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Resilient Modulus of Freeze-Thaw Affected Granular Soils

for Pavement Design and Evaluation
Part 2: Field Validation Tests at Winchendon, Massachusetts, Test Sections

T.C. JOHNSON, D.L. BENTLEY AND D.M. COLE

INTRODUCTION

The damaging effects of the frzeze-thaw cycle
on the riding qualities, integrity, and durability of
pavements are notorious. In areas of seasonal
frost the supporting capacity of subgrade soils and
unbound base and subbase materials for roads
and airfields can vary drastically through freeze-
thaw cycles and the subsequent spring-summer re-
covery period. In a joint project with the Federal
Highway Administration and the Federal Aviation
Administration, the U.S. Army Cold Regions Re-
search and Engineering Laboratory (CRREL) has
evaluated these fluctuations in material properties
for six test soils and developed suitable predictive
models. Both laboratory and field tests were con-
ducted.

This report focuses on the underlying cause of
problems of premature distress in pavement sys-
tems that are susceptible to frost—the reduction
of the resilient modulus of subgrade soils and un-
bound base courses during and following spring
thaws. In this context the resilient modulus is con-
ventionally defined as deviator stress divided by
resilient—i.e., recoverable—strain. The research
results presented in the report are concerned with
frost-susceptible granular soils that exhibit little or
no cohesion and a high degree of nonlinearity.
The research objective was to develop laboratory
methods of characterizing the seasonal changes of
the resilient modulus of these soils throughout a
complete annual cycle. It was considered neces-
sary to conduct field tests to validate the labora-
tory methods. The field tests and analysis of the
data are the subject of this report.

Repeated-load triaxial tests were performed to
determine the resilient characteristics of the com-
ponent materials in experimental paved test sec-
tions under conditions simulating those that pre-
vailed during the field tests. The laboratory triax-
ial tests were performed on soils in the frozen,

thawed, recovering, and recovered conditions.
Empirical relationships were then generated by
standard statistical techniques to express the resil-
ient modulus M, as a function of density, soil
moisture tension, and the stresses imposed in the
triaxial tests. For frozen soil and for asphalt con-
crete the temperature is also a key parameter.

Field tests were used to determine the surface
deflection response of paved soil test sections
under plate loads. Surface deflection basins were
measured under loads imposed by a repeated-load
plate-bearing (RPB) apparatus and a falling-
weight deflectometer (FWD). The tests were per-
formed at critical times between late fall and late
spring to characterize the variation in load re-
sponse throughout the freeze-thaw-recovery cy-
cle.

The validity of the laboratory results was then
examined by comparing the measured deflection
basins with deflection basins calculated for the test
section using the expressions for resilient modulus
developed from the laboratory tests. In using these
expressions, temperatures and moisture tensions
measured at the time of each field loading test
were applied to evaluate the resilient modulus.
Layered elastic analyses of the test sections under
the conditions prevailing during each field loading
test yielded stresses, strains, and resilient vertical
displacements throughout the system; calculated
surface deflection basins were thus generated and
compared to the deflection basins actually meas-
sured in the field.

The field and laboratory tests were conducted
on six soils in test sections constructed by the Mas-
sachusetts Department of Public Works in Win-
chendon, Massachusetts. The results for the six
soils are presented here. Detailed procedures, re-
sults, and a1 .yses of repeated-load triaxial tests
to characterize the asphalt concrete pavement, the
six test soils, and the natural sandy gravel sub-
grade are given by Cole et al. (1986).
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SAMPLING OF TEST SECTION

The Winchendon test site, constructed in 1978
by the Massachusctts Department of Public
Works, consists of 24 soil test sections (Figs. 1, 2).
Twelve different soils are used, each in embank-
ments of two different heights. Six of the higher
embankments were used as test sections in this re-
search, each consisting of about 50-90 mm of as-
phalt concrete and 1.5 m of test soil (either Ikalan-
ian sand, Graves sand, Hart Brothers sand, Hyan-
nis sand, dense-graded stone, or Sibley till) overly-
ing the natural subgrade, a clean gravelly sand
(Fig. 3). The water table is about 1.4 m below the
pavement surface.

Samples of the asphalt concrete, the test soils,
and the natural subgrade were taken in October
1978, before freezing had occurred. Core samples
101.6 mm in diameter were taken from the asphalt
pavement. Undisturbed samples of the test soils,
except the dense-graded stone, were taken with a
double-tube auger. Soil samples were 57.2 mm in

Yoo of Slope

diameter and 152.4 mm long. They were preserved
in the split sleeves used in the sampling device,
wrapped in polyethylene film to prevent moisture
loss, and padded to prevent disturbance during
transportation. Bag samples of the natural sub-
grade material and the test soils werc also ob-
tained.

In February 1979, once frost penetration was
sufficient, undisturbed samples of frozen soil were
taken from the Ikalanian sand, Graves sand, Hart
Brothers sand, and Hyannis sand test sections. A
single-tube, hollow auger was used. Cores 50.8
mm in diameter and up to 300 mm long were ob-
tained. The Sibley till and dense-graded stone
could not be core-drilled because of the presence
of many stones. Occasional pebbles in the other
sections also caused difficulties. All the core sam-
ples were tightly wrapped in polyethylene film and
placed in bags with snow to prevent sublimation
during transport to the laboratory. The cores were
stored in a -7°C environment until trimmed and
tested.
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Figure 3. Grain-size distributions of test soils and natural subgrade.

LABORATORY TESTS

Laboratory tests were performed to characterize
the resilient modulus of the asphalt concrete, the
six test soils, and the natural subgrade soil. De-
tailed test procedures and data analysis are given
by Cole et al. (1986). The tests are briefly de-
scribed here, and the results are summarized, only
to the extent necessary to give meaning to the field
testing and analyses conducted to validate the lab-
oratory results.

Asphalt concrete

Initially, asphalt concrete core specimens 101.6
mm in diameter were tested in repeated indirect
tension (diametral compression) at two load dura-
tions (0.1 and 1.0 sec) and at temperatures from
-10 to +32°F. Cores 50 to 90 mm in length also
were cemented together with asphalt emulsion in
groups of three to form cylindrical specimens 200-
250 mm long and were tested in repeated-load un-
confined compression at axial stresses from 69.0
to 241.3 kPa and temperatures from -10 to
+39°C. It was desired to simulate the load pulse
of each of the two dynamic plate-loading tests
used in the field in-situ tests, the RPB and the
FWD, so three loading waveforms were used in
the laboratory: a 1-sec pulse applied every 3 sec-
onds, which simulates the RPB pulse; a continu-
ous haversine waveform at 1, 4, and 16 Hz accord-
ing to ASTM D3497-76T; and a 28-ms haversine
pulse every 2 seconds that simulates the FWD load
pulse.
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Multiple linear regression analyses of the results
showed that the asphalt concrete resilient modulus
M; is insensitive to the peak amplitude of the
stress. For the slower RPB waveform, M; is a
function of the temperature only, while for haver-
sine loading M, is a function of temperature and
frequency (Table 1). Representative results show-
ing relationships generated by the regression equa-
tions are given in Figure 4.

Natural subgrade material

Since the natural gravelly sand subgrade soil ex-
isting beneath the test sections at Winchendon
does not undergo freezing and thawing, it was
tested only in the nonfrozen condition. Specimens
measuring 152.4 mm in diameter and 381.0 mm
long were compacted to about 2.00 mg/m?, the es-
timated in-situ dry density. Once placed in a triax-
ial cell, eath specimen was vacuum-saturated and
then subjected to various combinations of static
axial and confining stresses as given in Table 2.
Drainage was permitted each time the static stress
level was increased, though the reservoir level was
maintained at the top of the sample. A deviator
stress was then applied repeatedly under the wave-
forms of the RPB and FWD load pulses, while
permitting no further drainage.

A stepwise multiple linear regression analysis
was performed on the results. The resilient modu-
lus was expressed as a function of either of two
stress invariant parameters. Initially the bulk
stress, 8, or first stress invariant J, = o0, + 0, + 0,
was used, in accordance with conventional prac-

e P N e AT et et e s . ;
A LT e e - N AT At N e T T, et .
I N AP E S AT IR A TR Y U S R S LS R UL IR W




Y ot
) ':'_
D 5y
'
Table 1. Results of regression analysis. :_!
N sd. Eq. X
Material Load pulse Regression equation n R? error  no. :_‘\.
. .‘\
Asphalt concrete ”
RPB M, (MPa) = exp(9.204-5.552x 102 T-9.744 x 10 T7} 85 097 0.287 1 ~
Haversine M,(MPa) = exp(9.183-7.47 x 102 T] -7 158 0.81  0.469 ‘_:
FWD M/(MPa) = exp[9.429-7.47x 10°*T] - = - 3 :I
Natural subgrade "
RPB and FWD M,(MPa) = 8.829 f,(c)* ™ 65 067 0235 4 N
RPB and FWD M, (MPa) = 20.74 f;(0)*$% 65 0.76 0.201 5 i’
Graves sand S,
Frozen RPB MMPa) = exp(9.677-1.0314T-0.0708 T?)(7,,/0,) 05 56 088 0332 7 f-;;
RPB M/ (MPa) = 39.1(w,/w) '™ 95 091 0502 8
FWD M/(MPa) = 32.14(w,/w)"% 73 095 0446 9 ey
Thawed RPB M,(MPa) = 2.139x 10* f(y) 27 f(o)042 186 0.76 0209 10 -
FWD M,(MPa) = 9.27x 10° f(y)2% f,(0)*4" 222 071 0224 11 z
RPB M/(MPa) = 6.68x 10 f(y) 354 f (0414 18 0.89 0.144 12 i
FWD M, (MPa) = 1.47x10* f(Y)-27% fy(a)04? 222 0.86 0.157 13 W
. Recovered RPB M{(MPa) = 6.89 f,(o)°4'* 36 076 0.247 14
N RPB M(MPa) = 4.80 f(a)°40% 36 087 0.185 15 N
- Ikalanian sand
X Frozen RPB M,(GPa) = exp{13.74-(0.820)T-(0.0538) 7*-(0.8378)w 62 090 0308 16 NS
= +(0.04416)W?](7,,/0,) 0382 .,
RPB M,(MPa) = 86.4(w,/w)"'» 87 092 0.749 17
: Thawed RPB M, MPa) = 8.129x 10* f(¥) 2% f(y)I!378 f,(c)*4% 119 0.84 0323 18 .
. RPB M, (MPa) = 3.021 x 10* f()2256 f()!1634 f,(g)0442 119 089 0276 19 A
~ Recovered RPB M(MPa) = 5.69x 10° f(¥) 118 f,(o)>5" 38 088 0205 20 o
N RPB M MPa) = 2.405 x 10* f(y) 258 fi(a)p0-4? 38 084 0238 21 e
o Hart Brothers sand h
Frozen FWD M/ (MPa) = 38.28(w,/w) '’ 88 095 0.53 2 _
v RPB M,(MPa) = 4.085x 10" (w,/w) ' 9 092 0623 22
:; FWD M (MPa) = 8.05x10™ flyg)"® fi(a ¥ (w,/w) 'Y 88 097 0445 23 e
0 FWD M,(MPa) = 4.689x 107 f,(a)°4% (w /w) ! 88 09 0464 25 -
¢ Thawed RPB M (MPa) = 2.97 x 10° f(y)-30 f{)55% f (g4 174 071 0.280 26
f, RPB M, (MPa) = 1.269x 10° f{y)}% f(4)’93 f,(o)045 174 087 0.188 27 'Z;
FWD M (MPa) = 3.93x 10° fly) 28" f(7)518 f,(a)04 164 067 0.292 28 ;
< FWD M,MPa) = 3.81x10* Y) 227 fy)'* fi(o)*3" 164 067 0.292 29
- Hyannis sand R
# Frozen RPB M,(MPa) = 0.68 f{y)''? (w,/w) 2 69 096 0.536 30 .
v RPB M/(MPa) = 33.45(w,/w) 2% : 69 095 0617 31 )
’ Thawed FWD M,(MPa) = 7.147x 10* f(y)'7 f,(o)>264 128 071 0129 32 o
. FWD M,(MPa) = 3.57x 10" f{§)" 7 f,(o)0%2 61 074 019 33 '
Dense-graded stose
Frozen RPB M,(MPa) = 82.27(w,/w)2® 32 097 0413 34 N
Thawed RPB M,(MPa) = 1.56x 10° f{y)' 78 f,(o)°1% 64 065 0202 35 ~
RPB M, (MPa) = 7.17x 10* f(§)"38 f,(o)0 1728 64 065 0203 36 =3
Sibley il :‘_-.‘-
Frozen RPB M/ (MPa) = 1.01 x 10°(w,/w,)? 46 108 0.87 071 37 P
Thawed RPB M,(MPa) = 7.47x 10* f(YP43 f,(0)° 1% 118 063 0.283 38 [ ]
5 RPB M,(MPa) = 1.29x 10" f(y)2% 118 0.54 0313 39 T3
. LY
; NOTES: a3
: RPB = repeated-plate bearing apparatus waveform T = 6/8, :"
, FWD = falling weight deflectometer waveform 6, = 1°C .
) A = number of points S0} = [/ Toc)/ 0] S) = [(101.38-¥)/ ) W
M, = resilient modulus g, = | kPa Vo = 1 kPa
f = load wave frequency w, = unfrozen water content ) = v/,

Ji(o) = (Ji/og) w, = total water content Yo = | mg/m’
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Figure 4. Resilient modulus of asphalt concrete
vs temperature for various loading conditions.

tice for characterizing the nonlinear resilient mod-
ulus of granular soil. 1t was found, however, in
tests on thawed test soil that M, not only increased
with J, but also tended to decrease somewhat with
increasing principal stress ratio, an effect that was
particularly evident when the minor principal
stress o, was held constant and the deviator stress
064 = 0,-0, was increased to a higher level. An-
other stress function, J./ 7.y, was selected to re-
flect the two different trends of variation of M,
with stress. The second stress invariant can be ex-
pressed as

J: = 6,0:+ 0,0, + 030,

but in triaxial tests with 0, = 0, and 64 = 0,-0,, it
follows that

J: = 30} +20,04.

Similarly, the general form of the expression for
the octahedral shear stress is

Tor = [(01-0,) +(02-0,) +(03-0, 11"

but in triaxial tests it is found that

Toa = V73 04

and the selected invariant stress parameter can be
expressed as

90} + 60304
\/2_ a4

Because the data sets from the RPB and FWD
load pulses indicated no statistically significant
difference (Cole et al. 1981), the results were
merged. The equations resulting from regression
analyses are expressed in terms of the two selected
invariant stress parameters (Table 1). It is note-
worthy that the coefficient of determination (R ?)

"z/TOCI =

Table 2. Applied stress levels.

Static axial  Static confining  Cyclic axial*
stress, o, stress, oy stress, a4
(kPa) (kPa) (kPa) 0,704

2. Frozen specimens

— 69 60 —
- 69 138 -
— 69 207 —
— 69 276 —
- 69 345 -
- 69 482 -
— 69 620 —_
- 69 827 -

b. Thawed and recovered specimens

— 6.9 34 1.5
- 13.8 6.9 1.5
— 27.6 13.8 1.5
— 48.3 24.1 1.5
— 69.0 345 1.5
— 6.9 6.9 20
— 13.8 13.8 2.0
— 27.6 27.6 20
- 48.3 48.3 20
— 69.0 69.0 2.0
—_ 6.9 10.3 2.5
— 13.8 20.7 2.5
— 27.6 41.4 2.5
- 48.3 724 2.5
- 69.0 103.4 2.5

c. Natural subgrade material

13.8 s.5 34 —
27.6 11.0 6.9 —
55.2 22.1 13.8 —

* Deviator stress.
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is somewhat higher for the equation in terms of
Ji/7oq- The test data and regression lines are
shown in Figure S, with a 95% confidence inter-
val.

Test soils

Each of the six test soils was subjected to
repeated-load triaxial tests in the frozen, thawed,
recovering, and recovered conditions. The term
thawed can be used in two senses. Broadly con-
strued, it means any soil that has been frozen and
now exists at a temperature above 0°C. While the
thaw front (0°C isotherm) is advancing into the
ground or through a specimen, the soil is said to
be thawing. With passage of the 0°C isotherm the
soil just thawed begins to recover, a time-depen-
dent process tnat starts with dissipation of pore
pressure and consolidation and, for soils above
the water table, progresses through a desaturation
phase with build-up of moisture tension. The term
“‘thawed’’ is used in this report to describe soil still
undergoing the recovery process, but the term “‘re-
covering'’ is also used to refer to the period of
consolidation and build-up of moisture tension.
Recovery culminates in an equilibrium in which
the state of stress in the pore water is affected only
by external influences such as weather or the posi-
tion of the ground water table. The term ‘‘recov-
ered”’ is applied to the latter equilibrium condi-
tion, generally reached in the fall shortly before
onset of another freezing cycle.

The triaxial tests were performed on a closed-
loop electrohydraulic testing machine. Cores 50.8
or 57.2 mm in diameter, as noted above, were
trimmed to a length of 127.0 mm (for the Hyan-
nis, Ikalanian, Hart Brothers, and Graves sands)
and tested in a triaxial cell. Remolded samples
152.4 mm in diameter were made from the Sibley
till and dense-graded stone to test in a larger triax-
ial cell. The testing regime in all cases was to apply
and maintain a constant confining pressure ¢, and
to apply repeatedly a deviator stress a4. The devia-
tor stress pulse, either 1 sec on and 2 sec off (RPB
pulse), or 28 ms on and 2 sec off (FWD pulse), was
repeated 200 times at each stress level.

Specimen temperatures for tests in the frozen
condition ranged from -0.2 to -10.0°C. Confining
pressure was 69.0 kPa and deviator stresses ranged
from 69 to 827 kPa. Once tested in the frozen
state, each specimen was thawed in the triaxial de-
vice and retested repeatedly to characterize the
thawed and recovering conditions. In each test the
specimen was allowed to drain or come to equilib-
rium under the applied confining stress before the

A A I N U PN Py

PN = DA I I A, W IR

cyclic deviator stress was applied. After the first
test in the thawed condition, gradual recovery was
simulated by inducing successive step increases in
moisture tension y, performing triaxial tests at
each ¢ level at a range in values of g, and o4 (Table
2). For this purpose the top cap of the specimen
was removed and the specimen was air-dried to at-
tain a somewhat higher level of moisture tension
¥. This procedure was repeated until the thawed
specimen had been tested at three or more levels of
V.

The results of multiple linear regression analysis
of the data on the six test soils in the frozen,
thawed (recovering), and in some cases the recov-
ered conditions are given in Table 1. In the frozen
state the significant variables are temperature, de-
viator stress, and in some cases total moisture con-
tent. Preferring invariant stress function for appli-
cation to the field in-situ problem, we have ex-
pressed the stress function in terms of octahedral
shear stress. For Hart Brothers sand, Hyannis
sand, Sibley till, and dense-graded stone the valid-
ity of the equations was extended to the melting
point (Cole 1984), and the moduli are expressed as
a function of the unfrozen water contents.

In the thawed and recovering states the signifi-
cant variables are a moisture tension parameter
Sf(), which is atmospheric pressure minus the
gauge value of soil moisture tension (u,-¢), dry
density v4, and a stress parameter, either J,or J,/
Toe- 1N SOMe cases the use of J./ 7, gave substan-
tially higher values of R?. It was intended that the
field loading tests be analyzed using the expres-
sions for resilient moduli in terms of J,/ 7, for all
the soils, because this model correlated better in
some cases with the laboratory data. However,
due to an early problem with NELAPAYV, the elas-
tic layered analysis program developed for deflec-
tion basin analyses, the first analyses of field data
were performed using nonlinear moduli expressed
in terms of J,. When the problem with NELAPAV
was corrected, the deflection basins of the remain-
ing test sections were analyzed using regression
equations expressed in terms of J,/7,,. Typical
plots representing the dependency of the resilient
modulus of thawed soil on either of the two invari-
ant stress functions are given in Figure 6.

Samples of the test soils taken in the fall of 1978
were construed to reflect the fully recovered con-
ditions; they were tested at the same stress levels as
the thawed/recovering specimens but at only the
level of ¥ prevailing in-situ when the samples were
taken. Regression analyses of the results (Table 1)
showed that the stress parameter, J, or J,/7., isa
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Figure 6. Resilient modulus vs invariant stress parameters for two thawed test soils.

significant variable. In some cases Y was accepted
as a variable, while in other cases the range of ¥ in
the available data was small and did not meet the
test for acceptance as statistically significant.

FIELD TESTS

Laboratory repeated-load triaxial testing of
thawed soils requires special techniques that were
under development as an objective of this project.
Consequently it was essential to test the proce-
dures and verify the moduli determined through
their use. The method chosen to validate the pro-
cedures was to calculate surface deflection basins
in experimental pavements with the aid of the lab-
oratory-determined moduli and to compare these
calculated basins with surface deflection basins
observed during plate-loading tests on the same
experimental pavements. To this end, the research
included RPB and FWD tests on the six paved soil
test sections selected from the 24 test sections at
Winchendon, Massachusetts.

But the validation of moduli determined by lab-
oratory tests was only one of the two principal ob-
jectives of the field testing. Laboratory testing
alone does not provide the time-dependent evalua-
tion of the resilient modulus of the various layers
of the pavement structure that is needed for pave-
ment evaluation and design. The stresses needed

ORI S ‘. DR

T e e T T Tt et e e e ot
‘{.\J\)\;\".‘:“!_.\J\.A\J\_. ‘atatarara J-L -\.-'- oL

for evaluating the resilient modulus can be calcu-
lated in relation to the particular traffic loading
for which the pavement analysis is being made,
but in-situ seasonal variation of temperature and
moisture tension must also be assessed to permit
determinaton of resilient moduli through a com-
plete annual cycle. Subsurface temperatures, frost
depths, and moisture tension are among the pa-
rameters that can be predicted by means of the
mathematical model of frost heave being devel-
oped under another phase of this research project
(Guymon et al., in prep.). Alternatively, tempera-
tures and moisture tensions can be monitored in-
situ throughout the year to provide the needed link
for laboratory assessment of time-dependent sea-
sonal variation of resilient modulus. This was the
second objective of the field work at Winchendon.
Subsurface temperatures were monitored
throughout the year at each of the six test sections
at Winchendon, by means of thermocouples in-
stalled at various depths. Soil moisture tensiom-
eters (McKim et al. 1976) also were installed at
various depths in each test section and were read
each time a plate-bearing test was performed.
Field in-situ plate-bearing tests using pulsed
loading were performed to verify the laboratory-
determined moduli and as a means of evaluating
seasonal variations in the moduli. Two types of in-
situ tests were performed on the six Winchendon
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Figure 7. RPB test van with reference beam for LVDTs.

test sections. The first type was the repeated-load
plate-bearing test (RPB). The equipment is mount-
ed in the center of a large enclosed semi-trailer
(Fig. 7}, which is ballasted and reinforced to pro-
vide a firm reaction for the plate load. The load
was applied by an air actuator, and loads up to
about 53 kN can be applied at frequencies up to
about 20/min. A load - ell located on top of the
plate senses each load repetition, which is record-
ed on strip charts. The recorder also traces the
outputs of linear variable differential transform-

ers (LVDTs) supported by a reference beam and
placed in contact with the pavement surface at
various radial distances from the loading plate to
measure resilient deflections. The loads were ap-
plied through a 304-mm-diameter plate, and were
repeated 50 to 1000 times. The pulse duration was
about 1 sec and the cycle time was about 3 sec.
The second type of in-situ test equipment used
was a falling weight deflectometer (FWD) (Koole
1979). In the device we used (Fig. 8), a mass of 150
kg falls freely and strikes a shock-absorbing device

Figure 8. FWD in use at Albany County Airport, Albany, N.Y.
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Figure 15. Vertical resilient displacement observed on six test sec-
tions prior to freezing, while frozen, and during thawing.

LA RN

A

that imparts a 28-ms pulse load to a 300-mm-di- Appendix A. The ground temperatures prevailing
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ameter plate resting on the pavement surface.
Three velocity transducers (geophones) are posi-
tioned in contact with the pavement, at the center
of the plate (through a small aperture in the plate)
and at two radial distances from the center. Asso-
ciated instrumentation integrates the velocity sig-
nal and reads out vertical displacement of the
pavement in micrometers. The load imparted to
the pavement is monitored by a load cell, and the
output is calibrated to give plate pressure in kilo-
pascals. For the investigation of the resilient mod-
ulus of nonlinear soils, we employed two drop
heights giving pressures from 200 to 800 kPa and
total loads from about 15 to 50 kN. We made five
drops at each height, and repeated each test se-
quence a second time after repositioning the geo-

during each RPB and FWD test are shown graph-
ically in Appendix B.

The vertical resilient displacements under plate
loads observed first in the fall of 1978 decreased to
small measurements in the second series of tests in
February 1979, when the test soils were frozen. As
the plate pressure differed somewhat in the vari-
ous tests, the displacements shown in Figures 9 to
14 are normalized by dividing by the plate pres-
sure. The plots show the sharp increase in dis-
placement that is observed in the first test after
thawing starts. The increase in surface deflection
upon thawing is particularly great for the four test
soils that contain the greatest fractions of fines
(material passing the No. 200 sieve): the Ikalan-
ian, Graves, and Hyannis sands and the Sibley till.

PLICLN

P

rers

Even in these soils a substantial decrease in deflec-
tion (recovery) was observed within 10 to 20 days
after thawing started. In the Hart Brothers sand
and the dense-graded stone the increased deflec-
tion upon thawing did not differ greatly from the

phones to obtain deflection measurements at a
total of five radii.

The RPB 1ests were performed on the six test
sections at two load levels on 13 occasions between
October 1978 and September 1979, encompassing

»
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dates on which the test soils were frozen, partially
thawed, fully thawed, recovering, and fully recov-
ered. The FWD tests were performed on the same
six test sections at two load levels on nine occa-
sions between February and April 1980 with soils
in the frozen, thawed, and recovering conditions.
On each occasion pavement and test soil tempera-
tures as well as moisture tension levels were deter-
mined. All the field test data are summarized in

PR P RN

fall (recovered) deflection. The comparative re-
sponse of the six soils to thawing is illustrated in
Figure 15.

ANALYSIS OF FIELD-LOADING TESTS

The principal objective in selecting or develop-
ing a method for analysis of the deflection basins
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was to be able to calculate the deflection basin re-
sulting from application of a known load to a
pavement system of a known thickness of the lay-
ers, each having linear or nonlinear resilient mod-
ulus and Poisson’s ratio determined in advance by
laboratory testing (forward approach). Compari-
son of the calculated deflection basin with the
basin actually observed in field tests would permit
validation of the laboratory testing procedures.
Achieving a degree of success in meeting this ob-
jective led to identification of a secondary objec-
tive: to calculate the linear or nonlinear moduli
corresponding to a known d. flection basin (back-
ward approach).

To meet the dual objectives, the two alternatives
of the finite-element analysis and the elastic lay-
ered system analysis were considered. The finite-
element analysis has the important advantage that
the modulus within each layer can vary in the radi-
al direction for compatibility with the variation in
stress. Because the entire stress regime beneath the
pavement must be defined, however, computa-
tional costs would be high for a system with a suf-
ficiently large number of elements, and doubtless
prohibitively high for use with the backward ap-
proach. Consequently we selected the elastic lay-
ered system analysis. The CHEVRON computer
code, including the recently developed COFE
subroutine, was modified by L.H. Irwin (Irwin
and Johnson 1981) to incorporate a ‘‘front end”’
that, for each nonlinear layer, begins with an as-
sumed modulus, calculates the stress in the layer,
uses the laboratory-developed model of stress de-
pendency to calculate a modulus, and thereafter
iterates until compatible moduli and stresses are
calculated. The program, termed NELAPAV
(nonlinear elastic layer analysis for pavements)
then calculates stresses, strains, and deflections in
the same manner as CHEVRON. An innovative
feature of NELAPAYV is its ability to reduce the
problem of inability to account for the change in
elastic modulus within a layer as the distance from
the axis of the load increases. This is accomplished
by recomputing the set of stress-compatible modu-
li for each combination of radius and depth that
defines a point of interest at which stresses,
strains, and deflections are to be computed. While
the modulus cannot vary radially for the calcula-
tions of responses at any individual point, differ-
ent stress-compatible moduli are used for calcula-
tions at other radii. The hypothesis presumes that
the moduli of the materials closest to the point of
interest have the greatest influence on the state of
stress at that point. In this way NELAPAYV ac-

LN Y

counts to some extent for the horizontal variations
in moduli.

NELAPAYV has been structured to incorporate
five basic models of stress dependency. The pro-
gram user may select one of these models for each
pavement layer. The models include:

Type 1: M, = constant

Type 2: M, = kJk

Type 3: M, = K, +(K.-04)K;, 04 < K,
M, = K, +(04-K\)K., 04 > K|

Type 4: M, = K,(J./ 7,05

Type 5: M, = K\(1,0%

where M;, J,, a4, J2, and 7, are as defined earlier,
and K,, K,, K,, and K, are regression constants.

In forward analyses of the six test sections, we
have used the type 1 model for the asphalt con-
crete, types 1, 4, and S for the frozen test soils,
and types 2 and 4 for the thawed and recovered
test soils and the natural subgrade test soil. As the
analyses proceeded, the type 4 model came to be
preferred over the type 2 model for thawed soils.
It was considered that the type 4 model has poten-
tial for extensive application to nonlinear soils be-
cause it incorporates a shear stress parameter and
also (possibly for that reason) the laboratory char-
acterization equations of that form yielded higher
values of R2. In recent years many investigators
have concluded that the conventional model of re-
silient modulus as a function of J,, represented by
type 2, has serious limitations and that nonlinear
models for granular materials need to account for
the effect of shear strain (e.g. Brown and Pappin
1981, May and Witczak 1981). The type 4 model
has the potential of accounting (indirectly) for
shear stresses and strains through the inclusion of
Toer» While still keeping the model very simple and
avoiding computational complexities.

In addition to selecting a model for resilient
modulus and inputting the applicable values for
the regression constants, appropriate values for
the resilient Poisson’s ratio are needed. In most
cases the results of the analysis are not highly sen-
sitive to moderate changes in Poisson’s ratio,
which may be evaluated by tests on each material
or by assigning values consistent with published
test data on similar materials. Tests on the various
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materials from the Winchendon test sections in- by the forward approach. The temperatures and/ o
cluded measurement of axial and radial resilient or moisture tensions prevailing in the test sections {’
strains. Poor correlation with other parameters at the time of each test, together with the plate- }_v '
that were monitored makes interpretation of the bearing pressures measured for each test and _"
data uncertain (Cole et al. 1986). Accordingly, moisture contents and dry densities when applica- j,"
values of Poisson’s ratio were selected from exper- ble, were taken as given values, and the stress de- S
ience with other materials and from published test pendency model appropriate to each layer was se- :\i ,
data (Table 3). lected. Initial assumed values of moduli for the P
Each of the 22 RPB and FWD tests conducted nonlinear layers were selected. NELAPAYV calcu- ::\;-’_
at each of the six test sections has been analyzed lated stresses, strains, displacements, and stress- s>
compatible moduli throughout the system. o
The comparisons between the calculated and s
Table 3. Values of Poisson’s ratio used in analysis. measured deflections for the higher of the two o
plate loads are summarized in Figures 16-21; the .
comparison is similar for the lower loads (Appen- e
Asphalt concrete T < -2°C 0.30 dix C). Deflection measurements were made at —
2<T<+1 0.35 five different radii. Each of these measurements is -2
:; z ;z :?6 g‘:g plotted and compared with the corresponding de- o
T> +16 0.50 flection computed by NELAPAYV on the basis of T
the conditions of the pavement system prevailing o
Test soils on each particular date.
Frozen Several general trends are apparent in these
Thawed ¥ <2(tod)kpa 0.30-0.35 plots. The maximum deflections, at the center of -
2(to4) < ¥ < 8 (to 10) 0.45 .
¥ < 8 (to 10) 0.40 the basin, calculated by NELAPAYV tend to agree -
0.35 well with the maximum surface deflections mea- -
sured in both the RPB and FWD tests. Proceeding -
Subgrade 0.3 outward from the plate, the different test sections o
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Figure 16. Measured surface deflections compared with deflections calculated by NELAPAV, Ikalanian
sand test section.
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Figure 17. Measured surface deflections compared with
deflections calculated by NELAPAYV, Graves sand test
section,
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Figure 18. Measured surface deflections compared with deflections calculated by NELAPAV, Hart

Brothers sand test section.
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Figure 19. Measured surface deflections compared with deflections calculated by NELAPAYV, Hyannis

sand test section.
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Figure 20. Measured surface deflections compared with deflections calculated by NELAPAV, dense-
graded stone test section.
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Figure 21. Measured surface deflections compared with deflections calculated b y NELAPAYV, Sibley till
test section.
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show varying degrees of agreement between the
calculated and measured basins as the outer radii
are considered. The Hyannis sand and dense-
graded stone test sections both show very good
agreement all the way to the tails of the basins in
the RPB tests, differing only for tests in the frozen
condition. In the other test sections the RPB
basins generally have calculated displacements
that are higher than the measured displacements.
This could be because the supports for the refer-
ence beam for measuring of deflections in the
RPB test may in some cases be within the deflec-
tion basin. Thus, a possible explanation for these
results is that the real deflections in the RPB tests
may have been greater than those recorded. Excel-
lent agreement is found between the calculated de-
flections and the deflections measured in FWD
tests on lkalanian sand, Hart Brothers sand, and
Sibley till, while somewhat more scatter is evident
in the plots for the other test sections.

Perhaps the most significant observation is the
reasonably good agreement of the postthaw basins
in general. The calculated and measured deflec-
tions differ more on those dates when the cross
section included layers of frozen soil. This prob-
lem can be attributed in part to uncertainties in the
definition of the exact thickness of the frozen lay-
ers. Such uncertainty, in turn, may derive in part
from interpolation of ground temperatures within
the vertical string of sensors and in part from the
assumption that the transition from frozen to
thawed conditions occurs precisely at 0°C. For
those dates with a frozen layer, the calculated de-
flections are generally greater than the measured
deflections. An example of a thawed basin exhibit-
ing good agreement is shown in Figure 22, Figure
23 shows the poor agreement of a basin that con-
tained a frozen iaver.

The calculated resilient moduli and other results
from the analysis of the six test sections are sum-

Radius (m)

S
o
o

Deflection {um)

[+ 4]
o
o

1200 1 1 1 l

06 08 10

Figure 22. Calculated and actual deflection basins for 10
April 1980, Ikalanian sand: Drop height 100 mm and plate

pressure 331.6 kPa.
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Figure 23. Calculated and actual deflection basins for
25 February 1980, Ikalanian sand: Drop height 219

mm and plate pressure 582.2 kPa.
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marized in Appendix D. The resilient moduli of
the test soils calculated by NELAPAV show the
expected seasonal variation, with extremely high
values in the frozen condition, decreasing dramat-
ically upon thawing, and increasing somewhat
during the late spring, summer, and fall. A sam-
pling of the seasonal variation in modulus is given
in Table 4, representing the upper 250-325 mm of
the lkalanian sand. The increase of the modulus
from spring to fall is not as great as has been ob-
served in earlier research on a finer grained soil
(Johnson et al. 1978). The relatively modest in-
crease during the recovery phase is believed to be
attributable to the high water table at the Win-
chendon site, which severely restricts the build-up

of moisture tension in the test soils. Another sam-
pling of the variation in modulus is given in Table
5, representing the upper 250 mm of the dense-
graded stone. In the case of this coarse-grained
crushed stone, while the modulus is extremely high
in the frozen condition, it decreases upon thawing
to approximately the same level that prevails in the
fall. That is to say, this material is found to be not
susceptible to thaw weakening. Similar tabula-
tions for the other test soils are given in Tables
6-W1t is apparent that the test dates early in the
thawing period did not coincide exactly with the
brief period when the modulus of the upper layer
is at its minimum level. An interpretation of the
variation in modulus of the upper layer of each

Table 4. Calculated resilient modulus (MPa) in upper layer of Ikalanian sand beneath center

of plate.
Top 250 mm, 1979 Top 325 mm, 1980
250-280 kPa 530-590 kPa 210-275 kPa 320-585 kPa
Plate pressure  Plate pressure Plate pressure  Plate pressure
30 October 1978 71.7 105.3 25 February 1980
12 February 1979 8257.9 5996.0 thawed, top 100 mm 327 49.9
7 March 1979 12.2 17.3 frozen, next 225 mm 1956.7 1432.9
12 March 1979 3138 46.4 12 March 1980 420 43.3
20 March 1979 42.2 59.1 19 March 1980 30.9 35.5
27 March 1979 38.5 55.7 22 March 1980 35.1 409
3 April 1979 414 57.4 26 March 1980 32.7 38.3
23 April 1979 49.3 69.9 29 March 1980 31.2 35.4
7 May 1979 54.0 75.3 3 April 1980 26.3 31.5
29 May 1979 55.8 78.8 10 April 1980 31.3 36.5
24 July 1979 91.6 126.1 17 April 1980 319 36.6
27 September 1979 84.0 118.0
19 November 1979 77.3 107.2

Table 5. Calculated resilient modulus (MPa) in upper layer of dense-graded stone beneath center of

plate.
Top 250 mm, 1979 Top 250 mm, 1980
249-276 kPa 547-597 kPa 201-278 kPa 451-569 kPa
Plate pressure  Plate pressure Plate pressure  Plate pressure
31 October 1978 100.8 107.3 25 February 1980 101.6 110.9
12 February 1979 32,664.0 32,664.0 12 March 1980 89.5 97.4
7 March 1979 89.0 95.8 19 March 1980 93.4 96.7
12 March 1979 89.1 95.9 22 March 1980 87.6 95.4
20 March 1979 87.9 94.7 26 March 1980 90.6 96.1
27 March 1979 91.5 9%4.4 29 March 1980 91.4 96.3
3 April 1979 98.0 104.5 3 April 1980 90.0 94.9
23 April 1979 90.8 96.9 10 April 1980 98.5 104.3
7 May 1979 95.5 101.5 17 Aprit 1980 91.0 95.8
29 May 1979 90.6 96.7
24 July 1979 97.5 104.2
27 September 1979 97.6 1039
19 November 1979 9.9 106.6
24
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Table 6. Calculated resilient modulus (MPa) in
upper layer of Graves sand beneath center of
plate.

Top 350 mm, 1980

159-267 kPa 240-566 kPa
Plate pressure  Plate pressure
25 February 1980 1489.0 917.4
12 March 1980
thawed, top 100 m 66.5 96.7
frozen, next 250 mm 1723.3 962.4
19 March 1980
thawed, top 124 mm 90.6 —
frozen, next 326 mm 1389.4 —
22 March 1980 31.0 —
26 March 1980 42.9 -
29 March 1980 371 44.0
3 April 1980 43.0 47.2
10 April 1980 41.7 47.8
17 April 1980 47.8 54.4

test soil, under the lower of the two test loads, is
given in Figure 24.

Only very limited application of the backward
approach has been made (Irwin and Johnson
1981). Its special utility is the calculation of resil-
ient moduli for a pavement’s supporting layers on
which no laboratory characterization tests have
been performed. Since laboratory characteriza-
tions are available for all the test soils, the back-
ward approach has only been tested to evaluate its

f ¢ ¢ o |
‘rte

o A

effectiveness. In the calculations, the resilient
modulus of the natural subgrade was assumed to
be known and was assigned a value previously cal-
culated by NELAPAYV from a forward analysis
based upon the laboratory nonlinear material
characterization. This value was assigned merely
for convenience, and in reality it is unnecessary to
use NELAPAYV, which calculates the stresses gen-
erated by both overburden materials and the plate
load. At such relatively great depth the effect of
the plate load is slight, and an approximation of
the modulus based upon a simple estimate of over-
burden pressure would suffice.

After assigning a modulus value for the natural
subgrade, the procedure is to start at the outer-
most radial point at which deflections were mea-
sured, assign reasonable moduli to the upper lay-
ers, and determine the modulus of the lower layer
of the test soil by trials with NELAPAYV to give
deflections at that radius matching the measured
deflections. This latter modulus, and the subgrade
modulus, are carried inward to the center of the
plate (r = 0), together with reasonable moduli for
the upper layers of test soil, so that the asphalt
concrete modulus can be determined by trials with
NELAPAYV to give deflections at r = 0 matching
the measured deflections. The assumed values of
the moduli of the upper layers of test soil are then
adjusted by successive trials with NELAPAYV to
give a better fit with the measured deflections at
the intermediate radii. After several iterations
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Figure 24. Interpretation of seasonal variation in resilient modulus of
six test soils directly beneath asphalt pavement under 200-300 kPa
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A Table 7. Calculated resilient modulus (MPa) in upper layer of Hart Brothers sand beneath center 79
’. .
’ of plate. .
P .
-~ Top 250 mm, 1979 Top 250 mm, 1980 .
244-283 kPa 530-590 kPa 197-279 kPa 331-605 kPa
i Plate pressure  Plate pressure Plate pressure  Plate pressure .
¢ ‘o
y .
‘ 30 October 1978 4.8 48.9 25 February 1980 670.4 793.3 \
e 13 February 1979 4872.5 4872.5 12 March 1980 122.5 180.8 -
o 6 March 1979 31.1 37.7 19 March 1980 23.1 26.1 o
g 13 March 1979 40.3 52.8 22 March 1980 18.4 20.9 »
21 March 1979 41.6 45.1 26 March 1980 19.8 22.9 .
. 28 March 1979 41.5 47.0 29 March 1980 20.0 21.6 o,
- 4 April 1979 40.5 4.8 3 April 1980 27.6 29.4 e
o 24 April 1979 45.1 48.2 10 April 1980 25.8 27.4 -
‘ * 7 May 1979 8.6 40.3 17 April 1980 26.9 28.6
' 29 May 1979 35.6 379 o
’ 25 July 1979 48.0 49.0 -
27 September 1979 45.3 48.9 [
s 20 November 1979 48.5 54.4 >
) Table 8. Calculated resilient modulus (MPa) in upper layer of Hyannis sand beneath center o
. of plate. .
B} Top 250 mm, 1979 Top 250 mm, 1980
-: 214-281 kPa 512-597 kPa 196-379 kPa 439-560 kPa -::
- Plate pressure  Plate pressure Plate pressure  Plate pressure S
. -~
. -~
_: 31 October 1978 62.2 69.0 25 February 1980 1996.8 1996.8 S
- 12 February 1979 29,993.9 29.993.9 12 March 1980 85.6 104.8 w
. 7 March 1979 21.0 21.0 19 March 1980 76.8 82.8 f
. 12 March 1979 21.0 21.0 22 March 1980 65.9 76.6
s 20 March 1979 67.6 78.0 26 March 1980 65.8 2.4 N
; 27 March 1979 65.5 73.1 29 March 1980 63.5 70.8 N
1 3 3 April 1979 65.1 73.2 3 April 1980 62.1 67.9 ‘:
L 23 April 1979 64.5 70.6 10 April 1980 65.0 72.5 ‘\
7 May 1979 63.3 70.1 17 April 1980 62.0 68.0 .
29 May 1979 62.3 68.9 N
24 July 1979 67.7 76.7
- 27 September 1979 68.4 77.1 o
- 19 November 1979 68.8 75.1 N
. \.:
o
Table 9. Calculated resilient modulus (MPg) in upper layer of Sibley till beneath center of plate. :: :
g Top 250 mm, 1979 Top 250 mm, 1980 4 -
% 246-283 kPa 472-597 kPa 167-300 kPa 330-600 kPa R
- Plate pressure  Plate pressure Plate pressure  Plate pressure ..
4 30 October 1978 - 51.5 25 February 1980 3449.0 3449.0 ::', '
4 12 February 1979 8046.0 8046.0 12 March 1980 40.2 4.6 2
7 March 1979 39.8 39.8 19 March 1980 39.4 41.1
3 12 March 1979 40.1 439 22 March 1980 379 409
. 20 March 1979 424 46.1 26 March 1980 39.5 — NG
e 27 March 1979 4319 48.2 29 March 1980 39.7 43.2 ,:-'
. 3 April 1979 46.4 50.9 3 April 1980 40.7 4.3 o~
3 23 April 1979 46.5 50.7 10 April 1980 39.6 432 :ﬁ
. 8 May 1979 47.7 50.7 17 April 1980 423 45.3 A
- 30 May 1979 4.6 489 ;
r. 24 July 1979 49.1 51.6 . ;
) 27 September 1979 43.4 47.0 N
{ 19 November 1979 46.7 50.5 ~.
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with slightly adjusted values of the moduli, rea-
sonable stability of the resulting defiection basin
can usually be obtained.

In the above procedure, the Type 1 model of
NELAPAYV, for linear moduli, is used. A com-
puter program for linear elastic materials, MOD-
COMP 1, has been developed for application of
NELAPAYV in the backward approach (Irwin
1981). It has not been applied to the nonlinear ma-
terials of the Winchendon test sections, except to
check and validate the concepts and operation of
the program.

DISCUSSION

The reasonably good agreement of the postthaw
basins is taken as evidence that the expressions for
nonlinear resilient moduli derived from laboratory
tests are acceptable. Thus the adopted laboratory
procedures for determining seasonal variations in
resilient modulus are seen as adequately validated
for soils of the types tested, and the results of tests
according to that procedure should provide a use-
ful basis for evaluating and designing new and re-
habilitated pavements in cold regions.

The application of materials characterizations
in the form of expressions for nonlinear resilient
modulus derived from laboratory tests requires
use of a pavement response model that can ac-
count for the stress dependency of the modulus.
NELAPAY has given good results in the analysis
of the Winchendon field data and is seen as a use-
ful analytical tool.

An important characteristic of the laboratory-
test-derived expressions for resilient modulus is
the further dependence of the modulus upon site-
specific environmental parameters that vary wide-
ly throughout the annual cycle of seasonal chang-
es. The principal parameters are temperature and
moisture tension. Consequently, assessment of the
seasonal variation in the modulus prevailing in a
material for which a laboratory nonlinear charac-
terization has been developed requires not only a
calculation of the stress in the material but field
observation of temperature and moisture tension
as well. Such field observations of conditions pre-
vailing in the various layers in existing pavements
can be obtained by installing sensors and collec-
ting data over a complete annual cycle. Data ob-
tained from undeveloped terrain where a new
pavement is planned may be inapplicable to the
future conditions after construction. An alterna-
tive to field data collection is to predict tempera-
tures and moisture tensions by means of a mathe-
matical model of the freezing and thawing proc-
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ess. The frost heave model of Guymon et al. (in
prep.) can be used for this purpose.

While the analysis of the field data as presented
herein engenders reasonable confidence in the lab-
oratory procedures for determining resilient mod-
ulus and assessing its seasonal variation, imple-
mentation in engineering practice should await
further confirmation. Work recently completed
on airfield pavements at Albany County Airport,
N.Y., will enhance the data base and is expected to
provide further confidence in the methodology.
That work will be presented in separate reports
(Cole et al., in prep., Johnson et al. 1986).

CONCLUSIONS

The research results summarized in this report
lead to the following conclusions:

1. The analysis of field loading tests on six paved
soil test sections at Winchendon, Mass., provided
evidence that laboratory procedures (Cole et al.
1986), developed under this research project for
deriving nonlinear materials characterizations of
the six soils in the frozen and thawed conditions,
are acceptable. While the laboratory procedures
are considered to be validated for soils of the types
tested, further confirming evidence is needed. Evi-
dence on other nonlinear materials will be forth-
coming from work recently completed at Albany
County Airport, N.Y.

2. To make use of nonlinear materials charac-
terizations, one needs an appropriate pavement re-
sponse model that is capable of accounting for the
stress dependency of the resilient modulus.
NELAPAYV, a computer program for nonlinear
elastic layered analysis of pavements, is found to
be a useful analytical tool.

3. The numerical value of the resilient modulus
prevailing in a frozen or thawed pavement materi-
al at a given time cannot be calculated with the
sole aid of an appropriate expression for the mod-
ulus derived from laboratory tests, but requires as-
sessment of prevailing environmental conditions,
principally temperature and moisture tension.
These parameters can be monitored throughout an
annual cycle by means of sensors installed in ex-
isting pavements, or their values throughout the
year may be forecast by means of the frost-heave
model of Guymon et al. (in prep.).

4. Limited application of the backward ap-
proach, an analytical procedure for determining re-
silient modulus from field measurements of surface
deflection, indicates the validity of the approach.
A computer program, MODCOMP I, was devel-
oped to calculate moduli in linear elastic materials.
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APPENDIX A: FIELD DATA
Winchendon, Mass., Test Sections

Table Al. Data from repeated-load plate-bearing (RPB) tests, Ikalanian sand test section.

Resilient Displacement at Two Load Levels

30 October 1978 (Day-63) 20 March 1979 (pay 79) 7 May 1979 (Day 127) 19 Novewber 1979 (bay 323)
Toad (kN): 18.9 37.8 Load (kN): 18.7 39.1 Load (kN): 19.3 40.0 Load (k\) 0.8 43.1
Radius (mm) Displacement {(mm) Radius (mm) Displacement {(mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm)
140 0.6147 1.1202 133 0.602 1.098 149 0.6868 1.3879 146 0.5321 0.9728
31t 0.2692 0.5232 279 0.312 0.607 289 0.3048 0.6909 295 0.2794 0.5791
387 0.1732 0,.3505 394 0.196 0.387 371 0.1858 0.4490 394 0.2012 0.4]91
450 0.1359 0.2667 479 0.115 0.247 457 0.1304 0.3342 476 0.1539 G.3150
762 0.0470 0.0909 784 0,050 0.088 752 0.0620 0.1849 772 0.0632 0.1331
12 February 1979 (Day 43) 27 March 1979 (Day 86) 29 May 1979 (Day 149)
Load (kN): 17.6 40.5 Load (kN): 18.01 40,03 Load (kN): 19.1 40.3
Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm)
143 0.1251 0.1919 140 0.645 1.265 140 0.6413 1.2898 e
302 0.0167 0,0329 279 0.401 0.826 289 0.3404 0.6985 T
387 0.0211 0.0291 368 0.266 0.542 381 0.2026 0.4374 .:-".
464 0.0190 0.0280 464 0.180 0.362 473 0.1359 0.2801 -
759 0.0105 0.0267 746 0.072 0.132 172 0.0530 0.1128 '
7 March 1979 (Day 66) 3 April 1979 (Day 93) 24 July 1979 (Day 205) o
Load (kN): 19.3 38.9 Load (kN): 19.1 40.0 Load (kN): 19.8 40.3
Radius_(mm) Displacement (wm) Radius (mm) Displacement (mm) Radius (mm Displacement
140 1.8265 2.6994 140 0.6451 1.3842 137 0.5709 1.1160
286 1.2258 1.7419 292 0.3556 0.7303 283 0.2667 0.5588
375 0.8668 1,1719 371 0.2361 0.5017 378 0.1716 0.3574
467 0.5550 0.7280 460 0.1678 0.3536 470 0.1179 0.2371
- - - 746 0.0609 0.1376 762 0.0507 0.0936
12 March 1979 (Day 71) 23 April 1979 (Day 113) 27 September 1979 (Day 270)
Load (kN): 20.5 39.8 Load (kN): 18.5 39,4 Load (kN): 20.0 62.7
Radius (mm) Displacement (um) Radius (wm) Displacement (mm) Radius (mm) Displacement. (mm)
140 0.589 1.311 133 0.7048 1.4097 146 0.5779 1.1731
295 0.594 1.390 289 0.3149 0.6667 286 0.3302 0.6680
378 0.188 0.419 371 0.1999 0.4225 384 0.2181 0.4516
457 0.130 0.305 464 0.1345 0.2801 470 0.1484 0.3148
772 0.041 0.098 759 0.0643 0.1195 768 0.0575 0.1139

[
pavement and Subgrade Temperatures ( C)

S
Depth ;)
() 30 _Qct 12 Feb 7 Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 7 May 29 May 24 July 27 Sep 19 Nov .

Surface 15.2 - 3.1 Q.5 19.9 8.0 7.2 36.7 32.7 39.9 31.3 -- - 20
50 - 2.9 0.6 0.3 9.0 6.8 33.4 33.5 34.8 32.0 - -- o
210 -3.6 g.8 0.1 2.2 2.4 3.3 16.1 2].1 20.8 31.4 - -~
340 -3.1 0.0 1.5 1.5 1.7 2.9 11.9 17.7 17.5 31.1 -- -
410 -2.4 0.0 0.0 1.0 1.2 2.8 11.1 17.0 16.9 30.8 -- -
450 -1.0 0.0 0.0 0.5 0.6 3.0 10.3 16.3 16.6 30.1 ~-- --
610 0.2 0.0 0.0 0.1 0.2 3.2 9.6 15.4 16.1 28.6 -~ -~
690 0.7 0.1 0.1 0.0 0.1 3.2 8.9 14.7 15.7 27.5 - --
840 1.4 0.6 0.5 0.0 0.8 3.3 7.9 13.4 15.1 25.5 -- --
1060 2.4 1.4 1.1 0.0 1.6 3.3 6.8 12.0 14.2 23.5 - -
1260 3.2 2.1 1.6 0.4 1.8 3.3 6.1 10.9 14.1 21.9 -- --
1460 4.0 3.1 2.3 2.1 2.3 3.6 5.9 10.1 13.0 20.8 - o=
Moisture Tension (kPa)
Depth
(wm) 12 Feb 7 Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 7 May 29 May 24 July 27 Sep 19 Ney
457 9.8 0 1.9 6.9 6.4 6.9 5.4 8.3 7.9 iz.0 10.0 10.0
559 7.8 1.0 2.9 3.9 3.9 3.9 8.8 4.9 4.9 0 6.5 10.0
29
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}0 October 1978 (Day-63)

Table A2. Data from repeated-load plate-bearing (RPB) tests, Graves sand test section.

Resilient Displacement at Two Load Levels

21 March 1979 (pay 80)

8 May 1979 (Day 128)

19 November 1979 (Day 323)

tuad (kN): 18.9 Load (kN): 19.6 36.7 Load (kN): 19 40.0 O B 20.2 43.1
Racdius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) stplacemenl (mm) Radius (mm) Displacement (mm)
140 0.7836 137 0.860 1.551 140 0.7992 1.5989 143 0.6236 1.2129
190 0.3708 ¢ 286 0.464 0.762 276 0,3861 0.8319 314 0.2997 0.6248
394 0.2116 ne 365 0.261 0.458 378 0.2194  0.4774 403 0.2090  0.4420
A 0.1374 done 451 0.150 0.225 467 0.1345  0.2912 483 0.1499  0.3226
749 0.0414 737 0.036 0.062 759 0.0541 0.0925 794 0.0462 0.1036
12 February 1979 (Day 43) 28 March 1979 (pay 87) 30 May 1979 (Day 150)
Load (kN): 19.8 39.6 Load (kN): 19.5 40.0 Load (kN): 21.6 40.7
Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm)
137 0.0605 0.1236 140 0.750 1.730 143 0.7397 1.5182
308 0.0194 0.0361 295 0.434 0.965 279 0.31785 0.8026
384 0.0139 0.0291 384 0.295 0.474 381 0.2129 0.4865
464 0.0120 0.0260 470 0.175 0.423 467 0.1345 0.3120
762 0.0136 0.0230 765 0.034 0.082 768 0.0586 0.0970
6 March 1979 (Day 65) AEril 1979 (Day 94) 25 July 1979 (Da& 206)
Load (kN): 7.3 18.2 Load (kM): 18.5 38.9 Load (b) 42.5
Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm)
143 0.4735 1.0693 136 0.8062 1.6423 143 0,7261 1.4440
289 0.2258 0.5484 289 0.4166 0.9144 270 0.3708 0.8065
372 0.1456 0.13675 368 0.3097 0.6548 381 0.1716 0.3806
454 0.0860 0.1803 457 0.1955 0.4243 467 0.1123 0.2441
749 -~ - 752 0.0496 0.0834 759 0.0440 0.0902
13 March 1979 (Day 72) 24 _April 1979 (Day 114) 27 September 1979 (Day 270)
Load (kN): 19.1 41.1 Load (kN): 18.7 39.1 Load (kN): 20.9 43.4
Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm)
133 0.550 1.276 143 0.7296 1.5851 146 0.6337 1.3130
289 0.648 1.435 298 0.3505 0.7620 289 0.3073 1.1049
368 0,206 0.438 384 0.2129 0.4774 384 0.2052 0.4387
451 0.154 0.347 476 D0.1304 0.2982 473 0.1373 0.3259
753 0,036 0,064 765 0.0451 0.1038 765 0.0474 0.0857
Pavement and Subgrade Temperatures (OC)
Depth
(mm) 30 Oct 12 Feb 6 Mar 13 Mar 21 Mar 28 Mar 4 Apr 24 Apr 8 May 30 May 25 July 27 Sep 19 Nov
Surface 12.3 -7.4 5.5 -1.1 3.9 -1.1 1.0 13.5 14.3 15.9 26.9 12.2 7.1
51 -10.1 4.1 -0.4 4.0 -0.8 1.0 14.7 18,2 17.7 28.2 12.2 5.6
152 -8.7 1.5 0.2 2.6 0.1 0.2 11.5 17.0 18.4 28.8 14.7 5.3
305 =4.4 =0.4 0.0 0.4 0.6 0.8 11.6 17.6 19.1 29.6 18.4 6.3
457 -0.5 -0.4 0.0 -0.4 -0.3 0.4 10.5 16,1 18.2 28.5 19.0 7.3
610 0.5 -0.4 0.0 -0.4 -0.9 -0.4 9.0 14,5 17.1 26.9 18.8 7.8
762 1.4 0.1 0.3 -0.1 - 0.1 7.3 12,7 15.8 25.1 18.5 8.3
.. 914 1.7 0.5 0.7 0.4 - 0.3 6.4 11.6 15.1 23.6 18.5 3.0
" 1067 2.2 1.4 1.1 0.7 - 0.6 5.7 10.9 14.6 22.5 18.5 9.3
a”, 1219 2.4 1.7 1.4 1.1 -- 1.1 5.1 10.0 14.2 21.1 18.5 9.8
V‘. 1371 2.8 2.1 1.8 1.4 - 1.4 4.9 9.5 13.7 20.3 18.5 10.2
' 1524 3.2 - 2.1 1.7 - 1.7 4,7 9.0 13.4 19.5 18.3 10.5
E
Y
1_'/' Moisture Tension (kPa)
.
Lj Depth
:‘ (mm) 12 Feb 6 Mar 13 Mar 2! Mar 28 Mar 4 Apr 24 _Apr 8 May 30 May 25 July 2] Sep 19 Nov
' 152 1.9 0 4.4 5.4 6.8 7.8 11.8 11.8 9.8 14.0 10.5 12.0
- 305 i1.8 0 3.9 5.9 6.4 7.8 11.8 11.8 9.8 14.5 12.0 10.0
P" 610 12.3 0 7.8 7.4 5.9 6.9 9.8 9.8 8.3 12.0 10.0 --
}' 914 3.9 1.9 0 1.9 0 0 2.5 2.8 0 3.5 1.5 --
4
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Table A3. Data from repeated-load plate-bearing (RPB) tests, Hart Brothers sand test section. :,:
'.‘(*'
Resilient Displacement at Two Load Levels o4
S
S
ol |
30 October 1978 (Day-63) 21 March 1979 (Day 80) 7 May 1979 (Day 127) 20 November 1979 (Day 324) Vs
Load (kN): 17.8 37.8 Load (kN): 18.9 40.0 Load (kN): 18.9 40.0 Load (kN): 20.0 42.7 "q
Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) ,_J',
-
140 0.6515 1.1989 146 0.671 1.297 139 0.7224 1.3497 146 0.5220 0.9931 NN
305 0.2616 0.4902 299 0.279 0.616 283 0.2794  0.5639 305 0.2743  0.5486 N
387 0.1526 0.3073 384 0.159 0.329 375 0.1561 0.3096 400 0.1910 0.3861 _'.'_'
457 0.1110 0.2068 470 0.094 0.182 470 0.1095 0,209 486 0.1387 0.2896 - -‘_
762 0.0419 0.0853 768 0.023 0.052 756 0.0496 0.0981 784 0.0472 0.1105
13 February 1979 (Day 43) 28 March 1979 (pay 37) 29 May 1979 (Day 149)
Load {kN): 20 37.4 Load (kN): 19.3 40.5 Load (kN): 18.9 40.9
Radius (mm) Displacement (mm) Radius (mm) Displacement (um) Radius (mm) Displacement (mm)
127 0.0946 0.0934 143 0.688 1.370 146 0.6836 1.3179
286 0.0032 0.0194 302 0.371 0.705 289 0.2692 0.5512
362 0.0021 0.0140 391 0.222 0.468 394 0.1510 0.3058
445 0.002 0.0100 47% 0.137 0.261 476 0.1096 0.2205
730 - 0.0063 679 0.112 0.088 775 0.0474 0.0947
6 March 1979 (Lay 65) 4 April 1979 (Day 94) 25 July 1978 (Day 206)
Load (kN): 18.7 40.5 Load (kN): 18.5 41.4 Load (kN): 20,7 42.4
Radius (mm) Displacement (mm Radius (mm) Displacement (mm) Radius (mm) Displacement (mm)
137 0.6349 1.2391 143 0.7005 1.3531 140 0.7050 1.2690
289 0.2903 0.4516 298 0.3556 0.7366 270 0.3480 0.6706
368 0.1456 0.1976 384 0.2155 0.4613 375 0.1613 0.3135
457 0.0490 0.0500 470 0.1304 0.2857 457 0.1068 0.2108
759 0.0089 0.0262 762 0.0496 0.1116 768 0.0451 0.0902
13 March 1979 (Day 72) 24 April 1979 (pay 114) 27 September 1979 (Day 270)
Load (kN): 19.8 41.8 Load (kN): 19.3 40.3 Toad iEM: 20.2 42.7
Radius (wm) Displacement (mm) Radius (mm Displacement (mm Radius (um) Displacement (mm)
146 0.554 1.003 137 0.6839 1.2684 146 0.6126 1.1802
305 0.559 1.016 289 0.3277 0.6553 318 0.2388 0.5309
400 0.135 0.271 375 0.1942 0.3923 397 0.1523 0.3226
483 0.087 0.170 460 0.1165 0.2510 492 0.1026 0.2122
791 0.023 0.046 759 0.0508 0.0958 784 0.0406 0.0891

Pavement and Subgrade Temperatures (°C2

W3

] -
N Depth re
N (vm) _ 30 Oct 13 Feb 6 Mar 13 Mar 21 Mar_ 28 Mar 4 Apr 24 Apr 7 May 29 May 25 July 21 Sep 20 lov "
» ~
y Surface 20.9 -6.8 7.0 1.0 9.3 -0.4 7.7 19.5 44.9 33.4 29.1 13.1 6.7 RN
. 51 -7.9 5.1 -0.1 8.3 -0.5 S.4 19.5 36.3 33.6 30.2 13.7 4.8 gAY
b 152 -9.1 2.9 -0.2 5.6 0.4 1.7 13.9 29.3 27.9 29.1 14.7 4.8 VORX
' 305 -7.2 0.0 -0.1 2.9 1.0 1.2 11.4 20.7 20.9 28.3 16.4 5.0 e
457 ~4.9 -0.2 -0.1 1.5 1.5 1.7 11.8 16.9 17.5 28.7 18.6 6.2
» 610 -2.5 -0.2 -0.2 0.0 0.9 1.4 10.8 15.5 16.6 27.8 18.9 6.9
» 762 -1.0 -0.1 -0.2 0.0 0.0 1.0 9.6 14.5 16.2 26.5 18.8 7.4
" 914 0.0 -0.1 -0.3 0.0 -0.7 0.6 8.3 13.5 15.2 25.1 18.5 7.9
v 1067 0.5 0.0 -0.2 -0.1 -0.7 0.5 7.5 12.7 15.2 23.9 18.4 8.2
’ 1219 1.2 0.2 0.0 0.2 ~0.4 0.7 6.7 11.9 14.8 22.9 18.3 8.7
4 1371 1.7 0.6 0.4 0.6 0.0 1.0 6.3 11.1 14.4 21.8 18.3 9.1
: 1524 1.7 2.0 0.8 0.9 0.4 1.2 5.8 10.6 14,1 21.0 18.3 9.3
!
"-;
» '.
. Moisture Tension (kPa) N
» ~‘
Y Depth :\:
’ (mm) 13 Feb 6 Mar 13 Mar 2] Mar 28 Mar 4 Apr 24 Apr 7 May 29 May 25 July 27 _Sep 20 Nov 4.::
152 5.9 0 5.9 5.4 7.9 6.6 9.8 7.9 6.9 12.5 10.0 10.0 :‘-
105 1.9 0 [ 8.3 7.4 7.4 10.3 9.8 7.4 13.0 10.0 10.0
610 1.9 8.8 1.4 3.4 4.9 6.9 9.8 9.8 7.4 11.0 8.4 19.0
914 9.8 10.8 0 1.0 1.0 2.4 4.9 4.4 3.9 6.5 5.0 13.0
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"y Table A4. Data from repeated-load plate-bearing (RPB) tests, Hyannis sand test section.
.
o p,
Resilient Displacements at Two Load Levels
.
" 31 October 1978 (Day-63) 20 March 1979 (Dbay 79) 7 May 1979 (Day 127) 19 November 1979 (Day 323)
W Load (kN):  15.6 38.9 Load (kN): 19.1 40.0 Ea_dyTENT 19.6 39.4 Load (kN):  20.0 43.1
»
5 Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) y
N .
\j 140 0.4699 0.8966 137 0.425 0.839 146 0.6202 1.1697 146 0.4013 0.8242 g
~ 292 0.3073 0.5969 283 0.244 0.521 302 0.2464 0.4902 289 0.2667 0.5359 .
b 362 0.2233 0.4572 375 0.168 0.297 391 0.1497 0.3032 394 0.1859 0.3734
432 0.1788 0.3667 457 0.108 0.197 476 0.1068 0.2136 476 0.1359 0.2819
- 743 0.0571 0.1229 753 0.024 0.045 772 0.0439 0.0879 772 0.0541 0.1173 *
-, 12 February 1979 (Day 43) 27 March 1979 (Day 86) 29 May 1979 (Day 149) ‘_
Load (kN): 20 40.0 Load (kN): 19.1 40.0 Load (kN): 19.8 40.7 A
.-:_. Radius (mm) Displacement (mm) Radius (mm) Displacement (wm) Radius (mm) Displacement (mm) :
g 143 0.0772 0.1095 140 0.423 0.874 133 0.5992 1.3087
2 - 299 0.0097 0.0174 286 0.267 0.579 267 0.3150 0.6248
378 0.0090 0.0148 378 0.196 0.342 365 0.1884 0.3796
. 457 0.0080 0.0117 464 0.136 0.283 448 0.1276 0.2552
- 749 0.0010 0.0126 749 0.051 0.106 752 0.0496 0.1026 -
Ay
‘.'j 7 March 1979 (Day 66) 3 April 1979 (Day 93) 24 July 1979 (Day 205) )
Load (kN): 19.1 41.4 Load (kN): 18.2 40.3 Load (kN): 19.8 42.3 .
'._ Radius (mm) Displacement (mm) Radius_(om) Disdlacement (mm) Radius (mm) Displacement (mm)
O~ 140 0.6915 1.7930 140 0.4029 0.8800 143 0.5217 1.0860
25 292- 0.4290 1.2322 292 0.2616 0.5740 283 0.2413 0.4826
, 378 0.3120 0.9499 375 0.1948 0.4181 387 0.1394 0.2955 e
. 467 0.223 0.7420 470 0.1387 0.3120 473 0.0985 0.2025 .
-2, 756 - - 762 0.0451 0.1150 765 0.0361 0.0846
\ 1
; '-:. 12 March 1979 (Day 71) 23 April 1979 (Day 113) 27 September 1979 (Day 270) R
-, Load (kN): 19.8 41.8 Load (kN): 18.9 39.6 7 Load (kN): 20.5 43.6 R
b - Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) 9
d .
o~ 133 0.458 1.029 143 0.5609 1.1734 143 0.5883 1.0991
276 0.552 1.340 286 0.2743 0.5969 286 0.2870 0.5652
Y 368 0.175 0.500 381 0.1729 0.3626 378 0.1884 0.3484
o 445 0.129 0.419 467 0.1206 0.2496 470 0.1234 0.2593 o
e 753 0.029 0.125 759 0.0496 0.0947 759 0.0530 0.0992 o
" .
- .
S
Y
N o .
Pavement and Subgrade Temperatures ( C)
b :' Depth
. — (o) 310ct 12 Feb 7 Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 7 May 29 May 24 July 27 Sep 19 Nov
N Surface 4.6 -9.4 none 6.3 23.5° 7.1 6.7 27.6 3.7 31.9 34.9 27.6 6.4 .
. 51 -8.7 none 4.0 19.0 9.1 6.5 29.2 36.0 33.5 35.7 29.3 8.0 '
L 152 -10.3 none -1.8 10.3 0.6 5.1 18.1 20.0 20.0 27.6 20.2 6.1 .
N 305 -7.1 none -0.1 4.9 3.5 2.0 17.7 22.9 21.3 31.3 21.0 7.8 .
S 457 -5.5 none -0.4 0.6 2.0 1.7 11.6 17.5 17.5 29.7 18.7 6.9
< 610 -3.9 none -0.4 -0.2 1.4 1.3 9.6 18.6 16.7 28.5 18.8 1.2 »
A 762 -1.4 none -0.5 -0.2 0.5 0.8 8.3 14.3 16.1 26.8 18.8 7.8 -
o 914 -0.5 none -0.2 -0.2 0.0 0.4 7.2 13.1 15.4 25.3 18.8 8.3 -
. 1067 0.1 none 0.1 0.0 0.1 0.4 6.4 12.0 16.8 23.9 18.8 8.8 -
P, 1219 0.5 none 0.3 0.4 0.4 0.7 5.7 11.1 14.2 22.9 18.8 9.2 -
S, 1371 - none 0.6 0.8 0.8 1.1 5.0 10.3 13.7 21.7 18.7 9.6 -
) 1526 -- none 1.0 1.1 1.1 1.4 4.6 9.6 13.2 20.8 18.6 10.0 -
: o ¢
e A P
:‘ Moisture Tension (kPa)
< Depth .
o (zm) 12 Feb 7 Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 7 May 29 May 24 July 27 Sep 19 Nov -
< 559 64 3 3 6 4.4 4 7.8 6.8 6 6.0 4.5 12.0 :
N 711 7.8 8 7.8 7.8 8 8 6 7.4 4 8.0 3.0 -- -
~ .
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Table AS. Data from repeated-load plate-bearing (RPB) tests, dense-graded stone test section.

31 October 1978 (Day-63)

Resilient Displacement at Two Load Levels

20 March 1979 (Day 79)

7 May 1979 (Day 127)

19 November 1979 (Day 323)

Load (kN): 18.9 40.0 Load (kN): 19.1 40.9 Load (kN): 19.3 40.5 Load (kN): 20.0 43.6
Radius (mm) Displacement (mm) Radius_(mm) Displacement {(mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm)
146 0.3810 0.6362 137 0.396 0.760 146 0.4367 0.8632 149 0.3404 0.6363
298 0.1872 0.3912 276 0.282 0.551 292 0.2006  0.4115 308 0.1880  0.3759
368 0.1387 0.2769 375 0.187 0.386 387 0.1123  0.2477 410 0.1240  0.2743
4hd 0.0105 0.2329 457 0.140 0.280 497 0.0766  0.1636 486 0.0942  0.2080
743 0.0361 0.0836 756 0.037 0.103 772 0.0361  0.0789 791 0.0282  0.1016
12 February 1979 (Day 43) 27 March 1979 (Day 86) 29 May 1979 (Day 149)
3 Load (kN):  19.3 40.5 Load (kN): 19.1 40.0 Toad (kN): 18.9 41.1
Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm)
140 0.0648 0.0873 137 0.384 0.720 143 0.4370  0.8616
289 0.0135 0.0181 289 0.254 0.477 286 0.2210  0.4470
375 0.0076 0.0128 378 0.183 0.361 387 0.1316  0.2723
449 0.0062 0.0120 464 0.129 0.244 470 0.0874  0.1844
740 0.0062 0.0115 753 0.059 0.091 775 0.0361 0.0761
7 March 1979 (Day 66) 3 April 1979 (Day 93) 24 July 1979 (Day 205)
Load (kN): 19.6 £1.8 Load (khj: 18.2 40.4 Load (kN): 20.0 42.5
Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm)
140 0.3854 0.7234 136 0.3300 0.6499 146 0.4679  0.9092
292 0.2323 0.5032 276 0.2464 0.4724 279 0.2032  0.3835
381 0.1803 0.3640 362 0.1832 0.3613 394 0.1058  0.2090
464 0.137 0.2740 451 0.1262 0.2677 489 0.0790  0.1539
759 - - 746 0.0451 0.1105 81 0.0395  0.0710
12 March 1979 (Day 71) 23 April 1979 (Day 113) 27 September 1979 (Day 270)
Toad (kN): 20 42.2 Toad (kN): 18.5 40.5 Load (kN): 20.2 43.6
Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm)
146 0.408 0.791 143 0.4285 0.8739 149 0.3732 0.7423
305 0.508 1.048 295 0.2108 0.4242 286 0.2007  0.4089
394 0.164 0.355 384 0.1368 0.2709 381 0.1290  0.2426
470 0.139 0.291 470 0.0887 0.1719 470 0.0915 0.1831
787 0.044 0.085 765 0.0384 0.0620 768 0.0383 0.0677
Pavement and Subgrade Temperatures (oc)
' Depth
) (mm) 31 Oct 12 Feb 7 Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 7 May 29 May 24 July 27 Sep 19 Nov
; Surface 7.2 -6.8 4.5 6.1 21.1 12.0 8.6 28.8 33.8 32.3 40.0 31.2 8.3
. 51 ~8.6 - 4.4 20.5 14,6 8.4 31.3 36.7 33.8 41.9 29.1 9.5
; 152 - - - - - - - - - - -~ -
} 305 - - -0.4 2.9 5.7 4.1 15.6 20.8 20.6 31.0 20.1 7.0
! 457 -6.1 - -0.3 1.4 4.4 3.7 11.2 16.9 17.2 29.4 18,4 6.6
y 610 ~1.9 - -0.3 0.4 4,2 3.6 9.4 15.0 16.2 28.2 18.4 7.0
! 762 ~1.3 -0.4 -0.2 ~0.4 3.7 3.4 8.2 13.7 15.4 26.6 18.5 7.7
‘ 914 ~0.2 -0.2 -0.1 ~0.4 2.9 3.2 7.0 12.4 14.7 25.1 18.5 8.1
| 1067 0.4 -0.3 0.4 ~0.1 2.3 2.9 6.1 11.2 14.0 23.7 18.4 8.5
1219 1.0 0.0 0.7 0.4 1.7 2.5 5.0 10.0 13.2 22.5 18.5 9.0
. 1371 1.4 0.3 1.1 0.8 1.5 2.4 4.3 9.0 12.7 21.3 18.4 9.5
; 1524 1.7 0.5 1.1 1.0 1.6 2.3 4.0 8.4 12.1 20.6 18.4 9.8
! Moisture Tension (kPa)
)
! Depth
J (mm) 12 Feb 7 Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 7 _May 29 May 24 lulv 27 Sep 19 Nov
; 12 Feb 20 Mar 27 Mar 3 Apr 2] Apr 7 M May v <7 Sep 19 Nov
559 43,0 0 0 0 0 0 5.9 0 4,9 6.0 5.0 -=
! 711 2.5 0 0 0 0 0 0 0 1.4 4.0 ) --
33
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Table A6. Data from repeated-load plate-bearing (RPB) tests, Sibley till test section.

30 October 1978 (Day-63)

Regsilient Displacement at Two Load Levels

20 March 1979 (Day 79)

8 May 1979 (Day 128)
Load (kN): 19.8 40.9

19 November 1979 (Day 323)

Load (kN): 34.5 Load (kN): 19.3 39.8 Load (kN): 20.0 43.1
Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm)
140 1.1735 143 0.924 1.663 133 0.4609 0.9761 149 0.4470 0.8725
298 0.5994 305 0.414 0.756 270 0.2032 0.4724 308 0.1829 0.3962
349 0.3429 :g‘ 387 0.196 0.409 352 0.0955  0.2426 403 0.1110  0.2565
447 0.2043 ne 467 0.128 0.229 441 0.0513  0.1289 489 0.0749  0.1775
743 0.0312 768 0.014 0.023 - - -- 683 0.022¢ 0.0541
12 February 1979 (Day 43) 27 March 1979 (Day 86) 30 May 1979 (pay 150)
Load (kN): 19.8 41.4 Load (kN): 18.0 40.0 Load (kN): 19.1 4l.4
Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm)
140 0.1087 0.1715 140 0.685 1.320 140 0.4762 0.9832
298 0.0077 0.0148 286 0.363 0.696 289 0.2159 0.4902
378 0.0049 0.0125 381 0.186 0.414 369 0.1032 0.2723
457 0.0030 0.009 470 0.114 0.238 460 0.0679 U.1470
768 0.0026 0.0105 756 0.036 0.069 - - -
6 March 1979 (Day 65) 3 April 1979 (pay 93) 24_July 1979 (Day 206)
Load (kN): 1B.7 38.7 Load (kN): 18.7 41.1 Load (kN): 20.5 43.1
Radius (mm) Displacement (mm) Radiugs (mm) Displacement (mm) Radius (mm) Displacement (mm)
133 1.6178 2.3425 136 0.5986 1.1698 140 0.5178 1.0145
286 0.9290 1.2258 279 0.2921 0.6883 279 0.1372 0.2946
372 0.5894 0.5617 359 0.1935 0.4581 387 0.0735 0.1613
4564 0.3180 0.2770 451 0.1123 0.2759 473 0.0527 0.1165
746 0.1936 0.3663 749 0.0327 0.0676 765 0.0214 0.0372
12 March 1979 (Day 71) 23 April 1979 (Day 113) 27 September 1979 (Day 270)
Load (kN): 19.6 38.9 Load (kN): 18.9 39.4 Load (kN): 20.7 43,6
Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (o) Displacement (mm)
140 0.824 1.587 143 0.5987 1.2120 140 0.5145 1.0755
292 0.813 1.461 298 0.1829 0.4394 283 0.1803 0.4039
378 0.242 0.413 390 0.0980 0.2335 365 0.6877 0.2387
467 0.128 0.270 476 0.0585 0.1414 454 0.0416 0.1260
756 0.025 0.032 775 0.0191 0.0439 -- - -
Pavement and Subgrade Temperatures (OC)
Depth
(om) 30 Qct 12 Feb 6 Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 8 May 30 May 24 July 27 Sep 19 Nov
Surface 12.5 3.7 8.4 10.5 -— 15.1 8.3 -— 23.5 - 39.6 -- --
50 -2.6 5.4 6.6 9.5 1.3 7.8 18.3 18.7 15.7 -- - --
230 -8.5 2.4 0.2 -~ 2.1 2.8 18.9 18.0 19.1 3L.3 -- --
330 -7.1 0.5 0.3 0.1 3.2 3.1 14.5 18.3 19.4 29.0 -- -
410 -5.7 0.1 0.2 0.1 3.8 3.5 12.3 17.8 19.1 28.1 -- --
520 -4,2 -0.1 0.2 0.4 4.1 3.6 10.4 16.9 18.4 27.4 -- --
600 -3.3 -0.1 0.2 0.8 4.2 3.7 9.7 16.2 18.0 26.0 - -
680 -2.6 -0.1 0.1 1.2 4.2 3.7 9.2 15.5 17.4 25.7 -~ -
830 -1.5 -0.1 0.0 1.6 4.2 3.8 8.4 14.3 15.6 22.9 - --
1090 0.0 0.0 0.1 2.2 4.7 4.1 7.1 12.5 15.2 24.4 -- --
1330 0.7 0.3 0.3 4.0 - 5.1 6.1 11.2 14.9 20.9 - -
Moisture Tension (kPa)
Depth
(mm) 12 Feb 6 -Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 8 May 30 May 24 July 27 Sep 19 Nov
152 7.4 0 4.6 5.8 -- 7.3 9.3 5.4 12.0 4.5 -
305 86.2 0 3.9 4.9 - 6.4 7.3 6.8 0 4.5 -
559 -- - - — 3.9 -- -- -- -- -- -
610 1.0 6.8 0.5(leak) 2.9 - 6.8 3.4 2.9 6.0 4.0 -
711 - - -— - 8.3 - - - — - -
914 1.0 49.0 5.4 4.9 - 6.4 5.8 5.4 8.0 6.5 -




Table A7. Data from falling-weight deflectometer tests, Ikalanian sand test section. 4

EI
\!
Resilient Displacement at Tuo Load Levels
25 February 1980 (Day 56) 12 March 1980 (Day 72) 19 March 1980 (Dpay 79)
Drop Height (mm): 40 219 Drop Height (mm): 50 200 Drop Height (mm): 50 100
Pressure (kPa): 275 583 Pressure (kPa): 237 544 Pressure (kPa): 273 363
Radius (mm) Displacement (um) Radius (mm) Displacement (uym) Radius (mm) Displacement (um)
0 167 425 0 311 1524 4] 795 1146
200 151 414 300 285 1026 300 420 606
400 106 275 525 178 479 525 233 339
800 50 135 750 129 261 750 144 202
1500 21 52 1050 73 144 1050 76 105 ~a
22 March 1980 (Day 82) 26 March 1980 (Day 86) 29 March 1980 (Day 89) W
Drop Height (mm): 50 100 Drop Height (mm): 50 100 Drop Height (mm): 50 100 k;
Pressure (kPa): 207 319 Pressure (kPa): 253 358 Pressure (kPa): 253 350 '-(
Radius (mm) Displacement (um) Radius (mm) Displacement (um) Radius (mm) Displacement (um) ?_.
0 593 1151 0 770 1156 0 738 1069 N
300 467 736 300 415 594 300 413 582 p
525 273 401 525 244 344 525 203 287
750 155 217 750 156 227 750 127 178
1050 89 121 1050 84 119 1050 78 108
3 April 1980 (Day 94) 10 April 1980 (Day 101) 17 April 1980 (pay 108)
Drop Height (mm): 50 100 Drop Height (mm): 50 100 Drop Height (mm): 50 100
Pressure (kPa): 248 355 Pressure (kPa): 230 332 Pressure (kPa): 270 370
Radius (mm) Displacement (um) Radius (mm) Displacement (um) Radius (mm) Displacement (ym)
0 834 1229 0 784 1121 0 842 1189
300 441 635 300 416 592 300 447 659
525 198 281 525 224 319 525 199 277
750 119 173 750 126 181 750 122 171
1050 71 102 1050 80 111 1050 74 102

Pavement and Subgrade Temperature (°C)

Depth (mm) 25 Feb 12 Mar 22 Mar 26 Mar

—

Surface
50
210
340
410
N 450
7. 610
v, 690
", 840
" 1060
N 1260
1460
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Moisture Tension

No data
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Table A8. Data from falling-weight deflectometer tests, Graves sand test section.

N

Resilient Displacement at Two Load Levels

25 February 1980 (Day 56) 12 March 1980 (Day 72) 19 March 1980 (Day 79)
Drop Height (mm): 36 200 Drop Height (mm): 50 200 Drop Height (mm): 50
Pressure (kPa): 261 566 Pressure (kPa): 250 550 Pressure (kPa): 267
Y Radius (mm) Displacement (um) Radius (mm) Displacement (pm) Radius (mm) Displacement {um)
- [ 126 332 0 392 1411 0 1054 d
~ 200 126 345 300 388 940 300 522 -
e 400 81 211 525 189 446 525 217 -
- 800 35 100 750 116 230 750 110 -
L 1500 16 40 1050 61 116 1050 67 .
N Dy
5 22 March 1980 (Day 82) 26 March 1980 (Day 86) 29 March 1980 (Day 89)
Drop Height (mm): 50 Drop Height (mm): 50 Drop Height (mm): 25 50 ﬂ
! Pressure (kPa): 185 Pressure (kPa): 238 Pressure (kPa): 159 240 -
‘:‘.: Radius (mm) Displacement  (um) Radius (mm) Displacement (um) Radius (mm) Displacement (pm)
e 0 942 0 1308 0 551 989
. 300 581 300 522 300 341 547
[ 525 304 525 263 525 174 260
:’ 750 139 750 146 750 95 134
v 1050 88 1050 75 1050 54 73
A
3 April 1980 (Day 94) 10_April 1980 (Day 101) 17 April 1980 (Day 108)
Drop Height (mm): 25 50 Drop Height (mm): 50 100 Drop Height (mm): 50 100
-~ Pressure (kPa): 200 255 Pressure (kPa): 235 334 Pressure (kPa): 230 322
E—" Radius (mm) Displacement (um) Radius (mm) Displacement {(pm) Radius (mm) Displacement (pm)
: 9 774 1013 0 972 1352 0 940 1335
A . 300 362 461 300 579 845 300 538 792
525 162 208 525 287 409 525 247 357
750 98 123 750 110 169 750 106 143
1050 65 80 1050 70 98 1050 72 96

Pavement and Subgrade Temperatures (°C)

Depth (wm) 25 Feb 12 Mar 19 Mar 26 Mar 29 Mar 3 Apr 10 Apr 17 Apr
Surface -0.6 11.8 18.2 13.7 11.3 18.9 13.6 15.8
51 0.1 2.1 1.7 4.9 8.1 10.5 10.7 12.9
152 -0.3 0.0 -0.1 2.1 6.6 4.2 8.6 7.1
305 -0.1 -0.1 -0.2 1.4 5.7 3.4 7.1 7.1
457 0.3 0.2 0.1 1.2 4.2 3.8 6.2 8.2
610 0.8 0.6 0.4 1.3 3.3 3.7 5.6 8.0
762 1.3 1.1 0.8 1.1 2.3 3.1 4.8 7.3
914 1.8 1.6 1.2 1.2 2.0 2.8 4.4 6.6
1067 2.3 1.9 1.6 1.4 1.9 2.6 4.0 6.1
. 1219 2.8 2.4 2.0 1.6 2.0 2.4 3.7 5.4
N 1371 3.2 2.8 2.3 1.9 2.1 2.4 3.5 5.1
o 1524 3.5 3.0 2.5 2.1 2.3 2.4 3.4 4.9 A
S ":
v, Moisture Tension (kPa) S
a Depth >
(mm) 25 Feb 12 Mar 19 Mar 22 Mar 26 Mar 29 Mar 3 Apr 10_Apr 17 Apr -
152 3.0 0 0 0 5.0 6.0 7.0 4.0 10.0 -
305 16.5 0.5 2.0 1] 7.0 7.0 8.0 5.5 10.0 "~
610 11.5 9.0 7.0 5.0 5.0 7.0 7.5 4.0 8.0 N
914 2.0 0 0 0 0 0 0.5 0 0 ‘J
a7l
. '4
N
|
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Table A9. Data from falling-weight deflectometer tests, Hart Brothers sand test section. .-:
o
l. ",
Resilient Displacement at Two Load Levels :'\
P
25 February 1980 (Day 5¢) 12 March 1980 (Day 72) 19 March 1980 (Day 79) ~rd
Drop Height (mm): 36 200 Drop Height (mm): 50 200 Drop Height (mm): 50 100 t‘
Pressure (kPa): 279 605 Pressure (kPa): 255 599 Pressure (kPa): 266 382
Radius (mm) Displacement (um) Radius (mm) Displacement (um) Radius (mm) Displacewent (um) =
[ 74 197 ] 273 1039 0 696 1115
200 67 169 300 146 358 300 322 467
400 29 84 600 79 149 525 129 176 ®
800 16 47 1050 % 73 750 77 106
1500 11 26 1350 27 55 1050 56 77
22 March 1980 (Day 82) 26 March 1980 (Day 86) 29 March 1980 (Day 89) -
Drop Height (mm): 50 100 Drop Height (um): 50 150 Drop Height (mm): 50 100 i
Pressure (kPa): 197 352 Pressure (kPa): 240 414 Pressure (kPa): 262 360 ':-.
Radius (mm) Displacement (ym) Radius (mm) Displacement (um) Radius (wm) Displacement (um) T
] 395 1035 0 805 1384 0 832 1133 " .
300 341 605 300 386 183 300 492 635 "
525 186 273 525 188 100 525 189 262 R
750 116 154 750 110 184 750 110 153 ‘:
1050 66 89 1050 61 97 1050 65 87 v
3 April 1980 (Day 94) 10 April 1980 (Day 101) 17 April 1980 (Day 108) N
Drop Height (mm): 50 100 Drop Height (am): 50 100 Drop Height (mm): 50 100 e
Pressure (kPa): 252 351 Pressure (kPa): 247 354 Pressure (kPa): 238 331 N
Radius (mm) Displacement (pm) Radiugs (mm) Displacement (um) Radius (mm) Displacement (um) DA
1] 785 1075 0 823 1130 0 803 1086 "‘ ‘
300 409 564 300 446 599 300 414 563 -l
525 168 237 525 178 250 525 176 240 ="
750 97 139 750 105 147 750 100 140
1050 57 80 1050 63 88 1050 61 82 ~
o
o
l"‘
l\‘
N
“u
Pavement and Subgrade Temperature (°C) -~
Depth (mm) 25 Feb 12 Mar 19 Mar 26 Mar 29 Mar 3 Apr 10 Apr 17 Apr :
Surface 0.3 14.3 16.8 11.3 9.0 12.2 13.2 16.8 ?‘-
51 0.4 1.1 4.5 6.7 7.9 11.1 10.8 12.5 ':‘
152 -0.6 0.0 0.1 3.0 6.4 4.3 8.8 6.9 [
305 -0.5 0.0 -0.1 1.4 4.8 2.4 7.7 6.1 -
457 -0.2 0.0 -0.1 1.2 44 3.2 6.7 7.7 o
610 -0.2 -0.1 -0.1 0.5 3.1 3.3 5.9 8.3 py
762 0.0 0.0 -0.1 -0.1 2.1 2.9 5.3 8.1 .
914 0.3 0.2 0.1 0.1 1.3 2.5 4.7 7.6 .
1067 0.7 0.6 0.4 0.4 1.1 2.2 4.2 7.1 i~
1219 1.1 0.9 0.7 0.7 1.1 1.9 3.8 6.5 .
1371 1.5 1.3 0.9 0.9 1.2 1.7 3.4 6.0 <)
1524 1.8 1.6 1.3 1.1 1.3 1.6 3.1 5.7
Moisture Tension (kPa) .':
X
Depth (mm) 25 Feb 12 Mar 19 Mar 22 Mar 26 Mar 29 Mar 3 Apr 10 Apr 17 Apr
152 - - 0 0 0 0 0 0 1.0
305 - 2.0 6.0 5.0 8.0 9.0 10.0 7.0 9.0
610 - 0.5 2.0 2.0 3.0 3.0 4.0 2.5 4.0
914 1.0 0 2.0 1.0 1.0 2.0 1.5 0 2.0

n
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Table A10. Data from falling-weight defiectometer tests, Hyannis sand test section.

Resilient Displacement & {*)

25 February 1980 (Day 56)

12 March 1980 (Day 72)

19 March 1980 (Day 79)

Drop Height (mm): 40 219 Drop Height (mm): 50 200 Drop Height (mm): 100 200
Pressure (kPa): 273 550 Pressure (kPa): 240 560 Pressure (kPa): 397 552
Radius (mm) Displacement  (um) Radius (mm) Displacement  (um) Radiug (mm) Digplacement  (ym)
0 99 237 0 76 669 0 566 842
200 57 153 300 67 373 300 273 376
400 35 94 525 50 203 525 148 216
800 18 50 750 51 114 750 91 131
1500 11 25 1050 38 69 1050 56 78
22 March 1980 (Day 82) 26 March 1980 (Dsy 86) 29 March 1980 (Day 89)
Drop Height (mm): 50 200 Drop Height (mm): 50 200 Drop Height (mm): 50 200
Pressure (kPa): 196 516 Pressure (kPa): 244 487 Pressure (kPa): 255 499
Radius (mm) Displacement  (um) Radius (mm) Displacement  (um) Radius (mm) Digplacement (ym)
0 194 994 0 439 1004 0 491 1061
300 176 646 300 249 556 300 315 658
525 122 414 525 162 343 525 186 395
750 109 271 750 104 226 750 110 232
1050 75 142 1050 54 115 1050 58 117
3 April 1980 (Day 94) 10 April 1980 (Day 101) 17 April 1980 (Day 108)
Drop Height (am) 50 200 Drop Height (mm): 50 200 Drop Reight (mm): 200
Pressure (kPa); 248 466 Preasure (kPa): 226 475 Pressure (kPa): 221 439
Radius (mm Displacement 13 Radius (mm) Displacement (um) Radius (mm) Displacement (um)
0 536 1164 0 579 1183 0 562 1139
300 336 714 300 344 692 300 332 705
525 182 390 525 205 429 525 191 407
750 109 230 750 127 265 750 111 230
1050 58 14 1050 69 138 1050 64 123
Pavgment and Subgrade Temperature (°C)
Depth
(mm) 25 Feb 12 Mar 19 Mar 26 Mar 29 Mar 03 Apr 10 Apr 17 Apr
Surface 7.9 6.4 11.7 11.4 11.8 24.4 13.3 28.6
51 6.1 4.8 12.1 10.1 10.8 19.9 12.5 26.7
152 - - 2.7 5.2 8.4 - - 16.8
305 0.0 -0.3 1.8 2.2 5.1 5.2 7.9 9.9
457 0.3 -0.4 0.1 0.4 2.6 1.9 6.2 7.4
610 0.1 ~0.4 -0.1 -0.1 0.2 1.4 5.1 7.4
762 0.3 -0.4 0.0 0.1 0.1 1.0 4.3 7.3
914 0.6 0.1 0.3 0.3 0.3 0.7 3.7 6.7
1067 0.9 - 0.6 0.4 0.6 0.7 3.3 5.8
1219 1.3 - 0.9 0.7 0.8 0.7 2.9 5.5
1371 1.6 - 1.1 1.0 1.1 0.8 2.7 5.1
1524 2.1 - 1.4 1.2 1.3 1.0 2.5 4.6
Moigture Tension
No data
-
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Table All. Data from falling-weight deflectometer tests, dense-graded stone test section. g
3 o
1 Resilient Displacement at Two Load Levels N
J
N
A 25 February 1980 (Day 56) 12°March 1980 (Day 72) 19 March 1980 (Day 79)
h Drop Height (mm): 34 200 Drop Height (om): 50 200 Drop Height (mm): 100 200
Pressure (kPa): 278 569 Pressure (kPa): 240 525 Pressure (kPa): 369 508
I Radius (mm) Displacement  (um) Radius (o) Displacement  (pm) Radius (mm) Displacement  (ym)
b 0 122 232 0 212 731 0 557 787
3 200 76 151 300 158 451 300 329 482
b 400 31 68 525 96 255 525 187 268
800 8 24 750 63 136 750 108 154
2 1500 7 16 1050 35 64 1050 51 72
22 March 1980 (Day 82) 26 March 1980 (Day 86) 29 March 1980 (Day 89)
Drop Height (mm): 50 200 Drop Height (mm): 50 200 Drop Height (m=m): 50 200
Pressure (kPa): 201 499 Pressure (kPa): 232 465 Pressure (kPa): 255 470
Radius (mm) Displacement  (um) Radius (mm) Displacement  (um) Radius (mm) Displacement _ (um)
0 123 658 0 324 675 0 338 646
300 153 487 300 215 440 300 237 461
525 127 325 525 129 258 525 139 263
750 96 203 750 79 163 750 rx; 159
1050 60 109 1050 41 83 1050 41 84
3 April 1980 (Day 94) 19 April 1980 (Day 101) 17 April 1980 (Day 108)
Drop Height (mm): 50 200 Drop Height (mm): 50 200 Drop Height (mm): 50 200
Pressure (kPa): 259 484 Pressure (kPa): 241 491 Pressure (kPa): 239 451
Radius (mm) Displacement (um) Radius (mm) Displacement  (ym) Radius (mm) Displacement (um)
0 413 774 0 362 713 0 411 748
300 254 461 300 233 472 300 260 467
525 127 246 525 141 283 525 136 253
750 68 133 750 80 162 750 67 137
1050 40 75 1050 43 84 1050 39 76
S
Pavement and Subgrade Temperature (°C) ."-\
Depth -
()] 25 Feb 12 Mar 19 Mar 26 Mar 29 Mar 03 Apr 10 Apr 17 Apr
Surface 12.7 13.8 21.9 11.6 11.3 31.7 13.6 26.7
:' 5; 9.9 11.7 19.7 11.0 11.6 26.6 13.2 25.2
N 15 - - — -— _— - - -
S 305 -0,2 -0.2 1.5 3.4 7.1 5.4 8.1 7.6
457 -0,1 -0.1 0.1 2.4 5.8 4.0 6.8 7.4
4 610 -0.1 ~0.2 -0.1 1.8 4.6 3.9 5.9 7.7
762 -0.1 -0.1 ~0.2 0.1 3.3 3.4 5.2 7.1
914 0.1 -0.1 0.0 0.4 2.3 2.9 4.5 6.5
! 1067 0.4 0.3 0.3 0.7 1.7 2.4 3.8 5.8
A 1219 0.8 0.7 0.8 0.9 1.5 2.0 3.3 5.0
n 1371 1.2 0.4 1.1 1.3 1.6 1.8 3.0 4.4
: 1524 1.4 0.9 1.3 1.4 1.7 1.8 2.7 4.1
E Moisture Tension (kPA)
Depth
(um) 25 Feb 12 Mar 19 Mar 22 Mar 26 Mar 29 Mar 03 Apr 10 Apr 17 Apr
559 - 5.0 0.5 4.0 5.0 5.0 5.0 5.0 5.0
.’c 711 - 0 6.5 10.0 11.0 12.0 11.0 8.5 10.0
d
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Table A12. Data from falling-weight deflectometer tests, Sibley till test section.
)
" s
"
:'. Resilient Displacement at Two load Levels
4 25 February 1980 (Day 56) 12 March 1980 (Day 72) 19 March 1980 (Day 79)
h) Drop Height (mm): 36 175 Drop Height (mm): 50 200 Drop Height (mm): 50 100
Pressure (kPa): 300 575 Pressure (kPa): 273 600 Pressure (kPa): 254 360
) Radius (wm) Displacement (um) Radius (mm) Displacement  {um) Radius (om) Displacement (um)
S 0 26 69 0 850 1700 0 1005 1371
Y + 200 18 48 300 369 766 300 508 632
L.) 400 14 32 525 131 286 525 188 253
800 8 21 750 34 53 750 63 84
1500 6 14 1050 18 30 1050 25 33
22 March 1980 (Day 82) 26 March 1980 (Day 86) 29 March 1980 (Day 89)
Drop Height (mm): 50 100 Drop Height (mm): 50 Drop Height (wmm): S0 200
Pressure (kPa): 167 330 Pressure (kPa): 246 Pressure (kPa): 258 505
Radius (mm) Displacement (um) Radius (em Displacement m Radius (mm Displacement n
[ 361 1310 0 759 0 664 1302
300 344 725 300 358 300 392 795
525 143 355 525 172 525 147 3
750 99 139 750 88 750 65 143
1050 48 53 1050 37 1050 37 %
3 April 1980 (Day 94) 10 April 1980 (Day 101) 17 April 1980 (Day 108)
Drop Height (mm): 50 200 Drop Height (mm): 50 200 Drop Height (mm): S0 200
Pressure (kPa): 265 516 Pressure (kPa): 248 504 Pressure (kPa): 240 455
Radius (mm) Displacement  (ym) Radius (mm Displacement m Radius (wm Displacement 1)
Q 789 1460 V] 642 1237 0 624 1144
300 338 666 300 343 715 300 323 631
525 114 245 525 113 251 525 122 246
750 50 107 750 57 124 750 49 105
1050 34 69 1050 32 63 1050 33 67

Pavement and Subgrade Temperatures (°C)

Depth_(mm) 25 Feb 12 Mar 22 Mar 26 Mar
Surface 3.6 17.0 4.4 14.0
50 2.8 14.6 4.5 11.0
230 -0.7 1.0 1.4 3.3
330 -0.6 0.6 1.5 3.1
410 -0.3 0.2 1.4 3.0
520 -0.3 0.1 1.0 2.8
600 -0.3 0.1 0.8 2.7
680 -0.6 0.1 0.5 2.5
830 -0.1 0.2 0.2 2.2 .
1090 0.9 0.2 0.5 1.6 <
1030 0.3 0.2 0.8 1.4 -\‘J
Moisture Tension (kPa) :§
Depth .‘:J
(mm) 25 Fed 12 Mar 19 Mar 22 Mar 26 Mar 29 Msr 3 Apr 10 Apr 17 Apr Tl
152 0 0 0 0 0 0 1.0 0 6.0 =
305 1.0 0 0 0 0 0 0 0 0 "3
610 0 0.5 0 0 0 0 0 0 0
914 3.0 2.5 2.0 () 0 1.0 1.5 1.0 2.0
N
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APPENDIX B: GROUND TEMPERATURES PREVAILING
DURING PLATE-LOADING TESTS
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APPENDIX C: MEASURED SURFACE DEFLECTIONS COMPARED WITH
DEFLECTIONS CALCULATED BY NELAPAV

4
; (Lower of two levels of applied plate pressure)
s
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- L (x)12 Feb'79 (o) 7 Mgy ‘79 (x)12 Mar ‘80  (v) 3 Apr ‘80
~ - {a) 7 Mor ‘79 (@) 29 May ‘79 [ (+)19 Mar '80 (0} 10 Apr '80
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*J Measured Surfoce Deflection (pm) Measured Surface Deflection (um)
2
:J a. 1979 RPB tests at 243-283 kPa plate pressure. b. 1980 FWD tests at 207-275 kPa plate pressure.
<
Figure Cl1. Measured surface deflections compared with deflections calculated by NELAPAYV, Ikalanian sand
L. test section.
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- a. 1979 RPB tests at 101-298 kPa plate pressure. b. 1980 FWD tests at 159-250 kPa plate pressure.
o Figure C2. Measured surface deflections compared with deflections calculated by NELAPAV, Graves sand
r.. test section.
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b. 1980 FWD tests at 195-265 kPa plate pressure.

Figure C3. Measured surface deflections compared with deflections calculated by NELAPAV, Hart Brothers
sand test section,
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a. 1979 RPB tests at 215-283 kPa plate pressure.
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b. 1980 FWD tests at 196-397 kPa plate pressure.

Figure C4. Measured surface deflections compared with deflections calculated by NELAPAYV, Hyannis sand

test section.
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Figure C5. Measured surface deflections compared with deflections calculated by NELAPAYV, dense-graded

stone test section.
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APPENDIX D: RESILIENT MODULI AND SUPPORTING DATA CALCULATED BY NELAPAV
Table D1a. Resilient moduli and supporting data calculated by NELAPAYV for Ikalanian test section, 1979.

30 October 1978 (Day63) 23 Apral 1979 (Day 113)
Plate Prassure {(kPs): 258.7 517.4 Plate Pressure (kPa): 253 539
T(*c) T(*c}
J o " " or
Thickness L 5 B 1 ¢ Ta, M Thickness . 4 B N v Y, %
{w) Mateciale (WPa) (wPa) (wPa) (WPa) (kPa) (Mg/m™) (@) Materials (MPa) {(kPa) (MPa) (xPa) (kPa)  (Mg/m”)
0.050  Asphalt Concrete  3412.0 - 3412.0 - 15.2°  2.320 .63 0.050  Asphalt Concrete  450.0 .- 450.0 -- 3s* 2.320 .40
0.230 1.S. (thaved) 8.0  -92.83 105.7 -171.60  10.0 wPa 1.656 .35 0.250  1.5. (thewed) 49.3  -136.60 69.9 -277.10 S kPa 1.590 .40
0.350 I.3. (thawed) 51,3 -39.33 58.1 - 50.63  10.0 kPa 1.656 .35 0.350 1.5, :(hwed) ;i‘; - 50452 ;9-7 - 1512 ; s :-;zg .40
.8 .S, d) 33,1 -60.39 3.8 - 66.98 5.0 WPa 1.590 .40 0.87%4.  L.S. (thawed) . - 00.4 5.4 - 69.37 kPs 1. %0
?.s;: ;ublr:;:.'. 177.0 -66.88 180.8 - 68.89 -- 1.058 .35 1.526  Subgrade 175.6 - 66.10 179.9 - 68.39 -- 1.055 .35
- Subgrade 200.0 - 2000 -~ -- 1.055 .35 - Subgrade 200.0 -- 200.0 -- -- 1.085 .35
12 February 1979 (Day 43) 7 May 1979 (Day 127)
Plate Pressure (WPa): 249.0 313.0 ey Plate Pressure (kPe): 266 567 .
“ J L] J :r ¥ ¥ H°S)
Thickness ' 1 T 1 4y ‘ Thickness e M N % ¥ T, M
(m) Hatecials (MPa) (xPa) {(MPa} (xPa) (xPa) (Mg/w’) (w) Materials (MPa) (kPa) (MPa) (kPa) (kPa) _(Hg/m’)
0.056  Asphale Concrete 15705.0 ot 15705.0 s oTwt o k0 0 0.050  Asphalt Comcrete  556.3 -- $56.3 -3 2.0 %0
0.250 1.5, (frozen) 8398.1 vocr=52.18 6090.4 toct=120.99  -3.5° .46l .35 0.250 1.5. (thewed) S0  ~132.30 7503 -260.80 8 kPs 1.590 %0
0.356 1.5, {frozen) 7141.5 toct=18.77 5296.1 toct=410.62  -2.4 t.soa 3% 0.350 1.5. (thawed) 30.5 ~ 511 37.0 ~ 75.64 S wPa 1.590 .40
0.876 1.5, (thaved) 38.0 ~52.39 9.1 - 55.55 7.0 wPa 1.609 .40 0.87%  1.5. (thawed) 33.2 -~ 60.74 355 - 69.50 5 «Pa 1.590 40
1.526  Subgrade 172.3 ~64.37 175.8 - 86.26  -- t.os5 .33 1.526  Subgrade 175.8 - 66.19 180.0 - 68.46  -- 1.05% .35
= Subgrade 200.0 -~ 200.0 - - 1oy 3% = subgrade 200.0 -- 200.0 -- - sy s
7 March 1979 (Day 66) 29 Mey 1979 (Day 149)
Plate Preasure (kPa): 264 532 Plate Pressure (kPs 261 552
T(*c) ¢y
or or
Thickness " 5 " 7y v Yo, Ve Thicknesa " 5 ", % ’ Ya, M
(s) Materials (MPa) (kPa) (iPa) (kPa) (%Pa) (Mg/m’) (m) Materials (nPa) {xPa) (xPa) (kPa) (kPa) _(Mg/w')
0.050  Asphalt Concrete  2634.0 -- 2634.0 -- 3 2.320 .40 0.050  Asphalt Concrete  295.1 -~ 295.1 -- 38* 2.320 40
0.250  1.S. (thawed) 12.2 ~107.90 17.3 ~219.60 0 wPa 1.444 %5 0.250 1.S. (thawed) 55.8  ~141.50 78.8 ~285.90 8 kPs 1.590 40
0.350 1.5, (thawed) 166 -~ 59.63 18.4 - 95.52 0 wPs 1.504 .45 0.350  1.5. (thawed) 0.7 - 5176 37.6 ~ 7816 5 kP 1.590 40
0.874 1.5, (thawed) 5.2 - 61.35 27.7 - 72.61 0 wPe 1.576 &5 0.876  1.5. (thawed) 33,7 - 60.82 35.6 ~ 70.06 5 «Pa 1.590 40
1.526 Subgrade 173.1 -~ 64.76 179.3 - 68.09 -~ 1.055 513 1.524 Subgrade 175.7 ~ 66.17 180.1 ~ 68.5] -~ 1.0%% .35
- Subgrade 200.0 -- - - - 1.035 .35 - Subgrade 200.0 - 200.0 -- -- 1.055 .38
12 March 1979 (Day 71) 26 July 1979 (Day 206}
Place Pressure (kPa}: 281 545 Plate Pressure (kPa): 271 552
1*c) o)
" 3 " 1 o Y v : L J " 3 4 Y “
Mhickness r 1 € 1 4 * . ) < ! € t 4, 4
() Matecials (MPa) (kPa) (HPs) (kPa) _ (kPa) (Mg/w’) Materials (WPa) {kPs) GOma) (kPa)  (kPa) (Mg/m'}
0.050  Asphalt Concrete 10000.0 -- 10000.0 -~ 9.5° 2320 .3% 0.050  Aephalt Concrete  700.0 - 700.0 -- 32* 2.320 .40
0.250 I.S. (thaved) 3.8 - 90.07 464 -171.10 0 wPs 1.590 .45 0.250 1.5. (thewed) 91.6  -128.30 126.1 ~246.30 10 kPa 1.656 35
0.350  1.5. (thawed) 28.2 - 53.46 3.0 - 76.30 2 wPa 1.590 43 0.350 1.5, (zhaved) 54.6 ~ 41.51 63.0 “ 55462 1 ¥s .8356 .33
0.87 ¢ 1.5 (thaved) B4 - 6172 35.5 - 69.57 S wPa 1.590 .40 0.874  1.3. (chaved) 334 - 6147 35.5 -~ 69.5) S kPa 1.590 40
1.526  Subgrade 176.2 - 66.40 180.2 - 68.56 - 1.085 .35 1.526  Subgrade 176.8 - 66.48 179.3 ~ 68.71 - 1.05% .35
- Subgrade 200.0 - 200.0 - -- 1.0%% 13 - Subgrade 200.0 -- 00.0 - -- 1.03% BH
20 March 1979 (Day 79) 27_Septewber 1979 (Day 270)
Plate Pressure {kPa): 256 335 Plate Pressure (kPa): 274 S8
T(°C) T(*c)
3 o " B or
Thickness e 5 e t ¢ K Thickness " 5 e 1 M Yy
(m) Materials (MPa) (kPa) (Pa) (kPa) (kPa) (Mg/w”) (m) Materials (MPa) (kPa) (MPa) {kPs) (xrs) (ng/a )
0.050  Asphale Concrete 5174.0 -- 5176.0 -- 10 2.320 .40 6.050  Asphalt Concrete  978.0 - 978.0 - 28" 2.320 .40
0.250  L[.S. (thaved} 42.2 - 85.95 $9.1 ~i71.10 7 xPa 1.5%0 40 0.25¢ [.5. (thaved} 8.0  -107.70 180 =215.20 10 kPa 1.656 40
0.350  [.5. (thaved) 9.4 - 41,50 5.5 - 69.52 5 wPa 1.390 .40 0.350  1.5. (thawed) 36.0 - 46.88 43.4 - 68.55 7 wPa 1.609 40
0.874 1.5, (thawed) N ~ 60.31 35.2 -~ 68.59 5 kPa 1.390 40 0.874 1.5. (thawved) 4.1 ~ 61.82 a1 ~ 71,23 7 kPa 1.60% 40
1.526  Subgrade 175.7 -~ 66.18 180.0 - 68.63  ~- 1.05s .33 1.524  Subgrede 1756 ~ 66.47 179.7 - 6890 -- 1.083 35
- Subgrade 200.0 -- 200.0 -- -- 1.0%% .35 - Subgrade 200.0 - 200.0 -- -~ 1.0 35
27 March 1979 (Doy 86) 19 November 1979 (Day 323)
Plate Pressure (kPa). 247 548 . Plate Pressure (kPa): 281 591
"o T(°c)
or or
Thickness " 5 e h ¢ e, Thickness L 5 " % ¢ Yay e
__fm)  Materials (MPa) (xPa) (MPa) {&Pa) (kPa) (Mg/m’) (w) Mstacials (nPa) (xPa) (wPa) {uPa) (xPs) Mg/ )
0.050  Asphalt Concrete  $800.0 -- 5600.0 - s 2.320 .40 0.050  Asphalt Concrece  5600.0 - $600.0 - [ 2320 .40
0.250  1.S. (thawed) 38.5 -~ 82.43 5.7 -1764.60 5 xPa 1.590 .40 0.2%0 x_g'j (thewed) 1730 - s0.78 107.2 <i76.60 10 kPa 1.656 .35
0.350  1.5. (thewed) 9.2 - 46.86 5.8 - 7096 5 wPs 1.590 .40 0.350 1.5, (thawed) S1.7  ~ 40.01 $9.4 ~$3,09 10 kPa 1.65¢6 .35
?.2;: ;.s, (thaved) 33.0 - 60.07 33.6 - 69.09 5 &Pa 1.590 40 0,876 1.5, (thaved) Mk~ 8135 358 6950 5 Wa 1.590 0
- ubgrade 1715.6 -~ 66.10 180.2 - 68.54 -~ 1.033 3% 1.526  Subgeade 178.7 ~ 66.54 1719.7 - 68.92 -- 1.03% 3%
- Subgrade 200.0 -- 200.0 - -- 1.055 B o Subgrede 200.0 hos 200.0 g - 1.088 RYS
3 Apral 1979 (Oay 93)
Plate Pressure (wPs) 261 547
) Notes: (1) Modull, etr: . aod etrafns calculeted by NELAPAY.
or
Thickness " 4 N i A Ta 3 Ve (2) M, = resilient wodulus, J; = first atress invarient nr_bull nrou:
(m) Materials (MPa) (uPa) (Mra) {uPa) (kPs)  (Mg/w’) ¢ = woisture tension, yg = dry wnit weight, uy ® resilient Poiason's ratio
0.050  Asphalt Concrete 6411.0 -- 6423.0 -- ” 2.320 .40 ive laye
0.250 1.5, (thaved) al.6 - 82.19 $7.4 -160.80 7 wPa 1.590 s (3) M, and J; are calculated at r=0 snd canter of respective layer
0.350 1.5, (thaved) 9.4 -~ 47.46 5.2 - 6838 5 kPa 1.590 .40 R
0.876  I.s. (thaved) 31 - 50.45 5.1 - 6837 3 wPs 1.390 A0 (&) 1.8. refers to Ikalanian sasd (never frozen except ss noted).
1,526 Subgrade 175.8 - 66.22 180.2 - 68,62  ~- 1.055 .35
- Subgrade 200.0 -- 200.0 -- ~- 1.0%% .38 (3) 14 = Octahedral shesr atrees (kPa)

s and etraine ere compreveive.

{6) MNegative normal stre

Tangential Steain ¢y (r =0, a = .05) and Vertical Strain ¢, (r =0, 2z =1.5%)

30 Oct 12 Feb 7 Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 1 May 29 May 24 Jul 27 Sep 19 Nov

4 4

-4 - . - - -4 - - -4 -4 - - -
( (o pressuced: 1.156x107% 130721077 8620010 2.930x107 3.603x107" 3.621m107 3.276x107" 715710 ™4 6.796x107 6.3524107% 38330107 4 3090007 2.823010

_ . B » . 4 . _ , : - » N
(hagh pravaured  5.265x10 7 -2.967x107% {5asx10™ 5.126x10™ 6.537x107% 6572107 6.003x107 (.064xi0”} 1.007x107> 8.728x107 5.134x107 §.487x107" 5.014x10™"

- - - -4 -4 B -4 -4 -4 - -4 - -
€, (Lo pressured =1.921x107% -1, 74321071 700x10™ ~2.110x10™*-2.021x107*-2.015210™*-2.031x10™*-2.08x10*-2.061x10 ™*-2.063x10 -1 326x107*- 1 3526107 -1 .325x107

; . . B - . . N % } . . .
(high pressure). -2.6082107% <1.005x10™%-2 4132007 -2.720m107% 2 .631x107%-2.679%107%-2.652x107-2. 700x10™*- 2. 709x10 742, 247210741 .55 1010701 S 71x107% -1.508x10"
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Table D1b. Resilient moduli and supporting data calculated by NELAPAYV for Ikalanian test section, 1980,

25 February 1980 (Day 56) 29 Match 198U (Day 85,

Plate Presaure (kPa): 275 383 Plate Preavar. (a2, Ny 350

Thickness Mo % He N ¢ Yo, e e ke " - " . ¥
(w) Materials (nPa) (kPa) (MPa) {kPs) (kPa) (Mg/w’) LY Materiats wa akar M. ‘xPa tabat N

0.050  Asphalt Concrete 9115.0 -- 9115.0 -- 9.6° 2.320 .60 O U AsphaTr e rets Tiie o Tole o 12t 43
0.100  1.S. (chawed) 32,7 ~309.20 49.2 “7i.40 O kPa 1.504 K31 0B LN thaeed o o NS Wi U kPa L 590 &S
0.500 1.5. (frozen) 1956.7 toct=20.44 1432.9 toct 46.19  -.5° [ 3] U525 LN tthaeedd ] PRTY 6w SU LY & xPe 990 0
0.874 1.8, 36.6 - 54.24 38.2 - 59.02 9 wPa 1.590 .35 0.8y FERY al RO 6% @2 U kPa (.576 3}
1,924  Subgrade 1711 - 64.39 173.1 - 66.52 - 1.0%5 .35 (LS Subgreds (AN AN 'le LIRS 1.09% 3%

- Subgrade 200.0 -- -- -- -- 1.05% 25 - Subgrade ey . 206 4 - - 1.09% 35

12 March 1980 (Dey 72) 3 April 1980 (Day Yeo

Plate Pressure (kPa): 237 Plate Pressurs (uPa) 248 N > R

™hickness M %

(@) Materials (ra) (xPa)

n
Ye Thickness
-

.
JL.ZIR

0.0%0 Asphalt Concrete 6860.0 -~ 2 .40 0.0%0 Asphalt Concrete LY LN .- 4090 .0 .- 18" 2.320 50
0.325 1.5 (thaved) 42.0 -710.60 2 kPa 1.590 .45 0325 1S (tnhaved) 351 - nn ©0.9 - 99.6% 2 wPs 1.590 '}
0.325 t.S. (frozen) 2320 2 toct=i3.00 -.5" 1.504 .35 G325 s (tnaved) ) - a)as 26 4 - 987 4 wPa 1590 40
0.874 t.s. 2.4 - 51.87 9 wPa 1.609 .40 0. 424 1s. 25.6 - sl 80 6. - 3528 U wPs 1.576 £33
1526 Subgrade l?).Z -~ 65.64 -- 1.0%% 3% 1524 Subgrade [RA - ©5.88 172.8 - 66.72 - 1.0%% 3

- Sudgrade 200.0 - -~ 1.0%% .33 - Subgrade 200.0 -- 200.0 -- -- 1.0%5 »

12 March 1980 (Day 72) 10 April 1980 (Day 101/

Plate Pressure (WPg): 594 Plate Pressure (kPa) 230 332
- ) L ()
or or
Thickness " 5 A Yo,k Thickness " 5 " N v Ye, M
(m) Materisls [§, V) (xPs) (xrs)  (mg/m’) (a) Materiais (P} (kPs) Ua) (wra}  (WPa) (g/m )
0.050  Asphalt Concrete  6860.0 - 13 2.320 -40 0.0%0 Asphalt Concrete  609¢.0 - 6090.0 -- 15° 2.320 .40
0.325 1.5, (thaved) 433 -128.60 2 xPa 1.390 43 0.325 1.5, {thawed) 32.7 - 1246 38.4 - 99.88 2 kPa 1.5%0 3
0.325  1.5. (thawed) 169 - 70.34 2 wPs 1.506 .43 0.325  1.S. (thawed) 6.9 - 42.26 8.7 - 48.28 & KPa 1.590 .40
0.874 L.S. 47.1 - 70.19 9 kPs 1.609 -0 0.824 1.5, 25.5 - 61.29 26.1 - 64.71 O kPa 1.576 43
1.526  Subgrade 177.4 - 68.19 - 1,085 L3S 1.524  Subgrade 17%.9 - 65.13 176.5 - 66.57 - 1.055 %5
- Subgrade 200.0 - .- 1.05% a5 - Subgrade 200.0 -- 200.0 - -~ 1.055 .35

19 March 1980 (Day 79) 17 April 1980 (Day 108)
Plate Pressure (kPa): 2713 363 Plate Preasure (kPa): 270 110
e T("¢)
or or
hickness " 5 e M v e, Thickaess ", % Mo 4 ¢ Yo, U
(w) Materisls (MPa) {kPa) Ore) {kPa) {xra) 3/' ) (w) Materiale (s} (kPa) (MPa) (uPs) (xPs) !/I )
0.050  Asphalt Coacrete 9154.0 - 9154.0 - 10° 1.320 45 0.050  Asphalt Concrete 6090.0 - 609%0.0 - 17° 2 320 .50
0.325 1.8, (thaved) n.a - 1%5.22 5.6 ~97.26 0O kPs 1.590 45 0.325 1.S. (thawed) 3.9 - 13.65 36.6 - 97.7%% & xPa 1.590 40
0.325 1.5, (thaved) 7.2 - 49.2% 8.9 - 55.95 1 wPe 1.5% 43 0.32% 1.5, (thaved) 9.3 - 4).9¢6 3 - 49.58 6 wPa 1.59%0 .38
0.824 9.2 - 6161 29.8 - 64.29 & kP 1.576 40 0.82% L5, 21,5 - 62.65 8.2 - 60.01 2 xPa 1,576 45
1.526 716 - 66.08 173.0 - 66,82 -- 1.0%) 235 1.526  Subgcade 171.6 - 66.06 173.1 - 66.88 -~ 1.055 .35
- Subgrade 200.0 - 200.0 == - 1.05% .35 - Subgrade 200.0 -- 200.0 - - 1.0%5 .35

22 March 1980 (Day 82)
Plate Pressure (kPa): 207 bIt]

«
] Thickness LS I e % v i ) Yo

~, (=) Meteriats (nre) (aPa) ) (kPa)  (xPa)  (Wg/w))
»
\: g.gso Mpﬁl:t Con:;nu 13440.0 -- 13440.0 -- 66" 2320 40

2325 1.8, (thaved 6.3 - 53.21 3.8 - 77.00 0 WPa 1.590 3] * Nol . 1 Moduli tresses, ond strains calculated by WELAPAV
LS 0.325 1.5, (chawed) 5.0 - 41.88 271 - 4947 2 kP 1.590 43 tes: (1) ull, atreases, 4

?::: ;';:;rut 117: :::Z 1;:'; ::::: ?.”' :;;2 :: (2) M, = resilient modulus, J; = firet stress invariant or bulk etre
- Subgcade 200.0 - 200.0 - -- 1.05% .35 ¢ = moisture tension, yq = dry unit weight, y, = resilient Poisson’'s ratio

- 26 March 1980 (Day 86) (3) M. snd J, ere calculated at r=0 and center of respective layer
Plate Pressure (kPa): 233 338 e (4) 1.5. refere to Ikalanian send (mever fromem except as noted).

Thickness L 4 LR EN b 'y ve (5) 14 = octshadral shesr stress (kPa)
< (O] Materials (MPa) (&Ps) (%Pa) (kPa) (xPa) "_‘l/' ) . . :
'1 (6) WNegative normal streeses and straine are compressive.
0.050  Asphalt Concrete 7124.0 - 11260 - 12.9° 2,320 o)
0.32% 1.8. (thawed) 1.3 - 76.03 36.5 ~103.80 O wPa 1.590 S
0.325 1.5. {thawed) 1) - &43.6) 9.4 - 49.88 4 xPa |.590 .0
0.824 1.8, 5.6 - 62.12 26.) - 26.95 0 wPa 1,576 3]
1.526  Subgrade 125.3 - 65.92 176.9 - 66.79 -~ 1.0%% 5
- Subgrade 200.0 -- 200.0 .- - 1.0%% .35

Tangential Strain €y (r = 0, 2« .05) and Vertical Strain c, (r =0, z * 1.524)

25 Feb 12 Mar 19 Mar 22 Mar 26 Mar 29 Mar 3 Apr 10 Apr 17 Apr
- - - - - - - - -4
:l(lou pressure):  1.663x10 4 2.422x10 “ 2.843xl10 4 1.792x10 “ 3.189x10 4 3.129x10 “ 3.149x10 4 3.167x10 4 3.484x10

-4

. . » . . - » -
(high pressured:  3.108x10™% 6.476x107 1.665x107" 2.64ax10™" 4.306x10™* 41622107 4.279x10™ 4.325x10™* 4 559107

-4

- - . N s s 4 -
e, (low pressuved: ~1.162x10 & 1.209x10™-1.370x107%1.500x10 7+ 1,36 1x10 - 1 .36 1x107 -1 358x10 =1 . 340x10"*-1 . 182510 "*

- -4 -4 - -4 -4 -4 -4 -4
(high provsured:  =1.263x107% <1 562210721 4611071 78810741 aa8x107<1 462210" -1 aasx10™ -1 a2ux10™ 1 4520107 - LY
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Table D2a. Resilient moduli and supporting data calculated by NELAPAYV for Graves sand test section, 1979,
30 Octoder 1978 (Day 63) 4 April 1979 (Day 94)
Place Pressure (kPa): 239.0 Plate Pressure (kP 5% .0 533.1
T(*c) (')
or or
Thickasse LS % e 4 ’ KRG Thickness " 5 " h ¢ Ye, P
(w) Materials (Mra) (kPa) {(MPa) (kPa) (kPa) &/l ) (w) Matecials (wre) (kPs) (a) (wPa) (wPa) ’/.
0.050 Asphalt Concrate 433.0 - b == 12.3° 2.320 45 0.050 Asphalt Concrete 9391.0 -- 9391.0 1.0° 2.320 .35
0.100 G.5. (thewed) 61.8  -102.8 - 10.5 xPa 1.517 3% 0,484 G.S. (thawed) 46.9 - 67.68 62.9 7.8 wra 1508 .35
0.228 6.8, (thawed) 45,6 - 4b.iS -- 12.0 wPa 1.525 .33 0.198 G.S. (frozen) 4057.5 toct=13.40 2398.¢ -0.4°  1.497 .33
0.332 G.8. (thaved) 40.4 - 42.24 - 10.0 kPa 1.516 .35 0.058 G.5. (thaved) U8 - 45.5) 9 3.9 wPe 1493 40
0.73% G.8. (rac.) 37.8 - 58.86 -- - 1.5 kP 1.656 .35 0.73% G.5. (rec.) 376 - 3181 9.4 - 64.87 0.0 ke 1440 .35
1,526 Subgrade 166.4 - - - - £.055 .33 1.524  Subgrade 165.7 - 62.86 169.9 - 6518 - 1.055 .38
=  Subgrade 200.0 - 200.0 - - 1,055 .3 »  Subgrade 200.0 -- 200.0 - -- 1.055 .8
12 Vebruary 1979 (Day 43) 26 April 1979 (Day 114)
Plate Pressure (kPa): 280.0 560.2 Place Pressure (kPa): 256.3 $3%.9
T(*c) el
or or
Thickaess " I " < v Ya o M Thickness L N L I ¢ Yo,
(m) Materisle (Pa) (kPa) {ra) (kPa) (kPa) 3/- ) (w) Materiale (1ra) (kPa) () (kPa) (kPa) (Mg/m”)
0.050 Asphalt Concrete 15019.0 - 15019.0 -~ -8.8° 2320 .30 0.050 Asphelt Concrete 5531.0 -- 5531.0 -- 9.1°  2.320 .45
0.100 G.5. (frozen)  45561.3 rocr=52.73  27325.7 yoct=111.60 -7.5°  1.516 .35 0.408 G.5. (thawed) 51,0 - 62.42 68.2 -116.80 11.8 kra 1.524 .33
0.240 G.8. (frozen) 13353.4 t0ct=29.7) 8800.7 Toct= 54.79  -251° 1.524 .35 0.332 G.5. (thaved)- 40.1 - 42.29 4.9 - 53.88 9.8 wpa 1.515 .35
0.600 G.8. (rec.) 34 - 37.69 32.4 - 40.61 10.0 kPa 1.516 .35 0.734 G.8. (thawed) 37,9 - 58.92 3.8 - 65.38 2.5 ke 1.46) .35
0.524 G.S. (rec.) 38.0 - 59.39 38.7 - 62.11 3.9 wa 1475 .33 1.526  Subgrade 166.5 - 63.35 170.5 - 1552 - 1.055 .38
1.526  Subgrede 166.7 - 62.88 168.8 - 64.57 -- 1.05% .35 = Subgrade 200.0 - 200.0 -- - 1.085 .35
e Subgrade 200.0 - 200.0 - - 1,055 .3s
8 May 1979 (Day 128)
6 March 1979 (Day 65)
Plate Pressure (kPs): 261.8 548.2
Plate Pressure (kPa): 103.3 257.5 T(°¢)
R {Q+] M J " J 4
. " 1 » J :' v . Thickaess 13 1 1 4 1 M Ye 3 Ve
Thickness . (4 1 13 1 LR L4 (m) Materials (qPa} {kPa) (MPa) (kPa) {uPa) (g/w’)
(a) Materials (1a) {kPa) () (kPa) (u_l)_____il/- )
0.050 Asphalt Concrete 3117.0 - 317.0 -- 16.25°  2.320 .50
0.0,0 Asphalt Concrete 7443.0 - 7433.0 - ©.8° 2320 .40 0.408 (thawed) 53.5 - 69.10 7.7 -130.10 1i.8 ke 1.524 .50
0.200 G.9" (thewed) .8 - 38l 3.6 c148.1 0.0 kPa L.446 .35 0.332 c s. (thaved) 40.4 - 42.8) 45.2 - 54.79 9.8 kPe 1.515 .33
0.480 C.8. {(froxen) 3.8 tocee 5.10 3951.7 voct 13.94 -0.6 kPa 1.646 .35 0.7% G.5. (rec.) 1.9 - 59.11 39.6 - 65,73 2.8 wPe 1.466 .33
0.71% G.8. (f o} 7851.6 50.64 36.1 ~ 52.65 1.9 kPa 1.460 .35 1.526 Subgrade 166.7 - $3.43 170.4 - 65.66 - 1.05%  .3%
1.524  Subgrade 161.8 - 60.82 163.9 - 6131 - 1.055 .35 = Subgrade 200.0 - 200.0 - - 1.055 .38
= Subgrade 200.0 - 200.0 - -- 1.085 .35
13 March 1979 (Day 72) 30 May 1979 (Day 150)
Plate Pressure (kPa): 259.0 583.0 . Plate Pressure (kPa 296 .0 557.8
T(*'C) T(*C)
3 or or
Thickaess e % " 1 ’ Ya, ¥ Thickaess LR 5 L% 3 v Wy e
(=) Materials _ (WPa) (xra) (wa) (xra)  (kPa) g/- ) (w) Materisls _ (MPe) (kPa) (s) (kPe)  (hPa) (ng/w’)
0.050 Asphalt Concrete 10382.2 - 10382.0 - -0.8;  2.320 .33 0.050 Asphalt Concrete 2970.0 -- 2970.0 - 16.8° 2,320 .50
0.070 G.5. (frosen) 794.6 1octe146.33 359.9 roct=244.53 -0.4 1475 033 0.408 (thaved) 52.8 - 7615 68.1 ~132.90 9.8 wra t.515 IS
0.330 G.5. (thawed) 33,7 - 4138 4.6 - 76.22 4.2 kPa 1.478 .35 0.332 . {thaved) W4 - a6 43.7 - 56.90 8.6 WPa 1.506 .33
0.280 G.5. (thewed) 37.6 - 4142 43.2 - 356.45 7.8 kPa 1.502 .40 0.734 38.0 - 39.60 9.6 - 65.71 0.0 kPa 1.6k .35
0.7% G.8. (rec.) 313 - %e.78 39.2 - 66,01 0.0 kPa 1.643 .35 1.52¢ 166.64 - 63.27 170.2 -850 - 1.055 .35
1.524  Subgrade 165.2 - 62.64 69.6 - 65.00 - 1.055 .35 Subgrade 200.0 -- 200.0 hod - 108y .38
= Subgrade 200.0 - 200.0 - - 1.083 .38
25 July 1979 (Day 206)
21 March 1979 (Day 80)
Plate Pressure (kPa): 283.7 S82.5
Plate Pressure (kPa): 260.6 $03.0 e
T(°c) or
N " N or Thickness "r JI "r Jl v v 3 by
Thickaese M 1 3 1 v Yo, (=) Nateriale  (ipa) (xra) (Pa) (kPa)  (kPa)__(Mg/w))
(a) Materials (ea) (kPa) () (kPs) (xPa) (Mg/w’)
tra) (hg/ 1t Concrete 1027.0 -- .- 2185 2320 .50
0.050 Asphalt Cosccete ms (] -- ms o - 4,0° 2,320 .40 (thaved) 3.8 - 85.16 ~158.90 14.31 wpe 1,532 .35
0.240 G.8. (thewed) 4.1 -104.10 ~194.9 5.9 kPa 1.488 .33 (thaved) 3.6 - 4377 - 55.85 12.0 kPe 1.525 .33
0.410 ©.8. (frosen) Au, 1 toce=11.79 2790 7 Tocte 23,29 -0.4° 1.490 .33 - (rec) Ja.1 - 39.06 - 66.78 1.3 wra 1,471 .33
0.73 G.8. (rec.) 36.9 - 35.26 3.9 -59.91 1.9 kPa 1439 .33 1.526  Subgrade 1674 - 6381 n.a - 4605 - 1088 .33
1.524 Subgrade 165.3 - 62.70 169.7 -65.03 - 1.083 .38 = Subgrade .0 - 200.0 - - 1,053 .38
e Subgrade 200.0 -- 200.0 - - 1.038 .38 .
27 _sep! c 1979 (Pay 270)
20 March 1979 (Day 87)
Plate Pressure (kPa): 286 .4 594.8
Plate Pressure (kPa): 267.2 548.2 (')
T*C) or
R or Thicknese " B " h M A" N Ve
Thickness " 4 L 1 ¢ Yo, Ve (=) Materials _ (WPa) (uPa) Omra) (kPa)  (kPa) (ng/w’)
{=) Materials (ePa) (kPa) {Pe) (kPa) (xPe) (mg/w’)
0.050 Asphalt Concrete 4366.0 - 4366.0 - 2.2°  2.320 A3
0.050 Asphalt Concrere 10466.0 -- 10466.0 - -0.9%°  2.31¢ .33 00108 G.8. (thewed) 64.3 -112.80 895 -228.40 10.5 wra i.517 (3%
0.091 G.5. (frozen) 942.4 toce=li3.9i 662.0 toct*191.18 -0.4 Wrs b uc .35 0.228 G.5. (thaved) 468 - 50.9 8.0 80.% 12.0 wPa 1.52%5 .33
0.265 C.S. (theved) 45.8 68.69 6. 143,50 KT 0.332 G.8. (thawed) 40,9 - 4343 459 - 55,75 10.0 wPa 1.516 .38
0.384 G.9. (rec.) 6648.3 toct= B8.61  3686.3 Tocte 20.44 33 0.734 (rec.) 3.0 - 5951 .0 - 66.5 1.3 wa .43 .33
v.19% G.8. (rec.) 3.8 - 54.92 3.0 - 3941 B 1.524 rede 166.8 - 63.47 m.a - 63.86 -~ 1.088 .33
1.526 Subgrade 164.9 -~ 62.48 168.8 - 64.5 .35 - Subgrade 200.0 .- 100.0 == -~ 1.055 .33
- Subgrade 200.0 -- 200.0 -- 1]
19 Movewber 1979 (Day 323)
) [ » *Pa): . .
* motes: (1) Moduli, stresses, and strains calculated by NELAPAV late Pressure (kPa 376.8 5%0.7 00
or
(2) M, = resilient modulus, J; = first strese invarient or bulk : . Thickness L 9 L LN v Ta, ot
¢ * moisture tension, yg = dry unit weight, ue = resilient Poisson’s retio (w) Materisle _ (MPa) (hra) o) (ra) _ (wPe)  (ng/a)
", J leculated st 0 and cemter of respective layer 0.050 Asphalt Concrete #715.0 - 6715.0 - 6.35° 2,320 .40
(3) W and J; are calcu 0108 G.8. (thawed) 623 - 9643 a2 19530 12.0 wra 1325 33
0.228 G.8. (thewed) 2.8 - 47,86 $3.3 - 17.09 10.0 ke 1.516 .33
(4) G.8. refers to Graves send 0.337 G.5. (theved) 8.3 - 4299 a2 S 55.85 8.0 wre 1504 33
0.7 G.8. (rec.) N9 - 59.02 39.8 - 66.25 0.0 WPa L.AM .33
(3) 1oy * octshedral shear sceess (kPs) 1.526 Subgrade 166,15 - 6304 17012 - 65.57 -~ 1.088 .38
. =  Subgrede 200.0 - 200.0 - 1.053 .33
{5) Wegative normal stresses end etrains are compressive
Jangentin) Strain ¢p (r ® O, & ® .05) and Vertical Strainc, (r =0, 5 ® 1.924)
30 0ct 12 Feb 6 Mar 13 Mer 21 Mar 28 Mar & Apr 24 apr 8 May 30 May 23 Jul 27 sept 19 Nov
¢ (o pressure): 3.257m107 24522107 9.017210™ 1.203x10™" 2.300810™ 7.391x107% 23042107 1.010x10™ 3.937210™% 4 586x10™" 5 669x10™" 3.530x107¢ 2.79m107
(high presaure): 58307 2.107x107™ 2.938x107" 39730107 1.0202107" € 3181070 S 5a1107¢ 70670107 7.533x107" 9.203m0™ 6232018 5.311mi0™
¢, (o pressured: -1.308x00™-1.1502107- 1 1220107133100 ™1 171010 ™ 1162000 ™ -1 240010741 3180107041 3200107 <1 330m107-1339m10™ <1 339m0™ -1 3300107
(high pressure): e 8107 1 57107 515107 -1 20an b0 -1 2042007011 387210701 502210741 5200107 -1 52310741 53 1x1070 -1 528x 10" <1 SIsMi0™¢
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Table D2b. Resilient moduli and supporting data calculated by NELAPAYV for Graves sand test section, 1980.

25 Pebruary 1980 (Day 56)

Place Pressure (kPa): 261.0 ... 3680

1)

or
Thickness L 5 ", 4 v Ta,

(a) Materisls _(MPa) (xPa) (kPa)  (WPa) (ng/m’)

0.050 Asphalt Concrete 12679.0 - 12679.0 -~ -0.25° 2.320 .3%
0.350 G.5. (trosew) 1489.0 voct=43.59 917.4 voct= 88.66 -0.25° 1.497 .35
0.300 G.S. (rec.) 28.7 - 49.96 3.4 - 37.82  11.5 wpa 1.522 .35
0.300 G.5. {rec.} 33.0 - 42.57 3.7 - 4797 2.0 kPs ).460 .35
0.524 G.5. (rec.) 8.1 - 59.18 39.3 - 66,30 2.0 kPa 1.460 .35
1.524  Subgrade 165.3 - 62.69 169.1 - 64.84 -- 1.08% .35

= Subgrede 200.0 - 200.0 -- -- 1.055 .35

12 March 1980 (Day 72)
Plate Pressure (kPa): 250.0 $50.0

(')

or
Thickness " i " 5 v Ya, e

(w) Materials _(iPa) (kPa) (era) (kPa)  (kPa) _(Mg/m’)

0.050 Asphalt Concrete 7377.0 -- 1770 - 7.0° 2,320 .40
0.100 G.5. (thewed) 66.5  -233.50 96.7 - 32.80 0.0 kPs l.4b4 .35
0.250 C.S. (frozen) 1723.3 toct=30.3% 962.4 toct= 71,30  -0.1°  1.449 .33
0.600 G.S. (rec.) 3.8 - 3798 34.3 - 46.47 6.0 kPa 1.490 .35
0.524 G.5. (rec.) 38.2 - 60.11 39.6 - 65.59 0.0 kPa 144k .35
1,524 Subgrade 166.5 - 62.23 168.6 - 6447 -- 1.055 .35

= Subgrade 200.0 -- 200.0 - -- 1.055 .35

19 March 1980 (Day 79)

Plate Pressure (kPa): 267.0

1(*c)
L4
Thickness L B B 9y ¢ Y Ve
(m) Materiale _ (WPs)} (kPa) (WPa) (xPa)  (WPa) Mg/w)

0.050 Asphalt Concrete 5918.0 - -- - 9.95° 2,320 .43
0.126 G.5. (thaved) 90.6  -438.60 -- -- 0.0 WPa 1.44% .35
0.326 C.S. (froten) 1389.4 toct=é4.9) -- -~ -0.15°  1.460 .35
0.367 G.5. (rec.) 9.6 - 32.66 -- -- 7.0 kPs 1.497 .35
0.762 G.5. (rec.) 36.7 - 5.5 - - 0.0 kPe l.444 .35
1.526  Subgrede 1664 - 62.21 - -- - 1,055 .35

«  Subgrade 200.0 - -- -- - 1.055 .35

22 March 1980 (Day 82)
Plate Pressure (KPa): 185.0
*c)
) or
Thickness L 3 " 1 4 Ve, e
{m) Materisle [§, ) (kPa) (e} (hPa) (xPa) (ng/m')

030 Lt Concrate 8958.0 - -- -- 5.6°  2.320 .40
g.g;o ::‘(thnnd) 310 - 4485 -- -- 0.0 kPa 1.44b .35
0.300 G.8. (rec.) 3.2 - 3.0 - - 5.0 kPa 1.482 .35
0.300 G.8, (rec.) 33T - 6678 - - 0.0 kPa L.64k .35
0.526 G.8. (rec.) 3.2 - 60.12 - - 0.0 kPa 1.446 .35
1.524  Subgrade 165.2 - 61.35 -- -- -- 1.055 .33

= Subgrade 200.0 - -- - -- 1.055 .33
26 _March 1980 (Day 86)

Plate Pressure (xPa): 238.0
T(*0)
1 or

Thickaess “r ‘,l “r 1 ¢ Ya 3 Yy

{=m) Materisls {WPa) (wPa) (mrs) (kPa) (xPa) (wg/w’)
0.050 Asphalt Concrete 6212.0 - - - $.3° 2320 45
0.350 G.5. (thawed) 42.9 - 38.80 -- -- 7.0 kPe 1497 35
0.250 G.8. (rec.) 32.6 - 41.0% -- -- 5.0 kPa 1.482 .35
0.874 C.8. (rec.) 3%.7 - 56.68 -- - 0.0 kPa |44 DS
1.524  Subgrade 1646 - 62.29 -- -- - 1.055 .35

o Subgrade 200.0 -- -- -- -- 1,055 .35

a s .
S AT e T e et

29 March 1980 (Day 89)

Plate Pressure (kPa): 159.0 240.0
0o
Qr
Thickness b % " i ’ T, M
(m) Materisle __(nPa) (wPa) [ (xPa)  (xra)  (ng/e’)
0.050 Asphalt Concrete 6029.0 - 6029.0 - 9.1 2320 43
0.350 G.5. (thaved) - e 4397 -59.35 1.0 ke 1 497 35
0.250 G.5. (rec.} 30.7 - 35.68 2.8 -40.78 7.0 kPs 1.497 .35
0.250 G.5. {rec.) 3209 - 42.06 IR S4s15 3% WPa 1470 3%
0.624 G.5. (cec.) 37.6 - 38.07 18.2 -60.04 0.0 wPs l.abe 3S
1.524  Subgrade 163.8 - 61.85 185.0 -62.50 - 1.055 s
= Sabgrade 200.0 -- 200.0 - -- 1055 33
3 April 1980 (Day 94)
Plate Pressure (K 200.0 255.0
o
X 3 o
Thickness M, N ¢ 1 v Yo, ¥
(w) Materaale {(MPa) (xPa) (MPa) (nPe) {kPa) (ng/m™)
0.050 Asphalt Concrete 4130.0 - 4150.0 - et 2,320 .43
0.350 G.5. (thaved) 43.0 - 3536 W2 -67.39 8.0 ks 1.540 .3%
0.362 G.5. (rec.) 2.0 - 3957 33.1 -42.56 7.5 ke 1.501 .33
0.381 G.5. (rec.) 35.3 - 49.76 3.7 -S1.36 0.5 kPa 1.649 .35
0.381 c.5. (rec.} 9.4 - 66.78 9.7 -66.11 0.0 kPa l.eks .35
1.524  Subgrade 165.0 - 62.52 165.8 -62.95 - Loss 35
e Subgrade 200.0 -- 200.0 - - 1.0s5 .33
10 April 1980 (Day 101
Plate Pressure (kPa): 235.0 3340
Thickness ", 5 " I Ve
(=) Materials (Pa) (xPa) (MPa) (kPa)
0.050 Asphalt Concrete 3021.0 - 5021.0 -- 45
0.350 G.5. (thaved) a7 - 60.74 a8 -81.76 35
0.362 G.5. (rec.) 325 - 40.87 .2 -41.16 .35
0.38]1 G.5. (rec.) 35,3 - 49.99 36.2 -52.84 35
0.38) G.5. (rec.) 9.4 - 64.79 40.0 -67.17 .35
1524 164.6 - 62.21 165.9 - 35
- 200.0 - 200.0 - .35
17 April 1980 (Day 108)
Plate Pressure (kPa): 230.0 322.0
1(°¢c)
3 1 or
Thickness L 1 L 1 ¢ Ya o M
{w) Materiale (WPa) (kPa) (WPa) {kPa) (kPa) (Wg/m’)
0.050 Asphalt Concrete 4260.0 - 4260.0 - 16.35°  2.320 .45
0.350 G.5. (chewed) 47.8 - 61.02 k4 -80.73  10.0 kps 1.516 .33
0.362 G.5. (rec.) 3204 - 401 3.0 -45.50 8.0 kPs 1.504 .35
0.381 G.5. {rec.) 356 - 50.30 36.2 -52.89 0.0 wPs L.k .35
0.381 G.S. (rec.) 395 - 65.18 40.0 ~67.36 0.0 KPe 1.444 .33
1.526  Subgrade 165.1 - 62.57 166.4 -63.29 - 1loss (35
e Subgrade 200.0 -- 200.0 -- -- 1.055 .35

* Notes: (1)

(2) Mp = c

ratio

lieat modulue, Ji = firet str
¢ ® moisture teasion, Y4 = dry uait weight, Uy = resilient Poissoa's

Moduli, stresses, and strains calculated by MELAPAV

(3) My sod J) are calculated at r=0 and ceater of respective layer

(4) G.3. reters to Graves

sand

(3)  t4ep ™ octehedral shaar stress (kPe)

(5) Wegative aormal etres

Tengential Strain go (r = 0, 3 » .03) and Verticsl Strain g, (r =0, s« 1.524)

25 Ped 12 Mar

3

t!(|w preseure): 1.921x10°

(high pressuse):  7.488210"° 3.067x107%

19 Mar

1.578x10™ 8.306x10”

4

22 Mar

29 Mar

26 Mar I Apr

10 Apr

s and etrains are compre

27 Apr

1.989x10™% 2.816x10™ 2.0120107™ 2.964x107% 3.1226107% 3.220x007*

- 28862107 3.6422107% 4.200x10™* 4.230x107

¢, (low preseured: =1.986x10-2.071210™-2.205x10™-2.197210™*-2 3532107 2. 13810+ 2.223010™*-2.313010 - 2.296m10™

(high pressure): -2.356x10 °-2.568x10™
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Table D3a. Resilient moduli and supporting data calculated by NELAPAYV for Hart Brothers test section, 1979.

30 October 1978 (Day -63)

26 April 1979 {(Day 11i4)

(high pressure):

s .J':-“J"I:i‘r.lil' 1-_'-._’-n.‘,fﬁf\-‘\"{-',..

-1.595%107%-1,290x10 -1, 578x10 74 -1,3752107-1.598220 74~ 1,459x10 71 ,617210 74 -1 .618x1074 -1 6432107 -1.648x1074- 1 646x107% ~1.635a10"

55

Plate Pressure (kPa): 243.6 517.3 Plate Pressure (kPa): 266.2 551.6
& T(°C) "o
x or or
o Thickness e 12 oet R 2 % oce v Ya, Thickness " 12" t0ct " 12 %t 4 W,
., (@) Materials (MPa) (kPs) (MPs) (kPa) (kPa) (Ng/w') (w) Materfals (MPa) (kPa) (MPa) (kPa) (kPa) _(Mgp/m )
.y U.U5  Asphalt Concrete 2034.0 - 20340 - 20.9° 2,320 .50 0.U50  Asphalt Concrete 2324.U - 23260 -- t9.3° .30V AU
. 0.250  H.B.S. (thaved) a8 w42 48.9 53,66 10.0 kPa  1.840 .38 U.250  H.B.S. (thawed) w1 «3.83 «5.2 50,75 10.3 kPa i .Bey 33
. 0.300  H.3.5. (thawed) 49.5 55.03 45.2 45,00 10.0 kPa  1.840 33 0,300  H.B.5. (thaved) 4122 50.20 w2l 39.06 9.8 kPa 1.84U 33
a 0.350  H.8.5, {(chaved) 11 159,95 65,7 110.48 9.0 kPs 1.840 33 0,350 H.B.5. (thawed) 62.3 156.42 55,1 10¥.85 4.9 wPa  1.820 33
0.400  H.3.S. (thawed) 125.8 486.16 99.4 288.98 8.0 kPa 1.840 .33 0,400 H.B.S. (thaved) 102.2 ab6.62 8l 284,02 4.9 wPa  [.820 3
0.174  H.B.S. 1747 1003.42 137.4 590,33 8.0 WPa 1.840 .33 0.174 . 163y 993.36 1l S98.99 4.9 kPa 1.820 .33
1.524  Subgrade 178.9 J »-73.10 182.6  J =-15.24 - 1.055 .35 1.526  Subgrade 18,0 3 e-i2.92 182,64 =-i5.20 -- 1.0%% B
- Subgrade 200.0 -- 200.0 -- -- 1,055 3 - Subgrade 200.0 -- 200.0 -- -- LSy .55
13 February 1979 (Day 44) 7 May 1979 (Day 127)
Plate Pressure (kPa): 273.7 511.9 Plate Pressure (kPa): 258.7 LIS )
o) LIS
or ar
Thickaess e Y toe " T2/t ¥ Yo, Thickness e 12 Y " 12 ger
' (w) Materials (MPa) (kPa) (MPs) (kPa) _ (kPa) (Mg/w’) () Matertals (#Pa) (kPa) (MPa) (kPa) ¢l
0.050 Asphalt Concrete 14149.0 - 16149,0 - ~7.3" 2.320 «30 0.U%0 Asphalt Concrete 218,V -- 2180 -- 4,y
U.2%0 H.B.S. {frozen) %872.5 - 4872.5 - -8,5° 1,584 <30 0.250 H.B.S. (thawed) 38.0 32.27 0.3 $%.3) 9.B kPa .
0.300 H.B.S. (frozen) 3686.7 - 3686.7 -— -4.9° 1.584 U U400  H.8.5. (thawed)} Y] 43,16 ET 339 9.8 wba .
0.350  H.B.S. {frozen)  1561.4 -- 15614 -~ -1.0° 1,584 .30 0.350  H.B.S. (thaved) 59.6 a7l 0.8 lU3.el  G,e WPy i,
. 0.400 H,B.S. (thawed) 192.5  111B.16 156.9 711,08 9,8 kPa 1.840 33 0.400 H.B.S. (thawed) 98,9 449,83 8.8 JIuLY6 e.e KPa L.
o>, 0.7 H.B.S, 262,5  2066.86 197.7 1318.00 9.8 kPa 1.840 .33 V.76 H.B.S. 160.3 912,86 1. 39.34 4.4 kPa .
- 1.526  Subgrade 172.7 3 =-67.83 173.5 1 =-68.87 - 1.055 35 (.52 Subgrade 18I T w1209 184,21 =-iv09 - »
_.‘ - Subgrade 200.0 - 200.0 - - 1.05% 35 - Subgrade 00,0 - 00,0 .- -- 1Luss 5
G 6 _March 1979 (Day 65) 29 May 1979 (Day 149)
‘: Plate Pressure (kPa): 255.9 554.3 Plate Pressure (KPa): 258.7 559.8
o o) 7(°0)
’ L] or or
Thickness b 32 et . Yt ¥ e, Ve Thickoass e 39 toe " AP AP | Yo,
() Materials (MPa) (kPa) (wPa) (kPs) (kPa} (Mg/m”} {a} Materials {iPra) {kPs) {MPs) (kPa) (kP2) (Mg/m”)
%y V.U Asphalt Concrete  b8/6.U -- 6816.0 - 6.1~ 2,320 W40 0.050 Asphalt Concrata - 518.0 - 33,5 2.320 50
0.2>0  H.B.S, (thawed} 313 67.78 37,4 102,42 0.0 kPa 1./80 .33 0.250 © 38,04 37.9 43.62 7.4 kPe |.820 38
. 0.30U  H.B.S. (frozen) 40,8 -- 40,8 - 0.0 1.584 3 0,300 45,70 36,9 34.87 7.4 kPs 1880 -
‘. 0.350  H.B.S. {frozen) w97 -- w49.7 - -1 1.584 30 0.350 147 .46 49.9 102,81 3.9 WPa 1.820 33
. U400  H.B.S. (thaved) 3.0 465,14 107.9 288.99 10,8 kPa 1.840 .43 0.400 449,57 77.0 268.23 3.9 kPa 1.820 .33
Y U174 H.B.S. 180.6 ¥00.32 1e3.0 537./6 10.8 WPa 1.840 34 0.174 975.02 108.7 573.97 3.9 kPa 1.820 33
. 1,326 Subgrade 1761 J,=-69.65 179,64 J e=72.02 -~ 1,055 .35 1.524 31287 183,01 J;=-75.35 — 1,055 35
. - Subgrade wo,0 - 200,0 - -- 1.085 3 - - 200.0 - - 1.08% 35
.
‘, 13 March 1979 (Day 72) 25 July 1979 (Dey 206)
- Plate Pressure (kPa): 2710 512 Plate Pressurs (kPa): 80,3
) 0o
or or
" Thickness " J2 Taer e 12 Toct . M, % Thickoess LY 32/ Toce L T3 %0t A Yo, M
N (=) Materials (MPa) (kPa) (MPa) (hPa) (kPa)  (Mg/m”) =) Materialg (XPa) (kPs) (KPa) {kPa) (kPs) (Mg/m’)
" 0.050 Asphalt Concrete 9391.U - 93910 - [T [y 35 0.050  Asphalt Concrete  782.0 - 1820 == 30.0° 2.320 .50
- 0.250 A.8.5. (chawed) 40.3 118,54 52.8 215445 ULL wPs 1,780 ] 0.250 E.5.5. (thawed) 48.0 34,58 49.0 36,17 13.0 kPe  1.860 .33
. 0.300 H.B.S. (frozen) 449.7 -- 49,7 -- - 1,584 3u 0.300 N 29.6 4321 3.4 32.30 11.0 kPa 1,860 0
. 0.350 H.B.S. {frozen) 654.1 - 6541 -- - 1,586 v 0.350 63.7 146.51 $4.7 ke 1.820 33
> 0,400 H.B.5. (frozen) 40.8 -- .8 -- wou® 1,584 0 0.400 104.3 437,78 84,1 kPa 1.820 33
» 0.174  H.B.S. 1281 1520.49 00,3 886,11 o,0 kPa  1.7H0 .33 0.174 148.9 928,07 117.6 1579.96 8.5 kPe 1,820 .33
1.526  Subgrade 171,9  J;=67.45 V12,9 1,~b69.5% - Fauss .35 1.52% 182.5 J,=-73.32 1837 J=-i5g2 — 1,055 35
4 - Subgrade 200,0 - 00,0 .- -~ 1oy o33 - Subgrade 200.0 - 200.9 - - 1.05% .35
21 March 1979 (Day 80) 27 _September 1979 (Dey 270
? Plate Pressure (kPa): 258.7 547.5 Plste Pressure (kPa): 276.5 584 .4 .
- YO T(°C)
M ot n 31 " 1,0 .
x
" Thickness ", A * 32! Yaer v K Thickaese L4 2 “oct 4 2 toct M Te M
(a) Materisle (HPa) (kPa) (MPa) (kPa) _ (wPa) __(Mg/u’) =, Hatarialy L2 kP L.{) L7) kP, L)
™ 0.05  Asphalt Concrete  5653.0 -- $653.0 - st 2920 s 0,050  Asphalt Concrete 3984.0 ot 39640 o 1340 2.320 w3
0.250  H.B.S. (thawed) ol.6 02,41 451 S0.64 8.3 kPa  1.84U % 0.250  H.B.3. (thawed) 433 as.18 2.9 53.40 10.0 kPs 1.840 .33
{ 0.300 «3. (thawed) 4.6 35.27 3.0 45.24 8.4 kPa 1.820 3
0.300  H.8.5. (thaved) 37.8 53.28 3%.0 64,97 V. xpa 1.820 B3
22 o ' 0.350 62.4 156.13 $3.2 109,87 5.0 kPs 1.820 33
0.350 40.8 4.8 v 1.584 .30
0.400 101.3 454.85 80.9 276,85 5.0 kP 1.820 2
0.400 86,1 472,60 66,9 284.8) 1.0 kPa 1.800 Bt
. 0.178 142.3 961.99 113.1 579.40 5.0 kP 1.820 33
K 0.176 9.7 1029.92 9.9 615.86 1.0 kPa .80V .33
- 1.524  Subgrade 181,73 =T2.09 186.0 J,=75.31 -- 1.055 Bl
B 1.924  Subgrade 1779 3 =-70.9% 1795 9 =137 - 1.0%% 5 ke w00 U — 000 ' - - pesd
= Subgrade 200.0 - 200.0 - - 1,088 35 - Se B 2004 1 3
<
<4 28 March 1979 (Duy 87) 20 Noveaber 1979 (Day 324)
o 264.2 554.3 Plate Pressure (kPa): 2737 584 .6
e TG
- or ot
J
b Thickness ", 12l Toee ", 3 Yoer v W% Thickness e 39! Toer " PLANTEE KR
(m) Materials (MPs) (kPa) {MPs) (kPs) (kPs)  (Mg/e’) (=) Haterials (NPa) (uPa) (MPa) (kPs) (kPa) _(Mg/m')
0.0%0  Asphslt Concrete 10158.0 - 10158,0 - B 1.320 3% 0.050 Asphalt Concrete  69569.0 - 6969.0 - 5.8° 2.320 40
o 0.2%0 {thawed) 41,5 9%.11 47,0 126.3 7.4 kPs  1.820 L3 0.250  H.B.S5. (thawed) 48.% 52.46 S4.4 67.68 10.0 xPa 1.840 193]
d 0.300 (thaved) 42,3 86.17 “0.5 60,5 4.9 kPa  1.820 B3 0,300 H.8.S. (thaved) 9.6 65.23 4.9 57.74 1U.0 P2 1.620 13
o’ 0.350 (thawed) $8.3 209.97 53.0 170,16 1.0 kPa 1,800 Y 0,350 H.8,5. (thaved) 86.6 161,45 3.6 113,47 12,0 kPa  1.840 B3]
’ 0.400 (froten)  1072.5 - 1073.5 . “lge 1054 T3 0,400 H.B.5, (thaved) 142.9 454.18 133 272.17 13.0 wPa  1.840 B
0.174 133.2 1302.02 106.7 799.%0 1.0 kPa  1.8U0 Bt 0174 H.B.S. 196.0 593.28 153.1 $28.65 13.0 kPa  1.840 33
L8 1.526  Subgrade 178.0 J =70.71 9.6 5y=T)th - 1,083 .35 1.324  Subgrade 19,0 1=13.15 1846 Jy=-75.48 - 1,053 =35
N e Subgrade 200.0 - 2000 - - 1SS .35 = Subgrade 200.0 - 200.0 - - 1053 -3
g S April 1979 (Day 94) Notes: (1) Moduli, scresses, sad strains calculated by NELAPAV
Plate Pressure (kPa): 253.2 566 .6
T*C) (2) My = resilient modulus, J, = first strees invarisat or bulk stress
or Jz = sscond etress inveriant, t ® octshedral shear stress, ¢ * woisture
. Thickness " 32 Yot e I oet v Wyt tensfon, vq ® dry wmit weight, uy ® resilient Polsson's ratio
() Materisls (MPa) (kPa) (MPe) (kPa) _(kPe)  (Mg/®’)
* (3) My and J;/1rgce 8re calculsted at r=0 and center of respective layer
.'. 0.050  Asphait Cencrete 6602.0 ~- 6602.0 -- 6.6° 2.320 40
) 0.250  H.B.S. (thawed) 40.5 50,63 44,8 81,33 7.4 «Pa 1.820 oY SEE Srothars send (oever frozen except as noted
W 0.300  H.5.5. (thaved) 4226 58,77 38,3 46.31 6.9 wPa 1,820 .33 (4) H.8.8. reters to fare ¢ P )
s 0.350  H.B.5. (thawed) 55.3 170.36 46.4 115,24 2.4 kPa 1.800 Nl
. U.A00  H.B.S. (thawed) 89.8 495,45 0.3 9,10 2.4 s 1800 .83 (3) MNegative oormal stresses and straioe sre compressive.
vy 0.176  H.M.S. 127.1  1068.11 99.2 617,16 2.4 kPa 1.800 Y
1.524  Subgrade 180.6 3 =-72,2% 1819 Jje-lause - 1055 5
p - Sudgrade 200.0 - 200.0 - - 1.0%% A3
L Tangential Strain e (r = 0, ¢ = ,05) and Vertical Strain g, (r = 0, z = 1.524)
- Y;
30 Oct 13 Feb 6 Mar 13 Mar 21 Mar 28 Mar & Apr 24 Apr 7 May 29 Moy 25 Jul 27 Sept 20 Nov
-4 - - - - - - - - - - - -
; ¢ (lov pressure): 4.791%107° 2.279210° 3.166210™ 2,6082107" 3.264x10™* 2.425x10"" 2,989x107 «.894x10™ 9.620x10™ 9.388x107 Toatsx1t™ aLos1a0™ 2.901mi0”
-4 -6 -4 -4 -4 -4 -4 -4 -3 -3 -3 =& -4
(high pressure):  9.789x10°  4.253x107° 6.446x10°  4,542x107 " 6.759x10  4.936x10 ° 6.539x10  9.975x10°  1,948x10 1.936x10 ° 1,500x10 8.365x10 5.987x10
-4 - - - - - - - - - - - .
Y ¢,(1ow pressure): ~1.381x10 *-1,240x107*~1.376x10™*-1.279x107*-1.398x107-1.335010 7 -1 .403%10 74~ 1.397x10 ™ 1 42am10™ -1 4131074 1.436m10™ ~1.az6m107* -1 39exi ™t

cl 3

-3y’
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Table D3b. Resilient moduli and supporting data calculated by NELAPAY for Hart Brothers test section, 1980.

25 February 198y (Uay 56) 26 March 1980 (Day 86)
Plate Presaure (kPa) S 24 11" LIPNY Plate Pressure (kPs): 240.0 414.0
{809 o)
or or
Thickness e 1ot Mo 42 Tocr ¢ e N ¥e Thicknees b 17 Yoct " 1 Y oct ¢ \] 3 Yr
(@) Materiale (nPa) (uPs) (Pa) (kPa)  (kPa) (ng/m’) =) Materials ra) (kPs) (MPa) (kPa)  (kPs) (Wg/e)
-
0.0%  Asphale Concrete 12168.U -- 12168.0 - .30 2,320 .35 0.050 Asphalt Concrete  6333,0 - 63%3.u - 9.0" 2,320 “5
0,350 H.B.5. (frozem) 870.4 39,64 793.3 62,55 -.8" 1.584 v 0.250  H.3.5. (thawed) 19.8 18,758 2.9 18/ VW kPa 1.051 B Y
0.%0  H.8.S. (trorea) 281.1 13.01 6.8 a2.28 -0 1,584 W 0.300  H.8.S. (thawed) 8.1 81.78 2.4 79.02 5.0 wPa 1.800 .5
W226 H.B.S, (thawed) &2.% 221.3% 37,4 167,62 1.0 kPa 1,715 .33 0.424 204.8 ©6.89 188.9 32.87 -.1° 1.386 B
0.700  H.8.S. 19.2 876.02 5.2 $9.77 1.V kPa 1,715 33 v.700 63.9 545,76 $3./ iz 1.0 WPa LIS .53
1924 Subgrade 179.9 1 =-67.97 1767 J =-70.05 - 1,55 .35 1.524 173.0 3 =-b9.27 176.1 3 =-10.75 1= 1.058 .35
- Subgrade TR - W -~ - 1,055 .35 - 200.0 -- 200.0 - -- 1.055 .35
12 March 1980 (Uay 72) 29 March 1980 (Day 89)
Plate Pressure (kPa): 295.¢ 399.0 Plate Pressure (kPa): 262.0 360.0
T T(<"C)
or
Thickaess e JZI Toct He JZI Toct v Y 3 Yo Thickness “r "Zl‘ocr. “r Jll'xx v Y4 3 Ve
() Materials (MPa) (kPa) (MPa) (kPs)  (kra) (Mg/w’) () Materials (Pa) (kPa) P2 kPa)  (kPs) /n
0.050  Asphait Concrete 7001.0 - 7001.0 - 1.7° 2,320 U 0.050 Asphalt Concrete 6bAA.U -~ 66440 - 8.4" 2.320 5
0.250 H.B.S. (frozen) 122.% 11.39 180.8 29,16 1.586 .30 0.250 H.3.5. (thawed) 20.0 80.83 2.8 ¥7.29 0.0 wPa 1.651 33
0,300 H.B.S. (trozen) 100.3 6.54 218.4 48.89 -.1° 1.584 .30 0.300 43.8 3%.16 A3 53.09 9.0 kPa 1.820 .33
0.224  H.B.S. (thaved) 35.6 171,54 31.8 125.01 0.0 kPs  1.715 -3 0.224 a2.7 142.79 9.8 122.25 3.0 &Pa 1.750 35
0.700  H.8.S. 63,2 666 .02 $3.7 397.65 0.0 kPa 1,715 -3 v.700 62.6 487.35 36.5 388.4U 2.0 WPe L./15 43
1.524  Subgrade 170,17 J =~68.06 178,53 =-70,48 — 1.05% .35 1.52¢  Subgrade 174.8 3 ,=-70.23 17,5 J=-ll04 - 1.055 .3
- Subgrade 200.0 - 200.0 - - 1,055 .35 - Sudbgrade 200.0 - 200.0 - - 1.055 33
19 March 1980 (Day 19) 3 April 1980 (Day 94)
Plate Pressure (kPa): 266.0 382.0 Plete Pressurs (kPa): 252.0 351.0
T(*C)
or
Thickness "r "2/ Toct "r JZI Toct Yr Thickness "r Jll'oct "r Jll'ut . Ta 3 Ve
(=) Materisls (MPa) {kPs) {MPs) {kPa) {m) Matarisle (MPa) (uPs) (MPa kPs kPs) /e
0.050  Asphelt Concrete 5431.0 - 5431.0 - s 0.050  Asphalt Concrete 5232.0 - 5232.0 - 1T 2.320 “s
0.250 .S. (thaved) 23.1 1.2y 26.1 145.%0 33 0.250  B.3.S. (thaved) 27.6 29.4 76,99 0.0 wPa 1.750 .33
0.300 .S. (frozen) 249.7 70.62 2.7 o1.71 .30 0.300 ® as.2 a2.4 46.52 10.0 KPa 1.820 .33
0.224 «S. (frozen) 208.5 41.5% 170.4 w.19 .30 0.224  H.5.8. (thaved) 42.3 39.2 122.34 4.0 xPa 1,750 33
0.700  W.B.S. 73.6 508.77 65.3 389.99 2.0 WPa 3 0.700  #.3.S. 63.3 56.8 406.37 1.5 ¥Pa 1.715 .33
1.526  Subgrade 1738 J =-68.46 1750 J,=~69.3% — 1.055 .35 1.524  Subgrade 1/5.4 J e-70.60 16,2 Je-llal - 1.085 .35
- Subgrade 200.0 - 200.0 - - 1,055 .35 - Subgrede 200.0 - 200.0 - - 1.05% 33
10 April 1980 (Day LO1)
22 March 1980 (Dey 82)
Plete Preesure (kPs): 247.0 3540
Plate Pressure (kP 197.0 352.0 T(°C)
el or
" W " I o . M Thickoess "r Jll'oc( .r JZ/'oct ’ Yd 3 Ye
Thickness ] 2" oce v 2 oct M 4, € () Materiale (Pa) (uPa) (s) (kPs)  (kPs) (Mg/m’)
(w) Materials (MPs) (kPa) (MPa) (kPa) (kPa) (Mg/m”)
0.U50  Asphalt Comcrste 5078.0 - 5078.0 .- 12.0° 2.320 45
0.050  Asphalt Concrete 8958.U - 8958.0 -- v 2.320 .y 0.250  K.3.5. (thawed) 5.8 57.80 1. 85,89 0.0 WPa 1./50 .33
0.250  K.B.S. (thawed) 18.4 87,17 0.9 89,02 0.0 WPa 1.651 33 0.300 H.5.S. (chawed) 33.3 38.92 N.e $2.55 7.0 WPs 1.780 3
U300 H.B.S. (thawed) U0 71,87 17,4 59.87 5.0 kPa 1.BOU 33 0.224  H.3.S. (thaved) 39.3 145.48 36.3 122.00 0.0 &Ps ).750 .33
0.226  H.B.S. (thaved) 45.0 171,09 9.2 126,73 2.0 kP 1050 33 0.700 H.B.S. 6.8 515.97 53.7 397.68 0.0 kP2 1.715 33
0.700 d, 62.6 603,41 5.0 400.28 1.0 WPa 1,715 +43 1,324 Subgrade 1/4.0 J =10.35 1768 ) =-71.25 -- 1.05% 3%
1.5  Subgra 1136 J=-69.57 175.2  J=-10.87 -~ 1.05% .35 - Subgrade 200.0 - 200.0 - - 1.033 .33
- Subgrade 200.0 - 200.0 -- -- 1.0%5 Bl
17 _April 1980 (Day 10
Plate Pressure (kPa 238.0 1.0
T(*c)
or
Thickness " T Yt 1yl Toce . A\ ) Ve
(@) Materisls (XPa) kPs) {kPa) (kPe) (Mg/m’)
0.050 Asphslt Concrete  AU28.U - - 15.0" 2,320 A5
0,250 HB.3.5, (thawed) 26.9 62,92 72.49 1.0 wPa 1./50 33
0.300 6.5.S. (thawed) sy 37.64 31.79 9.0 WPa 1.800 .33
0.224 H.8.S. (thawed) 4.6 182,12 120.53 4.0 kPs  1.780 33
0.700  W.B.S. Te.6 523.14 410,76 2.0 kP& 1.0%0 .53
1.526  Subgrede 11S.0 3 =-10.97 -l - 1.0%% .
- Subgrade 200.0 - -~ - 1.0%% 35
Notes: (1) Moduli, etresses, and strsins calculated by NELAPAV
2) M, = resilient modulus, "l = first strese invariant or bulk stress,
Jz = gsecond stress invariant, Toce © octahedral shear otress, ¢ » motfeture temsionm, 9q" dry unit weight, v * resilient Poisson’s ratio
o) M, and JZ/'oct are calculated at r=0 and center of respective layer
(4) N.B.S. refers to Hart Brothers samd (never frozenm except as noted)
(5) Negative normal stresses and strains sre compressive.
Tangoutial Strain o (r = 0, 5 = .05) sond Verticel Strafn g, (r =0, 8 = 1.524)
25 Yl 12 Mat 19 Mar 22 Mar 26 Mar 29 Mar 3 Apr 10 apr 17 Apr
-4 -4 -4 -4 -4 -4 -4 —4 oy
't“- presoure): 4.940%10  1.737x10  3.763x10  2.327x10  3.371x10  3.391x10 © 3.700x10 ~ 3.843x10  4.1%1xI0
- - -4 -4 - -
(Migh prossuse):  9.202x10°° 3.147x107 5,208x107* 4.0722107* 5.0122107* 4 se0mi0™ 5.083m0™ s 030m0™* s.676m07
o (10w prossure): -1.200u10 7131501071, 361mi0 ™4 1.330m107-1.336m107 -1 30810”13790 - Ldesmo ™ Lsesmio™
(high presewre): -1.36110 -1 42051074 1,435m107 41 0411071 . 47821074 -1 43421074-1 4012107441 436210741 L4a7m10”*
- - . o -~ o
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P
: Table D4a. Resilient moduli and supporting data calculated by NELAPAYV for Hyannis sand test section, 1979,
L1 Uctobar 1978 (Uay -bd) 23 April 1979 (Day 113)
J Plate Praveurs (kPa)y 8. [EEUROUR X TS N . Plate Pressure (kPa): 258.7 542.0
v T(*C)
J ur or
4 Thicknwey " Hol len L 4 en v I Thickness L3 LA . I/ tce ' g by
E Am)  Maverials  (WPa)  (kMe)  (MPa)  AkPa)  (WFa)  AMg/m) (m) Materisls (MPs) (kPs) (HPa) (kPa)  (kPa)  (wg/n’)

h ¢ 0,05  Apphalt Goncrete 1931 ,0 -~ 1531 - A0t 4o kin shu 0.050  Asphalt Concrete  936.0 - 9360 - 28,4° 2.320 .50
- 0.3% WK, (thaved) 62,2 su, v 89,0 75,40 Bl kba Lo By 0.250  H.S. (thawed) 64,5 68.64 70.6 9.62 6.0 kPa 1,670 .0
« QW0 He, (thawed) 83,0 549 ULy b O ALIE ST o 0,300 H.5, (thaved) $7.7 38.80 53.6 29,41 7.8 kPa  1.690 35

O, MU .8, (thawed) 2,3 147,41 1.6 93,00 Bt kba L o3 0.300 H.S. (thawed)} 76,7 131.99 70.9 97.95 6.0 kPa 1.670 .40
U200 Hod, (thaved) 100.3 o4, 73 w4 01,06 0.U WP Lalo o 0.200  W.S. (thaved) 94.0 285,40 81,9 185.40 6.0 kPa 1,670 0
0,828 now, 123.7 0,23 1035 Alugsl 0,0 kba Liolu ohu 0,424 H.S. 16,4 553,80 101, 376.34 6.0 kPa 1,670 40
1928 Subyrade 126,1 18,72 123 1bU,S) == 1ousy o 1.524  Subgrade 125.5 166,50 1235 158,96~ 1.055 .35

* - Rubprade 1,0 - Wu L - - [ L) 4 - Subgrade 200.0 _— 200,0 — — 1,055 35
* 12 Februsey 1979 (Day &3
-

7 Hay 1979 (Day 127)

‘., Plate Prensure (kPa)i 2137 547.% »

.l (') Plate Pressure (kPa): 268,3 539.3

«" uf LT

Cal Thickness e 32/ et " T v Y&, e o

—LJ-—.A__._LJ).__‘_L__‘_)_A_“"'" 1) N¥a, Pa) (hbe)  (Hyjm) Thickness e JZ/‘D:K K ’ /'nu ¢ L3

1 £ ! !‘

0,050  Asphalt Concrets 13138,0 - 13138,0 - 4o v (2) Haterials (HPa) (kPs) (HPa) ks (kPa) /' )

0.230  H.8. (frosen) 29993.9 - 29993.9 - 1,366 v 0.050  Asphalt C . a0 - Waro - a9t 2.320

0. 300 H.g. (fromen) 17648, = 174404 - Lae . 01250 H.A. (thaved) 633 7.8 100 9.9 5.0 k7a 1670 ab
+ 0300 . (trosen) 7.1 - a7l - joser L 0,300  H.5. (thaved) 0.4 49,71 8.9 45,01 6.8 kPs 1,670 a0
{ 8. .8, (trosen) 2.0 - 3.0 - e L3y 0.300  H.S. (thaved) 5.2 111.00 68.9 79.5% 7.4 kPa 1.690 3§
. 0424 s, 1807 Ja0k.b9 isl.o lee3.23 loso L 0,200  H.S. (thawed) 935 255.82 83,6 166,20 7.0 kPs 1.690 35
b 1,326 Subgrads 12,2 197,80 1230 157.49 1,088 .35 0626 WS N6l $92.70 017 392.06 7.0 kPe 1.630 s
. - Subgrade 200.0 - 0.0 - - t.uss 35 . el . . . N : . .
S 1,524  Subgrade 125.7  167.26 122.8 156,37 ~ 1,055 .35

. - Subgrade 200.0 - 200,0 - - 1.055 .35
< 7 March 1979 (Day 86) 29 May 1979 (Day 149)
< Plete Pressure (kPs): 261.4 566.6 Plate Pressure (kPa): 271.0 557.1

TC°C) 0o
or or
]
. Thicknase L 32/ %ocr " $2/ %0 * o, Thickness " 2/ ocr e Taltee ¥ Yo, M
. ) Materials (MPa) kPs MPs {kPa) (kPa) (My/m) (O} Materials {WPs) (kPs) _ (MPa) (kPa)  (kPa) (rg/m”)
-
. 0.050  Asphalt Concrete 7835.0 - 835,06 - 4.0 1,320 4 0.050 Asphalt Concrete  571.0 -- 571.0 — . 2,320 .50
. 0.250  H,5. (frozen) 21.0 - 2.0 -~ 0.0 1,308 " 0.250 H.S. (thawed) 62.3 67.95 68,9 99.52 4.0 kPa 1.670 40
N 0.300  W,S. (frosen) 21,0 - 1.0 - v.0* 1,366 .30 0.300 H.S. (thaved) 58.7 47.84 $6.9 42.63 6.0 kPa 1.670 40
& 0.300  W.S. (thawed) 9.0 125,67 73.6 96.01 8.0 WPa 1,690 .35 0.300 H.S. (thawed) 2.8 122.71 67.5 92.11 4.0 kPa 1.670 40
' 0,200 (thawed) 9%.1 249,87 84.2 159.9 8.0 WPe 1,690 35 0.200  H.S. (thewed) 89.5 267.58 80.3 156.80 4.0 kPa 1.670 40
y 0.424 . 115.9  $38.09 99.9 W06.09 8.0 kPa 1,090 .35 0,426  H.S. 1.0 605.48 22,0 163,44 4.0 kPa 1.670 V40
o 1,526 Subgrade 121.2 150.66 120.3 14767 — 1,085 .35 1,524  Subgrade 123.7 159.65 123.2 157.84  ~ 1.055 .35
S - Subgrade 200.0 - 200.0 - - 1,055 .35 - Subgrade 200.0 - 200.0 - -~ 1.055 435
12 March 1979 (Day 71) 24 July 1979 (Day 205)

. Plate Pressure (kPa): 271.0 512.1 Plate Pressure (kPs): 271.0 579.0
. o T("C)

or ot
. L3

A Thickness " 32 oce e 12/ %o M Ye Thicknees e I2 e My I Tee ¢ K

"I,' (m) Materials (MPs) (Ps) (HPa (ml (ml___"s( /o L_ (=) Materssls (MPa) {kPa) (Pa) (kPa)  (kPa) (¥g/m’)

; 0,050  Asphalt Concrete 7299.0 - 1299.0 - 2.320 40 0.050  Asphalt Concrete  416.0 - 416.0 - B 2.320 .50

- 0.100  u.s, (frozen) 21.0 - 21.0 - 1,366 -3 0.250  H.S. (thawed) 67.7  106.50 76.7 171.50 2.0 kPs 1,650 43
. 0.450 H,S5. (frozen) 1966.8 - 1966.8 - 1.366 .30 0.300  H.5. (thawed) 58,4 &ar.17 6.8 42,25 6.0 xPs 1.§70 .40
0.300  H.S. (frozen) 1085.1 - 1085.1 - 1.366 -3 0.300 H.S. (thawed) 75.9  107.8% 69,0 15,40 8.0 kPs 1.690 s

» 0.200  H.S. (frozen) 1.0 - 21.0 - 1,366 35 0.200 H.S. (thawed) 94,7 250.40 838 157.62 8.0 kPa 1.690 .35
0.426 .5, 144,89  1252.68 124.1 695.67 8.0 kPa 1890 .35 D.426  H,S. V18,4 SB1.76 102.0 331.56 8.0 kPa 1.6%0 .35

1.526  subgrade 122.4 154,81 122.4 155.13  — 1.05% -35 1.524  Subgrade 125.6 166,88 1235 159.10 — 1,058 .35

- - Subgrade 200.0 - 200.0 - - 1.055 .35 - Subgrade 200.0 - 200.0 - - 1.055 Bl

.

- 20 March 1979 (Day 79)

ot 27 Septeaber 1979 (Day 270)

4 Plate Preasure (kPa): 26,4 547.5 .

L4 T(°C) Plute Pressure (kPa): _ 280.6 596.8

« or T(*0)

P Thickness e 12/ T % 12/ Yee ¢ K N 1 “ e o v R

i (m) Materisls (MPa) (kPa) (MPa) __ (kPa) _ (kPa) (NMg/w) Thickness, e 2" %oct (] 2" Toct 4, v
= (=) Materials (MPa) (kPa) (MPs) (kPa) (kPa) _(Mg/w’)

0,950  Asphait Concrete  1976.0 - 1976.0 - 212 2.320 .50
0.250  H.S. (thawed) 67.6 92.40 78.0 158.79 4.0 kPs 1,670 &0 0.050  Asphalt Concrete  936.0 - 936.0 — 8.4 2,320 .50
‘ 0.300  H.5. (thaved) 72,5 106.57 8.4 143.80 6.0 kP 1,670 &0 0.250 S. (thaved) 68.6  110.85 7. 175,02 2.0 kPs 1.650 Kt
0,300 .S, (frozen) 1085.1 - 1085.1 - -0.2° 1,366 .30 0,300 H.S. (thawed) 6.8 4.3 $5.3 41,87 4.5 kPa 1.670 40
0,200  H.S5. (thaved) 103.6  351.06 93.1 233.90 8.0 kPa 1,69 .35 0,300 0.5, (thawed) IR TS KT 0.4 115.79 3,0 kPa 1,650 &3
0.426  u.s. 125.0 716,78 109.0 426,05 B8.U kPa 1,690 .35 0.200  H.S. (thawed) 2.6  229.74 92.6 145.85 8,0 kPs 1,690 .35
1,524 Subgrade 1229 156.73 123.4 156,62 - 1,055 .35 n.a2  H.S, (6.0 539,43 6.0 310.57 8.0 kPs 1.690 .35
- Subgrade 200.0 - 200.0 - - 1.uss .35 1,524 Subgrade 125.3 165,49 125,3 157,29 - 1,05 .35
- Subgrade 0.0 -- 00,0 - - 055 35
27 March 1979 (Day 86)
19 Bovember 1979 (Dey 323
" Plate Pressure (kPa): 261 .4 541.5
Lt T(*C) Plate Pressure (xPa): 2713.7 589.,9
or T(°C)
L] Il " J,/ 1] Y, M or
Thickness r 2" Toc 4 2 Toct d 5 * » 3.7 " i N Y
" tal P, «Pa WPa %Pa kPa)  (Mg/ 3 Thickoess r 2 3 2’ oct (] e

“~ . Hateriale . (k) = .) Materisls [ kPs MPy kPa kPa )

' 0.050  Asphalt Concrete  5945.0 - 5945.0 - 8.1° 2,320 .

. 0.250 n.;. (thawed) 63,5 82.15 3.1 124,25 4.0 kPa  |,670 .40 0,050 Asphalt Concrete €334.0 - 63340 - 1.2 2,320 40
. 0.300 H.5. (thawed) 61.8 64,08 60.8 60.11 4.4 WPa 1.670 40 0.250  K.5. (thewed) 3.8 53.42 5. 17.11 12.0 WP 1.710 38

“ 0.300  W.S. (thaved) 18,7 126,30 71.6 86.82 8.0 kPa 1.690 .35 0.300 (thaved) 67.7 52.15 64.3 42.97 12,0 ke 1.710 .35

. 0.200  H.S. (thaved) 97.2  275.89 86.0 173,60 8.0 KPR 1,690 .35 0.300  n.S. (thawed) 86.1 129.72 n.e 88.89 12.0 WPe 1.710 5]
*. 0.626¢  W.s. 120.6  625.43 1043 360.60 8.0 kPa 1.6%0 .35 0.200  M.S. (thawed) i01.8 283.65 8.5 174,36 10.0 kPs 1,690 .35

1,524  Sybgrad 125.8 167,51 1224 153,90 -~ 1.085 35 0.424 n,8. 121.5% 642,83 104.9% 362,79 8,0 xPa 1,690 .35
. grede . . . . . .
. o Subgrade 2000 i 200.0 i - 1085 s 1.524  Subgrade 126.2 168.97 123.1 157,55 — 1.088 .35
- Sudbgrade 200,0 - 200,0 - - 1,053 35
3 April 1979 (Day 93)
- Plate Pressure (kPa): 249.1 351.6
i T(°C) Notes: (1) Wodull, streesss, and strains cslculsted by MELAPAY
or
oY Ihick " I/ T L I3/ Thet v \ ue (2) M, = resilient sodilus, J; = firet stress luvariant or bulk stress,

- ‘; Gess etertale (era) ! ,.) () () (WPe)  (g/a’) I, = second stress invariant, 1oy = octahedrsl shear strees, ¢ = woisture
] tension, v4 = dry unit wight * resilient Poisson's ratio
‘e 0.050  Asphalt Concrete  6602.0 - #602,0 - 6.6° 2,320 40 ML ' W

Fe 0,250  H.5, (thawed) 63.1 80.25 na2 12509 4.0 ¥Pa 1,670 w
d 0.300 .S, (theved) 61.7 65,30 60.6 51.04 4.0 kPa 1,670 40 (3) M snd Jy/ 15¢r ate calculated st 0 and center of respective layer
"e 0,300  H.S. (thawed) 9.4 128.27 .7 86.94 8.0 kPs 1.690 ::

' 0,200  H.S. (thawed) 98,1 206.08 86,0 173.28 8.0 kPs 1,690 . &) H.S. refers to Hysnniesend (never frozen sxcept ss noted)

. 0.424 w5, 1219 650,87 106.2 359.18 8.0 kPa 1.690 .35 (&) H.S. refers to Hy v P!

1,526 Subgrade 125.9 168.09 122,1 153.82 - 1,055 .38
- Subgrade 200.0 -~ 200,0 - -— 1,055 .38 (5) Negative normsl stresses and strains are cowpressive.
B
.

> . Tangential Strein 13 (r =0, 2« .05) and Vartical Strain ¢, (r =0, ¢ = 1,524)

3 Oct 12 red 7 Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 7 May 29 May 2 Jul 27 Sept 19 Nov

e (1w pressured: 19552107 1.899x107 34612107 33630107 4.13010™ 2.637m107* 2.637m167* 501507 649521070 643107 6ussox10™ s.mtamio™t 2.510m1070

A
e -4 -6 ~4 -4 ) -4 -4 -3 -3 -3 -3 54 -4
R (high pressure): 4.625x10 ~ 3.648x10 ~ 7.510x10 ~ 7.100x10 = 7.983x10  5.308x10™" 3,178x10 @ 1.062x10 ~ 1.185x10 ° 1.212x10 ° 1.242x10 > 1.131x1d°  5.255210

¢ (Lov prassure)s ~1.793x10™-1,3372107*-1.824m10™- 1476210741 74221071 878010741 836107 1.901m1074-1.9072107 -1.922x10"*-1.910x10™ ~1.994x107* -1.886m10"*
-4 ) ~4 -4 -4 -4 ) -4 -4 -4 -4 -4 -4
(high pressure): -2.336x10 "~1.415x10 -2.436x10 =1.679%10 £2.153x10 =2.335%10" =2,361%10 ~2.443x10 =2.383x10" ' -2.499x10 ~2.476x10 " =2.456x10 & -2.390x10

A
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Table D4b. Resilient moduli and supporting data calculated by NELAPAYV for Hyannis sand test section, 1980.

25 February 1980 (Da! 56)

29 March 1980 ( y 89)

Plate Prossuce (kPa) 213 A 550 Plate Pressure (kPa) 255 499
Ti'c) T®c)
or or
Rl A L I/ ] ¥ u L I/ L] I/t v Y u
Thickness r 7 oct T 2" act d 4 Thickness T 2 oct r 2" oct dl r
() Matecials  (MPa) (kPa) (MPa) (kPa) (kPa) _ (Hg/w) =) Matecials _ (MFa) (kPa) (MPa) (kPa) _ (kPa)  (Mg/m )
0,05 Asphalt Concrete 1377.0 -- 13770 - 7.0°  2.320 .40 0.050 Asphalt Concrete $350.0 - $350.0 -- 1.3 2,320 e
0.250 H.S. (frozea) 1996.8 -~ 1996.8 - -0.6" 136630 0.2%0 H.5. {thawed) 61,5 73.01 0.8 110.12 4.0 kPa 1.670 .40
1300 H.S. (thaved) 68.9 130.30 67.6 121.67 0.0 kPa 1.650 .43% 0.300 H.S. (thewed) $9.5 50.47 59.5 50.39 6.0 kPa 1.670 .40
0,300 H.S. (thawed} 92.4  227.89 83.4 15%6.83 8.0 WPa 1.690 .33 0.300 H.S. (thawed) 2.2 155.89 68 .4 127,22 0.0 kPs 1.65%C .45
.82 H.S. 128.0 775.03 1.3 460.29  B.0 kPa 1.690 .33 0.626 W.S. 9.4 923.94 8.0 4.22 0.0 kPa 1.650 .43
1.526  Subgrede 125.6 166.77 126.6 16295 1.055 15 1.524  Subgrade 126.7 163.51 123.0 157.19 - 1,085 .33
Subgrade 200.0 -~ 200.0 -- - 1.055 3% Subgrade 200.0 -- 200.0 -- -- 1,055 3%
12 March 1980 (Day 72) 3 April 1980 (Day 94)
Plate Pressure (kPa): 240 560 Plate Pressure (kPs): 268 466
T(*C) LI8]
or or
L] 3.0t L3 J. it * Y u L] PR} ] FINAL v ¥ M
Thickness r 2" act 4 2" Toct ¢ [ Thickness r 2 act r 2 Tact d 13
) Materisls _ (MPa) (kPa) (nPa) (kPa) (kPs) _(Mg/w') (») Materiale  (MPa) (kPa) (MPa) (kPa) (kPa) _ (Mg/w)
0.050 Asphalt Concrete B8190.0 -- 8190.0 - 5.6° 2,320 .40 0.050 Asphalt Concrete 2388.0 -- 2788.0 -- 2. 2.0 S0
0.250 H.5. (thewed) 8.6 297.17 104.8 640.12 0.0 kPa 1.366 .45 0.250 H.S. (thawed) 62.1 67.0% 67.9 9.07 4.0 kPa 1.670 .40
9.300 W5 (frozen) 1996.8 -- 1995.8 0.4* 1.366 .30 6.300 H.S. (thaved) 58.) 69.22 8.2 68.76 0.0 ¥Pa 1.650 .45
0.300 H.S. (thaved) 81.8  273.98 8.3 211,40 0.0 KPs 1.366 .65 U.300 H.S. (thaved) n.s 150.56 67.3 119 39 0.0 WPe 1.6% a5
0.626 H.S. 1195 602.47 102.5 368.03 8.0 kPa 1.690 .33 0.626 H.S. 99.3  $21.8) 88.7 30.45 0.0 kPa 1.650 .45
1.526  Subgrade 122.7 15656 121.3 151.23 - 1.055 .35 1.52¢  Subgrade 124.8 163,58 123.8 157.08 -- 1 oss 3
«  Subgrade 200.0 -- 200.0 -- -~ 1.05% .33 «  Subgrade 200.0 - 200.0 - - 1055 .38
19 March 1980 (Bay 793 A0 Aprii 1980 (Day 101)
Plate Pressure (kPa): 397 552 Plate Pressure (WPs) 226 415
L{R] Ty
or ar
" It ] 10 . Y 1 " 3l " 3 v ¥ v
Thickness (4 2 oct L3 2 oct d 4 Thickness T 2 oct T 2 oct q r
(@) Materisls (wPa) (kPa) (MPa) (kPa) (kPe) (Mg/ud) (m) Haterials (MPa) (hPa) (MPa) (uPa) (kPa) _ (ug/w')
N.050 Asohalt Concrete SU16.0 -- 5116.0 - 11.9° 2,320 .S 0.050 Asphalt Concrete 4747.0 -- “7%7.0 -- 12.9° 1120 4%
6.250- R.S. (thaved) 6.8 196 .69 82.2 255.26 0.0 kPa 1.650 .43 0.250 H.S. (thawed) 5.0  104.72 2.8 158 63 0.0 WPa 1.650 43
9.300 H.S. (thaved) 2.2 118.94 7%.9 136.67 4.0 kPa 1.670 .40 0.300 H.S. (thawed) 59.1 12.78 $3.9 St.63 0.0 kPa ! 650 .43
0.300 H.S. (trozea) 589.7 - 389.7 - -0.t° 1.366 30 0.300 H.S. (thawed) 5.1 181,18 680 11646 0.0 WPa 1650 4%
0.626 H.S. 106.0  383.79 100.1 310.52 8.0 kPa 1.690 .35 0.624 H.S. 104.7  636.69 98.1 364.95 0.0 kPa 1.650 .45
1.924  Subgrade 123.6 159.31 122.8 156,28 = 1.055 .35 1.526  Subgrade 126.9 166.1) 122.9 156 .94 - 108y 3y
e Subgrade 200.0 - 200.0 - - 1.055 .35 «  Subgrade 200.0 -- 200.0 -- 105 18
£ Manun LvAd ey 200 17 April 1980 (Dey 108)
Plate Prossirs fkbal i9b 516 Plate Pressure (kPa) 221 [31]
Tete) Tch
ar or
Ll 1,7 “ Joir v ¥ M " FONRY ] VAL 1] Al M
Phie ks . Tt r 2 oct a4 r Thickness 4 7 oct . 1 oct d‘ r
{m Materials (vra) (Pa) (MPa) («Pa) (kPa) _ (Mg/a') {a] Mateciats (wpal (ePal (wPal {sPal (epal  (wgim §
0.050  Asphalt Convrete H998.0 -- 3958.0 - 4t 2310 .40 0.050 Asphalt Concrate 158).0 -- 1%83.0 - 27.6" 2.320 .50
0.250 H.S. (thaved) £5.9 9. 14 76.6 170,46 2.0 WPa 1.650 .45 0.250 H.S. (thawed) 62.0 $8.92 8.0 83.70 6.0 kPa 1.670 .40
U300 H.S. (thawed) £0.2 59.77 59.7 $7.98 4.0 WPs 1.670 .40 0.300 H.S. (thewed) s1.9 81,53 $7.6 66.08 0.0 kPa 1.650 .45
0.100 K.S. Crthawed) 5.0 180,02 61.8 122.93 0.0 wPa 1.650 .45 0.300 H.S. (thawed) 2.1 1%6.22 67.3 119.66 0.0 kPa 1.650 .45
0.626 .S, 1050 w¥X.02 88 .1 22110 6.0 kPa 1.670 .40 0.626 W.S. 101.6  364.79 89.4 350.41 0.0 kPa 1,650 .45
1.526  Subgrade 1252 165.29 122.7 155.99 -- 1.0%% 35 1.526 Subgrade 1237 159.6) 122.4 154.93 - 1055 .35
e  Subgrade 200.0 -- 700.0 -- -- 1.0 .35 e  Subgrede 200.0 -- 200.0 - - 1,055 .35
26 March 1980 (Day 86)
Plate Pressure (kPa) 244 «87 * Notes: (1) Modull, stresses. and strains ralrulated by NELAPAV
T
or (2) M, = vestlient modulus, I, <« first stress lovariant or bulk stress,
hickne ", T2 e ", 12 er ¢ Ys v 5, = serond stress invarisnt, ¢ = Soisture tension, yg = dry uslt veight,
tckness
{n) Matecrials {(MPa) (uPa) (MPa) (kPa) (kPa) _ (mMg/w®) ue = Tesilient Poisson's cstio
0.050 Asphalt Concrrte 5595.0 -- 5595.0 -- 10.7° 1.370 .45 (3) My and ), are calrulated at r=0 and renter of respeciive layer
0.250 H.S. (thawed} 63.8 71.89 1.4 105.96 6.0 kPa 1.670 .40
0.300 H.S. (thaved) 61.4 $7.43 59.8 S1.46 6.0 WPa 1.670 .40 (4) H.S. reters to Hyannis eand
0.300 R.S. (frozen) n.a 16%.27 68.8 129.97 0.0 kPa 1.366 .35
0.626 H.S. 106.7  485.03 92.0 297.48 4.0 kPa 1.670 .40 (3] 1t ® Ortahedral shear stress (&Fa)
1.524 Subgrade 1261 161.1 1221 156.59 -- 1.055 3%
e Subgrade 200.0 -- 200.0 -- -~ 1.0%% .38 (6) Negative normel stresses and straina are compressive

Tangential Strain eq (r =0, 2z« .05) snd Vertical Strain ¢y (r = 0, ¢ = 1,524)

25 Fred

12 Mar

19 Mar

22 Mar

26 Mar 29 Mar

3 Apr 10 _Apr 17 Apr

- -4 - -4 = - - - -
:'(lov prdssure): 7.302x10 6 1.580x10 ~ 3.940x10 ‘ 1.601x10 ~ 2,516x10 ‘ 2.744x10 ‘ 3.892x210 4 2.575x10 ‘ 4.082x10 ‘

(high pressure):

1.6392107

3.386x10™" 5.310210™* 4.027x107* 4.8522107* 5.138x107" 6.9852107* 5.209m10™* 7.670m10"

- -4 - - — -
¢ (lov prassure): -1.658210"*-1.6192107 -1 .982210™-1.781x10"*~1.8268x10™-1 . 902x10™*-1 8982107 1 .sasx10 ™1 03am10™

(high pressure): -1.918x107%-1.9712107%-2.2032107-2.4022107*-2. 27521072, 3602107 -2 . 336210 7%-2.330x10"*-2 . 249210~
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Table DSa. Resilient moduli and supporting data calculated by NELAPAY for dense-graded stone test section, 1979. 23
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31 Octaber 1978 (Day 63) 43 April 1979 (Day (1)
Plate Pressure (nPa) 259 547 Plate Pressure (kPa) 253 554 !
T 1o -
L] ’ L] J LJ 3,/ " 2
Ihickoess r 12 0t . 2"Voct M P Yo hickness 4 2" Toct e 2/ 0ct v Ta ¥y e
(a Materials  (MPa) (kPa) (Pa) (kPa) __ (kPa) _(Mg/e’) (o) Haterials _ (MPa) (kPa) (Ps) (kPa)  (xPa) (ng/e?) >
o
0.050 it Concrete 6349.0 - 6349.0 - 7.2" 1.320 .40 0.050 Asphalt Concrete 782.0 -- 782.0 -- 30.0° 1.320 .50 ." *, Q
0.250 (thaved)  100.8 83.09 107.3 131.82  10.0 WPa 2.100 .40 0.250 D.G.S. (thawed) 90.8 67.31 96.9 108.43 6.0 kPa 1.970 .40 v
0.300 . (thaved) 97,2 63.66 9.8 52,93 10.0 kPa 2.100 .40 0.300 0.G.S. (thaved) 81.2 49.81 8.5 39.78 6.0 kPs 1.970 .40 $-_ 4
0.300 . (thawed) 103.7 1787 98.3 121.08 6.0 xPa 1.970 .40 0.300 D.G.S. (thawed) 9 .0 190.69 90.4 16).87 0.0 uPs 1.970 .45 -
0.300 . (thawed) 1181 464.47 109.9 273,60 6.0 kPa 1.970 .40 0.300 D0.G.S. (thawed)  125.1  408.40 116.2 236.72  10.0 kPa 2.100 .40
0.324 132.8  1102.40 122.4 604.58 6.0 kPa 1.970 .40 0.326 D.G.S. 161.5 101043 129.9 536.97  10.0 WPa 2.100 .40 .
1.524  Subgrade 130.3 185.12 128.0 175.81 -- 1.05% .33 1.524  Subgrade 132.3 193.42 130.3 185.05 -- 1,055 .3%
e Subgrade 200.0 - 200.0 - -- 1.055 .35 = Subgrade 200.0 - 200.0 - -- 1.055 .35 8,
12 February 1979 (Day 43) 7_May 1979 (Day 127) AN
L)
Plate Pressure (kPa) 264 554 Plate Pressure (kPa): 264 556 ,‘-\.
(*c) T0"c) 2
or or :.\,
n 1/ [ I ’ Y u " LN x It * Y M .
thickaess 4 2" “oct 3 2" oct 4 r Thickness v 2" Toct 4 2" oct 4 4 &
(a) Materials (MPa) (kPa) (MPa) {xPa) (kPa)  (Mg/w') (m) Materials (MPa) (kPa} (MPa) (kPa) (kPa)  (ng/e) .
0.090 Asphalt Concrete 14382.0 -~ 16382.0 - 1.7 2.320 .30 0.050 Asphalt Concrete 421.0 - 421.0 - 35.2° 2,320 .%0 r
0.250 D.C.S. (frozen) 32664.0 -- 32664 .0 - -6.5°  1.800 .30 0.250 D.G.S. (thawed) 95.5 56.04 101.5 87.54 10.0 kPs 2.100 .40
0.300 D.G.S. (frozen) 12543.0 - 12543.0 - -2.0° 1,800 .30 0.300 D.G.S. (thawed) 82.1 70.62 82.0 70.09 0.0 kPa 1.970 .43
0.300 D.G.S. {fcozen) 3395.0 -- 3195.0 -- -0.64"  1.800 .30 0.300 D.C.S. (thawed) 93.6  184.96 90.2 168,73 0.0 kPe 1.970 .45
0.300 D.G.S. (frozen) 1101.0 - 1101.0 - 01" 1.800 .30 0.300 D.G.S. {thawed)  124.5  393.72 6.1 235.12 10.0 kPa 2.100 .40
0.326 D.G.S. 159.2  4190.89 145.8 2192.83 6.0 kPa 1.970 .40 0.324 0.G.S. 140.8  972.02 129.8 534.59  10.0 kPa 2.100 .40
1.524  Subgrade 1304 185.71 129.9 183.56 - 1,055 .38 1,524 Subgrade 132.6 194,48 130.6 186.17 - 1.055 .35
= Subgrade 200.0 - 200.0 - - 1,055 .33 = Subgrade 200.0 - 200.0 - - 1,055 .35
7 March 1979 (Day 66) 29 May 1979 (Day 149)
Plate Pressure (kPa): 268 572 Plate Pressure (KPa): 239 563
L J& ‘e
or or
Thick ", 12 % er " RTAP ’ Y4 Ve Thickness " 2 %oce " AP ’ e Yr
1ckness .
(m) Materials  (#Ps) (kPa) (MPa) (kPa)  (wra)  (ng/ad) {s Materisle  (MPa) (kPa) (MPa) (kpe)  (hPa)  (ng/w')
0.050 Asphalt Concrete 7589.0 - 7589.0 - 4.5 2.320 .40 0.050 Asphalt Concrete 550.0 - 550.0 -- 33.0° 2.320 .50
0.250 D.G.S. (thawed) 89.0 127.95 95.8 219.58 0.0 Wa 1.970 .45 0.250 D.G.S. (thaved) 9.6 66.91 96.7 107.23 6.0 wPa 1.970 .40
0.306 0.C.S. {thaved) 83.0 26.47 82.8 75.25 0.0 kPs 1.970 .45 0.300 D.G.S. (thaved) 85.9 51.16 83.7 42.52 5.0 kPa 1.970 .40
0.300 D.G.S. {thawed) 92.8 174.72 89.0 127.67 0.0 kPs 1.970 .45 0.300 D.C.S. (cthaved) 9.5 182.73 9.8 137.63 1.0 xPa {.970 .45
0.300 D.G.S. (thawed) 10%.6 849 .63 9.0 280.26 0.0 kPa 1.970 .45 0.300 D.C.8. (thawed) 126.8 400.18 116.0 233.67 0.0 kPa 2.100 .&0
0.324 D.G.S. 129.7 926.27 i19.6 $10.45 6.0 kPa 1.970 .40 0.32 D0.G.8. 141.1 990.11 129.6 $29.66  10.0 kPs 2.100 .40
1.526 Subgrade 1381 188.31 127.9 175.43 - 1.055 .35 1.524 Subgrade 132.3 193.26 130.2 184 .85 - L.055 .35
®  Subgrade 200.0 - 200.0 - - 1.05% 3% @  Subgrade 200.0 - 200.0 - - 1,055 .33
12 March 1979 (pay 71) 2 July 1979 (Dey 206)
i &
Plate Pressure (xPa): 214 s78 » Plate Pressure (kPe) L. 382 0o
‘l"c) or
n 1/ " i N Y v . " T2 % get Moo e * \ Yy
Thickaess N [ : 1ot ‘ f ™ i oea) (kPe) (ma) (rs) __ (xre) _ (ng/e)
(a)  Matgrisls___(Pw) (xre) (s} (re) _ (xra)  (ngla)) = Natecisle (% L LL Ma) (xPe) (Hg/
0.050 Asphalt Covcrete 7251.0 - 151.0 ~-  5.2° 230 .0 Al Concrate S sl s o e i a
0.250 D.G.S. (thawed) 891 129.48 95.9 220,91 0.0 kPa 1.970 .4S : oel . : : : . : N
0.300 D.C.S. (thewed) 8.7 52.10 85.7 43.99 6.0 kPe 1.970 .40
0.300 D.G.S. (thawed) 82.9 75.84 02.7 74.81 0.0 kPa 1,970 .43
0.300 D.G.S. (theved)  100.2  182.02 96.6 139.03 4.0 ¥Pa 1.970 .43
0.300 D.G.5. (thawed) 92.7  1712.32 88.9 126.88 0.0 kPa 1.970 .48
0300 D.C.§. (thaved) 053 ae1.10 i 0.300 D.C.S. (thawed)  126.3  1393.29 116.0 234.24  10.0 WPa 2.100 .40
: -6.8. (thave 105. : : 278,31 0.0 xFa 1.970 .45 0.324 D.G.S. 160.6  962.30 12905 $25.21  10.0 kPe 2.100 .&0
0.324 D.G.8. 129.4 19.5 306.27 6.0 WPs 1.870 .40 z
1.524  Subgrade 132.6  194.43 130.5 105.94 - .05 .33
1.524  Subgrade 131.0 128.9 179.69 - 1.055 .35 2 ubgrade 2000 Y 2000 iy = Loss 38
= Subgrede 200.0 200.0 - - 1.055 .33 : . . .
20 Merch 1979 (Day 79) 27_September 1979 (Day 270)
£0 Narch 577 ‘day 7))
Plate Presoure (KPa): 261 360 Plete Precoure (kPa): L1 397 e
.
t:(nC) or
[ ENES L] I/ * Y ¥
hickaens ll' JI/I“: u' lev“‘ * Yq L Thickness 13 2" “oct L3 2" oct B} d', r
(@) . Materiale __(wra) (&re) (s (ra) __ (kra) _ (Mg/w’) {a) __ Materisls (@a) {ura) (@a) (are) (kre) (yjw)
0.0 Asphalt Concrete 2034.0 - 20%.0 -~ 0.8 2.0 .%0 e Auhalr Cmcrete T 1360 003l e e aw ®
0.2%0 D.G.S. (thaved) 7.9  117.24 [ 201.96 0.0 kPa 1.970 .45 0300 D.C.S. m“"‘) oo 53 62 A e 5.0 are 1970 40
0.300 D0.G.S. (thawed) 8.3 67.03 8.1 64.37 . 0.0 kPs 1.970 .43 : +6.8. (thawed N i . - . . '
9,300 D.C.S. (theeed) 9217 165.65 83 120.58 0.0 sPe 1.970 43 0.300 D.G.5. (thawed)  100.3  183.07 9.6 138.51 4.0 WPs 1.970 .43
0.300 D.C.S. (theeed)  105.3 #4059 987 273033 0.0 kPs 1.970 .45 0.300 D.C.S. (thewed)  126.6  395.48 115.9 233.43  10.0 kPe 2.100 .40
0.124 D.G.S. 1297 923.81 193 506,92 6.0 kPa 1.970 .40 e uor Mea 1 100 Are 2 e
1.526  Subgrede 131.1 18839 129.0 179.84 - 1.088 .33 2 erede 200°0 o 200.0 - 1oss (38
e Subgrade 200.0 - 200.0 - - 1.055 .33 s : ! : :
27 Warch 1979 (Day 86) 19 November 1979 (Day 323)
Plate Pressure (kPa) 261 a7 Plate Pressure (kPa): 4 397 .
o T*c)
or " 3 / ; or
3 " T N J I Al v
Thichnese " 2 Yoce 3 Jll'oc; ¢ Ya Ve Thickness * T oct ’ T et ¢ ¢
) Wateriale___(MPa) (xpa) (ra) (ra) _ (wpa)  (ng/wd) (a) Matecials (#Pa) {kPa) ,-D] (kPa)__ (wPe) (ng/iwd)
. 0.050 Asphalt Concrete 5610.0 - $612.0 - 89" 2.20 .48
0.0% \ r. -- 1997.0 - . . .
0030 Ampnalt Concrete 0 il A nis et el iae e 0.250 5.G.S. (thawed)  99.9  78.2) 106.6 125,49 10.0 WPa 2.100 .40
: : : ' : : : . ' 0.300 D.G.S. (thawed) 0.3 62.63 86.6 S4.27 5.0 kPe 1.970 .40
0.300 D.C.5. (thawed) 82.7 .45 2. 7272 0.0 wPa 1.970 .43
0100 0.G.S. (thaved) 2 s 89.0 120018 0.0 kPa 1.970 .43 0.300 D.G.S. (thawed)  101.2 196,06 9.2 1643.69 4.0 Pa 1.970 .43
0300 DS (thawed) 1058  456.78 293 28640 0.0 kPa 1.970 A 0.300 D.G.S. (thewed)  125.6  4&15.75 116.6 242.65  10.0 kPs 2.100 .40
0126 D.GS. 1301 9%8.92 120.1 52795 6.0 kPe 1.970 .40 0.32 D.C.S, 141.4 1003.94 129.9 $38.98  10.0 wPa 2.100 .40
1,526 Subgrede 112 188.60 129.2 180.11 - 1.055 .38 1.526  Subgrade 132.6  194.62 130.5 186.06 -- 1055 .38
o Subgrade 200.0 -- 200.0 - - 1,038 .38 ®  Subgrade 200.0 - 200.0 - - 1,035 .35
3 AEHI 1979 (Dl! 93)
Piate Pressure (kPal 29 553 .
LIEr ® Notes: (1) Modull, stresses, and straine calrulated by MELAPAV
or
nr le'oﬂ n' Jl“oﬂ [] Ya Ve (2) M, = resilient modulus, J) = firet stress inveriant or bulk stress,
Thicke
iy Watersale  Oma) (xPa) (MPs) (hPa)  (xPa) (Mg/e®) 4; = second atress invarisnt, ¢ ~ wolsture tension, ygq = dry unit weight,
Uy ® resilient Palsson's ratio
0.0% Asphalt Concrete $177.0 -- $1717.0 - 8.%" 2.320 .4
0.2% 1.6.S. {thawed) 98.0 67,2 104.5 108.58  10.0 kPs 2,100 .40 (1) A, and J| are calrulated st r=0 and renter of respective layer
0100 D.G.S. C(chaved) 8.9 82.84 8.7 81.45 0.0 kPa 1.970 .43
0.300 D.G.5, {thewed) 95.0  206.1% 91.0 151,46 0.0 kPa 1.970 .45 (4) D.G.5. refers to dense-graded stone
0.300 0.G.S. (thaved)  126.2  434.00 6.9 27.49 10,0 kPs 2.100 .40
0.32 0.0.8. 162.4  1058.80 130.3 $36.29  10.0 WPa 2.100 .40 (3) 19 * ortahedral shear stress (kPa)
V.92 Subgrade 132,17 195.13 130.7 186 .63 -- 1,055 .35
o Subgrade 200.0 -- 100.0 - -- 1,085 .33 (b) Negative normsl stresses and straine are compressive
Tengentisl Strain (=0 .03) and Vertical Strain ¢y (r = 0, x = 1.524)
31 Oct 12 red 1 Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 7 May 29 May 24 Jul 27 Sept 19 Wov
-4 -6 - -4 -4 4 - - -
¢, (low preseure): 2.082x10 -1.880x10 ~ 2.126x10 ~ 3.378x10 1.110!!0.‘ 2.7051210 1.“’!‘0-‘ 4,153210 ~ &.343x10 6.61&[10_‘ 4.323210 4.287x10 2.0710 ¢
t pr
-4 -
{high pressure): 4.292z10 -!.“‘llo-‘ A.lll)llo.‘ 7.!17!!0.‘ 6.5”:10.‘ 3.409210 h.”lllo" I.SQOIIO* 0.547x10 9.006!!0* I.A”llo-‘ ../})l“‘)‘ A.m-\o"‘
-4 -
t'(lu presoure): -1.978x10 'l.5.’!10"1.“1!!0-‘-2.0l’llo-‘-l.0!1!]0‘-1.02'!!0 -1.0231!0*-2.025!!0“4.0‘!!]0 -2.0)6!10.‘-1.071120" -1.07lll0-‘ -1.033!10*
-4 -4 -4 ~&
(high preseure): -2.427210 %-1.673210™-2.5972107%-2. 503210 2. 594x10™-2. 536210 -2 530210 7*-2 348210 -2 501210™ -2.3¢52107%-2. 6120107 -2.619210™ -2.3830107*
- PRI NI o "W P L PN P P N n & - P I TP R o . e . -~ -~ - e - - -
T A AT v S A A A G S A S S A DA NS G SRR WO A O SRR SR L A R O SR )




" Table D5b. Resilient moduli and supporting data calculated by NELAPAY for dense-graded stone test section, 1980.
g
I:<
f
~
LY
o~ 25 February 1980 (Day 56} 29 March 1980 (Day 89)
= Plate Pressurs (kP 218 569 Plate Pressure (kPa) 255 470
Tc) <o
or or
. v 327 % aee " 2/ oee v i Ve e 32/ Toee L LA v \0) e
Thickness Thickness
.~ (w) Materials (ePa) {kPa) (MPa) (kPa) (kPa) _(ng/a’) (m) Materisls {(MPa) (kPa) (MPa) (xPa) (ara)  (wg/et)
s
P\ " 0.050 Asphale Concrete $372.0 - $3712.0 -- 1.3 2.320 .45 0.050 Asphalt Concrete $310.0 - $310.0 ~- .6 2.320 4%
- 0.250 D.G.S. (thawed)  101.6  246.13 110.9 611.57 0.0 kPa 1.970 .45 0.250 D.G.S. {thaved) 9.6 81.08 96.3 119.22 5.0 kPa 1.970 .40
IS 0.300 0.G.S. (frozen) 193.0 - 193 .3 .- -0.2° 1.800 .30 0.300 D.G.5. (thawed) 89 .4 68.49 88.3 62.93 5.0 xPa 1.970 .40
o~ 0.250 0.C.S. (frozen) 1101.0 - 1101.0 - 01" 1.800 .30 0.250 0.G.5. (chawed)  112.1 136.39 106.6 9 .43  12.0 kPa 2.100 .35
~' 0.100 D.G.S. (frozen) 1101.0 -- 1101.0 -~ -0.1"  1.800 .30 0.100 D.G.S. (thawed)  119.6  290.23 1.1 194,88 10.0 «Pe 2.100 .40
. 0.57 D.G.5. 145.6  1224.90 13.7 704.44  10.0 kPs 2.100 .40 0.5% D.C.5. 127,10 798.47 119.0 492.01 6.0 kPa 1.970 .40
N 1.524  Subgrade 130.8 186 .99 131.0 188.07 - 1.05% .35 1.524  Subgrede 132.0 192.22 130.7 186.55 - 1.085 .35
A - Subgrade 200.0 - 200.0 -- -- 1.05% .35 - Subgrade 200.0 - 200.0 -- -- 1.0%% .38
12 March 1980 (Day 72) 3 April 1980 {Day 94)
.‘
" Plate Pressure (kPa): 260 525 N Plate Pressure (kPa) 250 -
-\' e [SREW
A oe "
P L} J It L EINA ] \] b
2 4 M /1 " LT 3 ¥ »
* Thickness N T oct N ot 3 4 Thickness (4 2 et r T +t 3
) {a) Meterials  (WPa) {kPa) (WPa) (kPa) (kPa) (Wg/w') tm) Hasterisls  (WPa) («Pa) tMPa) (hPal  (xPal  (mgm's
-
-I': 0.050 Asphalt Concrete 4819.0 - 4819.0 - 12.° 2.320 .45 0.050 Asphalt Concrete 1415.0 -- 1415.0 -- 9.1t 7120 S0
e’ 0.230 0.G.$. (chawed) 8.5 132.91 97.4 2469.11 0.0 kPa 1.800 .45 0.250 D.G.S. {thawed) 90.0 72.08 9% .9 10630 5.0 kPa 1,970 w0
= 0.300 D.G.S. (thaved) 90.5 164 .98 9.8 203.80 0.0 kPa 1,800 .45 0.300 0.G.S. (thawed) 87.8 50.20 86.5 53.81 5.0 xPa 1,970 40
0.250 0.G.$. (frosea) 1101.0 -- 1101.0 o= -1 1.800 .30 0.250 0.6.5. (thawed) 108.8 126.95 103.4 8713 110 «Pa 2.i00 )5
0.100 D.G.S. (thewed) 107.5 513.53 102.9 372.36 0.0 kPa 1.800 .45 0.100 D.G.S. (thaved) 1o.? 289 .90 1051 LY 6.0 WPe 1 970 40
0.%74 0.G.S. 137.6 82t.27 127.3 463.59  10.0 wPs 2.100 .40 0.57% D0.G. 126.3 162.71 ns. 46t .6l 6.0 kPa | 970 40
1.524 Subgrade 130.6 186.41 128.9 179.45 - 1,055 .35 1.524 Subgrade 131.9 191 .44 130.4 185 .5 -- 1055 39
=  Subgrade 200.0 - 200.0 -- -- 1.055 .35 =  Subgrade 200.0 - 200.0 - -- 1055 .38
19 March 1980 (pay 79) 10 April 1980 (Day 101)
Plate Pressure (kPa}: 369 523 Plate Pressure (kPa): 241 4«91
o o
or or
L] 3/t L] 1/t L] Y [ M EE] L] Jor v Y 3
Thickneas (4 2" ‘oct v 2" oct 4 4 Thickness 4 2" Toct 4 27 oct 4 r
(=) Materiale (Pa) {(xPa) (MPs) (kPa) (kPa) (3/-’) {m) Materials (#Ps) (kPa) (MPe) (kPa) (kPa)  (ug/a’)
0.050 Asphalt Concrece 2651.0 - 2651.0 - 20.8"  1.320 .50 0.050 Asphalt Concrete 4573.0 -- 4573.0 -- 13.6°  2.320 .43
< 0.250 0.C.8. (thawed) 93.4  182.82 9.7 235.14 0.0 WPa 1.970 .45 0.250 D.G.5. (thaved) 98.5  270.4k 104.2 407.49 0.0 kPa 1.970 .45
‘J 0.300 D.G.S. (thawed) 81.6 67.48 81.9 69.72 0.0 kPa 1.970 .43 0.300 D.G.S. (thawed) (TR 63.31 86.8 $5.55 5.0 kPa 1.970 .40
\- 0.250 D.G.S. (fromen) 1934.0 -~ 1934.0 - -0.2°  1.800 .30 0.250 D.G.S. (thaved)  106.3  152.61 100.6 101,67 8.5 xPa L.970 .40
\J 0.100 D.G.S. (froten) 1101.0 -- 1101.0 - -0.1°  1.800 .30 0.100 D.G.S. (cthewed)  102.0  196.96 9.6 106.29 6.0 kPa 1.970 .40
< 0.3% D.G.S. 137.0  795.37 132.7 628.52  10.0 kPs 2.100 .40 0.574 D.G.S. 116.0  406.53 1077 236.49 6.0 kPa 1.970 .40
"-J 1.526  Subgrade 1317 190.76 1311 188.32 -- 1,055 .3% 1.524  Subgrade 131 191.78 130.2 184 .88 -- 1,058 .33
-~ ®  Subgrade 200.0 -- 200.0 - -- 1.055 .35 «  Subgrade 200.0 - 200.0 -- -- 1,085 .35
-
~ .
N 22 March 1930 (Day 82) L7 April 1980 (Day 108)
. Plate Prosaurs (xPa) 201 419 . Plate Pressure (kPa): 239 431 o
¢y
or / or
] ER) " L) . v v
S e " e R AP \ Ve Thickaess N 2 Coct v 2 oct 4 r
ickness .
- (- Matecisis  (HPa) (xPa) (XPa) (cPa)  (kPa)  (ngrel) (w) Materiale  (MPs) (xpa) Oea) (kPa) _ (kPa)  (ng/e')
.
" 0.050 Asphalt Concrete 8958.0 -- 8958.0 - sat 2320 .40 0.050 Asphalt Concrete 1798.0 - 1798.0 T e 23200 0%
» 0.25% 0.6.5. (thawed) 8.6 4.3 954 213,25 0.0 xPs 1.970 .45 0.250 0.6.8. (cheved) st.o  es.2l 95.8 99.83 6.0 WPe 1.970 .40
-\ . e 0.300 D.G.S. (thewed) 8.5 58.90 86.0 S1.627 5.0 ke 1.970 .40
. 0.300 9.G.5. (chaved) 4.5 72.83 8.0 63.05 4.0 ¥Pa 1.970 .40
"~ 0.250 0.G.5. (thawed)  L12.1  182.68 105.2 11619 10.0 wPs 2.100 40 0.250 D.G.S. (thawed)  108.3  141.23 103.2 98.87  10.0 kPa 2.100 .40
: e : X 0.100° 0.G.8. (thawed)  101.6  338.57 95.5 21502 0.0 wPa 1.970 &S
o 0.100 ©.G.S. (thawed)  122.6  350.88 3.2 195,14 10.0 XPe 2.100 .40
h . 0% DG 1406 963.18 1272 462.28  10.0 ks 2.100 .40 0.374 D.G.§ 15.6 87531 101.6 338.35 0.0 kPa 1.970 .45
o : -GS : - - 1.524  Subgrade 131.9 19146 130.5 185.79 - 1,055 .33
1.52¢  Subgrade 1333 197.50 1313 189.27 1.055 .33 vt 3 5 o 08
- Subgrade 200.0 .- 200.0 -- -- 1.05% .33 - ubgrade 200.0 - 200. .08 3
c 26 March 1980 (Day 86)
.- Place Peessuce (kPa): 232 465 .
- e ¢ Notes: (1) Modull, stresses, and strains cal-ulated by NELAPAV
or
. " 39 T hex " 39/ e ’ \” v, {2) M¢ = resilient modulus, J; = first stress lavariant ar bulk stress,
hickness - e - -
i Materials  (Wa) (xPa) (@) (xPa) (xre)  (ng/o) J, = serond strews lovarlant, ¢ = molstere tenslon, 1 = dry unit weight,
. uwr ® resllient Poisson's ratio
- 0.050 Asphalt Concrete 4812.0 -- 4812.0 - 1.3 2.320 .43
< 0.2%0 D.C.S. (thawed) 90.6 76 .07 96.1 17.1 5.0 wPa 1.970 .40 (3) M, and J; are ralrulated at =y and center of respertive layer
xi ) 8 68.82 8.0 63.39 5.0 WPa 1.970 .40 i !
0.300 D.G.S. (chaved 4 . . . 0 kPal. .
il 0.250 D.G.S. {thawed)  110.8  145.45 106.7 95.67  11.0 ¥Ps 2.100 .35 (4) D.C.S. refecs to dense-graded stone
- 0.100 0.G.5. (theved)  120.5  309.19 113.2 195.3  10.0 kPs 2.200 .40
. 0.376 D0.G.S. 128.6  495.01 1191 494.62 6.0 kP 1.970 .40 {5) tgey * Octahedral shear stress (kPa)
o 1,524 Sudbgrede 132.2 192.89 130.7 186.67 - 1,088 .33
* - - Subgrade 200 .0 - 200.0 - - 1,035 .35 (6) Negstive normal stresses and strains sce cospressive

Teugeutisl Strain ¢p (r = 0, 8 = .05) end Vertical Strain gy (r = 0, s = 1.524)

25 Feb

12 Mar

22 Mar

26 Mar 29 Mar

3 Apr 10 Apr 17 Apr

e (low pressure): 2.083x10™ 2,263x107* 4.3062107" (4332107 21032107 2.2820107 3.806m107* 2.233m107" 3.256m10""

(high prassure): J.MIIlO-‘ 6.1”!10-‘ A.llhlo-‘ 6.'5)!10-‘ l.l”xlo-‘ 5."2:[0-‘

-4

4.092210™* 4.748x10™" 5.808x107

e (lov prassure)s -1.771210 -1 9042107195210 ™-1.922x10 71 9432101978210 -1 9882101973210~ 1 .977w10™*
Y

(high pressure): -2.008x10 '-2.323210"4-2.150x107%-2.3922107%-2. 30721072, 3132104+ 2. 348210 7*-2. 3841074+ 2. 3350107

Te LW e

o
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Table D6a. Resilient moduli and supporting data calculated by NELAPAYV for Sibley till test section, 1979.
30 October 1978 (Day -63) 23 April 1979 (Daey t13)
Plate Pressure (kPs): 472.2 Plate Preesure (kPa): 258.7 539.3
T(c) T(°C)
or or
n J it L 3./t [ Y, “ L3 2./t N R ¢ [3
Tuickasse 1 4 2 ‘oct L 2" ‘oct d T Thickness T 2" Toct [4 2" ‘oct d L3
{m) Materials {Ps) (kPs MPs kPa kPs (Ng/m ’) (w) Materials (MPs) (kPs) (MPs) (kPa kPs. /o ¥
0.030 Asphelt Comcrets  — - 4261.0 - 12.5° 2.320 .43 0.050 Asphalt Concrete 2596.0 - 2596.0 - 2.320 .50
0.250 5.T. (thawed) - - 1.5 72.96  12.0 kPa 1.850 .35 0.250 S.T. (thaved) 6.5 82.18 50,7 128.27 1.850 .40
0.300 8.T. (thawed) - - 47.2 46.63 12,0 kPa 1.8%0 .35 0.300 S.T. (thawed) w“.s 67.24 4“3 63.59 .40
6.300 S.T. (thawsd) - - 35.8  110.89  12.0 kPs 1.850 .35 0.300 S.T. (thawed) 583 139.37 54.3 96.20 38
0.624 8.7, - - 70.9  387.20  12.0 kPa 1.850 .35 0.626 S.T. (Chawved) 76.5  576.47 69.0  336.47 B
1.524  Subgrade - - 126.0  168.12 - 1.055 .33 1.524  Subgrade 127.5  174.01 126.7  170.86 .35
®  Subgrede - - 200.0 - - 1.085 .35 = Subgrade 200.0 - 200.0 - .38
12 Pebruary 197% (Day 43) 8 May 1979 (Dey 128)
Plate Presours (hPa): 271.0 566.6 Plate Pressure (kPs): 271.0 559.8
T(°C) T(*°C)
or or
L] RS L} I,/ * X, o L} EVE ] PR v Y, M
Tuickness 1 4 1 ‘ect L3 2" oct 4 r Thickness T 2" “oct r 2 ‘oct 4 3
) Materisls We) kPs L0 {kPa (kPa (Mg/m ’) . (m) Materials (MPa) (kPa) (MPa) (kPa kPs /m?
0.050 Asphalt Coacrete 7984.0 - 7984.0 - 37 2.320 .33 0.050 Asphalt Concrete 2502.0 - 2502.0 - 18.7° 2.320 .50
0.230 $.T. (frosem) 8046.0 - 8046.0 1.890 .35 0.250 S.T. (thawed) a1 49.34 $0.7 67.48  12.0 kPs 1.850 .35
0.300 S$.T. (froses)  12274.0 - 12274.0 1.890 .33 0.300 S.T. (thawed) 45.2 51,19 a3 41.58  10.0 kPa 1.850 .33
0.300 S.T. (frosem) 7641.0 - 7641.0 1.890 .35 0.300 S.T. (thawed) $5.2  146.28 SI.7 103.37  10.0 kPa 1.850 .33
0.626 $.T. (froses) 3211.0 — 3211.0 1.890 .35 0.624 S.T. (thaved) 76.5 575,14 69.1  338.41  12.0 kPs 1.850 .33
1,524 Subgrede 1.4 18969 131.0 1.055 .35 1.524  Subgrade 128.3 17696 126.7  170.9 - 1.055 .33
o Subgrede 200.0 - 200. 1.055 .35 ©  Subgrade 200.0 -~ 200.0 - - 1,035 .35
& March 1979 (Duy 63)
30 May 1979 (Dey 150)
Plate Pressure (kPs): 295.9 329.7
T(*C) Plate Pressure (kPa): 261.4 566.6
or T(*C)
n I/ L I/t " Y, “ or
Thickoass ’ 2 foct ¢ 7 oct ¢ L N LT VS Y oo
(=) Materisle L) kPa s (ePa {ePa) (ng/w’) Thickoess
n (m) Materials (WPa) (kPa) (MPs) (kPs) (kPa) (ng/a?)
0.050 Asphalt Coscrete 3819.0 -~ 5819.0 - [y 1.320 .45
0.250 S.T. (thewed) 9.8 12397 39.8  199.3 0.0 kPa 1.900 .65 0.050 Asphalt Concrete 3269.0 - 3269.0 - 15.7° 2,320 .45
0.300 S.T. (thewed) 3. 84.6) 37.0 84.20 0.0 kPa 1.900 .43 0.250 8.T. (thawed) 4.6 77,26 48.9 124.34 7.0 kPs  1.8%0 .40
0.300 S.T. (thewed) a3 185.%2 40.8  140.39 0.0 kPs 1.900 .45 0.300 8.7, (thawed) (YR 84,27 4.8 87.94 4.0 kPe 1.900 .45
0.624 S.T. (thawed) 55.9 689.91 50.6 428.07 0.0 kPa 1.900 .45 0.300 8.T. (thewed) .8 160.17 47.0 118.0% 6.0 XPa 1.850 .40
1.524  Subgrade 129.2  169.06 125.3  165.74 - 1.055 .35 0,624 S.T. (thawad) 713 s552.91 64.0 316.02  10.0 kPa 1.8%0 .3S
= Subgrede 200.0 - 200.0 -- - 1.055 .35 1.526  Subgrade 128.5 178,11 126.6 170,67 - 1.058 .35
= Subgrede 200.0 - 200.0 - -- 1.055 .35
12 march 1979 (Day 71) 24 _July 1979 (bey 206)
Plate Pressure (uPs): 268.3 532.4 10cy Plate Pressure (kPs): 280.6 589.9
or ()
" X ER) v Y, v or
)
Thickness N i 2 oct Jad * atckoees M 92! Yoee " 33 Toce ’ \ L3
(®) Macerialy (WPa) (Pe) L] a) (ng/n (m) Materials (WPa) (xra) (re) (kPa) (xra) (ng/m?)
. .0 - 10.8° 2.320 .43
0.050 Asphalt Concrere 4982.0 O 0 o e e 0.050 Asphalt Comcrate 1349.0 -~ 1349.0 - 25.0° 2320 .50
Eredib i Mot o M3 860 0.0 kre 1.900 .48 0,250 8.T. (thewed) o0 w.n Si.6 A9  15.0 kPe 1.850 .33
. e iy : X N 1.900 .45 0.300 8,7, (cthawed) Al.6 62,51 4122 $9.89 6.0 kPa 1,850 .40
PRI it o G A e e 0.300 5.7 (thaved) 52,9 isL.is 503 126.08 6.0 kea 1.650 .40
11524 Subirade 288 126.1 168,59 i 1058 .35 0.624 5.7, (thewsd) 82.6  519.50 745 302.7%  15.0 kPs 1.850 .35
. . . o i - 1.055 .38 1.524 Subgrade 1285 177,81 126.2  169.21 - 1.055 .35
= Subgrade 200.0 - 200- R °  Subgrade 200.0 - 200.0 - - 1.055 .33
20 March 1979 (Dey 79) 27 September 1979 (Day 270)
: . N
Plate Pressure (kfs) 264.2 8.7 70°0) Plate Pressure (kPa): 203.3 596.8
or T(*C)
" 3/t " I/t * Y, or
2 ] Y
Thickaese * 2 oct * u“‘ . » Thaich ur "Il Toct nr "II Yoct v Ya 3 b 3
(L)) Nateriale () (H—LA—L—J—)—‘-—L—LN—)——‘ L O ) 2 = -, MNaterials MPa. kfa. NP, kFa kPa 'a
. - . - B 2.320 .30
0.050 Asphalt Concrete 1996.0 ; 1920 (l) s 1; ; e 1050 9 0.050 Asphalt Concrete $988.0 - $988.0 — 5.0°
0.250 S.T. (thaved) A2.4 808 6.1 16, 0 bre 1830 . 0.250 $.1. (thawed) a4 a2 470 146,16 5.0 kPa
0.300 S8.T. (thawed) 40.4 62,93 3.9 68.37 5.0 kPs 1.850 .40 . 1. - . . . -
2 8.0 kPa 1.850 .40 0.300 3.7, (thawed) Al6 72.89 AL T1.87 5.0 kPa
0-300 S.T. (thawed) 2.2 150.33 4.2 11010 O 1 0.300 8.T. (thawed) 2. 172, 495 133.65 7.0 kPa
0.624 S.T. (thawed) 67.9  590.74 61.7  337.70 8.0 kra 1.850 .40 0624 .1, (xbaved) s s RN A et
1.526 Subgrade 128.4 177,64 128.7 167,12 - 1,038 .33 . T, . . . . <0 kPa
2 Suvgrade 200.0 - 200.0 o - 1,088 .33 1.326  Subgrede 1284 1771 126.2  169.10 -
N o Subgrade 200.0 - 200.0 - -
27 March 1979 (Dey 86)
19 Bovember 1979 (Dey 323)
Place Pressure (kPa): 246.4 347.5 .
e Plete Pressure (kPe): 213.7 389.9
170
L% Io/ Taer L I toer * A ) w or
Thickness L] J, /v " Jl *
O Nate s kPs, ) kPa kPs a Thickoass 13 2" Toet 3 2 ‘oct 4 Ye
» Materiale HPa kP k¥ 3
0.050 Asphalt Concrete 5903.0 - ”os.g o :.:'" s, L] 2 fufe) (ngin))
0.250 8.T. (thewed) 43,9 83.13 8. 134.93 0 kPa 0.050 Asphalt Coacrete 6876.0 - 6876.0 - 6.0° 2.320 .40
0.300 S.T. (thewed) 42.0 76.84 .6 13.¢8 3.0 ::' 0.250 5.T. (thaved) 0.7 60,93 0.5 91,32 10.0 kPe 1.8%0 .33
0.300 8.T. (thawed) 5S.7  153.19 S1.6  102.08  10.0 "- 0.300 $.T. (thawed) a7.0 63.40 46.0 $6.41  10.0 kPs 1.8%0 .33
0.62¢ S.T. (thewed) 72.9 618,73 5.1 344,13 10.0 kPs 0.300 $.T. (cthawed) 3.1 150.74 0.7 103.90  15.0 kPs 1.850 .33
1.524 Subgrede 1208 17%.13 126.1  168.83 - 0.626 8.7, (thewed) 8.3 517.71 5.7 329.62  15.0 kPe 1.850 .33
- Subgrede 200.0 - 200.0 - - 1.524  Subgrade 1207 178,67 126.6  170.43 - 1.088 .33
= Subgrade 200.0 - 200.0 - -- 1,058 33
3 April 1979 (Dey 93
Plate Pressure (kPs): 235.9 562,53
17(°C)
or
" ENE) n 1,/ 1 v, v,
" 2 d T
™ . T 2" ‘oct L4 oct .
., Materisls Wrs) (kPs) (MPs) (kPe) (kPa) (Wg/m?)
0,050 Asphalt Comcrets %988.0 - 3988.0 - 8.0° 2.320 .43
0.250 S.T. (theved) 8.4 107.99 50.9  130.97 6.0 kPa 1.850 .40
0.300 $.T. (thewed) a2.2 78.5) 42.0 77.13 5.0 ks 1.8%0 .40
0.300 $.T. (thawed) 39.0  149.82 $4.7 100,70  12.0 kPs 1.850 .33
0.624 3.T. (thewed) 17.0  $96.03 5.9 31N 12.0 kPs 1.8%0 .33
1,526 Subgrede 1287 180.23 126.6  170.46 - 1.085 .33
e Subgrede 200.0 - 200.0 - - 1.055 .33
Taageutial Stretn e (r = 0, ¢ = .03) and Vertical Sticais ¢y (r = 0, » = 1.524
20 Oct 12 Feb 8 Mer 12 Moy 20 Wer 27 Mar 3 Ape 23 apt AWy  Omey 24wl 2] Sep 18 Wov

€ (lov pressure): --

(high presours):

:,(lw prassure): -

17330107 3.2670107™ 3.737210™ 5.3672107 2.9702107 3.0012107 49825107 4.769220™ 4.3502107" 6.291210™ 3.0062107* 2.90am10~*

6.33310™ 3.700%10™ ¢.306x107™ 7.210210™ 1.1048107? 60192107 6.6120007" 9205210 9.603%10™ 9.065x15° 1.203210™ €./ttt 6.307x10~

-1.39301074-2.082x10™-2.078x10™*-2.030%10™4-1 931810 -1 967210741 . 96801071 982210 %-2.00721074-2.0312107-2.03 221071 . 560w10~*

(Mgh prosoure): -2.3092107- 1. 060107 -2 04021072, 620010 7 -2, 3070107240310 4231301042, 4482104 -2. 4932104 -2.380m10™4- 2,61 2210 - 2. 10m10 -2, 5240107
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Table D6b. Resilient moduli and supporting data calculated by NELAPAYV for Sibley till test section, 1980.

-
:_\ 25 Pabruary 1980 (Day 36 29 March 1980 (Dey 89)
p‘ Plate Pressute (kPs): 300.0 575.0 Plate Pressurs (kPFa): 258.0 305.0
"5 170°0) e
?'\ / or or
L} i [} I/t * Y, uw " J./e L PR 'S Y, M

" .

Thicknass T 2" ‘oct 13 2" ‘oct d , 1 4 Thickoess T 2’ Toct T 2’ “oct d T
w) Materials NPs (kPa NPs) kPs) kPa /m (m) Materials (Pa) (kpa) (¥Pa) (kPa) (kPa) (Mg/m®)

A 0.050 Asphalt Coacrets $798.0 - 9798.0 - 2.320 .40 0.050 Asphalt Concrete S$471.0 - 5471.0 — 15.0° 2.320 45
A 0.250 S.T. (frozen) 3449.0 - 3449.0 - 1.890 .35 0.250 §.T. (thewed) 9. L 43,2 188,08 0.0 kPa  1.900 .45
'.-_ 0.300 S.T. (frosen) 2175.0 - 2175.0 - 1.890 .35 0. 37.0 84.22 36.9 88.2) 0.0 kPa 1.900 .45
S 0.300 S5.T. {trozen) 3U22.0 — 3122.0 - 1.890 .38 0. 5.7. (thawed) 43.2 188,01 ALl 144,84 0.0 kPa 1.900 .45

- 0.624 S.T. (frozen) 591.0 - 591.0 - 1,890 .38 0.624 S.t. (thawed) 57.1  695.58 52.4 443,71 1.0 kPa 1,900 .45
L, 1526 Subgrade 131.0 187.85 129.3  181.05 - 1,055 .35 1.524 Subgrade 129.3  181.01 127, 174475 - 1.055 .35
L e Subgrade 200.0 - 200.0_ - -~ 1,055 .35 = Subgrade 200.0 - 200.0 - - 1.055% .35
[

'P . 12 March 1980 (Day 72)
o'y 3 April 1980 (Day 94)
Plate Pressure (kPa): 273.0 600.0
(*C) Plate Pressure (kPa): 2650 _516.0
» 3./ " Iis N ey
3 2’ Toet 3 2’ Toer . % 3 or
Thickness N L] VA L I,/ ¢ Y
(m) Materialy (MPs) (kPa) {M¥a) (kPs kPa (Mg/m®) Thickoess r 2 act r 2’ ‘oct d “r
(w) Materials (MPa) (kPa) uP P, 3
0.050 Asphalt Concrete 4058.0 -- 4058.0 - 15.0° 2.320 .45 . ) (kPa) __ (kPa) _(Mg/m’)
0.250 S.T. (thewed) 40.2 128,51 46,6 220.61 0.0 kPs 1,900 .45 0.050 Asphalt Concrete 3823.0 - 3821.0 - 15.8° 2.320
0.300 S.T. (thaved) 31.9 82.58 38.2 85.00 1.0 kPs 1.900 .45 0.250 S.T. (thawved) 40.7  119.70 4.3 185.79 1.0 kPa  1.900 Z:
0.300 S.T. (thawed) 45.5 183.57 43.3 141,20 2.0 WPa 1.900 .45 0.300 5.T. (thewed) 36.8 8i.08 36.8 80.94 0.0 kPa  1.900 .45
0.626 S.T. (thawed) 82,1 591.77 56,0 345.82 5.0 kPa 1,850 .40 0.300 S.T. (thawed) 46,0 179,21 41,9 139,19 1.0 kPa 1.900 .45
1,524 Subgrade 128.6  177.54 125.8  167.52 - 1,055 .35 0.624 S.T. (thawed) 58.3 667,08 53.5  428.67 2.0 kPa 1.900 .45
= Subgrade 200.0 - 200.0 - - 1,055 .35 1.524 Subgrede 129.2 180.62 125.5 166.50 - 1.055 .35
= Subgrede 200.0 - 200.0 -~ -- 1,055 .35
19 Maech 1980 (Day 79)
ril 1980 (Day 101
Plate Pressure (kPe): 254.0 360.0
T(*C) Plate Pressure (kPa): 268.0 504.0
M 3,0 L] 3,/ M o
t T v Y [ or
13
Thickness T 2 oct r ' oc 4 N L} J2I1 N I/ M Y M
{w) __haterials (¥Pa) (kPa) (Pa) (kPs) (xPs) (Mg/w?) Thickoess v oct t 2 Toct d T
_Amy (=) Materiale (HPa) (kPa) s (kPa) ke Mg/n?
0.U50  Asphalt Concrete 217.0 - 217.0 - 0.0° 2.320 .50 ) (kpa) _( )
0.250 S.T. (thawed) 39.4  115.96 41,1 145.00 0.0 kPa 1,900 .45 0.050 Asphait Covcrete 6876.0 - 6826.0 — 16.0° 2.320 .40
U300 S.T. (thawed) 36.3 75.44 36.1 73.73 0.0 kPs 1.900 .45 0.250 $.T. (thawed) 39.6  119.00 43.2 188,39 0.0 kPa 1.900 .45
0.300 S.T. (thawed) 42.8 178,56 41,6 15391 0.0 kPa 1,900 .45 0.300 S.T. (thawed) 7.3 86.96 3t 85.55 0.0 kPa  1.900 .45
0.624  S.T. (thawed) 5B.6 673,66 $5.7 526425 2.0 kPa 1.900 .45 0.300 $.T. (thawed) 43.5 195,55 A2 14741 0.0 kPa 1.900 .45
1,524 Subgcade 128.8  178.97 128.3  177.00 - 1.055 .35 0.624 S.T. (thawed) 57.6  723.7% 52.5  448.52 1.0 kPe 1.900 .45
= Subgrade 200.0 -~ 200.0 - -- 1,055 .35 1.524  Sudgrade 129.4 181,45 125.7  167.32 - 1.055 .35
= Subgrade 200.0 - 200.0 - -- 1.085 .35
22 Merch 1980 (Day 82) 17 april 1980 (Day 108
Plate (kPs): 167.0 330.0 Plate Pressure (kPa): 240.0 455.0
("0 (49!
or or
. LN LT v % ™ " 12 Yoer e Tl ¥ VI
(a} Nacerisls (KPe) (kpa) [ (kPs) (kps) (mg/n?l) (m) Materiale (s _(xPs) (Ps) (kPa) (kPa) (Ng/u})
0.030 Asphalt Conctete 3988.0 - $988.0 - 8.0° 2.320 .40 0.030 Asphalt Concrete 5988.0 - 5988.0 — 8.0° 2.320 .45
' 0.250 8.T. (thewed) 31.9 95.18 40,9 141.37 0.0 kPa 1.900 .45 0.250 $.T. (thawed) 42.3 68,71 45.3 97,35 6.0 kPa 1.850 .40

=~ 0.300 $.T. (thewed) 37.6 91.3%0 36.9 82.79 0.0 kPa 1,900 .45 0.300 S5.T. (chaved) 37.3 87.69 37.2 85.67 0.0 kPa 1.900 .45
. 0.300 $.T. (thawed) 45.2  231.70 42.2 16722 0.0 kPs 1.900 .45 0.300 $.T. (thawed) 43.8 201,77 A6 154091 0.0 kPe 1.900 .45

N 0.624 5.T. (thewed) $9.4 984,36 $3.8  588.72 0.0 kPa 1,900 .43 0.624 8.T. (thawed) 59.5  742.63 54,7 476.65 2.0 kPa 1.900 .45
;‘- 1.524  Subgrede 130.2  184.% 128.6  178.51 - 1,055 .35 1.524  Subgrede 128.9  179.48 127.5 174,20 - 1.055 .35
P'\ - Subgrade 200.0 - 200.0 - - 1.085 .35 - Subgrade 200.0 - 200.0 -— - 1.055 .35

N 26 Merch 1980 (Day 86

Plate P (xPa): 246.0
T7(°€C)
h_ or

. " PR ll 3o/t 'Y Y, v,
}l_. Tutckaess t T Toct 13 2 oct d , T
? - », Materials HPs kPa WPa xPs kPs /=
e 0.050 Asphalt Concrate 4891.0 - - - 12.5° 2,320 .45

0,250 5.T. (thaved) 9.5 117,33 - - 0.0 kPa 1.900 .45
b 0.300 $.7. (thewed) .9 S0 - - 0.0 kPa 1.900 .45
) 0.300 $.T. (thewnd) 43.2 188.84 - - 0.0 kPa  1.900 .43

0.62¢ 5.T. (thewed) 55.9  721.60 - - 0.0 kPa 1,900 .45
1,524 Subgrade 129.4 181,42 - - - 1,055 .35
= Subgrede 200.0 - - - - 1.055 .38
[
y Tangential Strain ¢ (f = 0, £ = .05) and Verticsl Straio by (r =0, 8= 1.524)

- L e
., 25 Feb 12 mar 19 Mer 22 war 26 Mar 29 Mer ) Apr 10 Apr 17 apr
»4 - —_— _— _— =
b  Clow pressure): 8.1%6x10°% 4.214x107™ 5.321x10™ 2.151x10™ 30002107 3.3732107 4.222010 2.908x10™ 2.913m107
"o
- J(high pressure):  1.568x107° 8.937w10”" 7.a11210™ 417 im0 —- 60432107 7.9842107* 5.771x107* s a1exi0”t
] ¢,(low pressure): -1.668x107*-2.064x1074-2.072x10 7 -1 #78x107*-2.006x107*-2.069x10™*-2.090%10 4204421042 .01 2210
—

b (high presaure): -1.792x10 " -2.172x107%-2.304x1070- 22100107 - -2.588x107-2.399x104-2.353x10™ 2. 454x107*
»
;' * Notes: (1) Modull, stresses, snd straine celculated by BELAPAV

<
" (2) W = reetliont modulus, J; = firet stress faveriseot or bulk stre
h‘, ¢ ~ solsture teasion, yg = dry unit weight, p = resilient Poisson's ratio
»

;'. (3) My and J, ate calculated at r=0 sod ceater of respective iayer
4
(4) S.T. refers to Sibley till (maver [rosem smcept at noted).
». (3)  vgee = Octshedral shear stress {(kPs)
f. (6) Nagative normal stresses and strains ara comprassive.
f‘
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A facsimile catalog card in Library of Congress MARC
format is reproduced below.

Johnson, T.C.

Resilient modulus of freeze-thaw affected granular
soils for pavement design and evaluation. Part 2. Field
evaluation tests at Winchendon, Massachusetts, test
sections / by T.C. Johnson, D.L. Bentley and D.M. Cole.

v, 70 p., illus.; 28 cm. (CRREL Report 86-12.)

Bibliography: p. 28.

1. Asphalt concrete. 2. Elastic layered system analy-
sis. 3. Falling weight deflectometer tests. 4. Frost
action. 5. Granular soil. 6. Moisture tension. 7. Non-
linear materials characterizations. 8. Pavement de-
sign. 9. Repeated-load plate-bearing tests. 10. Re-
peated load triaxial tests. 11. Resilient modulus.

12. Seasonal change in modulus. 13. Thaw weakening.
14. Unbound base course.
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