, and 75 feet of low severity and 146 feet of medium severity

longitudinal and transverse cracking. These distress data were used in MicroPaver as
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inputs to determine the PCI value for each of the runway, taxiway and apron. The PCI
values obtained for all the 10 airports are shown in Table 3.1. It can be seen that the PCI
values range from 28 to 98. Asphalt cores and soil samples were collected from
pavements with low PCI values. Although Runway 4-22 at Las Cruces International
Airport has a low PCI value of 28, no coring was carried out here as this runway is not
funded by the State. Also, coring was terminated at Runway 17-35 of Roswell
International Air Center upon encountering concrete. The PCI values for the runways,
taxiways and aprons at Double Eagle II are shown in Figure 3.4. It can be seen from
Figure 3.4 that Runway 4-22 and Taxiway 02 are in poor condition whereas Runway 17-
35 and Taxiway 01 are in good condition. The PCI figures for all the ten airports are

shown in Appendix I.

3.2 Field Testing Plan

Falling Weight Deflectometer (FWD) and Skid tests were conducted on all the runways
and taxiways. The field testing plan for sample collection was developed based on the
results of the PCI values. No coring was done on runways and taxiways with good PCI
values. Coring was carried out to collect asphalt samples and boreholes were drilled to a
depth of 5 feet to collect base course and subgrade samples. Samples were collected
from selected boreholes at approximately 1000 feet intervals along the runways, three

locations on the taxiways, and two locations on the aprons.

3.2.1 FWD Data

The FWD testing plan is shown in Figure 3.5. The tests were done at 200 foot intervals 5

feet on either side of the centerline along the length of the runway, at 400 feet interval 20
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feet on either side of the centerline, and at 600 feet interval 30 or 40 feet (depending on
the width of the runway) on either side of the centerline. In general, FAA requires the test
to be done at 200 feet interval (FAA AC 150/5370-11A). However, due to time
constraints, test spacing was increased. In the FWD test, an impulse load is applied by
dropping a weight (ball) on the pavement and the resulting deflections are measured at
specified distances from the point of load application by the sensors. These sensors are
geophones. The number of load applications is called the drop number. Field data of
north bound lane, 5 feet from the centerline of Runway 17-35 of Double Eagle II airport
is presented in Table 3.2. Three weights or loads such as 9, 12, and 16 kips were used.
The responses are measured using seven sensors spaced at 0, 8, 12, 18, 24, 36 and 60
inches from the point of impact as shown in Figure 3.6. Using these deflections, the
moduli of elasticity of the different layers can be determined by back calculation. The

tests were carried out using the Jills FWD equipment.

3.2.2 Skid Data

Skid resistance was carried out according to ASTM E 274 — 06. The Dynatest vehicle and
trailer used is shown in Figure 3.7. A standard smooth tire with tire inflation pressure of
24 psi was used. The test speed was 40 mph and the quantity of water applied to the
pavement ahead of the test tire was 4.0 gallons + 10 % /min.in. of wetted width. The
vehicle is brought to the desired speed of 40 mph. With the press of a switch on board the
vehicle, water is delivered and the braking system is actuated to lock the test tire. The
resulting friction force, speed, temperature and the effective wheel load are automatically
recorded for an interval of 1 to 3 seconds. The mean value in the interval is used to
calculate the skid number (SN) according to Eq. (2-22) and displayed on the screen. The
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skid test plan is presented in Figure 3.8. The tests were done at 5 feet, 20 feet, and 30 or
40 feet (depending on the width of the runway) on either side of the centerline. The
average test interval was about 200 feet. The results of the skid test for runway 4-22 at
Double Eagle II Airport is shown in Table 3.3. Test results for all of the airports are

presented in Appendix II.

3.2.3 Coring and Drilling

Coring was carried out to collect asphalt surface core samples from selected borehole
locations across the runway, taxiway and apron. Figure 3.9 shows the borehole locations
at Sierra Blanca Regional Airport. Four samples, each of 4 inches diameter, were
collected from each borehole location. The cores were inspected, numbered, and the
thickness measured and recorded in the Field Log. Figure 3.10 shows Borehole Log of
Runway 3-21 at Belen Airport. It can be seen from Figure 3.10 that the thickness of the
asphalt surface at Runway 3-21 is 2.25 inches. The cores were then bagged for further

testing in the laboratory.

The boreholes were drilled approximately to a depth of five feet to collect aggregate and
soil samples as shown in Figure 3.11. The samples were extracted every nine inches,
visually examined, classified and the details entered into the Field Log. Table 3.4 shows
the field log of Runway 2-20 at Raton Municipal Airport. The first column shows the
coring location from the start point and the distances are in feet. The second column
shows the identification number of the sack. Samples were collected in sacks. The third
column shows the identification number of borehole. The asphalt cores, base, and

subgrade materials were collected from each of these boreholes. At each borehole, the
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layer identification is obtained from the fourth column. The fifth and sixth columns show
the layer thickness information. The seventh column shows the source of the materials
such as the surface, base, or subgrade. In the last column, the soil type information is
recorded. The process was repeated every time there was any change in the soil
properties. The sample was then bagged and numbered as shown in Figure 3.12 for
further laboratory testing. The sacks are numbered so that the source of the material is

easily identified.

3.3 Laboratory Testing

The soil samples, base aggregates and asphalt cores were transferred to the Pavement

Materials Laboratory at the University of New Mexico for further testing.

3.3.1 Soil Testing

Soil samples from the field were split as shown in Figure 3.13. The sample is passed
through the splitter which splits it into two halves in two separate pans. The process is
repeated until the amount of material in one pan is about 800 grams. The split sample was
oven dried for the particle size analysis and air dried for the Atterberg limits tests. After
sieve analysis, the hydrometer analysis was carried out for the portion passing the no. 200
sieve if it was in excess of 10 % of the total mass. This was done in accordance with
ASTM D 2487-00 and ASTM D 422-63 (Reapproved 1998). Figure 3.14 shows
hydrometer test in progress. The hydrometer readings were taken for 24 hours since there
was no significant change in the readings after that. Atterberg limit tests followed the
procedures outlined in ASTM D 4318-00. Figure 3.15 shows the Liquid Limit test

apparatus with the soil sample. Motorized testing device was used to obtain uniform
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testing with greater degree of accuracy. The sieve analysis results were used to plot the
cumulative particle-size distribution curve as shown in Figure 3.16. It is a log normal
distribution. We can obtain Dgy, D30, and Do which are the particle sizes corresponding to
60, 30, and 10 % passing from Figure 3.16. The coefficient of curvature (C.) was

calculated as follows:

c, = L0 3.1)

"~ (D10%XDeo)
The coefficient of uniformity (Cu) was calculated using the formula:

c, = 2 (3.2)

D1o

Based on the results of the particle size distribution, the soil was classified according to
the Unified Soil Classification System. The CBR value is calculated according to Eq.
(2-8) for non-plastic soils and Eq. (2-9) for plastic soils. The results of the CBR
calculations and soil profile for Runway 4-22 at Double Eagle II airport is shown in
Table 3.5. The thickness of each layer is listed in column 5 of Table 3.5. From column 6
and column 7 of Table 3.5, we can obtain the soil classification and CBR value. Figure
3.16 shows the layer thickness and the CBR value for each layer for all the eight
boreholes of Runway 4-22 at double Eagle II Airport. We can see from Figure 3.17 that
the CBR values for the base course range from 50 to 64. The range for the subgrade CBR
is from 18 to 29. The results for all the airports are shown in Appendix III.

Direct shear test was carried out for selected soil samples underneath the base course.
The test followed the procedures outlined in ASTM D 3080-98. Figure 3.18 shows the
sheared sample in the shear box. The results of the tests for Ottowa sand is plotted to
obtain the friction angle as shown in Figure 3.18. Figure 3.18 is a plot of shear stress

versus normal stress. The Direct Shear equipment was calibrated using Ottowa sand
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whose friction angle is known to be 31° (Duncan 2004). Samples from three locations
across each runway were tested and the average friction angle was calculated. The results
of the friction angle for all the airports are shown in Table 3.6. Table 3.6 shows that the

friction angle values range from 35° to 42°.

3.3.2 Aggregate Testing

About 1500 grams of the base course sample from the field was taken and oven dried for
the particle size analysis. Based on the results of the particle size distribution, the
coefficient of curvature (C,) and the coefficient of uniformity (Cu) were calculated using
Eq. (3-1) and Eq. (3-2). The sample was then classified according to the Unified Soil
Classification System. The CBR value is calculated according to Eq. (2-8). The thickness
of the base course and results of the CBR calculations for Runway 4-22 at Double Eagle
IT airport can be seen in Table 3.5 and Figure 3.17 with the subgrade data. The results for

all the airports are shown in Appendix III.

3.3.3 Asphalt Testing

3.3.3.1 Resilient modulus (Mg)

Asphalt cores were tested to determine the resilient modulus using the Resilient Modulus
Testing Device of Retsina Company. The equipment is shown in Figure 3.20. The sample
thickness was measured at four points and the average was determined. The samples were
subjected to a repeated load of about 30 Ib along the sample diametral axis. The tests

were performed according to the guidelines of ASTM D 4123-82 and carried out at
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ambient room temperature (23 + 0.3°C). The repeated load and the recoverable horizontal

deflection were recorded. The resilient modulus was calculated using the formula

(Heinicke and Vinson 1989):
My = (=) x (v +027) (3.3)

where Mg = resilient modulus (psi), P = repeated load (Ibs), H = total recoverable
horizontal deflection (inches), 7' = specimen thickness (inches), and v = Poisson’s ratio.
Poisson’s ratio for asphalt concrete was assumed to be 0.35 (Huang 2004). The result of
the tests of the asphalt cores from runway 4-22 of Double Eagle II airport is presented in
Table 3.7. It can be seen from Table 3.7 that the values for runway 4-22 of Double Eagle
IT airport range from 230,056 to 285,254 psi. The results for all the airports are presented

in Appendix IV.
3.3.3.2 Indirect Tensile Strength (IDT)

Indirect Tensile Strength (IDT) of the asphalt cores were determined using the Humboldt
equipment and the data was collected using Labview. The tests were carried out at
ambient room temperature (23 + 0.3°C). As shown in Figure 3.21, the sample is loaded
across its vertical diametral plane and the rate of loading is 50 mm/minute (2 inches per
minute). This test was carried out in accordance with ASTM D 4123-82. The maximum

load at failure is noted and the IDT is calculated using the formula:

s, = 2L (3.4)

TTXtXD
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where S, = IDT strength (psi), P = maximum load (Ibf), 7' = specimen height (inches), and
D = specimen diameter (inches). The result of the tests of the asphalt cores from runway
4-22 of Double Eagle II airport is presented in Table 3.8. It can be seen from Table 3.8
that the values for runway 4-22 of Double Eagle II airport range from 230.4 to 249.8 psi.

The results for all the airports are presented in Appendix IV.

3.3.3.3 Bulk Specific Gravity of Core

Bulk Specific Gravity (Gp) of the asphalt cores was determined according to AASHTO
T 166. In this procedure, core is weighed in air and then immersed in water for 3 to 3.5
minutes suspended beneath a balance and the mass under water is recorded as shown in
Figure 3.22. The sample is removed and surface dried using a damp towel and weighed
as quickly as possible in air. This weight is the saturated surface dry weight of a sample.

The bulk specific gravity is calculated using the formula:

Gy = —— (3.5)

where G,,;, = bulk specific gravity to the nearest 0.001, A = weight in grams of the
specimen in air, B = weight in grams, surface dry, and C = weight in grams, in water. The
result of the tests of the asphalt cores from runway 4-22 of Double Eagle II airport is

presented in Table 3.9. The results for all the airports are presented in Appendix I'V.

Theoretical Maximum Specific Gravity (Gmm) of the mix is determined according to
AASHTO T 209. This is the same as bulk specific gravity test but of loose mix. The
cores are placed in the oven in a large pan. The pan is removed from the oven and the

particles are loosened so that the clumps of fine aggregate portion are no longer larger
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than 6.3 mm. The flask is filled with water and the weight is recorded. The empty flask is
placed on the scale and the scale is tared. Half of the loose material is poured into the
flask, weighed and recorded. Water is poured into the flask to cover the sample
completely. The entrapped air is removed using partial vacuum of 30 mm Hg for 15
minutes as shown in Figure 3.23. The flask with the material is then filled with water and
the weight is recorded. The procedure is repeated using the other half of the loose

material. The theoretical maximum specific gravity is calculated using the formula:

A

Gmm - m (3.6)

where G, = theoretical maximum specific gravity to the nearest 0.001, A = mass of
oven-dry sample in air, D = mass of flask filled with water, and E = mass of flask filled
with sample and water. If the difference in results of the two tests exceeded 0.011, the
tests were rerun. Otherwise, the average of the two tests is the maximum specific gravity.
The result of the tests of the asphalt cores from runway 4-22 of Double Eagle II airport is

presented in Table 3.10. The results for all the airports are presented in Appendix IV.

The percent of air voids is determined according to AASHTO T-269-97. Percent air void

is calculated using the formula and reported to the nearest 0.1% :

Percent Air Void = Gmg‘ﬂ x 100 (3.7)

mm

The result of the tests of the asphalt cores from runway 4-22 of Double Eagle II airport is
presented in Table 3.11. It can be seen from Table 3.11 that the values for the two
samples are 8.2 % and 9.7 %. These values are a bit high as air voids are expected to be
within the limits of 6-7 %. It will be interesting if permeability tests are done on the
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samples. As these cores have high air voids, they are more likely susceptible to water

damage. The results for all the airports are presented in Appendix I'V.

3.3.3.4 Asphalt Content

The asphalt content of the mix is determined using the NCAT Asphalt Content Tester
according to guidelines of AASHTO T 308. Figure 3.24 shows the NCAT oven. The
ignition furnace is preheated to 538 °C. The basket assembly is weighed empty and the
mass is recorded to nearest 0.1 gram. Approximately 2000 grams of the sample is put in
the basket, spread out and put in the oven to dry to constant mass. After drying, the
assembly with the sample is weighed again and the mass recorded. The initial mass of the
sample is calculated by subtracting the mass of the empty basket from the mass of the
basket with the sample. The initial mass of the sample is input into the ignition furnace
controller. The basket assembly is then put into the NCAT oven. The test automatically
stops if the change in mass does not exceed 0.01 % for three consecutive minutes. The
furnace controller prints a ticket with the asphalt binder content. The assembly is then
taken out of the furnace and weighed. The final mass of the sample is calculated. After
cooling, the sample from the basket is collected for gradation analysis. Wire brush is used
to make sure that all of the sample is collected. The asphalt content test results for
runway 4-22 of Double Eagle II airport is presented in Table 3.12. It can be seen from
Table 3.12 that the values for the two samples are 5.94 % and 6.38 %. The optimum
asphalt content with a maximum aggregate size of 50 mm may be as low as 3.0 — 3.5 %
while for a 9.5 mm maximum aggregate size, the asphalt content may be as high as 7.0 —

7.5 % (Roberts et al. 1996). For our sample with maximum aggregate size of 22.4 mm,
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the values seem reasonable. Also, we would see even higher values of air voids if the

asphalt content was less. The results for all the airports are presented in Appendix IV.

3.3.3.5 Gradation Analysis

Gradation analysis is carried out on the sample collected after burning the asphalt binder
according to AASHTO T 30. Figure 3.25 shows the aggregate collected after burning the
asphalt binder. The result of the gradation analysis for runway 4-22 of Double Eagle II
airport is presented in Table 3.13. We can see from Table 3.13 that the first sieve size to
retain more than 10 % of the sample is 9.5 mm. The nominal maximum size which is one
sieve size larger than the first sieve to retain more than 10 % in our case is 19 mm. The
maximum aggregate size is one sieve size larger than the nominal maximum size, which
in our case is 22.4 mm. Based on the results of the particle size distribution, the
coefficient of curvature (C,) and the coefficient of uniformity (Cu) were calculated using

Eq. (3-1) and Eq. (3-2). The results for all the airports are presented in Appendix V.
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Table 3.1 PCI of the Runways of Evaluated Airports

Airport Date of
NP Name of Airport Runway PCI PCI | Remarks
o Inspection
17-35 98 X
1 Double Eagle 11 1) 04/28/2007 54 Coring
2 Sierra Bl Regional 6-24 03/10/2007 54 X
ierra Blanca Regiona 1330 23 Coring
.. 2-20 79 Coring
Raton M 1 23/2007
3 aton Municipa — 75 06/23/200 cs Coring
4 Moriarty Municipal 8-26 04/28/2007 | 60 Coring
4-22 28 X
5 Las Cruces International 8-26 12/18/2006 | 66 Coring
12-30 43 Coring
6 Grant County (Silver City) 8-26 12/19/2006 | 55 Coring
. . 4-22 60 Coring
7 D M 1 2/24/2007
eming Municipa 896 02/24/200 - Coring
. . 12-30 61 X
g | Roswell Iggtnei“onal Al 735 | 03142007 | 87 | X
3-21 65 Coring
9 Belen Municipal 3-21 11/09/2006 | 51 Coring
12-30 71 Coring
1 | Municipal 23/2007
0 Clayton Municipa 770 06/23/200 = Coring
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Table 3.2 FWD Data of Runway 17-35 at Double Eagle II Airport (5ft. from C/L NBL)

Dist. Dynamic Sensor Measurement, mils ’ Subgrade
o ) Load, Material | Modulus
kips 0" 8" 12" 18" 24" 36" | 60" | Temp, °F
0.0 9 21.13 | 13.74 | 10.81 | 7.54 | 548 | 3.16 | 1.75 91.9 11,468
0.0 9 21.58 | 13.77 | 10.86 | 7.58 | 5.55 | 3.18 | 1.79 91.9 11,459
0.0 12 26.08 | 19.09 | 14.85 | 10.08 | 7.57 | 4.31 | 2.15 91.9 11,193
0.0 12 25.26 | 19.17 | 1495 | 10.22 | 7.70 | 4.35 | 2.35 91.9 11,108
0.0 16 33.25 | 26.32 | 19.98 | 13.48 | 10.18 | 5.80 | 2.78 91.9 10,876
0.0 16 34.72 | 26.96 | 20.57 | 14.07 | 10.65 | 6.05 | 4.39 91.9 10,671
200.0 9 19.42 | 12.61 | 10.03 | 7.11 5.11 | 2.87 | 1.71 93.8 12,557
200.0 9 1733 | 12.63 | 10.12 | 7.17 | 5.16 | 291 | 1.69 93.8 12,344
200.0 12 2442 | 17.25 | 13.78 | 9.57 | 7.06 | 3.94 | 2.42 93.8 12,142
200.0 12 27.02 | 17.47 | 1395 | 9.66 | 7.21 | 4.04 | 1.64 93.8 11,921
200.0 16 3191 | 24.10 | 19.23 | 13.00 | 9.86 | 5.44 | 2.12 93.8 11,794
200.0 16 29.53 | 2453 | 19.68 | 13.43 | 10.01 | 5.63 | 3.81 93.8 11,588
402.0 9 17.10 | 11.18 | 8.33 532 | 354 | 2.03 | 1.38 93.8 17,754
402.0 9 18.72 | 11.27 | 8.43 5.50 | 3.61 | 2.05 | 1.40 93.8 17,580
402.0 12 23.69 | 1592 | 11.87 | 7.39 | 5.02 | 2.75 | 1.89 93.8 17,324
402.0 12 2424 | 16.02 | 11.99 | 7.34 | 5.04 | 2.81 | 1.86 93.8 17,096
402.0 16 31.19 | 23.07 | 16.89 | 10.54 | 6.98 | 3.75 | 3.00 93.8 16,896
402.0 16 32.71 | 23.11 | 16.95 | 1093 | 7.18 | 3.83 | 3.10 93.8 16,825
600.0 9 2445 | 1449 | 10.23 | 6.19 | 4.02 | 2.03 | 1.37 93.4 17,419
600.0 9 24.04 | 1451 | 1033 | 6.24 | 4.07 | 2.05 | 1.36 93.4 17,385
600.0 12 32.86 | 20.71 | 14.41 | 846 | 551 | 2.68 | 1.77 93.4 17,567
600.0 12 32.51 | 20.73 | 14.57 | 839 | 5.63 | 2.76 | 1.80 93.4 17,159
600.0 16 46.82 | 30.18 | 20.56 | 11.96 | 7.51 | 3.62 | 2.13 93.4 17,238
600.0 16 4795 | 31.27 | 21.40 | 12.33 | 7.88 | 3.76 | 2.58 93.4 16,989
805.0 9 22.19 | 14.05 | 1094 | 7.50 | 5.21 | 2.71 | 1.49 94.1 13,225
805.0 9 21.40 | 14.04 | 11.01 | 7.50 | 5.29 | 2.74 | 1.49 94.1 13,153
805.0 12 27.71 | 1935 | 15.04 | 10.09 | 7.22 | 3.72 | 1.81 94.1 12,839
805.0 12 27.16 | 19.45 | 1520 | 10.21 | 7.41 | 3.80 | 1.65 94.1 12,716
805.0 16 36.07 | 26.58 | 20.66 | 13.97 | 9.74 | 5.00 | 2.31 94.1 12,656
805.0 16 37.14 | 26.97 | 21.06 | 14.20 | 10.06 | 5.19 | 2.79 94.1 12,532
1002.0 9 40.75 | 30.22 | 2333 | 14.85 | 9.52 | 3.85 | 1.95 93.0 8,831
1002.0 9 40.38 | 30.51 | 23.60 | 15.11 | 9.77 | 3.95 | 2.02 93.0 8,729
1002.0 12 52.38 | 42.70 | 32.61 | 20.85 | 13.44 | 533 | 2.61 93.0 8,518
1002.0 12 53.79 | 44.14 | 33.65 | 21.70 | 14.13 | 5.56 | 2.68 93.0 8,345
1002.0 16 68.85 | 58.46 | 45.16 | 28.71 | 18.35 | 7.13 | 3.65 93.0 8,275
1002.0 16 71.28 | 59.65 | 46.67 | 29.42 | 19.19 | 7.44 | 3.47 93.0 8,070
1206.0 9 28.26 | 21.34 | 17.11 | 11.96 | 8.50 | 4.14 | 1.93 93.8 8,464
1206.0 9 27.18 | 21.41 | 17.28 | 12.17 | 8.68 | 422 | 1.94 93.8 8,427
1206.0 12 39.16 | 30.79 | 24.64 | 16.96 | 12.22 | 5.86 | 3.28 93.8 8,246
1206.0 12 35.32 | 30.92 | 24.85 | 17.03 | 12.37 | 6.02 | 2.55 93.8 8,126
1206.0 16 48.18 | 41.16 | 33.03 | 23.27 | 1596 | 7.82 | 4.42 93.8 8,128
1206.0 16 48.66 | 41.87 | 33.54 | 23.60 | 16.37 | 8.00 | 3.86 93.8 7,970
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Table 3.3 Skid Results for Runway 4-22 at Double Eagle II Airport

Test Average . Speed, Offset from L.
Section SNg Min. SN Max. SN Ill)lph CIL. feet Direction

1 54.1 45 60 41.1

2 54.1 46 61 40.7 10 North

3 56.6 54 60 41.0 Bound

4 60.1 56 63 40.6

5 54.3 47 59 40.8

6 55.2 51 59 41.8

7 59.3 56 63 40.1

8 55.0 51 59 41.0

9 589 55 61 40.3 10 South
Bound

10 59.3 54 64 40.2

11 54.4 50 60 40.4

12 54.2 51 58 40.7

13 52.7 48 57 40.6

14 60.6 57 65 40.8

15 57.7 52 64 40.6

16 58.4 54 63 40.8

17 62.5 59 65 40.8 20 North

18 61.3 57 65 40.7 Bound

19 58.5 15 67 40.6

20 58.7 54 62 41.3

21 56.8 49 60 41.2

22 60.7 58 64 40.8

23 60.2 55 66 40.9

24 59.8 54 64 40.8

25 604 54 68 41.0 20 South
Bound

26 59.0 56 63 41.1

27 58.2 54 63 41.2

28 55.2 51 60 41.1

29 62.9 59 69 40.6

30 60.9 55 70 41.4

31 61.7 57 67 41.1

32 612 57 65 40.9 30 North
Bound

33 61.4 55 65 40.9

34 58.9 50 63 40.5

35 59.5 55 65 40.9

36 48.7 34 65 41.9

37 60.8 57 65 41.6

38 61.9 58 68 42.0 30 South

39 60.5 55 65 41.8 Bound

40 62.3 49 70 42.1

41 40.9 25 62 42.1
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Table 3.4 Borehole Information of Runway 2-20 at Raton Municipal Airport

S%grade [] Borrow [] Surfacing [] Filler [X]  ThruPavement
Source Location: Runway 2-20
Depth :
Lab p R ks & Material
& Sack No. Hole & Sample Number Material Type emar g, 'a era
No. From To Identification
Mile (1) g Transverse (2) Longitudinal (3) [_] Alligator (4) O
Post: Rt. or Lt. C/L Distress Pothole (5) [_] Bleeding (6)[_] Raveling (7] Polished
1000 |:| g 348 in. |:| None Aggregate (8) DReﬂective ) |:|Blade Path  (10) I:lRutting
ft. (II)D Pumping
location measured in ft. north
N/S Hole# A 0.0 8.0 PMBP
/ ole#9 of Runway 02 threshold
G 98 B 8.0 15.0 Base Course asphalt treated
gravely gray-green sandy clay
N 44 C 15.0 33.0 Subgrade (plastic clay fraction); angular
1/211-11/211 lithic arkose
dark gray-green sandy clay
G 61 D 33.0 40.0 Subgrade with rust and black sandy
mottles
dark tan sandy cl ist
NT72 E 40.0 53.0 Subgrade ark tan sandy clay (most,
moderate ribbon)
light tan sandy clay (moist,
G22 F 53.0 71.0 Subgrad
ubgrade moderate ribbon, adhesive)
Mile (1) X Transverse (2) gLongitudinal (3) [ Aligator (4) []
Post: Rt. or Lt. C/L Distress Pothole (5) [_] Bleeding (6)[_] Raveling (D[] Polished
2000 IZ |:| 348 in. [ None Aggregate (8) [_JReflective (9) |:|Blade Path  (10) I:IRutting
fi. and pumping
location measured in ft. north
N/S Hole#10 A 0.0 8.0 PMBP
/ o of Runway 02 threshold
B 11 B 8.0 14.0 Base Course
V45 C 14.0 28.0 Subgrade gravely gray-green sandy clay
G 60 D 28.0 420 Subgrade dark gray-green sandy clay
(moist, strong ribbon)
tan sandy clay (slightly moist,
85D E 42.0 51.0 Subgrade .
moderate ribbon)
lime stabilization s 1
Valx F 510 | 710 Subgrade e S e on sample
(same as above)
Mile @) |ZTransverse 2) gLongitudinal 3) I:l Alligator (4) |
Post: Rt. or Lt. C/L Distress Pothole (5) [_]Bleeding (6) [ _|Raveling  (7)[_] Polished
3000 |:| g 348 in. |:| None Aggregate (8) I:lReflective ) DBlade Path  (10) I:l{utting
ft. 11 Pumping
locati sured in ft. north
N/S Hole#11 A 0.0 5.0 PMBP ocation measurec in . nor
of Runway 02 threshold
L 54 B 5.0 11.0 Base Course asphalt treated
gravelly black-green sandy
WT 205 C 11.0 30.0 Subgrade clay (moist, plastic clay
fraction
45

www.manaraa.com



Table 3.5 CBR Results - Runway 4-22 at Double Eagle 11

Location Hole Depth, ft Layer Group CBR
No. From To thickness symbol
0 2.5 2.5 PMBP
2.5 9 6.5 Sw 56
1 9 21 12 SW-SM 22
21 36 15 SP-SM 20
36 55 19 SP-SM 19
0 2.5 2.5 PMBP
2.5 8 5.5 SW 53
2 8 16 SP-SM 20
16 21 SP-SM 21
21 55 34 SP-SM 20
0 2.5 2.5 PMBP
2.5 8 5.5 GW 64
3 8 21 13 SP-SM 20
21 39 18 SW-SM 26
39 55 16 SW-SM 20
0 2.25 2.25 PMBP
2.25 9 6.75 GW 58
« 4 9 27 18 SW-SM 20
3 27 37 10 SW-SM 2
> 37 55 18 SW-SM 20
E 0 PMBP
é 2 SW 50
5 23 14 SP-SM 20
23 33 10 SW-SM 18
33 41 8 SP-SM 18
41 55 14 SP-SM 17
0 2.5 2.5 PMBP
2.5 9 6.5 GW 60
6 9 29 20 SP-SM 19
29 37 8 SP-SM 19
37 55 18 SW-SM 29
0 3 3 PMBP
7 3 10 7 GW 59
10 29 19 SW-SM 22
29 55 26 SP-SM 19
0 2.5 2.5 PMBP
2.5 9 6.5 Sw 53
8 9 19 10 SP-SM 20
19 38 19 SW-SM 22
38 55 17 SP-SM 18
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Table 3.6 Direct Shear Test Results

Airport Runway | Friction Angle, ¢
Double Eagle 11 4-22 37
Sierra Blanca Regional 12-30 42
. 7-25 39
Raton Municipal 720 10
Moriarty Municipal 8-26 36
12-30 36

ional

Las Cruces Internationa 896 37
Grant County 8-26 41
Demine Municipal 4-22 39
eming Municipa R 36
Roswell International Air Center 3-21 39
Belen Alexander 3-21 35
. 12-30 41
Clayton Municipal 720 10
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Table 3.7 Resilient Modulus Test Result for Runway 4-22 at Double Eagle II Airport

~ =) B o=
~ [a® o 73 o
o = B A R T =
Sz |32 |8 % | &3
- | g ; = s T e | EA 7 A
sl 2|2 |2 | 8|88 |2, | 24| 83
g |3 = 2 < = = 2 =2 > o =
& o) 53 o ) 3 = = g c = O oh 2
— O §= = g < B 5 S S8
= O N o 5 = o =
.(*/:) & g > R <«
- < S =
N-82| A 2 | 41 45 2.03 | 264696
- N-82| B 4 | 42 43 2.00 | 273953 | 274635
[0}
| & [N-82| C 3 | 43 42 2.07 | 285254
Sa
2|z |S28] A 4 | 42 39 2.28 | 264957
S | &
] S28| B | 5 | 41 42 231 | 230056* | 262282
S28| C 4 | 38 35 2.32 | 259606

Note: Poisson's Ratio assumed to be 0.35, ( *)This value not used for averaging
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