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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 thawed, recovering, and recovered conditions.
Empirical relationships were then generated by .

The damaging effects of the freeze-thaw cycle standard statistical techniques to express the resil-
on the riding qualities, integrity, and durability of ient modulus Mr as a function of density, soil
pavements are notorious. In areas of seasonal moisture tension, and the stresses imposed in the
frost the supporting capacity of subgrade soils and triaxial tests. For frozen soil and for asphalt con-
unbound base and subbase materials for roads crete the temperature is also a key parameter.
and airfields can vary drastically through freeze- Field tests were used to determine the surface
thaw cycles and the subsequent spring-summer re- deflection response of paved soil test sections
covery period. In a joint project with the Federal under plate loads. Surface deflection basins were

" Highway Administration and the Federal Aviation measured under loads imposed by a repeated-load
- Administration, the U.S. Army Cold Regions Re- plate-bearing (RPB) apparatus and a falling-

search and Engineering Laboratory (CRREL) has weight deflectometer (FWD). The tests were per-
evaluated these fluctuations in material properties formed at critical times between late fall and late
for six test soils and developed suitable predictive spring to characterize the variation in load re-
models. Both laboratory and field tests were con- sponse throughout the freeze-thaw-recovery cy-
ducted. cle.

This report focuses on the underlying cause of The validity of the laboratory results was then
problems of premature distress in pavement sys- examined by comparing the measured deflection
tems that are susceptible to frost-the reduction basins with deflection basins calculated for the test
of the resilient modulus of subgrade soils and un- section using the expressions for resilient modulus
bound base courses during and following spring developed from the laboratory tests. In using these
thaws. In this context the resilient modulus is con- expressions, temperatures and moisture tensions
ventionally defined as deviator stress divided by measured at the time of each field loading test
resilient-i.e., recoverable-strain. The research were applied to evaluate the resilient modulus.
results presented in the report are concerned with Layered elastic analyses of the test sections under
frost-susceptible granular soils that exhibit little or the conditions prevailing during each field loading
no cohesion and a high degree of nonlinearity, test yielded stresses, strains, and resilient vertical
The research objective was to develop laboratory displacements throughout the system; calculated
methods of characterizing the seasonal changes of surface deflection basins were thus generated and
the resilient modulus of these soils throughout a compared to the deflection basins actually meas-
complete annual cycle. It was considered neces- sured in the field.
sary to conduct field tests to validate the labora- The field and laboratory tests were conducted
tory methods. The field tests and analysis of the on six soils in test sections constructed by the Mas-
data are the subject of this report. sachusetts Depaartment of Public Works in Win-

Repeated-load triaxial tests were performed to chendon, Massachusetts. The results for the six
determine the resilient characteristics of the com- soils are presented here. Detailed procedures, re-
ponent materials in experimental paved test sec- suits, and ai lyses of repeated-load triaxial tests
tions under conditions simulating those that pre- to characterize the asphalt concrete pavement, the
vailed during the field tests. The laboratory triax- six test soils, and the natural sandy gravel sub-
ial tests were performed on soils in the frozen, grade are given by Cole et al. (1986).

* ~. . . . - -.. '- *
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SAMPLING OF TEST SECTION diameter and 152.4 mm long. They were preserved
in the split sleeves used in the sampling device,

The Winchendon test site, constructed in 1978 wrapped in polyethylene film to prevent moisture
by the Massachusetts Department of Public loss, and padded to prevent disturbance during
Works, consists of 24 soil test sections (Figs. 1, 2). transportation. Bag samples of the natural sub-
Twelve different soils are used, each in embank- grade material and the test soils were also ob-
ments of two different heights. Six of the higher tained.
embankments were used as test sections in this re- In February 1979, once frost penetration was
search, each consisting of about 50-90 mm of as- sufficient, undisturbed samples of frozen soil were
phalt concrete and 1.5 m of test soil (either Ikalan- taken from the Ikalanian sand, Graves sand, Hart
ian sand, Graves sand, Hart Brothers sand, Hyan- Brothers sand, and Hyannis sand test sections. A
nis sand, dense-graded stone, or Sibley till) overly- single-tube, hollow auger was used. Cores 50.8
ing the natural subgrade, a clean gravelly sand mm in diameter and up to 300 mm long were ob-
(Fig. 3). The water table is about 1.4 m below the tained. The Sibley till and dense-graded stone
pavement surface. could not be core-drilled because of the presence

Samples of the asphalt concrete, the test soils, of many stones. Occasional pebbles in the other
and the natural subgrade were taken in October sections also caused difficulties. All the core sam-
1978, before freezing had occurred. Core samples pies were tightly wrapped in polyethylene film and
101.6 mm in diameter were taken from the asphalt placed in bags with snow to prevent sublimation
pavement. Undisturbed samples of the test soils, during transport to the laboratory. The cores were
except the dense-graded stone, were taken with a stored in a -7 0C environment until trimmed and
double-tube auger. Soil samples were 57.2 mm in tested.
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Figure 1. Plan view, Winchendon, Mass., test site.
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LABORATORY TESTS Multiple linear regression analyses of the results

thAeiin odlso h sphalt concrete, he stess Forat the loert RPBion waeom Min isnda

showed that the asphalt concrete resilient modulus
Laboratory tests were performed to characterize Mr is insensitive to the peak amplitude of the

th eii en (0 . oa d u s o.0 sec han a sphalt eraturete fro m sont wre F o at e d olaowe 2 .00 w avefor ,  th e i s -a

six test soils, and the natural subgrade soil. De- function of the temperature only, while for haver-
tailed test procedures and data analysis are given sine loading M, is a function of temperature and
by Cole et al. (1986). The tests are briefly de- frequency (Table 1). Representative results show-
scribed here, and the results are summarized, only ing relationships generated by the regression equa-
to the extent necessary to give meaning to the field tions are given in Figure 4.
testing and analyses conducted to validate the lab-
oratory results. Natural subgrade material

Since the natural gravelly sand subgrade soil ex-
Asphalt concrete isting beneath the test sections at Winchendon

Initially, asphalt concrete core specimens 101.6 does not undergo freezing and thawing, t was
ns hdiameter were tested in repeated indirect tested only in the nonfrozen condition. Specimens

tension (diametral compression) at two load dura- measuring 152.4 mm in diameter and 381.0 mm
tions (0.1 and 1.0 sec) and at temperatures from long were compacted to about 2.00 mg/i, the es-
-10 to + 32. Cores 50 to 90mm in length also timated in-situ dry density. Once placed in a triax-
were cemented together with asphalt emulsion in ial cell, eath specimen was vacuum-saturated and
groups of three to form cylindrical specimens 200- then subjected to various combinations of static
250 mm long and were tested in repeated-load un- axial and confining stresses as given in Table 2.
confined compression at axial stresses from 69.0 Drainage was permitted each time the static stress
to 241.3 kPa and temperatures from -10 to level was increased, though the reservoir level was
+ 39 0C. It was desired to simulate the load pulse maintained at the top of the sample. A deviator
of each of the two dynamic plate-loading tests stress was then applied repeatedly under the wave-
used in the field in-situ tests, the RPB and the forms of the RPB and FWD load pulses, while
p aFWD, so three loading waveforms were used in permitting no further drainage.

the laboratory: a I-sec pulse applied every 3 sec- A stepwise multiple linear regression analysis
onds, which simulates the RPB pulse; a continu- was performed on the results. The resilient modu-
ous haversine waveform at 1, 4, and 16 Hz accord- lus was expressed as a function of either of two
ing to ASTM D3497-76T; and a 28-ms haversine stress invariant parameters. Initially the bulk
pulse every 2 seconds that simulates the FWD load stress, 0, or first stress invariant J, = al + ca, + as

6'.1]
6pulse. was used, in accordance with conventional prac-
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Table 1. Results of regression analysis.
'C

Std. Eq.

Material Load pulse Regression equation n RI error no.
RPB Mr(MPa) = exp[9.204-5.552x 10-T-9.744x 10-'7] 85 0.97 0.287 1Haversine Mr(MPa) = exp[9.183-7.47×x 10 71 f°'l""'  158 0.81 0.469 2 ,

Natural subgrade FWD Mr(MPa) = exp[9.429-7.47 x 10 71 - - - 3 ,,

RPB and FWD Mr(MPa) = 8.829f,() O 6  65 0.67 0.235 4
RPB and FWD Mr(MPa) = 20.74f,(,)0. 3

52 65 0.76 0.201 5

Graves sla d
Frozen RPB M,(MPa) = exp(9.677-1.0314T-0.O708)T2 -)(0r.O)-° 6 2  56 0.88 0.332 7

RPB M,(MPa) = 39. 1(w.1wt)- 1 9  95 0.91 0.502 8

FWD Mr(MPa) = 32.14(w/wt)-1' 73 0.95 0.446 9

Thawed RPB Mr(MPa) = 2.139x 10If(o)-2"7923 f P (o)' " 186 0.76 0.209 10
FWD Mr(MPa) = 9.27 x 101 f(o)-2.6o fP().47 222 0.71 0.224 11

RPB Mr(MPa) = 6.68x l'f(M)f-2.2MP(o)"1 186 0.89 0.144 12
FWD Mr(MPa) = 1.47x 1O',l) 2 "ff(o) 0

.413 222 0.86 0.157 13
Recovered RPB Mr(MPa) = 6.89/,(a)w 1$ 36 0.76 0.247 14

RPB Mr(MPa) = 4.80f x (w 4 w) 36 0.87 0.185 15

Frozen RPB Mr(GPa) = exp1 3.74-(0.820)T-(0.0538)7-(0.8378)w 62 0.90 0.308 16
!'-:+ (0.04416) WI] (, /Oo) -0.382

RPB Mr(MPa) = S6.4(w. /w-. 87 0.92 0.749 17
Thawed RPB Mr(MPa) = 8.129x 10 (')-3.3 f'l-y 1.578 f,(U)M' 119 0.74 0.323 18

RPB Mr(MPa) = 3.021 x 10' f(t)-3A 2 f(y)1- 3
4 f,(o).2 119 0.89 0.276 19

Recovered RPB Mr(MPa) = 5.69x 10 f() 3f(o)s457 18 0.88 0.205 20

RPB Mr(MPa) = 2.405 x 10,.f(,)-2.1' f,(a) 0
.2 38 0.84 0.238 21

Ha Botk sand
Frozen FWD Mr(MPa) = 38.28(w/w, ) 4 2  88 0.95 0.53 22

RPB Mr(MPa) = 4.085 x 10 (ww,)" .
9  99 0.92 0.623 22

FWD Mr(MPa) = 8.05 X 10-' 3,d)T ./(o)°'  (w./wt)"' 88 0.97 0.445 23..,

FWD Mr(MPa) = 4.69x 10-' f(a) 4-" (w,/)-2 .3  88 0.96 0.464 25 '
Thawed RPB Mr(MPa) = 2.97 x 10'f)-3.063 f()5 " f,(o).41 174 0.71 0.280 26

RPB Mr(MPa) = 1.269 x 10 f(o)-3.o0 f(.y)1.o23 f,(a)0.453 174 0.87 0.185 27

FWD Mr(MPa) = 3.93 x 104 f()-2.6 7 f,(o)o)0.4 164 0.67 0.292 28
FWD Mr(MPa) = 3.81x 10jf( f (o)- OI2f2.)43fS(o)37 164 0.67 0.292 29

H y a a nd e"

Frozen RPB Mr(MPa) = 0.6f()I-0 (w./w,)-2 69 0.96 0.536 30
RPB Mr(MPa) = 33.45(w./w,)-2'°3 69 0.95 0.617 31..a

Thawed FWD Mr(MPa) = 7.147x 10'f()- .782fo)0 2
" 128 0.71 0.129 32

Deepildso FWD Mr(MPa) = 3.57 x lO'f(o)-.276f.,)0.362 61 0.74 0.194 33 I

Frozen RPB Mr(MPa) = 82.271w/w)-2 )  32 0.97 0.413 34
.- Thawed RPB Mr(MPa) = 1.56x 10'f(0)-I 76f2(a)°.

13
6  64 0.65 0.202 35

"RPB Mr(MPa) = 7.17 x IOY f(O)- 1 519(POP .172
5 64 0.65 0.203 36,-'

'., Sibley tI .N

Frozen RPB Mr(MPa) = 1.01 x 101(w./w,) - 3 16  108 0.87 0.71 37 0 1
IIThawed RPB Mr(MPa) = 7.47 x I10, f()2 829 f&()0 12 118 0.63 0.283 38

,RPB Mr(MPa) = 1.29 x 107 flo)-2.9 118 0.54 0.313 39 .

NOTES:'I
*. RPB = repeated-plate bearing apparatus waveform T = e/0.

FWD = falling weight deflectometer waveform 0o = I -C
' n - number of points f(a) = (JIr)/uf() [(101.38-.)/ oj

M, - resilient modulus ao = I kPa ko = I kPa
f - load wave frequency w= unfrozen water content f(.Y) =V/,

(e) - (J,/0 ) w= total water content = I mg/m'

5
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but in triaxial tests it is found that
Ols FWD Wveform
Pulse __ ~x  oct = VT/3 Od

and the selected invariant stress parameter can be
1 Os expressed as

Pul se

.. Haversine 901 + 6asd
Waveforms 1Tt

° 4 Because the data sets from the RPB and FWD

1P Cload pulses indicated no statistically significant
T 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-

Unconfined \worthy that the coefficient of determination (R 2)

Compression
RPBI Waveform

... - WndrefTenion \Table 2. Applied stress levels.-- - Indirect Tension4\
- I

0 20 0 20 40 Static axial Static confining Cyclic axial

Temperature (*C) stress, al stress, 03 stress, Od. . Tmpraur (C)(kPa) Ofta (kPa) 01/0 3

Figure 4. Resilient modulus of asphalt concrete
vs temperature for various loading conditions. a. Frozen specimens

- 69 60 -
- 69 138 -
- 69 207 -

tice for characterizing the nonlinear resilient mod- - 69 276 -
- 69 345 -

ulus of granular soil. it was found, however, in- 69 482 -

tests on thawed test soil that Mr not only increased - 69 620 -

with J, but also tended to decrease somewhat with - 69 827 -

increasing principal stress ratio, an effect that was
particularly evident when the minor principal b. Thawed and recovered specimens

stress a, was held constant and the deviator stress - 6.9 3.4 1.5
ad a a,-u3 was increased to a higher level. An- - 13.8 6.9 1.5
other stress function, J/rt, was selected to re- - 27.6 13.8 1.5

- 48.3 24.1 1.5
flect the two different trends of variation of Mr - 69.0 34.5 1.5

with stress. The second stress invariant can be ex-
- 6.9 6.9 2.0
- 13.8 13.8 2.0

- 27.6 27.6 2.0

J2= ala, + (7203 + o'0 1  - 48.3 48.3 2.0
- 69.0 69.0 2.0

but in triaxial tests with aU2 = a, and Od = al-a, it _ 6.9 10.3 2.5

follows that - 13.8 20.7 2.5
- 27.6 41.4 2.5

J 2 +2 - 48.3 72.4 2.5= 3a 3 - 69.0 103.4 2.5

Similarly, the general form of the expression for c. Natural subgrade material

the octahedral shear stress is 13.8 5.5 3.4 -

27.6 11.0 6.9 -

Too= /[(a.-a,)2 + (02-01)" + (o-')2] 55.2 22.1 13.8 -

Deviator stress.
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is somewhat higher for the equation in terms of cyclic deviator stress was applied. After the first
J,/To,. The test data and regression lines are test in the thawed condition, gradual recovery was
shown in Figure 5, with a 95% confidence inter- simulated by inducing successive step increases in
val. moisture tension ', performing triaxial tests at

each level at a range in values of a3 and ad (Table
Test soils 2). For this purpose the top cap of the specimen

Each of the six test soils was subjected to was removed and the specimen was air-dried to at-
repeated-load triaxial tests in the frozen, thawed, tain a somewhat higher level of moisture tension
recovering, and recovered conditions. The term . This procedure was repeated until the thawed
thawed can be used in two senses. Broadly con- specimen had been tested at three or more levels of
strued, it means any soil that has been frozen and /.
now exists at a temperature above 00C. While the The results of multiple linear regression analysis
thaw front (0°C isotherm) is advancing into the of the data on the six test soils in the frozen,
ground or through a specimen, the soil is said to thawed (recovering), and in some cases the recov-
be thawing. With passage of the 0°C isotherm the ered conditions are given in Table 1. In the frozen
soil just thawed begins to recover, a time-depen- state the significant variables are temperature, de-
dent process tnat starts with dissipation of pore viator stress, and in some cases total moisture con-
pressure and consolidation and, for soils above tent. Preferring invariant stress function for appli-
the water table, progresses through a desaturation cation to the field in-situ problem, we have ex-
phase with build-up of moisture tension. The term pressed the stress function in terms of octahedral
"thawed" is used in this report to describe soil still shear stress. For Hart Brothers sand, Hyannis
undergoing the recovery process, but the term "re- sand, Sibley till, and dense-graded stone the valid-
covering" is also used to refer to the period of ity of the equations was extended to the melting
consolidation and build-up of moisture tension. point (Cole 1984), and the moduli are expressed as
Recovery culminates in an equilibrium in which a function of the unfrozen water contents.
the state of stress in the pore water is affected only In the thawed and recovering states the signifi-
by external influences such as weather or the posi- cant variables are a moisture tension parameter
tion of the ground water table. The term "recov- f(), which is atmospheric pressure minus the
ered" is applied to the latter equilibrium condi- gauge value of soil moisture tension (ua,-), dry
tion, generally reached in the fall shortly before density i'd, and a stress parameter, either Jor .12/
onset of another freezing cycle. roc. In some cases the use of J,/r t gave substan-

The triaxial tests were performed on a closed- tially higher values of R 2. It was intended that the

loop electrohydraulic testing machine. Cores 50.8 field loading tests be analyzed using the expres-
or 57.2 mm in diameter, as noted above, were sions for resilient moduli in terms of J,/roct for all
trimmed to a length of 127.0 mm (for the Hyan- the soils, because this model correlated better in
nis, Ikalanian, Hart Brothers, and Graves sands) some cases with the laboratory data. However,
and tested in a triaxial cell. Remolded samples due to an early problem with NELAPAV, the elas-
152.4 mm in diameter were made from the Sibley tic layered analysis program developed for deflec-
till and dense-graded stone to test in a larger triax- tion basin analyses, the first analyses of field data
ial cell. The testing regime in all cases was to apply were performed using nonlinear moduli expressed
and maintain a constant confining pressure a, and in terms of A,. When the problem with NELAPAV
to apply repeatedly a deviator stress ad. The devia- was corrected, the deflection basins of the remain-
tor stress pulse, either 1 sec on and 2 sec off (RPB ing test sections were analyzed using regression
pulse), or 28 ms on and 2 sec off (FWD pulse), was equations expressed in terms of J2/ot. Typical
repeated 200 times at each stress level. plots representing the dependency of the resilient

Specimen temperatures for tests in the frozen modulus of thawed soil on either of the two invari-
condition ranged from -0.2 to -10.0°C. Confining ant stress functions are given in Figure 6.
pressure was 69.0 kPa and deviator stresses ranged Samples of the test soils taken in the fall of 1978
from 69 to 827 kPa. Once tested in the frozen were construed to reflect the fully recovered con-
state, each specimen was thawed in the triaxial de- ditions; they were tested at the same stress levels as
vice and retested repeatedly to characterize the the thawed/recovering specimens but at only the
thawed and recovering conditions. In each test the level of 0 prevailing in-situ when the samples were
specimen was allowed to drain or come to equilib- taken. Regression analyses of the results (Table 1)
rium under the applied confining stress before the showed that the stress parameter, J, or J/,7, is a
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Figure 6. Resilient modulus vs in variant stress parameters for two thawed test soils.

significant variable. In some cases ' was accepted for evaluating the resilient modulus can be calcu-
as a variable, while in other cases the range of ' in lated in relation to the particular traffic loading
the available data was small and did not meet the for which the pavement analysis is being made,
test for acceptance as statistically significant. but in-situ seasonal variation of temperature and

moisture tension must also be assessed to permit
FIELD TESTS determinaton of resilient moduli through a corn-

plete annual cycle. Subsurface temperatures, frost
Laboratory repeated-load triaxial testing of depths, and moisture tension are among the pa-

thawed soils requires special techniques that were rameters that can be predicted by means of the
under development as an objective of this project. mathematical model of frost heave being devel-
Consequently it was essential to test the proce- oped under another phase of this research project
dures and verify the moduli determined through (Ouymon et al., in prep.). Alternatively, tempera-
their use. The method chosen to validate the pro- tures and moisture tensions can be monitored in-
cedures was to calculate surface deflection basins situ throughout the year to provide the needed link %
in experimental pavements with the aid of the lab- for laboratory assessment of time-dependent sea-
oratory-determined moduli and to compare these sonal variation of resilient modulus. This was the
calculated basins with surface deflection basins second objective of the field work at Winchendon.
observed during plate-loading tests on the same Subsurface temperatures were monitored
experimental pavements. To this end, the research throughout the year at each of the six test sections
included RPB and FWD tests on the six paved soil at Winchendon, by means of thermocouples in-
test sections selected from the 24 test sections at stalled at various depths. Soil moisture tensiom-
Winchendon, Massachusetts. eters (McKim et al. 1976) also were installed at

But the validation of moduli determined by lab- various depths in each test section and were read
oratory tests was only one of the two principal ob- each time a plate-bearing test was performed.
jectives of the field testing. Laboratory testing Field in-situ plate-bearing tests using pulsed
alone does not provide the time-dependent evalua- loading were performed to verify the laboratory-
tion of the resilient modulus of the various layers determined moduli and as a means of evaluating
of the pavement structure that is needed for pave- seasonal variations in the moduli. Two types of in-
ment evaluation and design. The stresses needed situ tests were performed on the six Winchendon %
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Figure 7. RPB test van with reference beam for L VDTs.

test sections. The first type was the repeated-load ers (LVDTs) supported by a reference beam and
plate-bearing test (RPB). The equipment is mount- placed in contact with the pavement surface at
ed in the center of a large enclosed semi-trailer various radial distances from the loading plate to
(Fig. 7), which is ballasted and reinforced to pro- measure resilient deflections. The loads were ap-
vide a firm reaction for the plate load. The load plied through a 304-mm-diameter plate, and were
was applied by an air actuator, and loads up to repeated 50 to 1000 times. The pulse duration was
about 53 kN can be applied at frequencies up to about 1 sec and the cycle time was about 3 sec.
about 20/min. A load ell located on top of the The second type of in-situ test equipment used
plate senses each load repetition, which is record- was a falling weight deflectometer (FWD) (Koole
ed on strip charts. The recorder also traces the 1979). In the device we used (Fig. 8), a mass of 150

outputs of linear variable differential transform- 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.

that imparts a 28-ms pulse load to a 300-mm-di- Appendix A. The ground temperatures prevailing
ameter plate resting on the pavement surface. during each RPB and FWD test are shown graph-
Three velocity transducers (geophones) are posi- ically in Appendix B.
tioned in contact with the pavement, at the center The vertical resilient displacements under plate
of the plate (through a small aperture in the plate) loads observed first in the fall of 1978 decreased to
and at two radial distances from the center. Asso- small measurements in the second series of tests in
ciated instrumentation integrates the velocity sig- February 1979, when the test soils were frozen. As
nal and reads out vertical displacement of the the plate pressure differed somewhat in the vari-
pavement in micrometers. The load imparted to ous tests, the displacements shown in Figures 9 to
the pavement is monitored by a load cell, and the 14 are normalized by dividing by the plate pres-
output is calibrated to give plate pressure in kilo- sure. The plots show the sharp increase in dis-
pascals. For the investigation of the resilient mod- placement that is observed in the first test after
ulus of nonlinear soils, we employed two drop thawing starts. The increase in surface deflection
heights giving pressures from 200 to 800 kPa and upon thawing is particularly great for the four test
total loads from about 15 to 50 kN. We made five soils that contain the greatest fractions of fines
drops at each height, and repeated each test se- (material passing the No. 200 sieve): the Ikalan-
quence a second time after repositioning the geo- ian, Graves, and Hyannis sands and the Sibley till.
phones to obtain deflection measurements at a Even in these soils a substantial decrease in deflec-
total of five radii. tion (recovery) was observed within 10 to 20 days

The RPB tests were performed on the six test after thawing started. In the Hart Brothers sand
sections at two load levels on 13 occasions between and the dense-graded stone the increased deflec-
October 1978 and September 1979, encompassing tion upon thawing did not differ greatly from the
dates on which the test soils were frozen, partially fall (recovered) deflection. The comparative re-
thawed, fully thawed, recovering, and fully recov- sponse of the six soils to thawing is illustrated in
ered. The FWD tests were performed on the same Figure 15.
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. ANALYSIS OF FIELD-LOADING TESTS

* On each occasion pavement and test soil tempera-
tures as well as moisture tension levels were deter- The principal objective in selecting or develop-
mined. All the field test data are summarized in ing a method for analysis of the deflection basins

17
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was to be able to calculate the deflection basin re- counts to some extent for the horizontal variations
suiting from application of a known load to a in moduli.
pavement system of a known thickness of the lay- NELAPAV has been structured to incorporate
ers, each having linear or nonlinear resilient mod- five basic models of stress dependency. The pro-
ulus and Poisson's ratio determined in advance by gram user may select one of these models for each
laboratory testing (forward approach). Compari- pavement layer. The models include:
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- Type 2: Mr =

tive: to calculate the linear or nonlinear moduli
corresponding to a known d, flection basin (back-
ward approach). M 2+(dK), d>K

To meet the dual objectives, the two alternatives Mr = K, + (ad-K,)K., ad > K,

of the finite-element analysis and the elastic lay- Type 4: Mr = K,(J/t) K ,
ered system analysis were considered. The finite-
element analysis has the important advantage that
the modulus within each layer can vary in the radi- Type 5: Mr =
al direction for compatibility with the variation in
stress. Because the entire stress regime beneath the where Mr, J,, ad, J2, and TO, are as defined earlier,
pavement must be defined, however, computa- and K., K,, K,, and K. are regression constants.
tional costs would be high for a system with a suf- In forward analyses of the six test sections, we
ficiently large number of elements, and doubtless have used the type I model for the asphalt con-
prohibitively high for use with the backward ap- crete, types 1, 4, and 5 for the frozen test soils,
proach. Consequently we selected the elastic lay- and types 2 and 4 for the thawed and recovered
ered system analysis. The CHEVRON computer test soils and the natural subgrade test soil. As the
code, including the recently developed COFE analyses proceeded, the type 4 model came to be
subroutine, was modified by L.H. Irwin (Irwin preferred over the type 2 model for thawed soils.
and Johnson 1981) to incorporate a "front end" It was considered that the type 4 model has poten-
that, for each nonlinear layer, begins with an as- tial for extensive application to nonlinear soils be-
sumed modulus, calculates the stress in the layer, cause it incorporates a shear stress parameter and
uses the laboratory-developed model of stress de- also (possibly for that reason) the laboratory char-
pendency to calculate a modulus, and thereafter acterization equations of that form yielded higher r
iterates until compatible moduli and stresses are values of R1. In recent years many investigators
calculated. The program, termed NELAPAV have concluded that the conventional model of re-
(nonlinear elastic layer analysis for pavements) silient modulus as a function of J, represented by
then calculates stresses, strains, and deflections in type 2, has serious limitations and that nonlinear
the same manner as CHEVRON. An innovative models for granular materials need to account for
feature of NELAPAV is its ability to reduce the the effect of shear strain (e.g. Brown and Pappin
problem of inability to account for the change in 1981, May and Witczak 1981). The type 4 model
elastic modulus within a layer as the distance from has the potential of accounting (indirectly) for
the axis of the load increases. This is accomplished shear stresses and strains through the inclusion of
by recomputing the set of stress-compatible modu- rot, while still keeping the model very simple and
li for each combination of radius and depth that avoiding computational complexities.
defines a point of interest at which stresses, In addition to selecting a model for resilient

* strains, and deflections are to be computed. While modulus and inputting the applicable values for
the modulus cannot vary radially for the calcula- the regression constants, appropriate values for
tions of responses at any individual point, differ- the resilient Poisson's ratio are needed. In most
ent stress-compatible moduli are used for calcula- cases the results of the analysis are not highly sen-
tions at other radii. The hypothesis presumes that sitive to moderate changes in Poisson's ratio,
the moduli of the materials closest to the point of which may be evaluated by tests on each material
interest have the greatest influence on the state of or by assigning values consistent with published
stress at that point. In this way NELAPAV ac- 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/
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- N,
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-
values of Poisson's ratio were selected from exper- ble, were taken as given values, and the stress de-
ience with other materials and from published test pendency model appropriate to each layer was se- ,.

data (Table 3). lected. Initial assumed values of moduli for the
Each of the 22 RPB and FWD tests conducted nonlinear layers were selected. NELAPAV calcu- '.'

at each of the six test sections has been analyzed lated stresses, strains, displacements, and stress-
compatible moduli throughout the system.

The comparisons between the calculated and
Table 3. Values of Poisson's ratio used in analysis. measured deflections for the higher of the two

plate loads are summarized in Figures 16-21; the
comparison is similar for the lower loads (Appen-

Asphalt concrete T < -2C 0.30 dix C). Deflection measurements were made at
-2 < T < + I 0.35 five different radii. Each of these measurements is
+ I< T < +8 0.40 plotted and compared with the corresponding de-+8 < T< +!6 0.45

T > + 16 0.50 flection computed by NELAPAV on the basis of
the conditions of the pavement system prevailing

Test soils on each particular date.
Frozen Several general trends are apparent in these
Thawed < 2 (to 4) kPa 0.30-0.35 plots. The maximum deflections, at the center of

2 (to 4) < 4, < 8 (to 10) 0.45
€ < 8 (to 10) 0.40 the basin, calculated by NELAPAV tend to agree

0.35 well with the maximum surface deflections mea-
sured in both the RPB and FWD tests. Proceeding

Subgrade 0.35 outward from the plate, the different test sections
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show varying degrees of agreement between the Perhaps the most significant observation is the
calculated and measured basins as the outer radii reasonably good agreement of the postthaw basins
are considered. The Hyannis sand and dense- in general. The calculated and measured deflec-
graded stone test sections both show very good tions differ more on those dates when the cross
agreement all the way to the tails of the basins in section included layers of frozen soil. This prob- %
the RPB tests, differing only for tests in the frozen lem can be attributed in part to uncertainties in the %

• condition. In the other test sections the RPB definition of the exact thickness of the frozen lay-
basins generally have calculated displacements ers. Such uncertainty, in turn, may derive in part "
that are higher than the measured displacements. from interpolation of ground temperatures within
This could be because the supports for the refer- the vertical string of sensors and in part from the
ence beam for measuring of deflections in the assumption that the transition from frozen to d

RPB test may in some cases be within the deflec- thawed conditions occurs precisely at 0°C. For
tion basin. Thus, a possible explanation for these those dates with a frozen layer, the calculated de-
results is that the real deflections in the RPB tests flections are generally greater than the measured
may have been greater than those recorded. Excel- deflections. An example of a thawed basin exhibit-
lent agreement is found between the calculated de- ing good agreement is shown in Figure 22. Figure
flections and the deflections measured in FWD 23 shows the poor agreement of a basin that con-
tests on Ikalanian sand, Hart Brothers sand, and tained a frozen "aver.
Sibley till, while somewhat more scatter is evident The calculated resilient moduli and other results
in the plots for the other test sections. from the analysis of the six test sections are sum-

Radius (m)
•0 0 2 04 0 6 08 1 0 o

E 400 Actual Basin -
-- j/ /Calculoated Baosin

00

.. ~~~~~ ~~1200 1 1 ] _ ,-

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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marized in Appendix D. The resilient moduli of of moisture tension in the test soils. Another sam-
the test soils calculated by NELAPAV show the pling of the variation in modulus is given in Table

* expected seasonal variation, with extremely high 5, representing the upper 250 mm of the dense-
values in the frozen condition, decreasing dramat- graded stone. In the case of this coarse-grained
ically upon thawing, and increasing somewhat crushed stone, while the modulus is extremely high
during the late spring, summer, and fall. A sam- in the frozen condition, it decreases upon thawing
pling of the seasonal variation in modulus is given to approximately the same level that prevails in the

% in Table 4, representing the upper 250-325 mm of fall. That is to say, this material is found to be not
the Ikalanian sand. The increase of the modulus susceptible to thaw weakening. Similar tabula-

% from spring to fall is not as great as has been ob- tions for the other test soils are given in Tables
served in earlier research on a finer grained soil 6-*It is apparent that the test dates early in the
(Johnson et al. 1978). The relatively modest in- thawing period did not coincide exactly with the
crease during the recovery phase is believed to be brief period when the modulus of the upper layer
attributable to the high water table at the Win- is at its minimum level. An interpretation of the
chendon site, which severely restricts the build-up 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 77.7 105.3 25 February 1980
12 February 1979 8257.9 5996.0 thawed, top 100 mm 32.7 49.9
7 March 1979 12.2 17.3 frozen, next 225 mm 1956.7 1432.9

12 March 1979 33.8 46.4 12 March 1980 42.0 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 40.9
3 April 1979 41.4 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 31.9 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 94.4 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 April 1980 91.0 95.8

29 May 1979 90.6 96.7
24 July 1979 97.5 104.2
27 September 1979 97.6 103.9
19 November 1979 99.9 106.6
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Table 6. Calculated resilient modulus (MPa) in effectiveness. In the calculations, the resilient
upper layer of Graves sand beneath center of modulus of the natural subgrade was assumed to
plate. be known and was assigned a value previously cal-

culated by NELAPAV from a forward analysis
Top 350 mm, 1980 based upon the laboratory nonlinear material

159-267 kPa 240-566 kPa characterization. This value was assigned merely
Plate pressure Plate pressure for convenience, and in reality it is unnecessary to

use NELAPAV, which calculates the stresses gen-25 February 1980 1489.0 917.4

12 March 1980 erated by both overburden materials and the plate
thawed, top 100 m 66.5 96.7 load. At such relatively great depth the effect of b

frozen, next 250 mm 1723.3 %2.4 the plate load is slight, and an approximation of
19 March 1980 the modulus based upon a simple estimate of over-

thawed, top 124 mm 90.6 - burden pressure would suffice. %
frozen, next 326 mm 1389.4 - After assigning a modulus value for the natural

22 March 1980 31.0 -A
26 March 1980 42.9 - subgrade, the procedure is to start at the outer-
29 March 1980 37.1 44.0 most radial point at which deflections were mea-

3 April 1980 43.0 47.2 sured, assign reasonable moduli to the upper lay-
10 April 1980 41.7 47.8
17 April 1980 47.8 54.4ers, and determine the modulus of the lower layer

of the test soil by trials with NELAPAV to give
deflections at that radius matching the measured
deflections. This lattei modulus, and the subgrade

test soil, under the lower of the two test loads, is modulus, are carried inward to the center of the
given in Figure 24. plate (r = 0), together with reasonable moduli for

Only very limited application of the backward the upper layers of test soil, so that the asphalt
approach has been made (Irwin and Johnson concrete modulus can be determined by trials with
1981). Its special utility is the calculation of resil- NELAPAV to give deflections at r = 0 matching
ient moduli for a pavement's supporting layers on the measured deflections. The assumed values of
which no laboratory characterization tests have the moduli of the upper layers of test soil are then
been performed. Since laboratory characteriza- adjusted by successive trials with NELAPAV to
tions are available for all the test soils, the back- give a better fit with the measured deflections at
ward approach has only been tested to evaluate its the intermediate radii. After several iterations

u000 T I I
I Ikolonion Sand

G Groves Sand
H Hyannis Sand
HB Hart Brothers Sand
DG Dense-graded Stone

a- o S Sibley THi

OGDG
o 100 DG -D

HS I
CH H -

4- ___ _G___B__.-------- -
QI HB

/ -

Ic I I I

-100 0 100 200 300 365

Julian Days, 1979

Figure 24. Interpretation of seasonal variation in resilient modulus of
six test soils directly beneath asphalt pavement under 200-300 kPa
plate pressure.
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Table 7. Calculated resilient modulus (MPa) in upper layer of Hart Brothers sand beneath center
of plate.

Top 250 mm, 1979 Top 250 mm, 1980

244-283 kPa 530-590 kPa 197-279 kPa 331-605 kPa
Plate pressure Plate pressure Plate pressure Plate pressure

30 October 1978 44.8 48.9 25 February 1980 670.4 793.3
13 February 1979 4872.5 4872.5 12 March 1980 122.5 180.8

6 March 1979 31.1 37.7 19 March 1980 23.1 26.1
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
4 April 1979 40.5 44.8 3 April 1980 27.6 29.4

24 April 1979 45.1 48.2 10 April 1980 25.8 27.4
. 7 May 1979 38.6 40.3 17 April 1980 26.9 28.6

4' 29 May 1979 35.6 37.9
25 July 1979 48.0 49.0
27 September 1979 45.3 48.9
20 November 1979 48.5 54.4

Table 8. Calculated resilient modulus (MPa) in upper layer of Hyannis sand beneath center
of plate.

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

31 October 1978 62.2 69.0 25 February 1980 1996.8 1996.8
12 February 1979 29,993.9 29.993.9 12 March 1980 85.6 104.8
7 March 1979 21.0 21.0 19 March 1980 76.8 82.8
12 March 1979 21.0 21.0 22 March 1980 65.9 76.6
20 March 1979 67.6 78.0 26 March 1980 65.8 72.4
27 March 1979 65.5 73.1 29 March 1980 63.5 70.8
3 April 1979 65.1 73.2 3 April 1980 62.1 67.9

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
24 July 1979 67.7 76.7
27 September 1979 68.4 77.1
19 November 1979 68.8 75.1

Table 9. Calculated resilient modulus (MPa) In upper layer of Sibley till beneath center of plate.

Top 250 mm, 1979 Top 250 mm, 1980

246-283 kPa 472-597 kPa 167-300 kPa 330-600 kPa
Plate pressure Plate pressure Plate pressure Plate pressure

30 October 1978 - 51.5 25 February 1980 3449.0 3449.0
12 February 1979 8046.0 8046.0 12 March 1980 40.2 44.6
7 March 1979 39.8 39.8 19 March 1980 39.4 41.1

12 March 1979 40.1 43.9 22 March 1980 37.9 40.9
20 March 1979 42.4 46.1 26 March 1980 39.5 -
27 March 1979 43.9 48.2 29 March 1980 39.7 43.2
3 April 1979 46.4 50.9 3 April 1980 40.7 44.3

23 April 1979 46.5 50.7 10 April 1980 39.6 43.2
8 May 1979 47.7 50.7 17 April 1980 42.3 45.3

30 May 1979 44.6 48.9
24 July 1979 49.1 51.6
27 September 1979 43.4 47.0
19 November 1979 46.7 50.5
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with slightly adjusted values of the moduli, rea- ess. Th: frost heave model of Guymon et al. (in
sonable stability of the resulting defiection basin prep.) can be used for this purpose.
can usually be obtained. While the analysis of the field data as presentedIn the above procedure, the Type I model of herein engenders reasonable confidence in the lab-

NELAPAV, for linear moduli, is used. A corn- oratory procedures for determining resilient mod-
puter program for linear elastic materials, MOD- ulus and assessing its seasonal variation, imple-
COMP I, has been developed for application of mentation in engineering practice should await %
NELAPAV in the backward approach (Irwin further confirmation. Work recently completed
1981). It has not been applied to the nonlinear ma- on airfield pavements at Albany County Airport,
terials of the Winchendon test sections, except to N.Y., will enhance the data base and is expected to
check and validate the concepts and operation of provide further confidence in the methodology.
the program. That work will be presented in separate reports

(Cole et al., in prep., Johnson et al. 1986).

DISCUSSION
CONCLUSIONS

The reasonably good agreement of the postthaw
basins is taken as evidence that the expressions for The research results summarized in this report
nonlinear resilient moduli derived from laboratory lead to the following conclusions:
tests are acceptable. Thus the adopted laboratory 1. The analysis of field loading tests on six paved
procedures for determining seasonal variations in soil test sections at Winchendon, Mass., provided
resilient modulus are seen as adequately validated evidence that laboratory procedures (Cole et al.
for soils of the types tested, and the results of tests 1986), developed under this research project for
according to that procedure should provide a use- deriving nonlinear materials characterizations of
ful basis for evaluating and designing new and re- the six soils in the frozen and thawed conditions,
habilitated pavements in cold regions. are acceptable. While the laboratory procedures

The application of materials characterizations are considered to be validated for soils of the types
in the form of expressions for nonlinear resilient tested, further confirming evidence is needed. Evi-
modulus derived from laboratory tests requires dence on other nonlinear materials will be forth-
use of a pavement response model that can ac- coming from work recently completed at Albany
count for the stress dependency of the modulus. County Airport, N.Y.
NELAPAV has given good results in the analysis 2. To make use of nonlinear materials charac-
of the Winchendon field data and is seen as a use- terizations, one needs an appropriate pavement re-
ful analytical tool. sponse model that is capable of accounting for the

An important characteristic of the laboratory- stress dependency of the resilient modulus.
test-derived expressions for resilient modulus is NELAPAV, a computer program for nonlinear
the further dependence of the modulus upon site- elastic layered analysis of pavements, is found to
specific environmental parameters that vary wide- be a useful analytical tool.
ly throughout the annual cycle of seasonal chang- 3. The numerical value of the resilient modulus
es. The principal parameters are temperature and prevailing in a frozen or thawed pavement materi-
moisture tension. Consequently, assessment of the al at a given time cannot be calculated with the
seasonal variation in the modulus prevailing in a sole aid of an appropriate expression for the mod-
material for which a laboratory nonlinear charac- ulus derived from laboratory tests, but requires as-
terization has been developed requires not only a sessment of prevailing environmental conditions,
calculation of the stress in the material but field principally temperature and moisture tension.
observation of temperature and moisture tension These parameters can be monitored throughout an
as well. Such field observations of conditions pre- annual cycle by means of sensors installed in ex-
vailing in the various layers in existing pavements isting pavements, or their values throughout the
can be obtained by installing sensors and collec- year may be forecast by means of the frost-heave
ting data over a complete annual cycle. Data ob- model of Guymon et al. (in prep.).
tained from undeveloped terrain where a new 4. Limited application of the backward ap-
pavement is planned may be inapplicable to the proach, an analytical procedure for determining re-
future conditions after construction. An alterna- silient modulus from field measurements of surface
tive to field data collection is to predict tempera- deflection, indicates the validity of the approach.
tures and moisture tensions by means of a mathe- A computer program, MODCOMP I, was devel-
matical model of the freezing and thawing proc- oped to calculate moduli in linear elastic materials.
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*O APPENDIX A: FIELD DATA
Winchendon, Mass., Test Sections

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

Resilient Displacement at Two Load Levels *Pc.-

30 October 1978 (Day-63) 20 March 1979 (Day 79) 7 May 1979 (Day 127) 19 Novelb er 19 79 D.av 323) .',

Load (kN): 18.9 37.8 Load (kN): 18.7 39.1 Load (kN): 19.3 40.0 Load (kN): 20.5 43.1

Radius (mm) Displacement (mm) Radius Cmm) Displacement (mm) Radius (mm) Displacement (mm) Radius (m) Dis laccmnt (mm)

140 0.6147 1.1202 133 0.602 1.098 149 0.6868 1.3879 146 0.5321 0.9728

311 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 0.4191

*450 0.1359 0.2667 479 0.115 0.247 457 0.1304 0.3342 476 0.1539 0 .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 (kc): 18.01 40.03 Load (kNc): 19.1 40.3

Radius (n) Displacement (m) Radius Dim) Dsplacement (mm) Radius (mm) Displacement (Mm)

143 0.1251 0.1919 140 0.645 1.265 140 0.6413 1.2898

302 0.0167 0.0329 279 0.401 0.826 289 0.3404 0.6985

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 0.132 772 0.0530 0.1128

7 March 1979 (Day 66) 3 April 1979 (Day 93) 24 July 1979 (Day 205)

Load (kN): 19.3 38.9 Load (kN): 19.1 40.0 Load (kN): 19.8 40.3

Radius (m) Displacement (m) Radius (mm) Displacement (mmj Radius (mm) Displacement (mm)

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 (kNc): 20.5 39.8 Load (kN): 18.5 39.4 Load (kN): 20.0 42.7

Radius (m) Displacement (m) Radius tmm) 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 CC)

Depth
(m) 30 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 15.2 -- 3.1 Q.5 19.9 8.0 7.2 36.7 32.7 39.9 31.3 ....

50 2.9 0.6 0.3 9.0 6.8 33.4 33.5 34.8 32.0 ....

210 -3.6 0.8 0.1 2.2 2.4 3.3 16.1 21.1 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 ...

a.

Moisture Tension (kPa)

Depth

(iM) 12 Feb 7 Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 7 May 29 May 4 Ju 27 Sep 19 Nov

457 9.8 0 1.9 6.9 6.4 6.9 5.4 8.3 7.9 12.0 10.0 10.0

559 7.8 1.0 2.9 3.9 3.9 3.9 8.8 4.9 4.9 10.0 6.5 10.0
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Table A2. Data from repeated-load plate-bearing (RPB) tests, Graves sand test section.

Resilient Displacement at Two Load Levels

30 October 1978 (Day-63) 21 March 1979 (Day 80) 8 May 1979 (Day 128) 19 November 1979 (Day 323)
Load (kN): 18.9 Load (kN): 19.6 36.7 Load (kN): 19.1 40.0 LoaCd (kN: 20.2 43.1
Ralus (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (rm)

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 not 365 0.261 0.458 378 0.2194 0.4774 403 0.2090 0.4420

444 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 197) (Day 43) 28 March 1979 (Day 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 0.3785 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) 4 April 1979 (Day 94) 25 July 1979 (Day 206)
Load (kN): 7.3 18.2 Load (kN): 18.5 38.9 0a 7 42.5
Radius (mm) Displacement (mm) Radius (mm) Displacement (m) 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 0.3675 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 (rm) Radius (mm) Displacement (rm) Radius (m) 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 0.1304 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 (°C)

Depth
(mm) 30 Oct 12 Feb 6 Mar 13 Mar 21 Mar 28 Mar 4 Apr 24 Apr 8 May 30 Ma 25 Jul 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.b 15.1 23.6 18.5 9.0

1067 2.2 1.4 1.1 0.7 -- 0.6 5.7 10.9 14.h 22.5 18.5 9.3
1219 2.4 1.7 1.4 1.1 -- 1.1 5.1 10.0 14.2 21.1 18.5 9.8
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.) 13.4 19.5 18.3 10.5

Moisture Tension (kPa)

Depth
(mm) 12 Feb 6 Mar 13 Mar 21 Mar 28 Mar 4 Apr 24 Apr 8 May 3 25 ,uly 27 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 11.8 0 3.9 5.9 6.4 7.8 11.8 11.8 9.8 14.5 12.0 10.0
1. 610 12.3 0 7.8 7.4 5.9 6.9 9.8 9.8 8.3 12.0 10.0 --
0 1 914 3.9 1.9 0 1.9 0 0 2.5 2.8 0 3.5 1.5 --
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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 :%.r

30 October 1978 (Day-63) 21 March 1979 (Day 80) 7 May 1979 (Day 127) 20 November 1979 (Day 324)

Load (kN): 17.8 37.8 Load (kN): 18.9 40.0 Load (kN): 18.9 40.0 Load (kN): 20.0 42.7

Radius (mm) Displacement (mm) Radius (mm) Displacement (mal) Radius (m) Displacement (mm) Radius (mm) Displacement (mm)

140 0.6515 1.1989 146 0.671 1.297 139 0.7224 1.3497 146 0.5220 0.9931

305 0.2616 01.4902 299 0.279 0.616 283 0.2794 0.5639 305 0.2743 0.5486

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 0.2094 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 ,t

13 February 1979 (Day 43) 28 March 1979 (Day 37) 29 May 1979 (Day 149) "

Load (KN): 20 37.4 Load OkN): 19.3 40.5 Load (kN): 18.9 40.9

Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) 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 479 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 (Day 65) 4 April 1979 (Day 94) 25 July ij79 (Day 206)

Load (kW): 18.7 40.5 Load (kN): 18.5 41.4 Load (kN): 20.7 42.4
Radius (ram) Displacement (mm) Radius (am) Displacement (ram) Radius (mm) Displacement (m

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 
1
97 (Day 114) 27 Se tember 1 (Day 270)

Load (kN): 19.8 41.8 2oa! (2O: 19.3 40.3 oa ..T ): 20.2 42.7

Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (m) 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 (°C)

Depth

m 30 Oct 13 Feb 6 Mar 13 Mar 21 Mar 28 Mar 4 Apr 24 Apr 7 May 29 My ?SJ y 2 Sep 20N

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

51 -7.9 5.1 -0.1 8.3 -0.5 5.4 19.5 36.3 33.6 30.2 13.7 4.8

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

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

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 15.7 25.1 18.5 7.9 " -

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. 0.2 -0.4 0.7 6.7 11.9 14.8 22.9 18.3 8.7

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)

Depth

13 Feb 6 Mar 13 Mar 21 Mar 28 Mar 4 Apr 24 Apr 7 May 29 May 25 Jul 27 Sep 20 Nov

152 5.9 0 5.9 5.4 7.9 6.4 9.8 7.9 6.9 12.5 10.0 10.0

305 1.9 0 4.4 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 1J.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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Table A4. Data from repeated-load plate-bearing (RPB) tests, Hyannis sand test section.
S

Resilient Displacements at Two Load Levels

31 October 1978 (Day-63) 20 March 1979 (Day 79) 7 y 179 (Day 127) 19 November 1979 (Day 323)
Load (kN): 15.6 38.9 Load (k): 19.1 40.0 Load (kN): 19.6 39.4 Load (kN): 20.0 43.1
Radius (mm) Displacement (mm) Radius (M) Displacement (mm) Radius (mm) Displacement (mm) Radius (um) Displacement (m)

140 0.4699 0.8966 137 0.425 0.839 146 0.6202 1.1697 146 0.4013 0.8242
292 0.3073 0.5969 283 0.244 0.521 302 0.2464 0.4902 289 0.2667 0.5359
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 U.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
Radius (m) Displacement (u) Radius (um) Displacement (us) Radius (us) Displacement (um)

143 0.0772 0.1095 140 0.423 0.874 133 0.5992 1.3087
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 0.3794
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

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 (m) Displacement (m) Radius (um) Displacement Lus) Radius (u) Displacement Lu)

140 0.6915 1.7930 140 0.4029 0.8800 143 0.5217 1.0860
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
467 0.223 0.7420 470 0.1387 0.3120 473 0.0985 0.2025
756 -- - 762 0.0451 0.1150 765 0.0361 0.0846

12 March 1979 (Day 71) 23 April 1979 (Day 113) 27 September 1979 (Day 270)
Load (kN): 19.8 41.8 Load (kN): 18.9 39.6 7 Load (kN): 20.5 43.6
Radius (m) Displacement (us) Radius (mm) Displacement (mm) Radius (us) Displacement (u)

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
368 0.175 0.500 381 0.1729 0.3626 378 0.1884 0.3484
445 0.129 0.419 467 0.1206 0.2496 470 0.1234 0.2593
753 0.029 0.125 759 0.0496 0.0947 759 0.0530 0.0992

Pavement and Subgrade Temperatures (oC

Depth
(M) 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 4.6 -9.4 none 6.3 23.5" 7.1 6.7 27.6 33.7 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

152 -10.3 none -1.8 10.3 0.6 5.1 18.1 20.0 20.0 27.6 20.2 6.1
305 -7.1 none -0.1 4.9 3.5 2.0 17.7 22.9 21.3 31.3 21.0 7.8
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 7.2
762 -1.4 none -0.5 -0.2 0.5 0.8 8.3 14.3 16.1 26.8 18.8 7.8
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 14.8 23.9 18.8 8.8
1219 0.5 none 0.3 0.4 0.4 0.7 5.7 11.1 14.2 22.9 18.8 9.2
1371 -- none 0.6 0.8 0.8 1.1 5.0 10.3 13.7 21.7 18.7 9.6

1524 -- none 1.0 1.1 1.1 1.4 4.6 9.6 13.2 20.8 18.6 10.0

Moisture Tension (kPa)

Depth

(R) 12 Feb 7 Mar 12 Mar 20 Mar 27 Mar 23 Apr 7 May 29 May 24 Jul 27 Se 19 Nov

559 64 3 3 6 4.4 4 7.8 6.8 6 6.0 4.5 12.0
711 7.8 8 7.8 7.8 8 8 6 7.4 4 8.0 3.0 --
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Table A5. Data from repeated-load plate-bearing (RPD) tests, dense-graded stone test section.

Resilient Displacement at Two Load Levels

31 October 1978 (Day-63) 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 (m) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mm)

146 0.3810 0.6362 137 0.394 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

444 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)

Load (kN): 19.3 40.5 Load (kN): 19.1 40.0 Load (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 0.341 387 0.1316 0.2723 a .

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 (kh): 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 781 0.0395 0.0710

12 March 1979 (Day 71) 23 April 1979 (Day 113) 27 September 1979 (Day 270)

Load (kN): 20 42.2 Load (kN): 18.5 40.5 Load (kN): 20.2 43.6

Radius (mm) Displacement (mm) Radius (mm) Displacement (mm) Radius (mm) Displacement (mmn)

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 (°C)

Depth

(mm) 31 Oct 12 Feb 7 Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 7)My 29 May 24 juIy 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
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 [.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
(mm) 12 Feb 7 Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 

7 
Ma 29 May 24 Aul, 27 Sep 19 Nov

559 43.0 0 0 0 0 0 5.9 0 4.Q 6.0
711 24.5 0 0 0 0 0 0 0 1.4 4.0 [.5 -'
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Table A6. Data from repeated-load plate-bearing (RPB) tests, Sibley till test section.

Resilient Displacement at Two Load Levels

30 October 1978 (Day-63) 20 March 1979 (Day 79) 8 Ma 1979 (Day 128) 19 November 1979 (Day 323)
Load (kN): 34.5 Load (kN): 19.3 39.8 Load (kN): 19.8 40.9 Load (kN): 20.0 43.1
Radius (mm) Displacement (me) Radius (mm) Displacement (mm) Radius (mm=) Displacement (mm) Radius (w) Displacement (m)

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 0.3962349 0.3429 not 387 .196 0.409 352 0.0955 0.2426 403 0.1110 0.2565

447 0.2043 done 467 0.128 0.229 441 0.0513 0.1289 489 0.0749 0.1775
743 0.0312 768 0.014 0.025 .... .. 683 0.0226 0.0541

12 February 1979 (Day 43) 27 March 1979 (Day 86) 30 May 1979 (Day 150)
Load (kN): 19.8 41.4 Load (kN): 18.0 40.0 Load (k.N): 19.1 41.4
Radius (on) Displacement (m) Radius (m) Displacement (m) Radius (=) Displacement (m)

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 (Day 93) 24 July 1979 (Day 206)
Load (kN): 18.7 38.7 Load (kN): 18.7 41.1 Load (kN): 20.5 43.1
Radius (mm=) Displacement (me) Radius (m) Displacement (me) Radius (m) 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
454 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 (m) Displacement () Radius (mm) Displacement (mi) Radius (m) Displacement (m)

140 0.824 1.587 143 0.5987 1.2120 140 0.5145 1.0755
282 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 .... ..

Pavemenp and Subgrade Temperatures (°C)

Depth
30 (ct 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 31.3 ....
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 1.6 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
(m) 12 Feb 6-Mar 12 Mar 20 Mar 27 Mar 3 Apr 23 Apr 8 May 30 May 24 Jul 27 Sep 19 Nov

152 7.4 0 24.5 4.4 5.8 -- 7.3 9.3 5.4 12.0 4.5 --
305 86.2 0 0 3.9 4.9 -- 6.4 7.3 6.8 0 4.5 -
559 .. .. ..- 3.9 ...... - .....
610 1.0 6.8 0 0.5(leak) 2.9 -- 6.8 3.4 2.9 6.0 4.0 --
711 .. .. .. . .. 8.3 .. .. .. .. ....
914 1.0 49.0 7.8 5.4 4.9 -- 6.4 5.8 5.4 8.0 6.5 --
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Table A7. Data from falling-weight deflectometer tests, Ikalanian sand test section.

Resilient Displacement at Tuo Load Levels

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 (us): 50 100

Pressure (kPa): 275 583 Pressure (kPa): 237 544 Pressure (kPa): 273 363

Radius (mm) Displacement (im) Radius (mm) Displacement (pm) Radius (mu) Displacement (wm)

0 167 425 0 311 1524 0 795 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

22 March 1980 (Day 82) 26 March 1980 (Day 86) 29 March 1980 (Day 89)

Drop Height (mm): 50 100 Drop Height (mm): 50 100 Drop Height (mm): 50 100

Pressure (kPa): 207 319 Pressure (kPa): 253 358 Pressure (kPa): 253 350

Radius (mm) Displacement (wm) Radius (mm) Displacement (pm) Radius (mm) Displacement (pm)

0 593 1151 0 770 1156 0 738 1069

300 467 736 300 415 594 300 413 582

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 (Day 108)

Drop Height (mm): 50 100 Drop Height (mm): 50 100 Drop Height (us): 50 100

Pressure (kPa): 248 355 Pressure (kPa): 230 332 Pressure (kPa): 270 370 %

Radius (mm) Displacement (pm) Radius (mm) Displacement (lrm) Radius (mm) Displacement (pm)

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 ill 1050 74 102 %

%
.5"

Pavement and Subgrade Temperature (°C)

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

Surface 11.3 14.3 4.4 13.1

50 8.0 11.7 4.4 12.7

210 -0.6 0.0 0.9 3.6
340 -0.6 -0.1 1.4 3.7

410 -0.4 0.0 1.4 3.7

450 -0.3 0.3 1.6 3.7

610 -0.2 0.8 1.6 3.4

690 0.3 1.1 1.5 3.2

840 1.2 1.8 1.6 2.8

1060 1.8 2.6 2.0 2.6

1260 2,7 3.3 2.4 2.6

1460 3.7 4.4 3.3 3.1

% Moisture Tension

No data %
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Table AS. Data from falling-weight defiectometer tests, Graves sand test section.

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 (Isr): SO

Pressure (kPa): 261 566 Pressure (kPa): 250 550 Pressure (kPa): 267
(edi ) Displacement (0M) Radius (mm) Displacement (0m) Radius (mm) Displacement (1iM)
0 126 332 0 392 1411 0 1054

200 126 345 300 388 940 300 522
400 81 211 525 189 446 525 217

800 35 100 750 116 230 750 110
1500 16 40 1050 61 116 1050 67

22 March 1980 (Day 82) 26 March 1980 (Day 86) 29 March 1980 (Day 89)
DrpHeight (mm): 50 Drop Height (mm): 50 Drop Height (mm): 25 50

Pressure (kPa): 185 Pressure (kPa): 238 Pressure (kPa): 159 240
Radius (m) Displacement (urn) Radius (mm) Displacement (ur) Radius (um) Displacement (urn)

0 942 0 1308 0 551 989
300 581 300 522 300 341 547

C525 304 525 263 525 174 260
750 139 750 146 750 95 134

1050 88 1050 75 1050 54 73

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 (kPs): 200 255 Pressure (kPa): 235 334 Pressure (kPa): 230 322
Radius (m) Displacement (Urn) Radius (mm) Displacement (urn Radius (mm) Displacement (urn)K0 774 1013 0 972 1352 0 940 1335

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 Subarade Temperatures (IC)

Depth (em) 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
1371 3.2 2.8 2.3 1.9 2.1 2.4 3.5 5.1
1524 3.5 3.0 2.5 .2.1 2.3 2.4 3.4 4.9

Moisture Tension (kPa)

Depth
SL 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 0 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
914 2.0 0 0 0 0 0 0.5 0 0

3

36l
t4

Uw



Table A9. Datat from fadlng-weigbt deflectometer tests, Hart Brothers sand test section. ,

Resilient Displacement at Two Load Levels

a,,

25 February 1980 (Day 5C) 12 March 1980 (Day 72) 19 arch 1980 (Day 79)
Drop Height (mm): 36 200 Drop Height (mm): 50 200 Drop Height (m): 50 100

Pressure (kPa): 279 605 Pressure (kPa): 255 599 Pressure (kPa): 266 382

Radiusm() Displacement Cpmj Radius (m) Displacement (Va) Radius (im) Displacement (mmn)

0 74 197 0 273 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 34 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 (m): 50 100 Drop Height (m): 50 150 Drop Height (m): 50 100

Pressure (kPa): 197 352 Pressure (kPa): 240 414 Pressure (kPa): 262 360

Radius (m) Displacement (pinj Radius (in) Displacement (pm) Radius (m) Displacement (iwm)

0 395 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

750 116 154 750 110 184 750 110 153

1050 66 89 1050 61 97 1050 65 87

3 April 1980 (Day 94) 10 April 1980 (Day 101) 17 April 1980 (Day 108)

Drop Height (im): 50 100 Drop Height (m): 50 100 Drop Height (m): 50 100

Pressure (kPa): 252 351 Pressure (kPa): 247 354 Pressure (kPa): 238 331

Radius (m) Displacement (Vm) Radius (m) Displacement (Wm) Radius (m) Displacement (msn)

0 785 1075 0 823 1130 0 803 1086

300 409 564 300 446 599 300 414 563

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
"°-

*.5

Pavement and Subgrade Teperature (*C)

Depth (im) 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 4.4 3.2 6.7 7.7
610 -0.2 -0.1 -0.1 0.5 3.1 3.3 5.9 8.3
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
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

W' Moisture Tension (kPa)

A
Depth (m) 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
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Table AI0. Data from failing-weight deflectometer test, Hyannis sand test section.

Resilient Displacement at Two Load Leel

25 Fbruar 1980 (Day 56) 12 March 1980 (Day 72) 19 March 1980 (Day 79)
Drop Height (m): 40 219 Drop Height (m); 50 200 Drop Height (ma): 100 200

Pressure (kPa): 273 550 Pressure (kPa): 240 560 Pressure (kPa): 397 552

Radius (m) Displacement (Gz) Radius (m) Displacement (Uz) Radius (rn) Displacement (Om)

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 (Day 86) 29 March 1980 (Day 89)

Drop Height (m): 50 200 Drop Height (ma): 50 200 Drop Height (ma): 50 200

Pressure (lPs): 196 516 Pressure (kPa): 244 487 Pressure (kPa): 255 499

Radius (m) Displacement (irl) Radius (m) Displacement (trn) Radius (m) Displacement (UM)

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 (m) 50 200 Drop Height (ma): 50 200 Drop Height (ma): 50 200

Pressure (kPs); 248 466 Pressure (We): 226 475 Pressure (Wa): 221 439

Radius (m) Displacement On) Radius (m) Displacement (02) Radius (m) Displacement (Om)

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 58 114 1050 69 138 1050 64 123

Pavonient and Subgrade Temperature (*C)

Depth

(m) 25 Feb 12 Mar 19 Har 26 Mar 29 Mar 03 Apr 10 Apr 17Apr

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

.3 610 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

Moisture Tension

No data
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Table All. Data from falling-weight deflectometer tests, dense-graded stone test section.

Resilient Displacement at Two Load Levels

25 February 1980 (Day 56) 12Karch 1980 (Day 72) 19 March 1980 (Day 79)
Drop Height (em): 34 200 Drop Height (m): 50 200 Drop Height (on): 100 200
Pressure (kPe): 278 569 Pressure (kPa): 240 525 Pressure (kPa): 369 508

Radius (m) Displacement (UU) Radius (m) Displacement (urm) Radius (m) Displacment (rn)

0 122 232 0 212 731 0 557 787

200 76 151 300 158 451 300 329 482

400 31 68 525 96 255 525 187 268 -

800 8 24 750 63 136 750 108 154
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 (im): 50 200 Drop Height (m): 50 200 Drop Height (in): 50 200

Pressure (kPa): 201 499 Pressure (kPa): 232 465 Pressure (kPa): 255 470

Radius ( a) Displacement (tin) Radius (m) Displacement (un) Radius (m) Displacement (ur)

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 77 159

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 (am): 50 200 Drop Height (=i): 50 200 Drop Height (s): 50 200

Pressure (kPa): 259 484 Pressure (kPa): 241 491 Pressure (kP&): 239 451
Radius ( ) Displacement ( ur) Radius (im) Displacement (0rn) Radius (m) Displacement (un)

0 413 774 0 362 713 0 411 748 .1
300 254 461 300 233 472 300 260 467 e
525 127 246 525 141 283 525 136 253 P
750 68 133 750 80 162 750 67 137

1050 40 75 1050 43 84 1050 39 76

Pavement and Subarade Temperature (C)

Depth
(m) 25 Feb 12 Mar 19 Mar 26 Mar 29 Mar 03 Apr 1OApr 17 Apr

Surface 12.7 13.8 21.9 11.6 11.3 31.7 13.6 26.7
51 9.9 11.7 19.7 11.0 11.6 26.6 13.2 25.2
152 .. .. .. .. .. .. .. .. -- --
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
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
1219 0.8 0.7 0.8 0.9 1.5 2.0 3.3 5.0
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

Moisture Tension (kPA)

Depth
(m) 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
711 -- 0 6.5 10.0 11.0 12.0 11.0 8.5 10.0
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Table A12. Data from falling-weight deflectometer tests, Sibley till test section.

Resilient Displacement at Two Load Levels

25 February 1980 (Day 56) 12 March 1980 (Day 72) 19 March 1980 (Day 79)

Drop Height (Ne): 36 175 Drop Height (m): 50 200 Drop Height (m): 50 100

Pressure (kPa): 300 575 Pressure (kPa): 273 600 Pressure (kPa): 254 360

___Radius (m), Displacement _ __)_ Radius (mw) Displacement (va) Radius (m) Displacement (on)
0 26 69 0 850 1700 0 1005 1371

200 is 48 300 369 766 300 508 632
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 (m): 50 100 Drop Height (m): 50 Drop Height (u): 50 200

Pressure (kPa): 167 330 Pressure (kPa): 246 Pressure (kPs): 258 505

Radius (m) Displacement (M) Radius (im) Displacement (Gm) Radius (m) Displacement (On)

0 361 1310 0 759 0 664 1302

300 344 725 300 358 300 392 795

525 143 355 525 172 525 147 311

750 99 139 750 88 750 65 143

1050 48 53 1050 37 1050 37 74

1980 (Day 94) 10 April 1980 (Day 101) 17 April 1980 (Day 108)

Drop Height (m): 50 200 Drop Height (w): 50 200 Drop Height (w): 50 200

Pressure (kPa): 265 516 Pressure (kPs): 248 504 Pressure (kPa): 240 455

Radius (mm) Displacement (pm) Radius (m) Displacement (pin) Radius (um) Displacement (urn)

0 789 1460 0 642 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

J.

Pavement and Subarade Temperatures (*C)

Depth (-n) 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 i
830 -0.1 0.2 0.2 2.2

1090 0.9 0.2 0.5 1.6 ",1
1030 0.3 0.2 0.8 1.4

Moisture Tension (kPa)

Depth

( 25 Feb 12 Mar 19 Mar 22 Mar 26 Mar 29 Mar 3Apr O Apr 17 Apr

152 0 0 0 0 0 0 1.0 0 6.0 U
305 1.0 0 0 0 0 0 0 0 0
610 0 0.5 0 0 0 0 0 0 0
914 3.0 2.5 2.0 0 0 1.0 1.5 1.0 2.0

.-.
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APPENDIX B: GROUND TEMPERATURES PREVAILING
p. ;DURING PLATE-LOADING TESTS
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APPENDIX C: MEASURED SURFACE DEFLECTIONS COMPARED WITH
DEFLECTIONS CALCULATED BY NELAPAV

(Lower of two levels of applied plate pressure)

01I0 1- 1 J I

let 30 Oct '78 (a) 23 Apr '79 le) 25 Feb '80 Wa 29 Mar '80
( 1112 Feb '79 1o) 7 May '79 (1 12 Mar '0 le) 3 Apr '80

(A) 7 Mar '79 (*) 29 May'79 ) 19 Mar '80 o) 10 Apr '80 .

(a) 12 Mar '79 (0) 24 Jul '79 (a) 22 Mar '80 (0) 17 Apr '80
E 

w
Z l () 20 Mar '79 (0) 27 Sep '79 (A) 26 Mar 80 L ine of

() 27 Mar '79 (W) 19 No. '79 / 
. o0 (.)'3 Apr'79 A u1aity

iLine of A

I) 10
2  

- 10
2  

_

to t l i oiI i llI i l l,0 02 103 le IO, 102 103 1

%Measured Surface Deflection (pr) Measured Surface Deflection (k.m) %

C.,.

a. 1979 RPB tests at 243-283 kPa plate pressure. b. 1980 FWD tests at 207-275 kPa plate pressure...

Figure C1. Measuredsurface deflections compared with deflections calculated by NELAPA V, Ikalanian sand

test section.
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W() 13 Mar '79 (V) 25 Jul '79 (A) 29 Mar '80 (W 17 Apr '80
: L (0) 21 Mar '79 W.1 27 Sep '79

(a) 28 Mar '79 (-) 19 No '79 Line of Line of
t O3  o1 4 Apr'79 Equality Equality

* '41A 00

0 0

U, /= 0'-

*20 A A
2 10 0.0 10 (02

a 0

0 0

oe • ,

10
i  

11) I 1,11 1 i lII 10' I , i11i1 I , li)i I i ii),),

I01 102 t03 104 I01 102 tO3 1o

Measured Surface Deflection (;r.) Measured Surface Deflection (Mjm)

a. 1979 RPB tests at 101-298 kPa plate pressure. b. 1980 FWD tests at 159-250 kPa plate pressure.

Figure C2. Measured surface deflections compared with deflections calculated by NELAPA V, Graves sand
test section.
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a. 1979 RPB tests at 245-285 kPa plate pressure. b. 1980 FWD tests at 195-265 kPa plate pressure.

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

Figure C4. Measured surface deflections compared with deflections calculated by NELAPA V, Hyannis sand
test section.
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(E 1027 Mar '79 (0) 27 Sep '79 (.26 Mar '80 Line of
1.Ca 3 Apr '79 (0119 Naa '79 Equality

33

0 0 1 0A3A ( 0

0 a A a

A. A

aLine of A.v.
102 Equality 10 2

o a. 
0

A 0

10 ( 0 2 10~ 30 (0' ( 0 2 10 3o
Measured Surface Deflection c Lm

1  
Measured Surface Det IecIton (Mm r)

a. 1979 RPB tests at 246-281 kPa plate pressure. b. 1980 FWD tests at 167-300 kPa plate pressure.

Figure C6. Measured surface deflections compared with deflections calculated by NELA PA V, Sibley till test
section.
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APPENDIX D: RESILIENT MODULI AND SUPPORTING DATA CALCULATED BY NELAPAV

Table Dia. Resilient moduli and supporting data calculated by NELAPAV for lkalanlan test section, 1979.

30 0ct.br 1978 (0.163) 23 Ap-t* 1979 (y 2113)

1. Flat, Press-a 6P.) 258.7 504 W Plate Pe...e (2kP.) 293 539 WC)
T(UC) T(

Thiek.... i 87 it d . Th, cknes.. M Ji Me J # 'd 'I
t.) ateri.als (H.2) (kP.) (1.) We . (1/) 2(22 .a)er 2.2 2k?.) (2.2 (kff) (67.) (8.1. I

02950 Asphalt 00nrete 32412.0 -- 3612.0 -- 1.2' 2.320 .9 0.050 Alphat CoIcet.e 450.0 -- 490.0 -- 35 2.320 .60
0.290 ".S. (€h..d)" 28.0 -92.83 209.2 -222.60 1 0.0 k.1.696 .39 0.290 2.2. (th.wed) 79.3 -26.00 09.9 -27.20 9 6?3 5 .990 .60
0.350 .. (thawed) 51.3 -39.33 56.1 - 50.63 10.0 kP. 1.656 .35 0.390 2.5. (thawed) 32.6 - 90.95 29.2 - 2.22 2 61..90 .42

0.874 I.S. (thawed) 33.1 -60.39 34.8 66.98 5.0 kpa 1.90 .40 0.87, .S. (thw...d) 23.2 - 0.45 35.4 .9.22 9 61..90 .60
1:524 S,6

8
r.de 177.0 -66.88 180.8 - 68.89 -- 1.055 .35 1.524 Subgrd

e  
175.6 66.10 179.9 - 68.39 -- .050 .3

- S,6
1 7

.4. 200.0 -- 200.0 . 2.055 .35 Subgrad, 200.0 -- 200.0 .. .. 7.055 .35

12 February 1979 (D 32 8 2 )

P1t- P .e..e (ki): 269.0 573.0
T('c) Plate Pressure 2kP.): 264 542 (7

W(C)

T h i c n kr .. r d r T h i c k n e s s .r Kl I n Ji a 2 d M ¢
I.) lat1.7.. 2?.) (PWe) (8a) W2.7) W.2 n) /.,) 2.2 8 7. * 22.2 ?.) 28?.) (a.) 2e) 2 "

0.090 lphalt Concet. 15705.0 -- 1570S.0 - t -20' 2.320 .30 0.090 Asphalt 00ncrete 996.3 -- 996.3 -- 3 2.320 .60
0.250 2.S. (fro...) 8398.2 T,5192.2r 60 410.99 -3.5" 1.64 .35 0.290 2.9. (thaed) 96.0 -232.30 29.3 -260.80 8 27? 1.990 .60
0.390 2.0. (fro.e,) 2242.9 xoc 677 9296.2 ,oto1610.6

2  
-2.4" 2.504 .39 0.350 2.S. (thawed) 30.5 512.11 37.0 - 7.64 5 6. 1.590 .60

0.824 2.. (t1rred) 38.0 -92.39 39.1 - 55.55 7.0 6?. 1.609 .40 0.876 2.S. (thawed) 33.2 - 80.76 35.5 69.50 5 6a 1.590 .40
1. 2. S6bg7:de 222.3 -64.32 129.8 - 66.26 -- 2.055 .35 2.526 S,687.4. 229.8 0.29 180.0 - 68.66 -- 2.055 .35

S.bg,.de 200.0 -- 200.0 .. .. 2.055 .35 - S00.ade 200.0 -- 200.0 -- I 2099 .39

7 -oh 1979 (Day 66) 29 Msy 1979 (0.y 149)

Plate Pressure UP.): 264 532 plot. P7... (kp.): 261 552
02('C) T(*C)

T h ic kn e .. , J r K , * Y 4 r T h c kn e s. X , Ji 87 J2 1 d
(2) na.e .2. 29?.) Wk.) (a.) 2We.) (6?.) 281/m32 (.2" 8.9,i (H.. f8.) W6e.) (Pa) (61.2 2k?.) ( _

0.050 Asphalt Concrete 2631.0 -- 2634.0 -- 03. 2.320 .60 0.090 Asphalt Conoreta 299.2 -- 295.2 -" 38' 2.320 .42
0.290 2.. (thawed) 22.2 -102.90 22.3 -229.60 0 6?. 2.646 .69 0.290 2. . )7h.d) 39.0 -242.90 7.8 -285.90 8 .590 .7.0
0.350 2.5. (thawed) 24.6 - 59.03 28.6 - 95.92 0 6?e 2.96 .69 0.350 2.. (thawed) 30.2 - 92.26 32.6 - 78.16 5 kP. 1.590 .40
0.874 2.0. (th..d) 29.2 - 61.35 27.2 - 72.61 0 kP.2.6 .69 0.874 2.5. 1 S'.Q ) 32.2 - 60.82 35.6 70.08 9 6?. 2.200 .40
1.924 Sb87r.d. 173.1 64.76 179.3 - 60.09 '- 2.099 .39 1.526 Sub8,6e 125.2 - 66.17 280.2 - 68.1 -- 2.099 .39

Sbgrade 200.0 .. .. .. .. 2.055 .3S 6abgd.4. 200.0 -- 200.0 .. .. 2.095 .39

12 March 1979 (Dy 71) 26 July 2979 (Da 206) N

Plate Pre..r (KP) 281 545 Plate Preoure (kP,): 221 552 '6

Thickn.. Kr it 8 l, 9, 
4
r Thi727so K Jt 87 it * 2d

(a) .. r...1. IP.) 2We.) (We.) (k1.) (k.a) 2 2.) 0018r ills (8.) _kW.) (8.) (6p.) As.) (2i/. 2

0:0'0 I phit Cnte 10000.0 -- 10000.0 -- 0.5 2.320 .35 0.050 A"pha.t Conrece 700.0 -- 300.0 -- 32' 2.320 .60
0.290 I.s. (thawed) 23.8 - 90.02 46.6 -12.20 0 1.90 .64 0.250 2.S. (h Zd) 91.6 -228.30 126.1 -266.30 20 kP. 2.656 .35
0.350 2.S. (thwed) 28.2 - 53.66 36.0 - .310 2 6a 2.290 .75 O.39O 2.0. 2,h,.,.d) 5.6 - 42. 63.0 - 45.42 22 8?. J.656 .35
0.824, 2.S. (th..... 33.4 62.72 39.5 -69.57 5 l?. 2.990 .60 0.86 2.4. (thawed) 33.4 -62.62 39.9 -69.93 9 kps1.290 .60
1*5241 bgo.. 226.2 - 66.40 280.2 - 68.96 - 1.0 .35 1.526 lutre4: 174.8 -6.68 229.3 - 68.21 - .099 .39

Subgr.de 200.0 -- 200.0 .. . 1.055 .35 Sbg,4 200.0 -- 200.0 .. . 1.055 .35

20 mer7h 1979 (Day 79) 22 September 2929 (D. 270)

Plate Pres... 2P.): 256 535 plate re.-,re (k.): 274 538
T2("C) T(*C)

r 3r
Th t k -e M, it H, it 1 t Th iel,.... it K, d 3rJI

. t (H.2 26.) (P.P.) 261.) (I.) W 2.3 .. 2HP.) (k1.2 .2 2.2 (Mr.2 (.Ia. 2

.:48

0.090 0ipha(1 007crete 9(24.0 -- 9224.0 -- 20' 2.300 .60 0.090 Asphllt 0o0,c79te 938.0 -- 928.0 -- 28' 2.320 .60
9.290 2.9. (CA..ed1 42.2 - 85.93 98.2 -222.20 2PA7a 2.90 .60 0.220 [.S. 2,0...4) 84.0 -202.20 220.0 -229.20 20 61. 1.096 .60

0.310 d.. 2thawed) 29.6 - 42.50 39 - 69.92 1 my. 12.90 .40 0.350 2.9. (they.d) 30.0 - 6.8, 43.4 - 68.55 2 I 1.•609 .40
0:824 1 .9. 2thawed2 33.) - 60.32 35.2 - 68.59 S 6? .2.990 .60 0.824 .S. (71e) 42.2 -62.82 66.2 - 21.23 kP 1.609 .40

2.924 0u087.de 229.2 - 6.28 280.0 - 60.63 -- 1.099 .35 1.524 Sbagd. 17.6 - 66.47 179.7 - 68.90 -- 2.099 .39
Subgr de 200.0 -- 200.0 .. .. 2.099 .39 $ubgrad. 200.0 -- 200.0 1. 1.055 .35

27 8arh 1979 (Day 86) 19 Novena6r 1979 (Da. 323)

Plot, Pressre 2We.). 247 548 Plate Pressure (kP): 281 591

Th5kn2'C2 i I di t2'C

W(1 (1z). 3.) 8H1.• 7r2s (8Pa. (r.) (81.3 o.2) (a1e (J .

0.050 Aspha22 0,r 5600.0 -- 5600.0 -- 8' 2.320 .40 0.090 8.p6.lt Co,7.7. 9800.0 - 9600.0 -- 8' 2.320 .40 0'
0.290 2.5. (thwed) 38.9 - 82.63 99.2 -224.00 U 6?. 1.990 .60 0.290 2 .0. (th...d) 773.0 -. 90.76 107.2 -126.60 10 k1. .65 .35
0.30 .5.(twed) 29.2 66.86 35.8 a 096 S 1. 090 0:390 2.0. (thawed) 51.7 -40.01 59.6 - 3.09 10 k1 2.06 .39
0 .84 2.S. (7h.edl 33.2 - 60.07 35.6 69.09 5 6p 1.5990 .60 0.826 2.. (t.h.4d 33.6 62.39 39.9 - 69.92 3 61. 2.990 .60

.5 S6rda756 6 .0 6 .2 -6 .14 -- 1.055 .3 1I as.15 1 1 11 . ':5 _P 12. 5 ub rde, 220 -. 2800 .. . .055 .5 2 906 8,687.8. 22.2 - 66.96 229.2 68.92 -- I.0 5 -
Sub.. 200 .- 200tea209 90 200.0 -- 100.0 .. .. 2.059 .39

3 0p,,I 1979 (Day 93)

Plot, Pr -e (k ) 261 547
T(*52C) MleS: (2) Ibd..9i. 81t88688. 804 818.1.5 l lC 16d 11l ini&i.

rhn* "d 3 r (2) H
r 

- reglii.n't nodu1e. J1 ' fi"'! 61reee in.er2e81 81 6.06 81r86*.
2. 8 .17I2.2 (Pat 67.2 (K8.) 6P.) (kp.) (18KM

) 

2 a inoiture tension. yd - dry un6t mg,8 II, resilient Potence's ratio

000 Alphal tocrt 111)O - 4.0 -- I- 2.320 .10 (3) hIl
r 

and J, are €al|cularah at two a"N center of reglNIctiv |layer
0.090 1,6, 1 hyd r)e 6 2.0 -- 62 6 03.0 - 1 2' 2.590 .40

0. 30 2.5. (th.d) 29.4 - 42.66 25.2 - 68.38 5 k?. 1.590 .60
0.824 1.5. 1 .d2 23.2 - 60.65 15.2 - 618.12 .p 1.50 .60 (6) 2.S. reform to 2l6.rn. goa4 (newer froge. e.cept 4@ noted).
2.920 9,087.d. 229.8 - 06.22 280.2 - 68.62 -- 2.059 .39

9.66r.4. 200.0 -- 200.0 .. ..- 1.055 .25 (5) ac
t 

- octahedral 8%*O itr.ll (0778)

(6) 8.g.tiV. no,.| 8treset8 l..d .trit 0. Cr 88oprlgi'v.

Tanje,12.2 Steat7 9 (o ". . .•052 817 .7) 2 V 98tr.l , c, 1 r 0, 1.5)

20 t1 12. F e 2 7 2 20 9., 27 ., 3 Ap7 23 Ap 2 may 29 May 24 Ju 272 2 Sp 9 N-o

-4. 6.,12a10-4 -3 8.28 -4 14 .0 4-
2,.p-,-)ir( 2.265,10-4_ -230.25 9.202 295o 3 02x0_ 2.603,20 3.2 0(3. 4 1.064.10- 10.,0 620 1 3.832.27.90,0' 1.014.20-- 4(h09h pr'8,7

7 
2 5.265.(0

- G
-2.967125

- 
0.5457(03 5.1224.0

- 4 
0.922,20

- 
6.5723(

"
0 6.013lO

"  

2.064,20
-  

2.002,20
- 

8.228,20
-  

929.210
" 

6.682.2o0' 9.O24,iO
-

(lo. pre..o-e) -. 921K20
- 4 

-2.242(0 -- 1.700.10 -2.2l020- -2.0220+ -2.01510 -2.0 ,0 2.0 0-2 -2.06520" -260-2.35220 -I.12502

-6 - 4 - - -6 -6 -4 4 4 4 -

(hgh pre...... -2.405.10
-4 

-2.095,l14-2+422XO2 -2.220m20" -2.6.1110- -2.673%104 -2.65210- -2.700910"2 -2.709x10-4 -2.74 .5 0 - .10 -1.S08.10

•C 2 r
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Table DIb. Resilient modui and supporting dab calculated by NELAPAV for Ikalanian test section, 1980.

25 Febra..y 1980 (Day 56) 'ler Oa. cc

Plate P-6l... Pa.): 275 583 Pi- ' ''
73('C) rNa 5

+

l

Thick*,* HN it 8, i133t 7 4
3.3 NatercaIs (Mra) .P) (MW.) (k?.) (k?.) (3 843. 3. 'm a-,.) '

8

'a .. tV p ps'_ .

0.050 AaphatI Concrete 9115.0 -- 915.0 9.6' 2.320 .60 1J,.,0a ... a 1 .3 2 320 .45

0.100 1.5. (thawed) 32.7 -309.20 49.2 -13.40 0 k1 .504 .490 17 .t5, a, 5 S j oP. 3 590 05

0.501O 1.. (rose) 1956.7 tf-2'.44 1432.9 r- 46.19 -.5' 3.64 .35 O I. "o..,c' . A0a 9 .
0.871.0. 36.6 - 54.24 38.2 59.02 9 kP 1.590 .35 Po.' I 0 20 1O - cPa 76 45
3.534 . c...ade..71.1 - 64.39 373.31 - 66.52 -- 1.055 .35 2 :2 . . 0

-Sbgrada 200.0 .. .. .. .. 1.055 .35 - Oacc'..c- 20.. -'. - I 055 35 a

12 March 1980 (Day 72) JAy." I 9eo D.,

Plate P .el 3rh(?.L) 237 PLato Pr cc,.c a:+ 2.S 155 l8q

T('C3 .. .'" d
Ll~l l d 

0
n Tht. ns '' L • di u

3a) Itaerla P) (kP.) k() ) (7 'titer' .s _P, (kP., (MPa) kPC (kPa) (1aJ.

0.050 a.pktt C c-c 640.0 -- 33' 2.320 .40 0.050 Alphi37 '.oc+rmn 6909 0 - 60900 3' 2.20 .50 a
0.325 3.0. (thawed) 42.0 -230.60 2 .4 o5 : 1 eel 1 .2 S 73 I0 1 - 99 65 2 s?. 590 4. r
0.513 3.5. (rase) 2326.2 nctl3.0 -.5 - 504 .35 035 I (taaedl I 7 . k 24 on e7 , kPI I 590 .40
0.874 3.5. 42.8 - 57.87 9 I6P 3.609 .40 0 24 3 S 25 6 h 80 261 - 35 25 0 ae 1.576 .45
3.534 Scbgrade 373.2 - 65.44 -- 3.055 .35 1 24 Sobhrad LL 2 t5.88 172.8 66,72 -- 1.055 .35

Scbrda 200.0 -.. .. 3.055 .35 - S, ha ade 200.0 -- 2000 .. . .055 .35

It l4rch 180 (D. 72) i0 ApetI1390 (Da lOll

Plate Pna..re (kP): 59 Plce Pet..c (cPa) 230 332
73('C) ______-. T( "CI

Thicknsa M J1 r 4 
6

r tt ,kneag r i Mr J
0 

'
Mr.) ala (Ma) (67.3 UaP ( (a) Matr.. .et (I.l)C4L.) (e) 3k.3) 3k.) (t/.

0.050 Asphalt Cicrete 6860.0 -- 3' 2.320 .40 0.050 Asphalt Ceonce 6090.0 -- 6 .0 -- 5
0.335 1.0. (thed) 43.3 -328.60 2 4?. 3.590 .45 0.325 3.5 thawed) 32.7 - 72 .44 38.4 - 99..8 2 kra 3 .590 .40 a
0.335 3.5. (havad) 16.9 - 70.3 2 6?. 3.504 .45 28.7 - 48.28 4 6.P 3.590 .40
0.874 I.0. 47. - 70.39 9 6. 1.609 .40 0.2 [.S. 25.5 - 61.29 26.1 64.73 0 kPa 1.576 .45

3.524 Sbrade 377.4 - 68.39 " 1 31.05 .35 1.524 Subsrade 176.9 - 65.73 176.5 - 66.57 -- 3.055 .45 a
ad 3 .55 .5 ad 00.0 -- 200.0 -- 3.055 .35

19 March 1980 3Oaf 79) 37 April 39 0 (Dan 308)

Plate Prare (kP). 273 363 Plate Presa.re (kPa); 270 370
T3('C) TI('C)

3 r I Mi 54 I , it a, it
Thic....M.5,r 3 d l

2  

(h)ck . N # (d3.) Materital. ( ) 367e) (Ha) W6- 367. (A (a) n...rial (Wa) 3kPa) (Mr) 3e. (.3 (ea.3

0.010 Aph"lt Ceecre. 9t4.0 -- 9354.0 -- 0*' 2.320 .45 0.050 Asphalt concrete 6090.0 -- 6090.0 -- 37' 2 320 .58
0.325 .5, (thawed) 31.2 - 75.22 35 - 97.26 0 kPa 3.590 .45 0.325 I.S. (thawed) 31.9 - 73.65 36.6 - 97.74 4 67. 1.590 .40
0.325 3.8. (thawed) 27.2 - 49.25 28.9 55.95 2 67W 3. 0 .45 0.325 .5. (thawed) 29.3 - 43.96 33.3 - 49.58 6 67. 1.590 .38 -
0.624 1l.0 29.2 - 63.63 39.8 - 64.29 4 kla 31.76 .40 0.824 3.S. 27.5 - 62.65 38.2 -0.01 2 kPs 1.576 .45
3.524 Subgrada 171.6 - 64.00 373.0 - 66.82 -- 3.055 .35 1.524 Scbgrade 171,6 - 66.06 173.1 - 66.88 -- 1.055 .35

- $abgrade 200.0 -- 200.0 - 3055 .35 Scbgrade 30.3 -- 200.0 -- -- 1.055 .35

22 March 1980 (a 82)

Plate Preere (We.): 207 319 TI*C)

as or
Thicbna r I 3i 'd 3)

( Naterilal (Ma) (Wea) (M) (kPa) (kPa) (Ms/u3

0.050 Asphtalt Ccrate 1344 .0 -- 13440.0 -- 4.4* 2.320 .40
0.325 3.. (thaved) 26.3 - 53.21 311.5 - 77.0 0 67. 1.590 .45 V Motes: (3) oduli, stress@ end strains calculted by LAKIPAV
0.325 3.8. Cthaed) 25.0 - AlUM 27.3 - 69.47 2 4?. 3.590 .45
0 .824 3.S. 25.3 ) 60 .42 26 .1 - 64 .27 0 k7 3.576 .45 (2 1 i t, r t ab
1.524 Scbgrade 373.1 - 65.54 173.7 - 66.4 -- ,05 .tit i r i at

S- botade 200.0 -- 200.0 .. .. 3.055 .35 9- *015t ure tenet .,, Id - dry uit weight, pr - resilient Poise e ratio

26 March 1980 (ar 86) (3) It, and Jt sre calculated at r-O and center of respective layer

Plate Pesure (a); 253 358 (4) 1.S. refers to Ikalaniem sad (ever fress, except as seted).

i"r i3 "r ) ' (5) tact - octahedrl ahear etrese (lPa)

3.3 Material. (HPa) W6ea) (Pa) (a lPa) We) (6) a )
0 Aph.t Cc-1 714.0-- 2': 2,20 4U(6) Ngative norsta| streses and strain@l are comlpressive.

0.050 Acphalt Contrete 7324.0 -- 7334.+0 -- 32.9' 2.320 0

0.325 3.0. (th-aad) 33.3 - 76.03 36.5 -303.0 0 cPa 1.590 .45
0.325 I.S. (thawed) 27.1 - 43.63 29.3 - 49.88 1 k7 I.,90 .40
0.M24 3.0. 25.6 - 62.32 26.3 -24.95 0 kPa 3.576 '5
3.524 Subcrada 375.3 65.92 376.9 - 68.79 -- '.059 .35

g Sbgrad 200.0 -- 200.0 .. .. 3.055 .75

Tangential Strain at (r * 0. a .05) and Vertical Strain c_ (r * 0, a 1.524)

25 Feb 12 Mar 19 Mar 22 Mar 26 Mar 29 Mar 3 Ap 10 Arr 17 Apr

- )-4 1-4 -4 89n-4 I-A 1-A 1-4 -4
(Ice pr-e....r): 1.663x1

-4  

2.422x30 2.83
) x  

1.79230 
.

89
x

30 3.129x0 3.149x30 3.167xl 3.484x0

(htgh pr.'nre): 1.11830
"  

6.476.x0
"

4 3.64530
"

- 2.644xlf0 4.3
0

4X10-4 4.132xl0-4 4.279x[3
-

0 4.325xl0
" 

4.559.x0I

Stv( pn.nor ) -3.$62x10
- 4 

-3 .209x10"-I .370x10"-.500xl0 -4-1.
36

1a 10-4-1.36x10- .358Xa0"-_ .340xL0"
4

-1.382x10
"

-+-4 --4 - -A -4 -A -4 -4 -4

-h .hAh pp.,'. SrW): 2 _1 62. - i alO5-1.441x30-7-.788xl0-41.448el
5  

-1.442,0 -3.A55xnl -1.424a10 -1.452,10 -

d 52 t

"-Is

, m )'m +I _ ! 10.I 'p"I+ * _11 . +l' l ~p Jl . ',! . =.. I aBIPrst-.P PU



Table Was Resilient moduli ad supporting data calculated by NELAPAV for Graves sand test section, 1979.

llQ30 October 1978 (Day 631) 4 April 1979 0Day 94)

plast. Presse..s (kJp.): 2W9. PI.te Press. re.. kW.); 259 0 533.1o

•
v  

TOOC TOO")

t kss N, Jt Hr Jt H r Y T ~ nsr Jt H r it 'i -r 4 r

% ~ ~ ~ ~ ~~~ ~ ~ ~ Ma) t.te .... 1.N a k 8 g a k a i a I /u )C t I t rL ( p ) ( ip ) IN r.) ( Ip.e (iR ) ( t/ '))t,

"Is 0 . 0 5 0 A p h l t C a t r t e 4 3 3 0 .... 1 2 .3 " 2 .3 2 0 . 4 5 0 .0 0 A s p h a l t C o oc e e ' 9 . -9 9 . - 1 0 . 2 3

0:."18 .. (th lye) 61.8- -02.16 ... 10$6a157 .90 4 '.. h~e) 4 .1 67. 62. - .20 7. a~ I.501 .35
0.20 .8 (cm~d) 63. -4815 .. 1.0 kPa .5 .34 0.19 1.-(roe 4 5. 1 -1361.40 3398.6 1~c- 2:.96 3. I!P-O - 1.4:7 .355

0.733 G.$. (37vd) h .8 - 4 .24 1-0.0 hP. 1.516 .)S 0.58 G.S. (th-ved) 34. - 45.53 39,1 58.18 . r 1.493 .40

4 . G..(e.) 3. 1.6 .. 5 l .S ~ 1.456 .35 0.734 G.S. (,re.) 3.6 - 7.81 39.4 -64.87 0.0 kve . 0 .$

126 3.b0rad: 166.4 .. .. . 11055 .35 1.524 $ubsgrad. 16 . 62.8 6 9. 69.1 -- 19 .3 %

%. o ibs d 200.0 -- 200.0 . . 1 O3 . Subsrad, 20.0 -- 0 .0 .. .1 1_.035 .3

q"12 Fehr ... 1979 (Day 43) 24 April 1979 (Day 114) uI,

PIece Press..e.(hP.); 28060 SW02 PIece .ress.re OLP.) :256.3 535.9 IP

"" T O OC T(:C)

%T h i lk e s Ni t r 
J  

d rT h i l a " ' iJt eJ ! d u
.m ....... (~ e (lip) (Hp) (kp) (ipa) (n /g, ) ) let r s e l a (i J) (Mr) (Ip) Ir ) _ (1N$/83)

0.050 Alph. I ort e 151. - 10-- - -. 8 2.20 .3 0.050 Asphalt Concrtee 5531.0 -- 5531.0 -- 9.11 2.320 .45 -

O wilsG.$ (2 1,en 1 1.0 to'$.3 272. atIl.0 -. " 1'16 All 0.'4 G .S. (Chwed) 501.l .1242 .2 -116.90 11.6 k~e 1.524 .35

0. O G.S ( oe) 3353.4 rot029.73 8600.7 toirr- 54.79 -2$1" 1:524 .35 03 31 G.S -*vd- 40. A2.29 k.9 - 53." 9. w , 1.515 .35

0.6w0 G .9. t e. 31. A 37'.b 32 .4 -0.1 WO. kips 1.516 .35 0.73 G.S.: (chatd) 37.9 - 8.92 -0.5 65.)8 2.1 k?. 1.463 .35
0.2 .. (oc) 3. 93 36.3 62.1: 3.9 ,~ kF .475 .3'5 1.2 Sb,4l11 .3 15 t70.5 - 19.52 -- 1.099 55 JS.
1. 1 .24 S. (V e. .8. b93 3.S5 Subsrad. 200.0 2063.1.35.3

. 1.32h Subsrlde 1 .~~ ~~7 -62.88 168. 64.57 -- 1.066 .6- Sbrd 0. - 200 . . .3 3

Sabe1i d 200. -- 200 .0 .. . .055 .35
8 May 1979 (Day 128)

q6 Perh 1979 (D., 65)".

lat Pr...... (k): 103.3 257.5 (, lt ,.. .(L :WT('C)

or Th itk.... Hr Jl Mr JiYd u

T h i k n e s " I J l K , J I 0 T d ( m ) N c r 1 l i a Ia ) (at i t ie ) ( kis) ( k? .) (H p
3 ) 

( k l

( ) N t e r i s l , (. O ( Ir ) ( p ) ( k JP 8 ) ( i a ) ) m 
3  

( k .) 0 1 )

0.:250 A.lph.(l ocrate 3117.0 -- 3117.0 -- 16625' 2.120 .50

0.0,0 A.O~alt Concrte 7443.0 -- 7433.0 -- 4.8' 2.320 .40O 0. 00 G.S. tChrved) 533.5 - 69.10 71.7 -130.LO0 11.8 W.a L.524 .50

"e"0.200 . (hmd .8 - 81 36 -143. 0.0 kP: I .46 .3 0:.3321 (;:1 wed) 40:4 4 2.83 45.2 - $4.79 9.8 hr. 1.313 5
0.480 G.. (fraas 3 1. T t . 3931l7 1 O 1.4 -05kp .4 3 .74 GS rc) 3. 9.11 39.6 -65.73 2.8 hr.a 1.464 .3 5

"I7 G.S (f oa3 78 1 6 3 .4 .1 - 2.6 1.9 kP 1.460 . 35 1.524 Sub grade 166.7 - 63.43 170.0 6 .66 -- 1.033 .35
1.3 2 4 S bsrsd . I6 , 60.82 1 .9 - 61.31 - 1.05 5 .33 Subsrad i 200.0 -- 200.0 .. . 1.055 .3 5

- Sb:r.da 200.0 -- 200.0 .. . 1.055 .35 -

-- 13 March 1979 (DSay 72) 30 Nor 1979 (Day 150)

SP l a e P r e s s u r e ( I *) : 2 5 9 0 $ 8 3 .0 T ( C ) P I .t e P ,e s ..r e ( i .) : 2 9 .0 5 7 .8 T (o C )

e'Co Ncaiee (Ky.) (krit) (Kra) a) (V) UP.) Clim) -)iae l. (NiPs) (ki'.) (HP.) (kp!) (~) ( /)

,"0OO Asphal Concrete. IO32.2 -- 0I382.0 - 2O8 .320 .35 0.050 Asphalt, Conc..... 29,0 .0 . 2970.0 - 132 9- 8 2.120 50

.. 0.07"0 G.S. Ira...n 794.6 -,c-16.33 59.9 oct24.3 ,0:6" 1.7 .3 064 G-S. (thesd) 52.8 76.75 6.1 -0 . 9. k.1.15 A

0.330 G.S. (okayed) 33.2 41.3s 44 .6 -76:22 4.2 hr. 1:470 .15 0.:332 G.. ]savd) 3.4 44.76 43.7 - $6.90 8.6 kra 1.506 .35
0 0. 200 . . (ih4 td 37.4 - 41.42 43.2 56.4 , 7.8 ti 1502 .40 0. G'..(e. 38. - 96 9.6 63.1: 0.0 Ike ./ .31

%0.794 .S. re. 37.3 56.76 39.2 6- 6.01 0 .0 W.e 1. .4 5 3 1 2 usrd1 .6 - 3.7 702 -6. - 1._011 .I

. Sbsrld. 165.2 -62.64 169 .6 - S 6.03 -- 1053 .35 Sabsr.d. 200.0 -- 200.0 S.. 103 , 39-

Svhsrdae 200.0 -- 200.0 - -- 1.055 .35 5M 99 Dy26

S21 K-rh 1979 (D. 80) lat. P ... k.) 81 a

Flat. Fr.....e (kr.): 268.6 503e0 T(OC

STh ck s M r J It or J 7 r (is) N ata r i ls ( cP ) ( MP ) ( ra ) (kJP ) (kP ) ( W 1 )

I .. Nar iat ( ire) (k.a) (Mr.s) (k~a) (M~) (i J.
3

)

0:5; 1,$,t* 1 ,1 0.". 27.55" 2.320 .0
j'40.050 Asphalt Cstrate 7831.0 7831:0 - . :0*0 2:320 :40 (4h "e4) 63. _l. - 8.90 1. r .3 1

0:240 7..(hr ) 3. i4 2. -94. $. iS I Ago 3S 0.331 C.S. (thra"e) 63.6 - 3.77 68.8 55$.85 12.0 lis 1.525 .35
060 .S (foe) 63. o -t.9 2 0.7 -ot- 23.29 -0.4* 1 .690 .35 0.3 .. ot) 3.1 - 396 29.9 -, 7 . deIhl .5*

0. 73 G.0. (rc) 36.9 - 5.26 37.9 -39.91 I dP 1 50 . 1.524 Suli8rd. 167.4 - 3.81 171. 66.1: - 1059 3

154 1, sralde 165.3 62.70 169.7 -65.03 - 1.055 .35 Ikb8ad. 200I.0 -- 200.0 .. . 1.053 .35

Sulaa 200.0 -- 20.0 . . 1.039 .35 1" (Dy 70

-•!20 Narch 1979 (Day 87) 
p

, v Pat Prssre(kp.): 286.4 $%.a

Flat,1. Pr ....... (k?.): 267.2 3,4I.2 7('C) '
W(C)

orTh icksoeaN Hr Jt 1, id '

Thram r (Y) Nite 1al (tI (k0 1,,) (ka)a (lI.-) (M. (kp.)3 (H& M) (

(M. k. ae0.050 Asphalt corte 43". - ] 0 - 12.2" 2.320 .45

e.
I

0.050 Asphalt oee1460 -1066. - -09" 2.320 .35 90 .. (hvd 64.1 -112..00 09 -228.40 10.3 IP. 1.$11 .35"

MI0. G.0. 9fo n 9 I2 . 1- 3.1~.I "2.0 1O-t-191.i8 -0.4 hr. w.6% .35 0.2 G..(h-W ) as46 - . 5.-0 - 50-91 r1:Q2.0 lIs .521 JS'

0.6 .. (htld 42. 6061 6. 143.50 6.6 hr. 1.494 .35 0.3' G.8. ( -h4d 40. - 34 9 -$., 1 .~ .1 3

0.384 ~ 6 .. (e.) 6 8.) tact- 3.61 3(d6.5 To<t 20.44 -0.6" 1.89 .35 0.734 G.B. (ree.) 380 -665 9. .$ 4 . Ipe :.4%b .3"

-1%u. G.S. (rec.) 36.$ 5 4.92 30.0 -. 4i 0.0 I ekP .' 5.124 S. :rad: 166.86 -_63.4? 171.2 65.66 - i.099 .IS '

I.524 Sub:rLd: 164.9 -62.68 168.0 64.54 -- t. 055 35 a.:sada 200.0 -- Z00.0 .. . .55 .3)$

Sbrds 200.0 -- 200. 0 .. . :1055 .35 
.

S *Notes: (1) Moduli, stresese and strains calculated by INVAJLAV P te rss e I ): 376.4 51047 ,%

. (2) N
r 

- resilient amodu.u1 J" a irs2stress inveriest oribulk stess. thick.... Hr 11 K, it :d %-

#-asoistiar@ teorsot d 7wn, , i dy n it 0hl to i I an~t raise"*@ ratio W tte~l (NWe) (kf.) (NWe) (m~) (kp.) 31/
))

: ~~(3) NK, and J, or* Calculated at r-O MW center of reepai2ltve layer 0.000 As$uphalt kedCooirat. 6715.0 46- 619.1072 -19S 12.63p 2 . 420.32

m% 4) .$. refers tO Gr ve s oad 0.2 . .(sy)y. - 4 .6 3 . 7CD 1 .k o 1. 16 .3ea

.0.332 0.6• (th 11d) 3. 4 2.99 43:2 -55'65 0.0 lift 1.51 '1 5

O.734 G.S. re. 37.9 1 9.02 3,.0 - ,.25 0.0 W. I.. .11:

(5) vot-oct ahedral shearst rs (kP*)1.2 ,gae16'1 .4.... __ l ,

(5 ea ie nrtlsrse n ta n f o Oe i*S.Isr d. 200.0 -- 200.0 .. . 1.05 3 %.3s

d Ta nent ial Strain ct (r 0 
a  

.05) and Vertical train t ( r 01 a 1 . 24) l

30 Oct 12 ?eb 6 Nar 13 Her 21 "or 28 Mar 4 AV, 24Apr a ma 0 a 25 Jul 27 Sept 19 "or

r,( -(I pr ......): 3.257.10
"4  

2.452.10"5 9.017.10-
4  

1.21)310
"4  

2.38[m[0
"

4 1.39131-'2)4a1
"  

1.91x0
4 

3 7,10
-

' 4.566,10
-

" 5.6690l0
-4  

3.514,10
-
' 2.79,10

-4

lel (high pr..eur.): -- -. 634.10
"$  

2.107.l0
-

4 2.930.10
.4  

3.971.10
-4  

1.628al0
" 4 

*.3L0wl0
"4  

5.541 10
-4  

7.047,10,
4  

?.,35xl0
-4  

9.211,10
-4  

6.232.1604 .)111.10
"

4

%l C (I ov press. re). -I.)00xl0-4-1•150el0" -i .122el 41 - 3 1 1 " -I 1 1 10 -I 1 2 0 - .240*1 0 - 1•)16al0" -i.124 '10-4 _1.35, 0 4 _1.19.3 10
"4  

_1 .339,10 -4 _1.)30.10
- 

" O

i (high P .... ).. - -1,.1a0" -. ) 10 -. $91"-.611--.6 10"-.810"-.0 1"-.$23s0-.1 210 ,110- -_)1 ,15 - . 1a0-
4  

'

4 4 4 4 h 4 44 53



Table D2b. Resilient modul and supporting data calculated by NELAPAV for Graves sand test section, 1930.

25 fhbru-y 1980 (Da1 56) 29 Korrh 1980 (Day 89)

..... U P.): 261.0 ___ 04 C0 Plate Pr...... (lP9): i59O 240.0
T(___ 2'02 TOOC)r

Th2fK it Pit i t $ Y, : zhtck.s r Ji. Jj A
( ) t is! (Pat (kP.) ( -1) WO - (kp&) (V41,

3

)( .te,.es (kp) (Kr.) (We_) {(0.) .1P.)

0.050 Asphalt ccrete 9.6'9.G 11119.0 -- -O.25' 2.320 .35 0,00 0phIt Cnret 6029.0 -- 6029,0 -- 0,;
•  

2.320 .45

0 .350 0.0. (r0 t-3.1 9.7.4 -1t. ...60 -0.2 1.497 .3 3 G. .(5hied) 37 - 2.97 43.9. -59 05 1.0 W 1,.47 ..15
0.300 . . 28ec - 69:1 :1. - 2 11.5 11: 122 .35 0 30 35,60 2. -0 7 D a.0 1.111 .35
0.300 G.3. (ret.) . 347 -0 kP .460 .35 . G . 9 2.06 4 5 (5 0 1.70 35
0.524 .s. 2) 200.1 - - 2039.3 - -. 2.0 55 .35 0 G.s. (r-c) 30.6 300.0 38.2 -60.04 0.0 ar 1.4 .35

1.56 ubled 16 .3 - 2.69 69.3 64.0 -- 10 5 1. 24 Subsrade 163.0 61.$5 650 -62.50 -- L055 .
0.52% 200. . (re)- . .35 So.&rd. 200.00 -- 00. . ..0 15 .31

.4 4250.00. '0

.352 0e2rch 190 (e3.2) 3 A3.7 3 19.0 (D- 7 9)5

?Iate Pr s . . ps): 235 200 plat2 0e ..... 5) 2O3O 2555

T(C) T'C)

K, it ar it 0 d 3 . ... Kr i, 11 At 'd 3)W. Futer s (Mp.) (k?.) (Mr.) ( P.) (ke) (W)• Mer 1.1 (Hp W) (69.(Mr.) (U ) {P) (ft/.

0.050 Asphel Concrete 7377.0 -- 7377.0 -- 7.0* 2.320 .40 0.050 Aephet Concrete 4150.0 -- 150.0 -- 22.7 2.320 .45

-. 4 -3, 96:7 . k. 1.444 .35 0.350 G.S. (th.ed) 43.7 -55.36 47.2 -67.39 8.5 69 1.540 .35

0- - 2.60 .35 0.362 G.S. (rec.) 32.5 - 40.87 34.2 -42.26 4.0 69 2.475 .35
0.600 G.S r- 1407 6. .490 .35 0.381 0.S. (ret.) 15.3 - 49.99 3.2 -51.3 0.65 2.444 .35

24 G.-. (r:c.) 26.:54 .35 0.3810 .5 (ret.) 39.4 - 64.79 40 0 167.2 0.0 1* 2.444 .35
2.524 Oubgrede 264.4 62.22 6. - 4 -- .055 .35 2.524 Sb0rede 264.0 - 62.2 265.9 -62 -- .055 .35

C aSb r d e 2 0 0 .0 - - - - - -. . 2. 0 5 5 . 3 5 S u lr e e 2 0 0 . 0 - - 2 0 0 .0 . . . . 2 . 0 5 5 . 3 5

22 Merch 1980 (De 82) 10 April 1980 (Dar 101

Plate Prs. re 2P).: 267.0 WOPlate Press.,, (0 ): 230.O 322.0 W

Thickee. Kr J~ 
8

r JM , d tr Thicknre.s Kr J 8 2 itd Mr
(a) Ha.er i1. (we) 2690) (Pat 269.2 (9.) (N/

3
) .. Hateri I. (1Pe)(69.3 (M ) (69.) (kPe ( / 2

0.050 Aphelt Cncret. 58.0 .. .. .. 44'3" 2.320 .40 0.00 Asphalt .crete 420.0 -- 40.0 -- '2.-3 2.320 .45
0.350 0.5. he~eed3 30 - 40.85 .. .. 0.0 69. '.94 .35 0.350 G.3. (thwed) 47.8 - 60.74 47.4 -80.7 3 I2. 6 2.6 .35

0.376 G.8. (fre ) 139.4 - 3.93 .- .50 1 .2.8 .35 0.362 G.S. (rec.) 32.4 - 40.87 34.2 -42.16 8.0 bra 2.6 5 .35

0 . 6 2 9 ,S . 2 r. . ) 3 .7 - ' 4 4 . 1 1. .0 k s 2 4 4 7 .3 5 0 . 5 0) . S . ( r e .C ) 3 5 .3 - 9 .0 3 6 .2 -5 2 .8 9 0 .0 6 9 * .4 4 4 .3 5
0.52 0.8. (ret.) 38.2 - 6.22 .. .. 0.0 6*2444 .35 0.382 G.S. (rec.) 39.5 - 65.79 40.0 -67.17 0.0 kPa 1.444 .35
2.524 Subsee 265.2 - 62.2 .. .. .. 1.055 .35 2.524 0ubgrade 265.2 - 62.53 266.4 -63.2 .055 .35

-S abgeed. 200.0 .. .. . .. 2.055 .35 Sibgrede 200.0 -- 200.0 .. .. 2.055 35

22 Hatch 1950 (Say 823 1 Apri 1960 (Day 108)

?I, .. o(p) 8. OPlte Pressre We~): 230o0 322. aO (;C

Flat. Preeee. (69e): 28.0 T(______ ste I))slsressTa(*taa ctsltCy)A&

K, 2 Hr ei 'dThke r rs M ia t o il sr
.) HatDeil 6(Mr.) 6P) (HPe) (kp.) (. r (- r Pit (e .ht a.)) rlis)e l e/isoo)

A.050 epholt Coereste 6222.0 -. ... 43 2.320 .40 0.050 phat nrete 4260.0 4260,0 -- 14.35" 2.320 .45

0.350 0.8. (thwed) 42.9 - 4.805 -- 0.0 1 6 .4 .3 0.350 G.35 (th d) 47.8 61 14.4 0. 1O.O kPs 1.516 .35
0.300 0.8 (rat ) 3.2 - 42.00 .... 5.0 We* 1.482 .35 0.362 0 Hr e.) 32.a c a t 0.73 .0 -5.50 8.0 kPr e.t04 .3

. 070 . ( .) 36.7 - 54.68 -" ,O k0 . 1.444 .35 O.361 C S. I 35A 50.30 3b.2 -52.89 0,0 ape 1.444 .35
0.526 G.31 (tee.) 38.2 6 0.12 -- 0.0 WP . .L .3 GS, (;r, 39.5 65.18 60.0 -67,34 00 Wea 5, 3

-orada .165.2 - 61.25 1. 2.055 .35. br e 165.1 0 .62.58 160. e6r 29 to0r
rL4 Swbgad 20.0 -- .0355 Sub, ad. 200.0 -- 26.05 1.0

(5)26 tarch 11.0 (Dd a 86)l r (

plotft ....e . (Up.); 230.0 a Noes: (1) aeduli, Stesaes. Ae strains calculated by Ies
TWC)

Tapett) te,, ) *0 a 5.e Vrie e.i" r* . 254

Thick"eN25 e 22 a 2i Y r 2e (2) r 3 relies modulus, Ji first stress invariant or bulk 2tr7eA(m cras (HP.) (W.) (M1.) (UP.) (Ar~e) (W.'m
)  

* - wissure tension. Yd - dry unit wigahs
, 

tm
r 

- resilient PoLO0seo~

ratio

.Orr Aphalt Co.2r0te 6212.0 .. .. 80,3 8 2.320 .45
0-3 G.4. (-h4 42-.4 -40 7.0 kP 1.497 .35 -0 rr d center of respective layer0:250 .S. (rec.) 32,6 -6,05 .. . .0 kP 1.482 .35(3 radJ aecluatd tr

0.h7i r.r. (7ec.) 36.7 -- 26.62 0 2O23.2

1.524 l64.6 p r62. r . . 9 . . 0. :.05e25 () G•-2 rotor* to Graves a 2"

S(h$igh 2p.0 e..e:5. 2..568.0 3 -- 3 -- - 239)423620 .. 0~.9.0

Subrea 000 . 5 35(5) Toct - octahedral sheer *trade (0a )

(5) Negative aorstl stresese asl estrains are comlpressive

Toaential Strain c, (r 0. &# -05) And VertiCal $train E. (r •0. A 1,524)

25 Pat, 12 Mar 19 Mer 22 Mar 26 Mar 39Pe Ar AD,27 p

'N'

ctl pesue) ~ q1lO S

1.7-5 
-  

8.306,10
-

4 1.969mi0
-

4 2.816mZ0
-

4 2.012,]0
-

4 2.96 X0
"6 

3.172210
-

4 3.220.10
-

'

(high pres. ure. : 7.408.10
-  

3.067.10
- 

. . .. .0 10
-  

3.64 2x1
" 

a 20 010 20]
-

.,(I- press.e. -1.966.10 -2 .0 71 . 0 -- 2.205.10-4_2.197.10-4 -2.355.10-4-2.130.10-4-2.223.10-4-2.313.10 -2.296.10-4'

(high pear) -2,316,l--3810-'-2 . .. .. .0-43391 00-- 2.,,6,,0-_-2 5,8,,0-46_2.491,10-A

se•

ah..

54
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Table DWa. Resilent moduli and supporting data calculated by NELAPAV for Hart Brothers test section, 197/9. ''
30 October 1978 (Day -63) 24 April 1979 (Day 114) _

Fiat. Press..re W.P): 243.6 517.3 Flats Press..re (00; b4* 551.6b

or Wre
.

Thicknle
s
s Me '2"- Xn 1

t 
2".o. 0 Y%, we Thickness Mr J2/1oct M

r  
J2/".,, + "

to, . l.l (Kpe) (lips) (" P. ) (kl) (kp) I l/ ) K.. g r Sale (KP&) (kP*) (KraPJ) (kPal (ke In

0.05W AslphiltConcrete 2034.U -- 2034.0 -- 20.9" 2.320 .50 U.U50 "/ ltl concrete 2314,U -- "I"' -- t." . u

0.2 0 R.8.S. t hawed) 44.8 44.11 589 3.4 LOOk~ .840 .33 U.,i5U W.A.S. (thawled) -. 1 -,.83 o.Z 5,1." t0 .1 a p . 8 .1

0 .30 W 8,:, (ttha: d) 49:1 11:1, 0 13, 45, 10)0 k?. 1.54O .13 U.300 I,*$ ( 1s~d 4721: 1.'20 11 1 J.,1 1 .1 P ~ G .J.'

0.5 ,,.(h~ 77 59. 65. b 10.8 :4 .0 lips 1.640 *J1 0.400 H:.:,5. (1he-d) 6U2,:' 111,12 11.1 0.5 9 a J }

00 If .S -1: ltawd) 125.8 486. 1 6 99.4 2889 . 9 ,4 J .U ... (hwd 0. 6.2 . 28 .02 ,9 1~ .20 .V L

0.116 8.8.S. 174. 1003.42 L37.4 590.33 8.0 lips 1.840 .33 0.174 8.,N L .. 9 , 1 ', it. 8. . k + 1i .I-

. 4 %.bll 178 .9 J1--73 .10 182.6 J1--75*24 -- 1.0 5 . 1.52. Subgrade J/8:.o J;62.2 12.b J,"-15.21 + 105 .r-

Subsrsd. .00.0 -- 0U0.0 .. . 0.55 .J) Subsr-de ZOU -- 20~.. . . . .u .S

13 Feb-uyr 1979 (Day 44) 7 May 1979 (Day 127)

Plate Prese're (kP,): 273.7 s11.9 W )Plate Press..e . W.); 2"56,7 - -5++, .5

or

TPhick,...r 2/oc Mr J2/Tort * 'd I) r Thickns .... oo M /o 'd r

(a) Materils W.I) (kP.) (Hp.) (kp.) . 1kP I ( M. is) haterlxls (MP.) (kP.) (HP.) (kP.) toPa +. m)l .

0.050 Asphalt Concrete 14149.0 -- 1190 - ':1 -7. :,2310 .1O 0.U5U Asph ltConcrete 21.u -- 2.L.U - o1 .2 3

U. 250 H.B.S (roen 4872.1 - 872.5 -- -8. 1584 .30 0. ... (hwd 8b 1.
7  

q 3 J.J v8kP , . .o

0.3O R.. (fozn 36d6.1 -- 686.7 - -4.9" 1.514 .31) u.JOO Hf.8.S. (th ::ed) 44.61 -).J6 16.; 3.) 9-o 6;a . :: .
.0 :"' H.8.S. (ftro...) 1561.4 -- 1561.:4 - -1:00k" 1.8 .1 0.350 H.8.S. (theeed) 59. 1 /.1 1;). Iu . . P . h *9-

0,40 .BS.(tir ) 925 11 816 1 69 71:10 :,8 i0 .4 3.400 8.B.S. (thawed) 8Y ;YS . ;, . P .Z )

0.170 a8S 242,5 2018.86 197.7 13 10 0 9. 14 ,4 .30 14 .,.0:3 112'bh 1I0'. , .J . a t : .J"I

1.) 4 Su:ls27 J t--60.43 111.1 1--0 --b':' 1.05 :31 I.iSbrad 8 .1 J i--) .99 13 *. j "-15. 19 - 1'5, .i '

Subsrade 200.0 -- 200.0 .. . 1.085 5J S~bgrade ,U,).U - ; ). .. 1.5 ,

6 ftrh 1979 (Day 65) 29 May 1979 (Day 149)

Plast, Pressur (kPa): 255.9 554.3 Plot.s ......r (W.P), 258.7 559.8 %

WQ'c T(*C),

or .r "
T h i c k n e s s J 2 

/  
o et r J 2 1 c t d 3 T h il c k - 0 Y

::I U.__' 8. S fuel .6 -- 40... - 0.0, 1.$84 .30 0. 300 1U.8::: ( chosen) 41.8a 4.7.0 36.9 3A.8W 1,4 .I 1."o0 .$
U-o5 0) ~ K.8.S. (frozen) 'k9.7 -- 449.! -- -.1, 1.584 .1 0.350 R.8.S. (tloved) 50.7 147.46 49.9 L02.81 3.9 k~a 1.820 3

" .400 H.B.S. (thawed) L34.0 40S.14 107.9 288.99 10.8 kP, 1.840 "J .. 00 1...(' g 4Ie) 9.3 695 77.0 2 2.23 3. 9 kpa 1. .0 .11 "

U. 0.7, 6. s 8.6 yUO.J2 113.0 537.14 IU.8 UPs 1.800 .31 0176 '.~.13 2 5 02 087 73.97 3.9 k~a 1.820 :31
1.111 hub: d: l7b.1 Ji+-69 .b5 119., J,--72.u2 -+ 1U5 .51.524 Ilbg-4. 179, Ji1-72.2 163:L J1,-1.31 - 1.055 ,35 " -

Su~rde 60.0 '0: -- fOO . . 1US5, *su gg'rAI 200.0 -- 00 0 - -- '.O55 .3 d

_3 HchI9 ay7)25 Jul, 1979 ED., 206) k.

Plate Pressre (kPa): 27 1.- 57.'.1 Plot. e ...81a. (k?.): 263.3 580.3 W )

Thickness. 4t J2
/  

M, J '/ '~ d Thick .0s J2/1o"g 1g2/,-t or Y U ra.

0.050 asphalt Concrete 939L.U -- 9391:u - ." .+ . 0.050 Aslphlt1 Concrete 12:0 - 0 - -- R00 . .50 +

0.250 A...(hr ) &. l.h 5. L.5 L+ .Pt .0 U,20 B1.8.6. (tlne) 58.0 345 49.0 36.1 .0 S 1IO .3m

0.30 H~~. (froI ed) 449.1 -- ,9.7 +- -l .8 )0.:300 l~.*Ithana) 49.6 43.21 41:4 32.30 11:0 1 100 :33 i
0.50 H *, (rse) 654.1 b 54.1 -- -1"L . 0 350 8...(bes" ) 63.7 L46,51 4,7 I04 60 6.5 WeI 3302 he

0.400 H.B.S. (froze,) 40. 14 0,6 -+7" lSm ' ) 0 -4 ,..8 atamd 0. 43778" .4,' 27.a 6, S fl 1.820 .33 e-.

0.1074 ",. .. 1208 15 120.89 10". 3 88h. l i + k Pa. J .e1 *Il 0,1W4 ::6.1. th146:9 928.07 117,6 1579.96 6.5 h p: 1.I80 ,$ -

1.,26 -ub.5ad 17. $6.S tZY J g+ . i 24 $" .do 12. J 1-73.32 163.1 J,157.72 - 1.O 3

Submrad. 200.0 -- Is il+o . . l,+ J . halbimle 100 0 - 200.0 - -- 1035 5

21 March 1979 (Day 80) 27 September 1979 (Da 270)

Plate Press-r (kPa): 258*7 547.5_ Fiat* pronsure (kpa)t 276.5 564v4 "C

ThtcneK 'r 2 1 'oct Y 3'/ ot Tblckll- ~ 'gJ/oct M. J/ot d

() Materials (Hpa) (kP&) (Mra) W.~) W.P+ in/
I
) ) harer ' lal (.a (o ( k~a) (kj ,

3
)

0.0- Asphalt concrete 3964.0 -- 314 0 -- 1." 220 .
0.50 H.,S th ~ o5'.b .0 55.0 506 A. 2P I.12" ,'5 0.2 8.o" 0 ..l d 32 451 89. 20 61 1. 0 .3

0.300 N:8.S. (th~vd .. .4). 35.0 44.97 3.i ks . 82 .33 o.0 ***(h 63.27. f. 4 :.6 ,~ .0 *$
0.350 8.8.S. (fr en .... . 8 408 - ." ,5, .0 0.3050 8,.1.. (gAsed) 126 141 3.J 19 a1 r. 1 0 ,33

0.00 8..S (hx d) 8.. 472.60 60.9 28 .83 . kPa 1.0 3 . EII g~ d 101.3 454.86 $0.9 27*0 . Ie 1. 0 ,3
0.400 K:.s.S, utel 1497 L2.2 949 5 . k -.84U .) 0:17 8. 9 .102.3 961.99 113.1 579.40 5.0 kF. 110 .33

:42 ub~d 177.9 J,--70.96 1 .$ J,--7).27 -- .0 . .SA bgde0.7 1 7.8 I .0 J - 8.1 - 109 .8

S.bard: 2 .0 0'- 2 0' .. . 1.55 .35 sahs'lldA 200.0 -- 00 0 - -- 1.055 .35

20 March 1979 (Day 87) 20 Noember 1979 (Day 324)

plot. Pressure. (kP): 264.2 554.3 plat, Presure (kP,); 273.7 584

T('tL) T(*¢

or or

Thickn.... M, J2
/ 

'oz, "r J 
/ 

t t d rThickne.. H, J 21 '-1t M J/ 1 ~ 0 Td

(a) Ptib e al s (P.) (k~Pi) We PS) (kp.) (kkP) (,a/O
I  

(a) tiater 181. (1PO) (lip.) (11P.) (lip.) W.P) ("41.3)

00O phl o ree OL80 - 18, o , , 0 ,1 0:050 A"phsli rore-e b969.0 - 6969.0 -- ." . 00

I. ...(hae ) 4. b l 47:U 12b.34 7.4+ kP, 1.820 :33 0.2 0 H.8.S* (thawed) 48. 1 2.4 $4.4 67.b8 70:.O " .8400 .33

0.300 t...(howed) l2.3 46O71.S 6 .5;6 4.9 kP, 1.620 L 0.300 ...*(h~d 4* 52 49 .7 IUUkP 1.2 .3
0.350 H.8.S. ( wed) 56.3 209.97 5. 016 .Oke .8 .U.0 S . * (tih:ed) 86.4 161.45 7. 1.7[. P .& 3

0 . B0 *.S* (lessen) IO35 - 0 35 -- -. S 5h, .0 0:.400 H.8.S. (tha-e ) :11,:9 114.18 k11.3 1272117 1. I- I. O .3

0O.1 74 H.8S.1:32 13O2.02 106.7 799. . ~ 0.U .3 0.74 .. S* I9. 19.8 153.1 5,8.6 lips kP .840 .3

1 .'24 Subs-d. 178.0 Jt 70*71 119.4 Jt 7.i 3 -101.'p :Uo55 .I .S2 Subgrsde "7.0 J 9173 . 1, 84.6 Jt 5. 48 - 1.56 .)5

Subs-d. 200.0 d 200. 0 ...- ~ 5 .3s Sub'r-de 200.0 - 20.0 - - 1.O55 .35

4April 1979 (0ey 94) No to (1) roodull, atressan, and straim calculated by 09LAPAV

Plaste Pressure (ka): 253.Z 566.6 WC(2 r:Cole sue J fisstngnviatirbksrs.

or J2 a" sI ~ 111tresivarPiant, Oct octahedral *har~ stress, t - i~turv

Thick,... N' J2/'-c K, J 2/ ~ a ,d Uro~osiae, rd - dry Mi lt Miht, r eselien8tlO 100srtiol

(a) I.I -(P.) (hi.) Kra (U) W) A.')(3) Ht
r 

sod Ja/reet are calculated at t-0 wA Center of respective lyer

0 090 Asphalt C4ncet 66+02.0 +- 6602 .O -- $.6" 2.320 .s
0.250 H,6.S. (thawed) A0:5 50:61 114.80 11.31 1,4 . 1i.810 .LJU (6) 1*AS. voterstl o Bart Strathaml "ad (Mvlerl froldsk Mucelpg W41in~d)

. ::::.8 : (th-1l) 42.6 58.7& 38. .1 6. s 18O .|
0.350 8i.8.S. (t ha-d) 35.3 1/0.)6 46.4 115.24 2:: five 1.800 .J 5 eaie W oi te sadsrisAgcmrsin
V* 4 0 0 ( t. S h a we d ) 1 9 8 4 9 5 9 5 7 0 . 1 8 , I 2 .: l 1 : . : 0 11 . 5 3() 1 1' o g l g l l l e g s a 1 1 O l g l l H

0.1/4 R.i.S. k27,1 1068.11 99. 617.10 2. lPs .0

1.$24~~ sosle 8. J,--72.25 81:.1 J,"-14.16 - 1u1 1

$ubsr-de '00 -- ZU 0 . . U5 .I

Tangential Strain et (v - 01 t - .05) and Vertical $train Ev (r - 01 , 1.524) -'

30 Oct 13 Peb 6 Mar 13 Kot 21 Kar 28 Kr p 24 APT 7 may 29Ke 25 Jul 27 Sept 20 No__.v

ect(lovo pressure): 4.791.10
-

4 2.279% 10
- 6 

3.146 .10-4 2.606.10
-
' 3.264 .10

-

4 2.425.10-
4 

2.989.10
-

' 4.894.10
-

' 9.620x10
- 4 

9.348xi0
-
4 7.415X10

- 4 

4.U51.10
-4 

2.901210
" s

(high pressre): 9.7892i0
- 4 

4.253.10
- 6 

6.446x10
- 4 

4.5421 10
- 4 

6.759e110
"

4 6.936110
"4 

6.539x10
"6 

9.975,10
- 4 

1.946810
- 3 

1.9 36z10U
- 3 

1.50Ox10
- 3 

S.365x1u
6  

5.967210
- A 

4

z,(l1- preloure): -1.381 .10-4_1I.240. 10-4_1. 376. 10-4_1L.279210-4-1.398a10-4-1.335110"-i.40Szl0-4-1.397210"4- ~.426X,0
"
4 -1.41 3XI0"-4 1 0

" 
- Z~l

-
4 -L361u

4

( h i h p e s u r e ) : _I .5 9 5 .1O ' 4 1 .2 9 0 lO - - .l 7 0 10 " -1 .3 7 5 10 - -1 . g x O - . 9 1 " - .6 7 0 - - . 8 1 " - .6 3 10 
4  

_.6 4 $ RlO - 4 _1. b 4 6 x1 
-  4  

- .6 5 5 R10 
" 4  

- .6 3 7 2 1u 
- 4

55 6

-V--W.N-2a



Table DMb Resilient modun and supporting data calculated by NELAPAV for Hart BRiothers test Section, 1980.

* 1%tehsse 195(24 Sc26 Mlare6 L980 (Day 56)

Pilt Srs...r W65.) .79. So-60 Piete Pett. As W.i): 240.0 A40

3h~I 'l '1 M a ITik. r 2/C Hr j2"-, 431
Is(u trll s)(1'5.) tmv1*1 16.) (tPtj Ins/ 1Ma tterias (Mrt) (k1.) IP.) (kin) (kit)(I)

-0.050 -shl ocrt 15u - 1218.0 -- .3' 2.32o9 .35 0.050 Asphalt Conselt. b353.0 -- 6353. -- V.01 2.320 .45

0 0.50 5. 8.. (tes). b'U .. 39.44 793.) 62.55 -6 29* 3 0.250 5.5.0. (chaed) 2I. 1" 42 lut 01.0 Ont (.632 .3

* 0.224 =.5. (that *2.5 '2 05 31 W 1742 SU 1.11 4 37 .25 33 0.44 5...(cn) 24. 56545 25 9 5* 3
*0.715 55 79.2 57b U2 CS 4 569.7 1 .0 tOt 2)2l .3U.10 .. 5 *3.v 595.16 53./ 37)1 41.0 kpt 1.7115 .33

.52 565r ~ 179.9 11-79 176.7 2 -02 .5 35 1.524 iSbgrtte 27.1 -94 7*2. 07 .055 .35
I "IU556grd 00:' l1

- Sbg~d lU - 002 -- 2.0.U55 .35 - Obgt 200 M. 20 ad- .05 3

1 2 Notch 2950 lUte 72) 29 beth 2950 (Dse 59)

Plate Per .. loPa): 255.0 399.0 plet. P.ttue. (it): 062 .0 360.0

T' T('C)

Thick",t, Mr 2' 'st 
9

e J2/ '-c 
M  

Thictetst rc J2/ot 01 J2/test 7 d 1 e
W (a) . .....tis Inl (kit) (Mr.) (k (kit (Pl s aterials (Hrt) (kt) (Nit) (kit) (it.) (VA/e .7

0.050 Asphalt Concrete 7002.0 - 7002.0 - 7.7' 2.320 0&l 050 Asphalt Coencrete 66.0 -- 664.5 -- . 2.320 .65
o . .5.5 (tse) 225 2.39 20. 2.26 -. 2' 2.55* .30 0.25'0 5.5.5. ithattt) 20.0 50.53 22. 6 571.19 . kit 1.651 .33

0.5 5...(ets 20. 6.54 225. 5.69 -. ' 2.56 .0030 550(tte) *.5 926 36 5.990kt 50 .3-
*' 0'2"555.(hae) 35.4 172.5* 32.:8 225.02 0.0 ks .72 3 0.2240 It5 . tat 27 2*2.79 39.5 202.25 3.0 1i 2.70 .3

* .0 ... *. 6.2 53.7 397.65 0.0 Ust 1.25 .33 5.00 6..8 2.5 *57.)5 56.5 358.45 2.0 kiO2n 5 3
12.5 24 Sebge.te 270.7 2 -- 65.06 27. 2 -70.48 - 1.055 1 .54 Sbadat 27. -~0. 7. J'.72.04 -- 205 .3

- Sabgeste 20. .0 - - .055 .35- Shad 200. -- 200 1- - .055 .3

19 Math 2950 (Day 79) 3 Apeil 2950 (Sac 94)

-'Plats Presere (kPt): 264.0 382.0 Plate P?.ts..et (kt); 252.0 332.0
S TWC) TOOC

* hcst r J2 'est 'e 2' 'e-t Th ickness Hr J2/ect Kre 2/too ',"
Thisc!) stteias (ttt) (6?.) (Hi.) (kin) t) (taa1(.) Nttetls (Mra) (Us-) (li.) (Us) (kit) ( Ia/s3 3

4 .050 Asphalt Cnceete 5425 - 53. 22 .20 .500 Asrphalt Casestn 5232.0 - 5232.0 -- 11.6' 2.320 .50.250 5.S.5. (thaset) 2~~~~~'3.20 22.2 26.)u 24. 00 k1 2.66 "3 .5 ... (bad 76 5.5 2. 69 0.0 61 170 3
0.0 .'. (teece) 2*9.71 70.62 237.7 *2.72 -L1' i.55 . 3 . 0.30 33 7tttd) 45.2 53.26 42.:4 46.32 20.6?255 .3

0.22* ... S (testes) 206.5 *1.55 270.4 24.79 -. ' 254 .00.220 5.5.3. (chant) 42.3 244.33 39.2 12234 4. i 50 .33
.00 5.5.5. 73.6 305.77 65.3 389."9 2. kit2.50 .33 5.700 3.063 525.9 56. 406.37 2 .5 ti 2.75 .3

5253 5t6beat. 273.5 2 -55 75.2 2 2*9.36 - 2.055 .35 2.54 Stbsd. 254 22.70.60 276.2 J-72L.4l -- 2.055 :''
- Sshsetde 300.0 l- 20. - .055 .35 - Sobig-de 200. 0.5 -. -- 2055 .35

-22 atch 2950 (Ast 52)
Fiats reose (r.aW.) 24*.0 354.0

Fi Ptt .ee..ae. (1ie): 29.J52.0 11 'C)

9, 2/, 9c J21t 3i'

Thiskeses~~~~ e c 2et'Nt s tsee. la) (hrt) (M9.) (it) ikh) (a/

050 Asphalt Cototet $955.U 8- 955.2 - 05 2.020 .4v 0.25 5... (Chad) 15.5 57.5 236 b5.5 . i .S 3
0.250 1..5 (taed 5.4 *7.27 10.9 59.0U2 0.0 kit lh52 .33 0300 5.5.5. (tltaaed) 33.3 55.92 326 52.55 7.0 kit 1.750 33

0.30 5..5 th'e) *06 7.7 3.495 . 2. 80 3 0.226 5.5.9. (Cased) 39.3 24.6 36. 3 11:.0 0.0 apa 1.750 .33
0.225 .55 (Chased) a*5. 27:1 .79B 3. 2670 2.2 1i .15U .33 0.700 5.5.0. 60. 52.9 5. 397.5 0.0 spt .72 5 .3 3
0.7'00 5...6. .03.. 555 * 00.2 1.0 kia 2.725 J33 1.505 Stsbgesds I/. 5S '-~' 2.5 37225 - 205 35
1 .54 5a65r~t 7342'-95 2(5.22 Jit70 .57 - 2055 .5- Ssbed 2/00. 200. -- - 1.055 .05

- Sbgetd. 200.0 - 200.0 - - .05 .35 17Arl90(Dy0)

lsts.esee (UsP): 235. 332.0

Thickess j~ '2 ot , J22/tot d ~ '
W. NattsrWl (Hr.) (mi) (Hrs) (kt) S (Ia). Wt.)

0.055 Asphaltl Catset *025.0 -- 6025.5 -- 25.2' 2.320 .5
050 S... thtlt) 26.9 53.2 25.6 (2.49 2.0 ki 2.550 .33'

5.300 :.:.5: (Chased 42.9 5764 39.9 52.7 8.0 ki 20 .3
0.224 5.. t (Caed ) 59. 242.22 46. 220.53 . kit 2.70 .33
0.70 ... 7 4. 5232 66.5 401 20 kit 2.5 3

* - sb~st"2000 '--* 200. O- - S205 .35p

Notes: (1) Ketdssh. stresses6 ted strsine calculated by NIUAtY

(2) K, - resiltSet soduiss, I7 first stress isterlant or bulk Stess

332 - second stress isvariant. * octahedral shear streas. 9 a tIfue tesonu, v'd dry '"lt weight, ar reflhist Pis'sratio

(3) Kr sod J 2 Ic~ are calculated at r-0 used center of raupecciv layer

*(4) 5.3.3. refesa to Hart Brothers saa (never frozen except ae noted)

(5) Negative teal stresses end strains are coipressive.6

rmsetosi Steele, - (e - 0. £ - .05) sad Vrtical Stealst a It -a 5. a 1.526)

29 Ireb 12 Hr 19 Mar 22 Nawc fNor 29 Mar 3)Apr i0 Apr 17 Apr

-,%iapeese 4 .940uI0- i.7ld 3.73s20' 2.)27e20 3.37210l- 3.592s20- 3.750u0.1 3.543e10- 4.151s10-

(kilo peaesse)2 9.242.10-
5 

3.347slJ5 S.20640S 4.072lio
t  

.6122t5- *.n6aono4 
5.03.10- 5.439s20'4 5.616110-A

%iimw preaaare)t -1 .280&10 -I .3i5xiO -I .36it0-i- 1.)34.i0-*i .356s10-
4
-i.36u10 *-2.379,25o-i .345.10 -i .35510-

(65$ig Presenelt -l.344e10 -i1.424s10 -I1.*l5.siO -2..4isiS -2.fli -i%42 1411 2443 472

5 56

'V



: ~Table Mae8 Resilient moduli and supporting data clculated by NELAPAV for Hyannis ad test section, 19"9.

i 11 tob* -b )23 April 1979 (Dav 113)

Plae emm=rv Pa01 -- .....-- __,- Plt Pre...r e ~ ): 258.7 2.0J

lj~ t~ T(oC

I ~ ~ ~ ~ M 1h4, e. -t K,/ IR 
r 

j /t~ d Thick.e.. M, J2
/  

'-t K, 2' o
t 

9 Y ~ "

v O ~ ~.. 1.. . 7 %l a . . . 5 1 . 0 . - . . .. . . ." . ... . . . 0 .0 50 A s p h al t . . . . . .. 9 36 ... . 9 6 .0 -- 2 ° 3 0 i '

' O N.. (thaed) 62.1 U.vU v.u S,91 ." ev.d 1-Wu •.1 0.250 H.S. (h ..ed) 645 8.4 70.6 .12 6.: Arm8 1.5V.

5 . O H::: 1:'1ed 1:,9 $h.4 : U 4:.41 ::U .11, I,Iu . 1, 0.300 H.S. (thawed) 57.7 38.60 53.6 29.41 7. k .9U .35 .
"

I ". , oo , ) l , 1 A l " .6 91 .o 1. . "", .. 0 .3 0 .S. (t h. e) 6 .7 11.99 70 .9 97.95 6 .0 UP. 1 670 .40 '
1. O .. (tim1.Iri 10.2 '.1l o.4 tl . 'P: . elu Ib 4 0.200 H.S. (haved) 9.0 25.40 83.9 185.0 .0 Use 1.670 .4U

0.4 )A.d. 1b.1 .6.u 2iU. H...6 12.. .21 1 ~ll 0:426 ".. 116.4 553.80 10.1 376.4 6.0 UsP 1.670 .40

".52 % ' :"lsd of6 . bb 1 12 . 6 . - . . 52 '4 Sub r de 125.5 166 .50 12 .5 158 .96 - 1.055 35

ub r d o 200 .0 J OU .U ... U~ 1.0 5 . S~ b gr de 200 .0 - 20 0 .0 o - 1.0 55 .35"

S12 P b r ua r , 1 7 V (D y 45 ) 

"

plt M,7 
K 1979 (Day )27)

a( 
; Plot, Pr ...... (kP.): 268.3 539.3 

*

Thick.... M, J2/,ota N ~ l ct K, 1j . d 
7Ur or

I ~ -II W el~ t i S l~ ) (~ ) H e k ) (k .) ( R/ll J T h ic k n e s s Y J 2 to t r J 2 1 o c t I Yd "t "

000 sphlt Concte 11.0 -- 1155.1) - -9.Ul .Jzu J () atersis (Ms) P) WHe) __ k) (P) (HKlm
" 

)

0.20 H..fish 25593.9 21M$3.9 -. 7. l.Jb .Ju 0.050 Asphalt Conre- 437.0 - 437.o - 3.* 230 5

0 .3 00 , . (f o n 17 6 .6 - 176 0 .4 - -6 7* 1.366 .JU 0 .250 H . . (thawd ) 63 .3 67.48 70 .1 98 . 9b 5 . Us 1.670 .:

J 0 ) H 8 (~ l n .1 6 7 1 - I .U * l .J 6 6 J 0 . 0 0 H .S . ( tl rAe d ) 6 0 .4 49 .7 1 58 .9 4 5 .0 1 . k P . 1.6 70 40* =

0. 0 .8 f.. . 2 . 2 . .. .). . . 0 .30 W ... (t b aved) 5.2 111 . 0 68 .9 79 . b 7 ... . . .. 690"

0 .6 2 8 .8 1' b7 '0. 1 1 U 1/ b . 5 0 k US .6 0 0 20 0 H .S . ( Ih v e d ) 9 3 .5 2 5 .8 2 3 . 4 16 6 .2 0 7 .0 LP . 1 .6 9 0

Su bls d . 200 .0 ZO20 .0 '- - .6 5 . S 1.52 4 Sub reds0 125.7 167.26 122.8 156 .37 - 1.055 .35 .

11. 5922.7- 0 101.7 35 - L.0 551.9 .35

' 7 H etch 1979 (Dayr 66) 29 y 197Su (OS' y 9) P'

P71 S P es ur 1.) 261. 4 566.6 Plate res ure (kP ): 271.0 557.1

W O* T(*C):-'

or 
or

T h i c k n e s s H e " Y2 1 o c t H , J 2 1 c , a Y d " I T h i c k n ~e s s 
r  

J 2 / , ' 2
r

; .21t o t t Y

! M erials (Hp.) (kP.) (KP.) tkP. P) WH}/J (i t.11.1. (Hp. <~ ) () k) (/113) "

';0 0 50 A ph l Co cre e 78 235 0 7835. -- :4 0" 1 3 0 . 0 050 A sph lt n r t 7 . -- 571.0 - 32 .7 ' 2.320 so0

a. 5 0.S ( o e ) 21 0 - .O 0 " . o6 00 H.S (t h:d) e 62. 6 .95 66 9 9 52 A.0 kPs 1.670 . 0 ,'

0 0 30 0 H . . ( r u ) 2 , -2 1 .0 -- .0 " 1 .366 .34 u 0 .30 0 H .S *. (th a v e d ) 58 .7 7 8 6 56s:.r 
. 1 06 3 5 : 9 6 2 6 3 6 0 P 8 1 .6 7 0 40

' "0.3 0 H S: (the. d) 79.0 125.67 73.6 % .Ul 8.0 k P. 1.6 9U 03 .300 H.S. (th awed) 7 . 12 , 1 6 . 2 1 . ~ .67 40

0 . 20 0 H .S ( h a - ) 9 4 .7 2 4 9 .8 7 8 .2 1 59 . 9 6 8 . 0 U se 1 .6 9 U . 3 ' 0 .2 0 0 H ,S ( th -v d ) 8 9 .5 2 6 7 .5 8 80 .3 156 .8 0 4 0 k P a 1 .6 7 0 0

' 0.24 H S. 11 5.9 53.09 99.9 3.09 .0 UsP 1.690 *JS 0.414 H.S, i11.0 605.48 9?.0 363.66 6 kP. 1.670 0--

' .52 4 Sub r e a 121.2 50.66 120. 3 147. 07 - 1,U55 .35 1.52 4 Sub$ sde 12 3.7 159.65 123.2 157.84 1. 55 3

SS b gr d . 0 .0 200.0 1.055 .35 Subsr d: 200.0 200.0 :1.055" 5

12 Krth 979(Day71)24 Jul, 1979 (Do, 205)

epot. rssr P.): 271.0 572.1 TOO P resst r (kP.): 271.0 579.0 "(*C

~~Thick)nsM 2 - M, '" ,T ess N J2/Toct K 2I-

Her. isle ~s) We ) (P.) LP.) (SPa) _,/.
3

) W! aterals (.) Wke) (Hp.s) (kPs) kP) I
3

"

q .0 .050 spha t Concrete 7299 0 0 - 7299 . ' 5.1" 2. 20 . .0O* 50 Asphalt Con rt:1 .0 - 1 . -d,3 .3 0 . O* '

0'10 H:1: (11-1e) 21.0 21. - 0." .56 .) 50)H.. the . 7 4 166. < - 76.7 .0 - 2.3' .20 .50 .

1 0.5 :.S ( os ) 1668 - 668 - -0.4 136 3 0.50 H.S. (thwe) 5. 71 568 4 25 .0ks . 0 .0%

0. 0 H.S* (frze) 1096.1 1966:1 -- :4.2 1.366 .30 .300 HS (th sd 75.7 107.5 ,0 76. 41.0 2.0 Apo 1.650 .45

0.200 1 0.. fozn 210 ,- 1. l- ." .366 .5 0.200 H.S. htawled) % 7 20A 38 176 . ~ .9 3

".4 HS 

58.49 425..7 56.g1 492.25 6.0 k. 1.470 
.40

00 H (rzn 2100'13 0.300 H.S. (tgiR)7.9 $1.85 6 910.0 ?154 8.0 kP. 1.690 .3

..'24 9u~ d 2. 1252.68 122.1 695.67 -- JP 1.690 .35 0.520 Sb hrde 94725 016.40 183.8 157.10 - O3 2

• ~ ~~~Subgrde 200.0 200.0 -- 1.055.5Sbrd 0, -- 2 .0 . . 1055 .35

S20 M .. 179 (Do, 79) 
.,

/ let- Pressu.e (kPa): 261.4 547.5 27 September 1979 (Day 270)
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T o e n t t l S t r i n ( v -r 0 . a - .0 5 ) n d V e r t i c l S t r a i n t¢ v - 0l . r - . 5 2 4 )

it., 3 Oct 12 Feb mar 12 ot 20 ar 27 Mar 3 Ap 23 Ap 7 e 9My 24 J.1 27S pt 19 10V

" .ct ( l o a, p r e s s u r e ) : .g 5 5 1- 
4  

1 .8 9 9 1 6
- 6  

3 4 6 1 .1- 
4  

3 .3 6 3x 10 
- 4  

.1 5 9 10
- 

4 2 .6 3 7 10 4 2 .4 3 7 .150 
4  

5 . 15 .1 
6 
4 6 .4 9 5 .1 - 4 6 . 3 x 0 

6  
6 5 50 t10 

- 
4 .8 1 4 10 

- 
4 . 1 z 0 

6

":(hi
h 

pesure): 4.6251 0
- 4 

3.64810
- 6 

7.510410-4 7.1oo.l0
-

41 .93.1
- 

5.3084JO
"
4 5.17zlo

- k 
4 .62siO

- 3 
1. 85.0

- 3  
1.21200

3 
1. 2210

- 3  
.i31sib A 5.25UI)O

"
4

- tv~lo pressure); -1.793X1 -4° 1.3$7110-4-1.824*10-4-1.476si 1 472s1 -* 7x 10 S -- 1.901210-4-L.907*0
-

1, -1.922.1O 6-1.910110
-

4 _1.994210
-

4 _ 1.8661l
" 

10-

0h 0 p es sue) , - ) 6 I - - 4 'b1- - . 0 I. 7 1- p . 0 2 5 0 -2.361150" -2.6&] I0- -2. 38 10" A -2 .496= 10" -2 .476 10- 4 2.456 1- 4-2.3 9mlO " -

~57
%+ 

? b,



% .

Table D4b. Resilient moduli and supporting data calculated by NELAPAV for Hyannis sand test section, 1080.

2 . .. . 29 Narch 1980 (Day 89)

a1- Pt.1scp.l kPal 2)1 550 Plate Press.re (kPl) 255 499 T

TI 'C1 T 'CI 

9 J2/o
t  

H Tt 9 i/o * d u 6 J2/o 8 J2ut $

Tht,, 2ac 2s Th tckness ctDr

I s IMP) (kP.) IMP.) (kP.) kP.) (MA/.
3

) 1a) Mate..s (Wa) (kP ) (1G.) (kP.) IWP.) (1l).I

0)51 Atyt1alt Ctnrece 7t77.0 -- 7377.0 -- 7.0' 2.320 .40 0.050 Asphalt Concrete 5350.0 -- 5350.0 -- I1.3' 2.320 .45
a 250 9.5. It raea 1996.8 -- (996.0 -- -0.1" I.366 .'0 0.250 H.. thawed) 61.5 73.01 70.8 110.12 4.0 kPa 1.670 .40

IM ".. (thawed) 66.9 130.30 67.6 121.67 0.0 kPa I.650 .45 0.300 1.5. (thawed) 59.5 50.47 59.5 50.39 6.0 04a .670 .40 5%
0. (0 , ... (p d) 92.4 227.89 1.4 54.83 8.0 -1 * 2.690 .35 0.300 H.S. (thawed 72.2 d)55.69 68.4 127.22 0.0 k? 1.0 .4 5

:S 2 9.5. 129.0 775.03 II.) 460.29 8.0 4?. 2.690 .35 0.624 0.S. 99.4 523.96 89.0 344.22 0.0OP. 2.650 .5

t.524 5bR-,e 1225.6 166.737 124.6 162.95 -- (.055 35 1.524 Subgrade 124.7 '63.51 123.0 15.19 -- .055 .35

ScbKrade 200.0 -- 200.0 .. .. (.055 .31 * Sabgtsde 200.0 -- 200.0 .1.055 .35

12 March 1980 (Day 72) 3 Aprt. 2980 (Da 94)

Plate PrTt..re (kPa): 240 560 Plate Pressure (kP.): 248 466TI('C) I 7"1* 1.

TS tetr '2-act Mr 21'act Yd tr Thic4ces2.- Mr J21 $r

(a) ) tater als (1Pa)UP. (M.) kP.) (6?.) IM ') (a) at aIs (W.a (kPal) (.) (keaI (kPaI (. ' I

.050 Asphalt Conctete 8)90.0 -- 8190.0 -- 5.6' 2.320 .40 0.050 Asphalt Canctete 2366.0 -= 2186.0 -- 22. 2.17 0

0.250 9.5. (thaw-d) 85.6 297.37 I14.8 640.10 0.0 A 1.366 .45 0.250 6.0. (thawed) 62.2 67.05 67.9 94.00 a )Pa .670 %

1.300 07 (3 taen) 1996.8 -- 1996.6 -- o.V 1.366 .30 0.300 H.S. (thawed) 58.3 69.22 58.2 h8.0 0 1Pa 2.650 .15

0,300 9.5. (thawed) 83.8 233.98 78.3 211.40 0.0 8 1. 3.366 .45 0.300 N.h. (thawed) 71.5 250.56 67.3 119 39 0 1 kP. 1.6"0 -5
0626.5. 119.5 602.43 102.5 368.03 8.0 kPa 1.690 .35 0.624 9.8. 89.3 528) 8.7 310. 4 0.0 kP. I 650 .4

2.52:4 Srde 122.7 156.56 121.3 151.23 -- 3.055 .35 (.524 Suhgoade (24.8 263.58 123.8 1708 - I 055 IS

- Sabhrode 200.0 -- 200.0 -- -- .055 .35 - Sabtade 200.0 -- 200.0 - 05, .15

1 Match I19o (Day 791 to April (980 (at lOt)

Plate P ess (kPa 397 552 Plate Prearw (kP.) 226 475
v ('C) T/C)

M, '"r HE j2/'-' # Yd Uhc .. I jr J2/ K J21'- t 
d

Th tknela r d2/cy r 2ct d t Thicktneas ac 2 ac ' '

X-. IMP.) (kP_) (KP) (kP.) (kPE) (N(ll_) (.) K ... -1. ("Pat Cked) (IMF. ) (W _) (kP) (__/__ _ _ _'

0 ac~halt Cacrete 5(16.0 -- 5114,0 -- 11.9' 2.300 .45 0.050 Asphalt Concoete 4747.0 -- 4747.0 -- 12 9' 2 1S0 .45
(thawed) 76.0 196.69 82.2 255.24 0 45 0.250 .0. (thawed) 65 0 1 72 72.5 258 6) 3.0 kPa I 50 5

000 K S (thawed) 72.2 118.94 34.9 136.67 4.0 k1a 1.630 .60 0.300 (.S. Ithed) 59.) 72.38 53.9 51.63 0 . I 650 .45

0 It(I ~s.(1o~nyl 589.7 -- 589.3 -- -0.1* 1.166 .M0 0.300 ng,. (thed) 75.1 161.16 6.0 1246 00 APa l.h5 4

S.6.0 383.79 (00.3 20.52 8.0 kPa 1.680 .35 0.624 8.8. (04.3 636.69 98.1 3495 0.0 kPa 1.650 '.5

.Sabqrade 223.6 159.31 122.8 256.28 -- 1.055 .35 (521 4 1bdw 224.9 164.13 (22.9 (56.94 1" ..4 75
Sablrade 200.0 - 200.0 -- 1.055 .35 Sabgt atde 200.0 -- 200.0 i 2 05 .5

N MaP' 10', bo tI17 Ape.) 1880 (Day 208)

I ' .) plate P-eaaare (kPa) 221 4)9 t
rWC TW'C) J

9 ,pI 1/p J 4 8 t 128 'dn
2 ,, .cct 0 t 2 cot e 2 ac~t Md 3 r

rh,, k,,- Thtckneas 3

(.i .......Ic ("I) (kPa) (P.) kPa) I kPa) INt,/s' I0) (aMt/.((. (C.) (0.1 (Mal (1,70 16.1 ("Ai. I
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0.25)0 9.5 lhawedI 65.9 96.4 lh 7h ( 70.4h 2.0 APa 2.050 .45 0.250 8.8. (thad) 62.0 58.82 68.0 83.70 6.0 kPa 2.610 .40

0.100 . lthawaJl 502 59.71 59.7 57.98 0 APa (.670 .:40 0.30 8.8. (ehasadl 57.8 67.53 57.6 66.00 3.0 45' (.650 .45
0.700 9.5.I (rhsaed' 75 0 580 ? 67.8 122.93 0.0 APa 1.650 .4 0.300 8.8. (thad) 72.2 158.22 67.3 119.66 0.0 kPa 1.650 .5

0.524 0.5. 105. '34.02 98.1 223.10 6.0 kPa (.670 .40 0.62k 8.3. 101.4 56 78 89.4 350.41 0.0 89. 1.650 .45 w

( .524 Sarade (25.2 65.29 122.7 1(5.99 - 1 .55 35 1.574 Sblre (2.7 (59.83 (22.4 15.83 -- 1.055 .35

* Sabrade 200.0 -- 200.0 .. . 1055 .35 ab~rade 200.0 -- 200,0 - - (.055 .35

26 catch 1980 (Day 86)
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T(C)
at (2) M

r 
-eattlent odlus. J1 - rifoat srew (neatnt or bulk stress,
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0.250 8.5. (thaad)" 6'.8 77.89 72.4 (05.96 6.0 kPa (.670 .40
0.300 N.. (thaed) 61.6 57.43 59.8 a 5 .670 .40 JA) H.S. pters to Hyato -ind
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Table 135a. Resilient moduli and supporting data calculated by NELAPAV for dense-graded stone test section, 1979.."'.

31 Octaber 1978 (Day 61) 1) April 1979 (Day 113)

Plat Press...e (0.a) 259 547 Plate P-1.1.r (kP,) 253 554

Im Mtr I
s  

MP.) (0p.) Ip.) (kPa) Wep) (KA/ar) (a) M-tr-ale (WP) Wk.) (Mr.) Wk.) (kpe) (KA/ar

.0 Asphs1t Concrte 6)19.0 .. 6349.0 -- 7.2
m  

2.320 .40 0.050 A.1nha1( Conce(@ 782.0 -- 782.0 -- 30.0, 2 .320 .50

0.20 DG.S (Shved 10 .8 3. 10I7.3 Ill318 100 kls 2:.O k 0.250 D.G.$. (:hma, d) 00 7 96. aO. 6. de1 0 O

0.34 .GS 12. O260 12.4 60,$ 6.0 S.P 1.90 .S 03 GO S 1:1. 1 0.3 2990 136971 0. ~ 2.0 ,45
Lt ... SI~rd 93. 157 0 7.1 -- D.3 G3 S. S Ubgr d ) 932.0 190.4 0.. 13 0 -- 1:.0 .33

0 S1 . r ... I 2O1O 1 . 47 -- 23:60 .. .0 . 1.9; 0 30 D (ti, .. Sbr d ) 200 0 1 -- 2 11., 0. 0k1 .. . :10

0 .2 P e r s 
:57 

( D1 
5*3 : :01 7 I e 1

0l0e PrsD r G ka 264 '01: Plt Prkue ka: 6

T(4C D. 3.T 1.0 1: 5'60k.190 4 1'44). k 0 4

Ir or _ .

0 .05 hl C ceel 20O :-1320 - ?? .30 53 0 -.05 ApatCnr e 200 - 2.0 200- 132 .3. .110

Plate O.- s. (froze) 3 264 554 Plate. -- -. " . .0 0 .25 ... - shUP.) 253 6 1 50. 54 .& I.Oka2.0

0.300l (...H en 1I.) --. IM01.) --~a -O.1°  (K&/ 3 0.30 DG. . IMPd) 12.) W9 .72 IL6 1 W3.12 10.0 (ft/2.'0 S

D .2 : D.G.5.11( 1 .2 12 0 .8 145 . :1:,8 : 2. 32 1 90 .30 0.020 O.S.1 C - 41 0. --.0 41 .0 -- 59 0.02'~ 2.320 .50

1.526~64 00srd 13. 18.7 12.:8.51-|00 .30 5.2 1u1rd 132. 10-0 1 :3. 8 7 - 1.013 .340

0.0 Sugr. (f- - 12543.0 -- 000. .. .. S 70 623 .32 0 0~ 0d9 2 .0 -0 .0 k?. . 1.03

7~ ~ ,~c 1.7 Oi d6) :3. 184.7 (a 19

Plate Prssr -0.4)' a, 7 l~ rssr )
33091 T( 3 ,.1 M 1 141. 'C0. P 1.1 1

o3r o::r ::

Thckes Thi9:'0' DCkn S h 1451. 3 P .0 4

.050 Gsh~ S ocrt I10. - 78.0 - .3* Boo2 .30 000 ApatCnr~ 3. - 300 - 30 .2

0.32 D.G-.S. :,1. 926 .179 :119.6 I10.83 6.D kP. :.970 .40 0.324 O.G.S. 140.8 91202 129.8 529.66 |0.0 kPa . 10

1.34 Subarad. 031.L 588.31 12 9 a .3 -- 1.0331 .33 1.124 Subr:ds 132:.3 194.48 130.2 1 86. -7 - I .O55 .30

- Subar d. 200.0 -- 20O0 . . . 1.055 .33 Sb:, 2dD 200.0 -- 20. . . 1.055 .35

72 arch 1979 (Day 66) 29 Julv 1979 (Day 149) .

Plate P ....... (k?&): 268 5 7 W OFlat. Press.. e.. lW .): 279 382;C

o, ' .r e j2 rkM J2/'o- t M 2r o( j 2d 1

Thckeo ,ikae
(I) tr il at . (IMP) lay.) (IMPe) (W.) (NP) (K/ IJe )s() Materials (MP&) (kP.) (HP.) My.) (kP.) (ra/. I

0 ~ hl - rt 59011 .' 131 .0 0.0 0 Asphalt Co-re 550L.0 55 0.0 -- 3309 2.320 .0

0:0'10 : (1 ...al do))st 72 1.0 -- 29,.0 - o .2 1 .9 .40 0 .2,50 D.G.S. (thamned) 975 6 .A 10 . 10:23 60.0 1,1: 2.10 .40

0.5 ... 3le) 8.0 82. 2 .: 220.91 O.0 IkP. 1.970 .45 0.300 O.G.S. (th-vd) 85.9 "1:91. 863.7 439 5. kPe .90 .40

0. C D .S. h *(th aed) 129 7:.72 89.0 125.67 0It?. 1:90 0.10. D.... (th d 100.2 182.O2 94.1 139.O-3 1.0 11: 1.970 .11

0.30 DG.S (same) 9.7 72.2 8.9 26.8 00 ks 1910 .AS 0.300 .G.. =tred 12. 49 . 11. 0 2 by .I~ .O 4
O D.C.. (th -ld) 105. 449.43 99.0 27'.26 0 . . 1.:'10 41 0.2 Dd.$ 24S.8 962. 16,. 2 .2 100 't .13 .40

3A D.G.8 129.4 9 $ 1 . 50.?45 . kdP. 1.970 4 2 6 1 1

12A llub.rad. 131. 188.319 2 . 175.43 1.055 35 1. 46 Sub.,.da 132.3 193.h 130. 2 8 .9 - .0 59

Je- Suba,.de 200.0 -- 200.0 -- . 1 .055 .35 . -d20 0200

1'20 March 1979 (Oay 71) 24 SatM e 1979 (Da 2 70)

PJ" ... (r) 7 7 Plate Pre....re (k a): 274588A

IfoOfN J21,-, t J21'-t ' d w
M

r  
J2-t N

r  
J21/o t 9 d hit :kb*'

hi) Jlk- Ms ll il ( a il () tr L (Mr.) W.J) (Wa) W.)l ay)(t/t

G0 Apat -rt 721025. - .* 10.0510 " phal1 IC o1- tle 201.0 -- 0.0 - 40-3" 2.120 -'0O, lhitCcir 01. - 2.. - 2 . 1:30 0 02 1 D ,,(h S) 9. 6 5 43 10, 10 3 17 . ~ 2. +1 0
0.2: O.G.S. ( th - ) 9.1 11 .211 .1 201 0.0 1 ,70 ,45 D...(a s 8 . s . 30 w . 0.o0.0 O.2.S 9ts~d 8. 7.0 81. 463 1 0.0 kr. 1.9 0 .4 000- 785 '0

0. D I.t 21 1 .12 .40 D G.8S (th e1) 100.2 18202 916,8 13 4 0 F.O 19;0 ,
300 D.C.". It=m 22 1369 M 3 105 0.0 k]Pa 1.970 .41 0:.30 0.,.8 -[lvd) 92. 79.8 159 236 00kl210 .45)

0.30O D.G.S. (th ) 103.3 .0 98. 278.31 0.0 IdPa 1.970 .45 0 30 '*'14.36 *0 1 , 2
0.314& OGS 129.4 909561 1195 z? . 0 .O 1.90 13 1. 5" Sublrd 132.6 19 4' 04158 - .O 3 +5

524 ulrd 131.1 189 129. 173-- 10 5 8U d.l~ 200.0 -- 200.0 .. . 1.055 .33

. bgr id. 200.0 -- 00.0 -- -- 1 . 35 9

20 March 1979 (Day 86) 29 hov,.br 979 (D., 27)

?I.,. Pr..... r (LP.): 261 367 Plat. Pr....... (kP.): 276 597

T(OC TOOC

orj N J2/'o-t 9 d r

Mr 2 re J2,2 -
Tht~~~~~rk.~T 0 itkn h.) (r. IIPls.

to) MilL (Mr.) {k?.) IMP.) (kp.) UFO) (W.3() Hrrtll (l ka ) ki ) (J

0.050 Asphalt Concrett 320 - 3.0 -- 01.6- 2.32 .50 0.050 Aaph;lt Concrrete 76 .0 -- 76 .0 -- 308 ." '1.120 .50

O.20DGS (54)9[. 1.9 9 .0 11 .9- . ~ 1 0 0 250 D.C.S. Mth ned) 1 97.6 78.23 L0 +. 025.k 10.0 .~ 110 .40

O. l+ $ th d :27 4. 82.12 66.37 0.0 kP. 1.97 4h5 0.)00 O.I.S. (" 've) 00.3 2.3 8 . 27 .OI1 .70 .40a

0.3)00 O:GS. Ith 1O 92'2 165*21 99 0 129. 9 0 0~ 1 0 .
3 

0 300 . G.S. I(Shaed) 10 . 1960 9 6 14 6 51 0 kIL .97 h

0 ~ ~ " ]26 3:5'). k.2 2. 2.5 60 ~ .7 a .39 DGS 4. 0 79 115'9 238.93 10.0 Wes 2'100 .aS
0.ard ]32.6. Ig .624 100.3 10,0 -- 11.038: th ) 1413 .40

1.5219 5 b rI e 1 . l +0 L 9 2 1 .I -- .0 .3 2. 2 10bor ads 20 . - 2 0 . . 1,0 0 .49

- $.b r ade 200. - 200.0 1.. ].055 .35 3,d 0 . - 20 . - - .S 3

27 arch 1979 (ay 86) t - - 17 DyL3

Th~, ..] , ........ ("Pat W.p) (Mr.) W.p) (kLP.) (1 /1) I2 I. I P.) W.)lIvrsn,9"IltuenLn IMP. W. dkry uft.' ht

0:01.1J A11 ,h 1, -~ n ~ 1 71. O ?. 3"77. -. ~l (C rate S612.0 ..3.3 
0

G.Io ll :.(t -vd) 16. :3.0 16. 36~ 9 I0+0 k?. 210 .4,0,O

'1 142 1..:s 0d .3 . 3q+1 I31 38 .h0 -- 105

ct(ovpr4Mr*: .01x]-6 J.~x0
-  

.1J
-  

,.58
" 

2 .201- 2.0#04 . 10 .50-6 +. 1 4 41 '0765 196.3 23 04'2 +.29710. 2.3110
- 4

4

0. D4 -4 It h-4 0.-P 1 ; 4 0.30 D... -) -

0.I0 Dr~ur) -097#1 -1$291 -1 : 910 -6 .5 0 -. 0210 0 - .0532a 10 -2.05 0 12.05 1 -20610 20 3 8. 8 10.01 - -2.051 0-4

I-' -1 :1 .4 -6 - . d: 14 - 4 :" 3. 61 -( a b 13e1e: . 21 -i 610 -2$7 1 so5J$1 - 59 0 5 .561 -'.3 d1 -2001zl -. 0 -. 51--.1 0 - _ -26 1- - .51-
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Table 13Sb. Resilient moduli and supporting data calculated by NELAPAV for dense-graded stone test section, 1980.

25 Per.arr 1980 (0ay 56) 29 Mroh 1980 (DIa 89)

Plote Prec.ur (kP.): 278 569 P1-c Pressu.re (.P.) 255 470

T('C) TOC)
8 /i 9r/ or8drC ~

(aJ2 ct Nr J2/oct 9 d TOrkncr J2/ ot e J2/ at 8 4 Ur"

Thtckne.- Thtckn2/ ,

a(I) steril.. (te.) (kP.) (Mra) (87.) (W.) (tI/s, ) (a) KattaLs (Hpa) (67.) (.) (aPs) (kp.) (t/g
3 
I

0.00 Asphalt Concrete 5372 .0 -- 1372.0 - I . 2 320 .45 0.050 6cr.)) Concrete 053: -- 530.O -- I..6" 2.320 .45

0.250 DXS. (shaced) (10)6 246.13 110.9 6) 5? 0 0 1. 970 .45 0.250 D.G.S. (bayed) 91.4 81.08 96.3 (79.22 5.0 67. (.970 .40

0.300 0. S1(frozen) 934.0 -- 1934 3 - -0., I1800 .30 0.300 D.G.S. (thawed) 89.4 68.49 88.3 62.93 5.0 8P. 1.970 .40

.. 2050 DC. S. (frozen) ((0).0 - 10 .0 - .1- .800 .30 0.20 D.C.S (thad) 112.1 1 36.39 06.6 94.43 12.0 kP 2.100 .35

00 .C. (frozen) ((0).0 ((0) 0 -0 1 (800 .30 .150 D.C.S (thawed) 1194 290.23 113.1 194.8 10.0 k. 2.)00 .60
0.574 0 .C.S. (45.6 1226.90 134 .7 704. 1 0.0 k. 2)00 40 0.574 D.G.S. 127.) 798.67 119.0 492.01 6.0 8. 1.970 .40

.926 Sbad: 130.8 186.99 131.0 (88.07 -- 1.055 .35 1.524 Subtrade (32.0 192.22 (30.7 86.55 -- $.055 .35

- Sohgrad 200.0 -- b200.0 -- -- 1.055 .35 - Sugr. '000 120.0 - - - 05 3

12 March 1980 (DO 72) 3 Apr 1980 fD.y 94)

Plata Pe..ure (6?.): 260 525 Plot, Pre.re (kP) 25. 4.

or ,

Th Lckn-s4 M, j¢ 2 .r ,,"or Thck.r(a) lister ar.( (tPa) (l) (H(.) (67.) (7.) (MR/.3) Thtko.e.c I MP) (P ) C c ) P (

D0.050 6sph.1 Conirate 48(9.0 -- 489.0 -- 2.: 2.320 .65 0.050 Asphalt Concrete 1415,0 -- 1")5.0 -- 2" 20 50

0.250 .C.S. (thwed) 89.5 (32.91 97.4 249.)) 0.0 67. (.800 .45 0.250 D.G.S. (thawed) 90.0 72.08 9.9 IOn) 1 0 1 k1. I 0)0 -0
0.300 D.C.S. (thwed) 90.5 (44.98 94.8 203.00 0.0 81. (,00 .69 0.300 DC. (thaved) 87.8 60.20 85 (.81 S 0 .pa I )0 nO1
0.250 D.G.S. (frocec) 101.0 -- )0(.0 -- -C (.800 .30 0.250 0.0.0. (haaed( (09.8 (26.95 (01.4 07.)) (I 0 tPa ) ( (5

0.100 D.G.S. (hned) (07.5 5(3.53 (02.9 372.36 0.0 8 1.800 .49 0.100 D.C.S. (thawed) 1)0.7 289.90 605.I (9) 1 67P I 9)0 40

0.'576 8.6.S. 37.6 827.27 (27.3 463.59 10.0 k1. 2.100 .60 0.57 4 D.C.S. (26.3 7h2.71 ((8.) 4hh.t h 0 aPa I :'0 .0

1.526 Sade 130.6 (86 .41 128.9 179.65 - l ( 35.524 Sah8ride 111.9 191 1 30.4 ( 854.4 -- I 05% 1S
Sabgeade 200.0 -- 200.0 -- . .055 .33 - Dabgrade (00.0 -- 200.0 .. .. (.055 (

19 March 1980 (Day 79) (0 Aprti (980 (Day (01)

Plat P reca e (kP.): 369 525 Plate P r ...r (kP.): 24) 49)
T(()*{C) -

*1S J/r 8 8 01 or "

Thatr J2olt Nr J2/rocg d8 Ur T6 ecr J2/tot r J2/oct $ d t
Thick.es Thickness

- (a) tcaeriaLs (r).) (67.7 (Wa.) (U.) (67.) (Ma/. (W) ateri. (Wa.) (kP.) (MP) (4)I (kPa) IM/.,)

0.050 Ap .at Concrete 2651.0 -- 2651.0 -- 20.8" 2.320 .50 0.030 Asphalt Coorete 6573.0 -- 4573.0 -- (7.4 2.320 .5
0.200 0.S.0. (thawed) 93.6 (82.82 96.7 235.16 0.0 61. 1.970 .65 0.250 0.G.S. (1h..ed) 98.5 270.4 04.2 407.69 0.0 (.970 45
0.100 D.G.. (thawed) 81.6 87.48 87.9 69.72 0.0 kPa (.970 .65 0.300 D.G.S. (thwd) 88.8 65.31 86.8 55.55 5.0 kPs (.970 .40

0.250 1.,.5. (frazew- (936.0 -- (93.0 -- -0.2 (.800 .30 0.250 D.G.S. (thawed) (06.3 (52.h( (00.6 (0) .47 8.5 81. (.90 .40
0f (. . " .90 .30 0.1G0 D.O.S. (thawd? (02.0 (96.96 96 10'.29 6.0 aPl 1.970 .40

0.576 D.G.S. (37.0 795.37 (32.7 628.52 (0.0 k?. 2.100 .60 0.576 D.C.S. 116.0 606.53 (07.7 236.49 6.0 81e 1.970 .40

7:.526 St6radc (37.7 (90.76 (3).) (99.32 -- .055 .35 1.526 Sabrade 131.9 19178 (02 (8.88 -- $.l055 .35- Sabgrade 200.0 -- 200.0 .. .. (.055 .35 Subgrade 200.0 -- 200.0 .. .. '.055 .35

22 Hatc !-50 (Day 82) 17 April 1980 (Day (08)

Plote Pr-ncr- .(P) 201 4C) Plate Press.re (kPa: 239 45) WC)

or rro(oc2Tt Mr j2/act 4d 1r Thhc.~l r J2(oct r (no1t d Ur
Thickneca

(a) Natr (.... (47.? 1W.P (6.) (W.a 9/,) (l) materiaz (Wa? (67.) (HW) (6P.) (6I.) {ft/et)

0.050 acehalt concrete 8958.0 -. 898.0 -- 4.6- 2.320 :40 0.050 Asphalt( Cacrete 1798.0 -- 1798.0 -- 25.9 7.320 .50

0.7s6oD.O.S. (taaed) 87.4 ((4.37 95.6 213.25 0.0 P (.970 .45 0.250 D.G.S. (thawed) 91.0 68.21 95.8 99.0 6.0 67 (.970 .40
0.3O0 0.4.0. Itbayed 1 00.5 72.83 86.8 63.05 6.0 8a (.970 .O0 0.300 D.O.S. (thaved) 87.5 58.90 06.0 51.67 5.0 81. (.970 .40

0.250 O.S. (thawed) ((2.) (82.68 (05.2 ((6.19 (0.0 47. 2.100 40 0.250 D.O.S. (cha ) (00.3 (67.23 (03.2 98.87 (0.0 67. 2.100 .0
0.100 0.G. .$ (th d) 22.h 350.00 ((3.2 195.16 (0.0 ape 2.100 60 a.00 O.S. (thaed) 707.6 338.57 95.5 2(5.0 0.0 Pa 1.970 .45
0.3714 D.G.S. (40.6 963.78 (27.2 662.28 0.0. 7.2.180 .40 0.574 D.O.S. ((5.6 875.31 101.6 338.35 0.0 6p (.970 .'4(.b24 1"rd (33 (. (1 (2 ' ( 131 9 191 66 130.5 185.79 -- (.055 ,35+1528. Sublr Idl 113.1 197 +50 13. .0927 - 10 3 ,3 I .b 8 agd. ,d 2 0 -- 2.0 . L035 5

Shgrad, 20.0 - 200.0 -- 1.D5 230

26 Marth 1980 (Dy 86)

Pate P rezs.re (kP) 232 465
WC) c (1) Modl), ztreaaea, and srlis cv(1.1ated by LL0APAV

M 2 a2t M, not 0 ad r() Mr"rllte t, J trv tre c ( vnrMto'r hoLKc tress,

ia) (Wa) W)6 (Wa.) (kP6) (kP) (Ka/c1 , c a,:ond tr. Lnocrlan, --cIcto ten. (o, ,d"dr, nt 1weIht,

0.0 Asphalt Concrete 4612.0 -- 4612.0 -- . 2.320 .45 r ta
0.250 D.C.S. (chawad) 90.6 76.07 96.7 (77.17 5.0 1a :.970 .60 (3) Mr nd J, are lclauted at -U and center of recectiva lyer
0.300 0.G.3. C tnanod) 89.4 68.92 80.0 63.39 0.0 kP 7.970 .40
0.250 O.C.S. (rhwaed) ((0.8 145.45 106.7 95.67 11.0 kP 2.100 .35 (4) D.0.S. refer, ho danse-grlded stone
0.100 D.G.S. (thawed) 120.5 309.19 113.2 195.34 (0,0 Wa 2.200 .40
0.574 O.S. (28.6 49.0 1 97 694.62 6.0 kPi .970 .60 (5) to - oethedrl Iar atross (kP)
(.526 Sotgrwdw (32.2 (92.89 (30.7 186.67 -- 1.055 .35

- Scgrad. 200.0 -- 20.0 - -- 1.085 .35 (6) Megtita noral ztresses amo trv t re coaprp-lte

Teaseato a Stlrata g, (r 0. at . .05) and VertLcal Strain; , (r - a. a 1.524)

2 Fab 12 Nit 19 Nor 22 iti 26 Her 29 0Mm __te 3 Apr 10 Apt 17Apr

c0me ( Fesneo.): 2.08t5l0-
4 

2.26310
- 4 

4.306ml 0-4 L.43310
- 4 

2.103l0-4 2.2820
- 4 

3.806.10
- 4 

2.233.10-4 3.256c10
-

%

(0LS0 pnrsinro)l 4.092zm0
"4 

4.74810
" 4 

S.S8 l0 -4 3.46izm0-
4 

4.253a10 4.112.10
4 

6.85310-4 .433.10
- 4 

5.942ml0
-

(I'( pram.,,,). -1.771.10 -. 0410 .-. 99510 -1.922RO -l.94310 -1.976.10 -1.911.10 -1.973.10 -1.977.10

(W6t1 preusan): -2.00a10
4  

-2.323u10 - 2.15010- 2.292.I0- -2.07ml0- - 23l0 -2.348slS0-2.384610
4

-2.3)3S0-5

60

i.la



I Table 16a. Resilient moduli and supporting data calculated by NELAPAV for Sibley til test section, 1979.

30 Ql ber 1979 (94, -43) 23 April 179 o 113)

l e P . .. -. ( W ) : 4 72 .2 T1 it. P r ... r (kp. ) : 2 58 .7 $3 .3
T(*~C) 7(*C)
or' s o1

;" 19 9 , 22,71 Yd2 ThIck... r 22 '-, X,
I 4101.1. 14r) ( .) W.) (M) (.) (ft/. (a) Mt.r(.1. (MP.) (1.3 (Mr.) (6.) W.) T

0 P.0)0 Ap18 t Ccrt. - - 0)1.0 - 12.* 2.320 .45 0.050 Amphlt ro.cr.to 2596.0 - 2596.0 - I8.) 2.220 .S0.250 0.T. (tinme) - - 31.5 72.19 12.0 i. 1.850 .35 0.250 .T7. (t4h.cd) 46.5 82.10 50.7 128.2 8.0 8. 1.850 .40
0.300 8.?. (Ibmi) - - 47.2 46.63 12.0 kPa 1.850 .35 0.300 1.T. (thavid) 44.8 67.24 44.3 63.59 8.0 k6. 1.830 .40
0.0 S.?. (Tised) - - 55.8 110.89 12.0 k8. 1.80 .35 0.)00 S.T. (hi.d) 58.) 1)9.27 54.3 94.20 12.0 k8. 1.850 .35
0.624 8.?. - - 70.9 347.30 12.0 1. 1.850 .35 0.624 S.T (1h4..d) 74.5 576.47 49.0 33647 12.0 kUa 1.850 .5
1.324 944go~ed" - - 126.0 162.1) 1.055 .3 1.524 Sub.. d 127.5 174.01 126.7 170.86 - 1.053 .5
[ 5k4rd - - 200.0 - - 1.05s ,35 Sl'r.d. 200.0 - 200.0 -- - 1.055 .33 5'.

[ 12 fbrr 1979 (94y 43) 8 Noy 1979 (Day 128) 7..

Pl. Ft...07. (kP.) 271.0 56.6 Plate Pressure (kPa): 271.0 559.9 T.O-' T'c) T('C) 8

or or.r J2/7 9o i/c 9 7 J, ./c
-

Taicr M... # 2 4 Thick,... r oct r J2/ 0 Y4 e.
7.) 861.71.1l. (Me) (161.) (mf.) (816A) (M1) ft4/.) - (a) 17u1..11. (mp.) 00.) 9. U) (. Ol'

0.030 Am68plt Coacr.r. 7984.0 - 7984.0 - 3.7" 2.320 .35 0.050 Asphalt Concrete 2502.0 -- 2502.0 - 18.7* 2.320 .50
0.250 S.T. (fro...) 8044.0 - 8046.0 -- -2.6' 1.690 .35 0.250 S.T. (hevad) 47.7 49.34 50.7 67.48 12.0 k8. 1.850 .3I
0.300 S.?. (fo.) 1)276.0 -- 1,271.0 - -. 0. 1.890 .35 0.00 0.. (,I-.d) 45.2 51.19 43.4 41.58 10.0 61. 1.850 .25
0.300 .?. (,.) 744. .,4.0 . i3 0.300 S.T. (t h.0.) 55.2 146.28 51.7 103.37 10.0 k1 1.850 .335
0.4)4 8.7. (fr.._) 3211.0 - 3211.0 - -0.6' 1.890 .35 0.624 S.T. (thawed) 76.5 575.14 69.1 338.41 12.0 Us 1.850 .35

7,
"  

1.524 S.89ed. I31.4 199.49 131.0 168.03 - 1.05" .35 1.524 Sbgr.4. 128.3 176.96 126.7 170.94 -- 1.055 .35
bgr.4 200.0 .200.0 1.05 .35 de 2000 200.0 - 1.05 35

- 6. 86U01 1979 (94, 65)
30 Ma, 1979 (D8, 150)P11.7. .esur (k1.): 255.9 5)9.7 %

T(*oPesueO : 25. 2. C) lt. Press.ure (kft): 261.4 566.6 --:C
9 i/ 9riTc o)

1Th 1k. 2 .cc r 2oct * J2
/  

K, 2 / Tor / Yd 0
t.) Mat.r1al. (Ir.) (k1.) (IF.) (614) (61.) (VA//*7) Thcken..2oc 2.74

W(. Materials (H.) (6k.) (IP.) (kp.) (WJ.) (/a
3

)0.050 Asphalt C..cr.7. 5019.0 589.0 - 8. .320 .45K-= 0.250 0.T. (c6..6d) 29.8 123,37 29.8 799.34 0.0 7.900 .45 0.090 9Ap.hl Co0cr0t. 3269.0 - 3269.0 - 15.7" 2.320 .450.300 3.T. (7l..4) 37.7 94.6) 37.0 94.00 0.0 k1s 1.90 .45 0.230 8.T. (th44ed) 456 77.24 48.9 12.24 7.0 kP. 1.850 .400.300 . (76..e4) 43.7 185.52 40.9 140.9 0.0 U. 7.900 .45 0.300 S.T. (thsnmd) 41.5 84.27 41.8 97.94 4.0 6p 1. 900 .5"0.624 .. (the.e4) 55.5 689.9 50.6 428.07 0.0 k1. 7.900 .45 0.300 8.T. (7h..d) 69.8 140.17 47.0 1".05 6.. P. 850 .4027. 1,O 6, 1~ 5.55 ,410.1 1 :
1.524 5,"Sr.4. 129.2 169.04 125.3 165.74 -- 1.055 .35 0.624 S.T. (tam4 d) 71.3 552.91 64.0 316.02 10.0 kP 1.050 .35S.bgrod. 200.0 - 200.0 -. . 1.05 .35 1.526 8ubgraed. 123.5 179.11 124.4 170.47 1.55 .5

- 94bhgt.r 200.0 - 200.0 - -- 1.055 .35
12Q tfach 1 9P7 1 26 Julty 1979 Maey 206)

L-I.,.l P .... s (1,8): 268.3 532.4
T(:C) Fit38". kP) 0.6 589.9 T_______i" or ('C)

K. 07Th k** J2
/ 

'oct  Iq J2
/ 

0oc Y d M, Mo/rct M 2.. 4

W() i(hoo
7  9 (l) W.) (M. We) W.

)  

040 7 )
: " 0.01 *eh,,lt Concrete 1962:0 -- 82:0 -- 10:1'k" 2.2 :45 "

S40.1 203.73 0.0 kPe 1.900 .45 0.050 6phalt Concrete 1349.0 - 1349.0 - 25.0' 0.320 .50
0.)00 37.1 95.39 37.3 97.60 0.0 U. 1.900 .45 0.250 9.T. (It.d) 49.1 34.71 51.6 4.96 15.0 k?. 1.850 .35

O..4O S.T. (1e, J96.89 61.8 159.22 0.0 kUa 1.900 .45 0.300 8.. (th.e4) 41.6 62.51 41.2 59.89 6.0 We. 1.150 .40

2 67.6 576.48 61.7 3M.02 6.0 Up. 1.85 .60 0.300 S.T. (ha d) 32.9 161.74 0.3 124.08 8.0 On. 1.850 .40• V 1.524 Subsred. 128:8 111,10 1126.1 L68.19 .- .051 .35 0.62 S..(h d) 26 9.O 7. 32.8 10 185 .3

Subgde 200.0 - 200.0 - 1.055 ,35 .24 8c.89ora. 128.5 177.81 126.2 169.21 - .053 ,33SS.W-e- 2oo.o 0 - 0o~ - - 1:005 3.55

20 March 1979 (Day 79) 27 9Pte.b.r 1979 (Dy 270)

Flt Pressure (kP&): 264.2 544.7
3T(*C) ?Late Preure (kU): 283.35_ 596.997 o ?('C)7

M, 32/ rOCt K4 J2 Tent 6 Y8 ,r oI

Thick-.. 2001 29 Mr 21 reto J2
/  

Yd 3./cW materia1s (r.) ( ) (r.) (e) ( M.3 (WO)W terL. ) W) 91 .2 ) (971 4

s0.00 49ph717 Concrete 1996.0 - 196.0 - 21.1* 2.320 .s0
0.250 S.T. (9hawed) 42.4 90.87 46.1 146.56 5.0 kl?. 1.650 .40 0,050 .ph9t C.n.oct 4 5988.0 - 588.0 - 8.0. 2.320 45
0.300 0.. (thavd) 40.4 92.95 39.9 48.27 3.0 kPa .050 0 8.. (11) 43.4 91.29 47.0 146.14 5.0 kp. 1.850 .40

* 0.300 .T. (16...4) 52.2 150.22 49.2 70.10 8.0 1I1. 1.830 .40 0.300 .?. (hi 4) 41.6 72.89 41.6 71.57 5.0 kP. 1.850 .40
S0.624 8.?. (7a.ed) 67.9 590.74 61.7 357.70 8.0 814 1.850 .0 0.300 8.T. (t1m.ed) 12.7 772.9 49.5 123.45 7.0 : 1.850 .40
1.524 S.bgrad 128.4 177.64 125.7 167.12 - 7.055 .33 0.424 8.1. (them4) 82.9 525.37 76.7 306.99 73.0 ,1.7850 .40 9,, 200.0 _ 2.0 - - ,.0,, .,, 7.,g,.- 128.4 177.71 124.2 169.10 _ 1.055 .35

- 9461.4. 50.0 - 200.0 - - .055 .33 wI

27 86rh 1979 (D7 86)

plt. Pressure (... . ) 246.4 547.5 19 9.79.bot 1979 (Day 323)

T(*C) plot. P ...... (kp.): 273.7 589.9 I

S J2
/  

K 14 J/ nt d . 0*C)
Thick-*, 3 H Y 'c8(.3 Notarialo . (Mr.) (W ) . e) (T1.) ( fi) (94/ 3 16k r 2 071 J 2Io 0 'd "

0.030 Asphlt Co,7.r 5903.0 - 5903.0 - $.2' 2.30 .45 a. terials (Mr.) W) ... OP.) (k1.) ( .) (P4/.
1

0.230 0.?. (7h.se) 43. 93.13 '8.2 1 4.93 6.0 Us 7.830 .40 76
5 T .0 .0 50 Aph lt Go -er t s 4 76 .0 - 68 76 .0 -- 6 ,0 " 2.320 . 0i "

0.300 S.. (t764 42.0 76.84 .7.4 73.48 5.0 818 1.850 .40 0.2O *T. (bhd.) 46.7 40.95 50.5 91.32 10.0 kP 1.850 .35
0.300 S.T. (lk..) 53.7 153.19 51.6 102.06 10.0 "s 1.i30 .33 0.300 8.T. (thed) 47.0 63.40 46.0 56.61 10.0 kUs 1.950 .35
0.24 S.6 . (Tbanne) 72.9 618.72 65.1 344.13 10.0 k1 1.80 .35 0.30 9.T. (thar9d) 63.1 150.74 60.7 103.90 5.0 kP1. 1.80 .35
7.324 chbgcei 128.8 179.13 126.1 168.93 - 1.053 33 0.424 9.?. (tt..4) 84.3 577.77 75.7 329.82 15.0 81. 7.650 .3s* 9.8r .. 200.0 - 200.0 - - 7.035 .5 1.524 8.bgrad. 128.7 178.67 126.6 170.63 -- 1.055 .3s

3 1 ). Sub2r 00.0 - 200.0 .. .. 1.035 .35
2 49711 7979 (94y 933)

Fiat1. Pr.ss.re (kt.): 255.9 42.5-4 7(*C)

4 Nr J2
/
c N, i/ ct 9 d

Thic2 72

(.W Met.00.1. (If. (07.) (Ow) (k?.) (81.) (ft/. 1)

0.0 610phl 94t .r. 8.0 - 5988.0 - 80' 2,320 .03
5.250 9.?. "S T.ee) 44.4 107.99 50.9 130.97 9.0 6? a 7.950 .40
0.300 8.T. (11od) 42.2 79.53 42.0 77.13 5.0 k 7.850 .40
0.300 8.?. (74.9.4) 59.0 769.42 54.7 700.70 72.0 k 1 7.850 .3
0.624 .T. (1.mmad) 77.0 594.02 4.9 334.81 12.0 bF. 1.850 .35
7.524 Sbrseft 728.7 10.23 124.6 170.4 - 1.0 .35

Sbgr.4e 200.0 - 200.0 1- 1.05 .25

Tis9t71.1 87.1. 7. (1 - 0. a - .01) sat Verti1a 8t19lm c8 17 c 0. a .524) %
30 071 12 Yak A 86r 12 N6r 20 or 27 867r 3 &PC IL 7 8MY 30 111 24 J. 27 h0 1 9 Now

77z(700 p7*8oure) -- 1.733810
-6 

3.267.70
6 

3.737.70- 5..70
"4 

3.871810"4 5.007.70' 4 .s80-4 4.749,70-4 c.5 so 10
"
' 4.2971o10

- 
3.40410-6 2.9470-4 *97

- - -4 -3 -4 - 4 -4 -4 -4 -4
(blobrss~o) 6.335910- 3.700.70- 4.S.59 4 7.276970- 1.104.103 6.679,70-4 6.411a.70 9.20%10-4 9.603%10- 9.065%10-4 1.293.10-3 O.Wi.10 6.307.10 -

*0(799 pres): - 0 -- ulO *1."110 -i.007.10-1.031.10 -. - 0

47 *. %: (* 1 I * 0 4%..es re). -0%104-1 .66% 10 -4 -2.* ,@t104-2.62f 10v4-2.5 7 -.. 1 --4 - 94, 7I - -4 1 ,-R- 1 -- t 4 7-2 1 2. .410 -4 .



Table D6b. Resilient moduli and supporting data calculated by NELAPAV for Sibley till test section, 1980.

25 Fe~bruary 1980 (Day 56) 29 March 1980 (Da, 89)
e! Fiat. Pres..re (ips): 300.0 575*0 Pelt. e ..... (kr'a): 254.0 505.0

or 0
r K , 1 J21 te

t  J2
/ 
'oct 7 'd r"

11th....e r J2 xoct t J2 ctI ~ 'd 881.71.08e (808 (ks) (W) (?)rks) (.o

w ast-1.16 ("P.) (Wes) (Hp.) (k's.) (ap.) (%/1. 3) W(o)il W) AF) (r) OLa k. f/

S0.00 Asphalt concrete 9798.0 9798.0 3.2' 2.320 .40 0 4p05 0bphlt Concrete 5471.0 - 5471.0 - 11.0* 2.320 .0s
0.20 0.T. (1roea) 349.0 - 049.0 - 0.7" 1.890 .35 0.20 8.1. (tl...4) 39.7 121.22 43.2 184.06 0.0 k's 1.900 .05

00 T 7 0 271t.0 1) -0.5. 1w90 1 0300 .T t ) 37.0 3 0.0 kP 9. 0 450+ 0.300 ST.(re) 3.0 --O 31 0 -- -0.6" 1 . 31 0.300 S.T. (thaw) 43.2 1"8.01 41,I1 1 44 .84 0.0 kpa 1.900 .45
p 0.6014 ST. ./osn 9.0 - 591. -- 0. l.:90 .35 0.624 S.T. (tisrood) 57.1 695.58 52.4 443.71 1.0 kpa 1.900 .45

)

u1.52. 0bsr.4. 131.0 187.895 129.3 181.05 - 1.055 .05 1.524 Subsarg 129.1 181.01 127.7 174.75 - 1.(Os .35
S.b6r,.e 200.0 - 200.0 - 1.055 .35 Subgrade 200.0 - 200.0 - - 1.055 .35

1. U Korth 1980 (07 72)
pla e pressure (kPa): 273.0 600.0 3 r i 1980 ( D.y 9 )1

T(FC) P . .. eur (k?.): 265.0 5 6-0

2
/  
oct or 2

/  
ecrThlik"el or '2ot

1.) 9.1.71.18 (808a) (6's) (80) (k'sI) (6?.P) 19 1 aterki l r J2 act r 2
/ 
'ot '0 7 0

0.1000.0. 
K320

0.050 hasphlt Concrete 4058.0 -- 0058.0 - 15.O" 2.320 .45) K8Kr s (80) (k's) (K's) (k's) )k's __/1
0.250 S.T. (the-d) 40.2 128.51 44.6 220.61 0.0 k's 1.900 .45 0.050 Asphalt Concrete 0823.0 - 3823.0 15.K 2.320 .5o
0.300 S.T (1--.d) 07.0 82.58 30.2 85.00 1.0 kP' 1.00 .45 0.250 S.T. (th.0 ) 40.7 119.70 44.3 185.79 1.0 kPo 1.900 .4
0. 00 S.T. (16.,..) 05.5 13.57 43.3 101.20 2.0 k'.8 1.900 .05 0.300 S.T. (168.4) 36.0 81.08 36.8 80.94 0.0 k.7. 1.900 .45
0.624 S.T. (thaved) 62.1 SK1.77 56.0 345.02 5.0 OP. 1,80 .00 0.300 S.1. (th....) 0.0 17K.21 01.9 139.19 1.0 kP. 1.900 .45
1.524 Sobgrade 120.0 177.54 125.8 167.52 1.05 5 0.624 S.. (th.e.d) 58.3 667.08 53.5 428.67 0.0 Us. 1.900 .45

Sobgr.4e 200.0 -- 200.0 - - 1.055 .35 1.524 Subg.rd. 129.2 180.62 125.5 166.50 - 1.055 .35

19 
9
t
.

ch 1980 (Day 79) S.bgr.d. 200.0 - 200.0 .. .. 1.055 .35

10 As710 1900 (0., 101)
Plate Pressure (kP&): 25. bO.O 1 ~rl18 01 0 m

T(°C) Pl.,. Pc .. s (kP.): 208.0 S04.0

or T(;C)

Mr '..r 2 r J201 oct I I 0ThIckness 
r J2'c r J2

/ 
-ot 6r d

(a) 9.1er1a1l (80.) (0's) (80.) (kPs) (6 .) (Ka/-) Thicks2... t rr

0.05U Asphalt Concrete 2217 - 227.O -- 0.0 (.) 8.1.i1.2 (Ks) (ks.) (20.) (kPa) (kl) (9./m3)
o.250 S.T. (t thed) 39.4 115.96 41.1 105.00 0.0 k6e 1.900 ,45 0.050 Asphalt G*o:te 6876.0 6876.0 - 16.0" 2.320 .40
0.00 S.. (3355d) 36.3S (1. ) 31.1 il.. 43.2 1 ".39 0.0 kP. 1.900 .45
0,300 S.T. (Th: 2) 02.8 178.56 41.6 153.91 0.0 kPa 1.900 .45 0.300 ST (th.e.4) 37.3 86.96 37.1 85.55 0.0 kP. 1.900 .45
024 S.T. (thared) 58.4 673.b4 55.7 526.25 0.0 kP. 1.900 .45 0.300 S.T. (th4n..) 43.5 195.55 41.2 147.41 0.0 kPs. 1.900 .45
1.024 Sbgl.de 128.8 178.97 128.3 177.00 -- 1.055 .30 0.626 3.T. (1he.n.) 57.6 723.76 52.5 448.52 1.0 kP. 1.900 .45

- S rde: 0U -00000 1.0'5 .35 1.324 Subgt.de 129.4 181.45 125.7 167.32 - 1.055 .35
llubgred 200.0 - 200.0 - - 1.055 .35 •

22 Patch 1980 (Dy 82) 17 April 1980 (0., 108)

Pao. ft...re (ks.): 167.0 330.0 Plot. Fe.s.,r. (li)a): 240.0 45.0

or or •,
110...2

/  

oct r J2/11 6ee 0411h..8 J,./ 8d J . "2/oct 7r J2
/ 

cO¢ 9 04 0r"
Tlt -08s r hick

Nst~cr/i (/ 1 (0.1 W.) (it?.) (kp.) I WAY. ) W m [&terial. ("p) _kq.) (HIP.) We~) (lips) MWls a) _

0.0a0 Camt6l1 to. 5988.0 - 5988.0 - 8.0 2.320 .0 0.050 Asphlt Concrete 5988.0 - 3988.0 - 8.01 2.320 .450 250 8.T. (the.ad) 37.9 95.18 40.9 141.37 0.0 k's 1.900 .45 0.250 S.T. (thaw4) 42.3 68.71 4.3 97.55 6.0 kP. 1.850 .400.300 8.T. (the ) 17.6 91.30 36.9 82.79 0.0 lips 1.900 .45 0.300 8.T. (thaws4) 37.3 87.69 37.2 85.67 0.0 ks. 1.900 .45
"0.30 8.1. (shaved) 05.2 237.70 42.2 167.22 0.0 kr. 1.900 .45 0.300 S.T. (them4) 43.8 201.77 41.6 154.91 0.0 kPs. 1.900 .45

0.620 8.T. (th d) 59.4 984.36 03.8 588.72 0.0 k's 1.900 .15 0.624 S.T. (the..d) 59.5 742.63 54.7 476.65 2.0 6P. 1.900 .45
1.524 8.bgr.i. 130.2 184.0£ 628.6 178.51 - .O55 .35 1.824 8.647.4. 128.9 179.48 127.5 174.20 - 1.OSS .35o 8lr.48e 200.0 - 200.0 - -- 1.050 .35 - .bgd.06 200.0 - 200.0 - - 1.005 .3

26 8.oth 1980 (8., 6)

Plate ftecore (kp.): 246.0 _(___ ot

Kr J 2/0o Mr J 2/ 9oct d r

(.0 .181.1 (HP-) (kip.) (Mr.) (I's.) ('. 9/1

0.050 Asphllt Concrete 4891.0 - - - 12.5* 2.320 .45
0.250 8.T. (tha..d) 39.3 117.33 - - .0 k's. 1.900 .45
0.300 8.1. (tl6.0d) 36.9 63.02 - - 0.0 Us 1.900 .45 .0.380 8.1. (t1 ) 43.2 168.8 - - 0.0 k". 1.900 .15
0.64 8." . (16...l) 33.9 701.60 - - 0.0 k6? 6.900 .41
1.524 k8.67.. .29.. 18.42 - - - 1.055 .35

- Ibig,&. 200.0 . . . . 1.055 .35

Ta! e~ltlll STt.lt 1_ (f7 0. - .05) d Vrtc l tralo _ (7 * 0. I . 264)
0 25 Feb 12 mr 19 8r 22 8. 26 N 29 fur 3 1£ J!ET 17 £17

Ptlo p...) 8.156.10-6 4.214,10
-
' 5.32ixO

- 4 
2.151I0D

-4 
3.444.10

"
. 3.373.10

- 4 
6.222.10

-4 
2.906.10

-4 
2.913.10

-
'

(high pre...r ); 1.568a10-5 8.937.10-4 7.411.10-4 4.171.10 - 6.44,10-4 7.984010-4 5.771.10- 5.66.10
- 4

,( lo. pressure); -1.660 .0-2 O0-4-2.07210--1.87$x0-4-2.046x0O-2.069xlQ"-2.09Xl0-0-2.04410-4-2.012a1O-

(h1.h pressure); -I.792xiO4 -2.72,10 -2.304xlO -2.217.10 - -2.58810- _2.599l10-2.5503l0 -2.4410
4

-

8. 1o..; (1) Moduli, stresses, s.4 stralo clculet.4 by W31PAV

(2) K, - resilient Mdulus. Jl - lirst stress Ia.r1aot or bulk stress,
9 - 11iture t o| y8 . - dry mit weight W - 7l8.1118t P1lsom' ratio

(3) Mr sad J, or. 8 c78 u11,. at 1 O0 sid cotor of respCtve laer

(4) 0.T. refers to ibley till (sverv f 8o.es except 8t vted).

(5) Voc
t 

-octahedral shear stress (kPa)

(6) V.lttoe aorvlbl @tresses mqd strains are €opteive, .o

62
~,o.
so

as,

-- %£ .f.. .. r.../..r. l . ll*. . . . . . . . . .I""t!- " " -7



A facsimile catalog card in Library of Congress MARC
format is reproduced below.

4,

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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