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THE LOAD-TRANSMISSION TEST FOR
FLEXIBLE PAVING AND BASE COURSES

PART 11

LOAD DISTRIBUTION THROUGH GRAVEL BASES
TO A WEAK SUBGRADE

SUMMARY

This report 1s the third of a series
describing the load-transmission preject
now 1n progress at the Techmical Develop~
ment and Evaluation Center of the Cuivil
Aeronautics Admimstration The testing
program 1involves the application of a static
load on a large-scale flexible section of
pavement and the measurement of vertical
pressure distribufion on the surface of the
underlying mechanical subgrade Triaxial
samples are used to evaluate the paving
materials used

The present report inecludes test data
from 48 sections of gravel base course with
maximum thicknesses of 24 inches Loads
were applied through rigid circular plates
ranging from 10 to 30 inches 1in diameter
and through single airplane tires with
inflation pressures ranging from 40 to 200
pounds per square inch

Curves and equations are presented to
show maximum subgrade pressures and
pressure distributions for typical pavement
and loading combinations These curves and
equations can be used in estimating values
for other combinations not actually tested

The quality of the paving material has
@ significant effect on both the load-
transmissionand triaxial tests The existing
information 1s not sufficiently complete,
however, to attempt a peneral correlation
between the two types of test

INTRODUCTION

The broad objective of this project 1s
to obtain information relative to the trans-
milssion and distribution of concentrated
loads through flexible paving materials
Detalled descriptions of the loading equip-
ment, method of operation, and anticipated
uses of the data are included in Part I of this
series of reports 1

1Ray’n’mnd C Herner and Willham M
Aldous, "The Load Transmassion Test for
Flexible Paving and Base Courses, Part I,
A Description of the Testing Apparatus,
Operating Methods, and Anticipated Uses of
Test Data,”” CAA Technical Development
Report No 108, April 1950

During the present testing program,
efforts are being made toestablish a correla-
tion between the load-transmission test and
the simpler triaxial test The methods and
equipment used for obtainminpg this supple-
mentary information have been reported in
Part II of the series ¢ Other forms of
correlative tests have been considered, and
some of these will be tried in the future

At present the load-transmission
testing propram 1s only 1n the early stages
Ultimately 1t 1s planned ito i1nvestigate the
load-transmission properties of a variety of
flexible paving materials including gravel,
sand, crushed stone, crushed slag, asphaltic
concrete, and combinations of these supported
by artificial subgrades of different flexibility

The present report describes only one
phase of this program, that concerned with
the testing of gravel base courses supported
by a weak subgrade Since most of these
gravel sections were similar with respect to
physical composition {such as demsity,
gradation, and moisture content), they
represent only one specific test condition
The test results and subsequent discussion,
therefore, are necessarily limited in scope
General conclusions and interpretations of
load-transmaission tests cannot be made unt:l
additional testing 1s completed However,
the relatively uniform conditions of base-
course composition and subgrade strength
used 1in this study do afford an excellent
opportunity for comparing the effects produced
by different s1zes and types of loading
mediums and different thicknesses of pave-
ment under varying magnitudes of load
Furthermore, the developrnent of techniques
for analyzing and interpreting the test results
was facilitated by mainimizing the number of
variables during the 1nitial phase of the
program.

In studying the data presented i1n this
report, 1t should be borne in mind that the
load-transmission test does not i1n 1itself

ZW:Llham M Aldous, Raymond C
Herner, and M. H Price, "The Load Trans-
mission Test for Flexable Paving and Base
Courses, Part II, Triaxial Test Data on
Structural Properties of Granular Base
Materials," CAA Technical Development
Report No 144, June 1951
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Fig 1 Gradation of Gravel Base-Course Material

consfitute a pavement design method It 1s
simply 8 means for studying and evaluating
the action of larpge sections of flexable paving
and base-course mmaterials constructed and
loaded wunder controlled laboratory test
conditions

CHARACTERISTICS
OF THE GRAVEL TESTED

The material used in constructing the
pavement sections may be classified as a
dense-graded, semicohesive, clay-bound
gravel It 1s commercially produced by
the Standard Materials Company of Indian-
apolis, Indiana, and has been commonly used
as base-course material for Indiana highway
construction

The material was excavated from the
pit with sufficient care to insure relatively
constant proportions of fine, cohesive, over=-
burden material and underlying granular
material Especially large particles were
removed from the mixture by screemng
The stockpiled material was rehandled and
mixed prior to use 1n order to obtain a more
uniform composition

Fig 1 shows the maximum and mim-
mum ranges of gradation for this material
and the averapge gradation curve for all of

the gravel test sections For comparative
purposes, this figure also 1ncludes the
gradation limits for Type C aggregate (one-
inch maximum size), as specified for
aggregate base-course construction by the
Civil Aeronautiecs Admimstration 3 Complete
gradation data, fineness modulus,4 compacted
density, and moisture content are shown for
each test section in Table Illof the Append:ix

The percentage of moisture and the
density shown in this table are not neces-
sarily the optimum values for each test
section Instead, a constant density of 135
pounds per cubic foot, at moisture contents
ranging from about 5 to 6 per cent, was the
atm for each test Variations whichoccurred
in the compactibality of the different mixtures
and which were caused partly by differences
in the percentages of material passing the
200-mesh sieve were adjusted by applying

3"Standard Specifications for Construc-
tion of Airports,” U 5 Department of
Commerce, CAA Office of Airports,
Washington, D C , January 1948, p 132

4Dei’.ernﬂlned by ASTM Designation
C-125-48



either more or less compactive effort as
required to obtain the desired density

In some of the load-transmission tests,
as many as 15 tons of gravel were used for
a single test section This introduced
difficult problems of control 1n gradation and
consistency In spite of all efforts to obtain
umiform materials, there were some mmajor
differences i1n the composition of different
sections tested There were also a few
sections 1in which variations were i1ntroduced
intentionally All such variations must be
noted and considered in studying the load test
data

TESTING EQUIPMENT AND PROCEDURES

Although the equipment and testopera-
tions have been described 1in previous
reporis,1t appears desirable to review these
descriptions briefly for the benefit of those
readers not having ready access to the prior
publications 5, This will also serve to
cover any changes in equipment or methods
which have bheen made during the course of
the project

Description of Kquipment

The load-transmission apparatus
consists essentially of (1) a spring-supported
mechanical subgrade, (2) a device for loading
a superunposed pavement section through
the use of rigid plates or tires, and (3)
apparatus for measuring the vertical move-
ment of the mechanical subgrade during the
loadinpg process

The mechanical subgrade 15 about ten
feet square It comsists of 3,600 steel
plates, each 2 inches square, mounted in 60
rows of 60 each Each plate 1s supported by
a plunger and calibraied spring Provision
18 made for measuring the deflections of
individual springs at any stage 1n the loading
process, thus determiming the pressure
distribution over the mechanical subgrade

¥ig 2 shows a partial section of
gravel base course in place on the mechanical
subgrade (Buiurminous surfacing, as shown
in this figure, was not used in the testis
covered by this report) Vertical loads are
applied to the paving section by means of
hydraulic jacks using various sizes of fires
or rigid plates as the lecad transfer medium
Accurate measurement of the applied load 1s
obtained by use of load cells with SR-4 strain
gages as the sensitive elements In Fig 2,

5Herner and Aldous, op cit

6Aldous, Herner, and Price, op cit

Fig 2 Cutaway Section of Pavement With
Tire 1n Position for Loading

an aircraft wheel 1s attached to the jacks 1n
position for loading

Preparation of Test Sections

Prior to the installation of a paving
test section, the plunpers are checked to
assure accurate performance during the test
operation A thin rubber sheet (shown rolled
back 1n Fig 2) 1s placedover the mechanical
subgrade to prevent the infiltration of foreign
matter between the plungers and guide
cylinders A 1/2-inch layer of sand 1s spread
evenly over the rubber covering to protect 1t
during construction of the pavement section

The gravel i1s thoroughly mixed i1n a
pugmuill, and water 1s added to bring the
mixture to the desired moisture content
Carefully weighed batches of the material
are placed on the subgrade, spread by hand
to proper thickness for a four-inch lift, and
compacted to predetermined density by
vibratory egquipment The compaction
operation 15 shown 1n Fig 3 After place-
ment of each lift, the compacted thickness of
the test section 1s checked by averaging 36
uniformly distributed measurements from
the surface of the pavement to a permanent
datum plane

Representative moisture samples are
taken from each baich of material during
placing operations 1n order te obtain an
averape moisture content for each layer
Completed test sections are covered with
moistened blankets during construction and
between testing operations inorder toprevent
excessive evaporation of moisture Sieve
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Fig 3 Vibratory Compactor Compacting
Gravel Base Course on Mechanical
Subgrade

analysis 15 made on the material directly
below the loaded area at the conclusion of
the test series

Test Operations

Before applying a load to the pavermnent,
the elevation of each plunger supporting the
area to be used in the test 1s determined
These dead-load readings are used as
reference data for subsequent deflection
measurements The selected loading medium
15 carefully located at a selected point on
the pavement, and the hydraulic loading
equipment, load cells, and recording devices
are prepared for operation

IL.oads of increasing mapnitude are
applied until the subgrade deflectron becomes
excesslve or until the load limitof the equip-
ment 15 reached Deflection due to load
application 1s allowed to reach equilibrium
before the plunger deflection readings are
obtained The time required for equilibrium
has varied from one to thirty minutes This
amount of time varies with the characteristics
of the material, the size and type of loading
medium, the mapgnitude of applied lead, and
the nearness to failure

Fach load application 1s designated as
a test, and all of the load applications on a

given test section constitute a test series
Due to a certain amount of permanent
deformation and residual stress in the pave-
ments, 1t has been found 1mpractical to use
a section for more than one test serles

The distribution of vertical load on the
mechanical subgrade 1s determined by
measuring the vertical deflection of each
spring-supported element The differences
between the dead-lcad and live-load readings
of these elements are converted topressures
by means of appropriate calibration curves

Although three sets of subgrade springs
have been provided, only the weakest set has
been used so far These springs have an
average rate of about 350 pounds per inch of
deflection As the area supported by each
spring 15 slightly greater than four square
inches, the modulus of subprade reaction
(Westergaard's k) for this particular sub-
grade 15 approximately 82 pounds per
square inch (psi} per inch of deflection

At the conclusion of the normal loading
procedure, supplementary tests sometimes
are run with a ten-inch plate as the loading
medium These tests are made at relatively
undisturbed areas of the pavement section,
usually near the corners Normal testing
procedures are used These tests provide a
common denominator for evaluating all test
sections, regardless of the conditions of the
mawn test These results can also be used
for comparison with those obtained when
testing the same material by other methods

During each test in the early phases of
the program, recordings were made of the
deflections of all the 3,600 plungers contained
in the mechanical subgrade This procedure
15 very helpful for studying particular
pressure patterns For most tests,however,
the general shape which the pattern waill
assume 1s quite apparent Usually 1t 1s
sufficient, therefore, to record the pressures
along the two axes of symmetry of the loading
pattern and 1n the central zone of the loaded
area

Accuracy of Load-Transmission Data

The relationships which are developed
between the load and subprade pressure are
subject to possible error from four sources
(I) measurement of total load, (2) measure-
ment of subprade deflections, (3) calibration
of subgrade springs, and {4) variable frictional
losses A precise determination or detailed
discussion of the mapgnitudes of possible
errors does notappear warranted, but 1t may
be helpiul io discuss them briefly and to
estimate the approwximate over-all accuracy
of the device

The applied loads are measured by
strain-gage type of load cells Calibration



checks by means of a umversal testing
machine indicate an error of less than one
per cent, even at low loads

Subgrade deflections are read to the
nearest thousandth of an inch There 1s
sufficient play in the apparatus, however, to
permit deviations up to a maximum of 0 004
inch This amounts to only 03 psi1 of
subgrade pressure

Load=deflection rates of the subgrade
springs vary somewhat from one spring to
another and are not exactly linear throughout
the range of use An average calibration
curve was prepared from dead-load tests of
243 springs Although load-deflection values
for individual spring and guide combanations
vary as much as 10 per cent fromthe average
at relatively low loads,there are two factors
which greatly minimize the effect of these
variations First, the paving material 1s
sufficiently stiff to have a bridging effect
across 1ndividual subgrade elements The
deflection at a given point, therefore, 15 a
function of the averapge load-deflection rates
of the springs n that wvicimity Second,
because of the symmetry of the loading
pattern, 1t 15 possible 1o average the deflec-
tions of at least four subgrade elements in
order to get one value for plotting or
analysis

The over-all accuracy of the apparatus
was checked on several occasions by com-
paring the magnitude of the applied load to
the sum of the subgrade loads computed
from deflections of the 3,600 subgrade
elements Any difference would be due to
errors of measurement or to frictional
losses 1n the apparatus In every case
checked 1t was found that the applied load
exceeded that recorded by the subgrade
springs, lndicating losses due to friction
rather than to random errors of calibration
or measurement

Losses ranged as high as 1] per cent
on a swingle low load but averaged about 7
per cent No attermpt has been made to
correct the measured wvalues of subgrade
pressure, because there 1s noway of knowing
how the error should be distributed over the
subgrade area

Preliminary tests on the subgrade
spring-plunger-guide assemblies showed
that their frictional losses inecreased rapidly
when lateral pressure was applied to the
plunger The effect of frictional losses
under purely vertical loads was eliminated
by calibrating the assemblies 1n place It
seems logical, therefore, that the frictional
error direcily under the center of the load
would be negligible while that of outlying
areas might be 20 per cent or more Con-
sidering the fact that the subgrade area 1s
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Fig 4 Vibratory Tie Tamper Used for
Compaction of Triaxial Samples

about 15,000 square inches, 1t 15 doubtfiul
that the error at any glven polnt ever
exceeded one ps:

Supplementary Triaxial Tests

For each pavement section, three
corresponding triaxial compression speci-
mens are prepared These specimens are
10 i1nches 1n diameter and usually 20 inches
high They are compacted to the desired
density by means of the vibratory tie tamper
shown in Fig 4

The purpose of testing triaxial samples
1s to establish a correlation between the load-
distributing properties of a material as
measured 1n the load-transmission test and
its shearinp strength as determined by the
simpler triaxial test By comparing the
triaxial loading curve of each sample against
an average curve for a large number of
samples, 1t 15 possible to check the uniformaty
of the material and to establish the relative
strength of the test sections



LOAD TRANSMISSION TEST NO 184

LOADING MEDIUM —IB INCH RIGID PLATE (AREA 254 SQ IN)

BASE COURSE— 24-IN GRAVEL

SUBGRADE K—B2 PSI/IN

TOTAL APPLIED LOAD— 92 000 LBS

AVERAGE UNIT APPLIED LOAD— 1651 PSI

TQTAL SUDBGRADE REACTION IN CENTRAL CCLUMN=9105 LBS
AVERAGE UNIT SUBGRADE REACTION IN CENTRAL COLUMN-358 PSi
TOTaL LOAD DISTRIBUTED OUTSIDE CENTRAL COLUMN—32,895 LBS
PERIPHERAL AREA OF CENTRAL COLUMN-I35T7 5Q IN

AVERAGE UNIT SHEAR ON PERIPHERAL AREA - 24 2 PSI

~AA TECHNICAL DEVELOWMEN
AND EVALUATION CINTER
INDIANAPOLIS  INDIAMA

Fig 5 Typical Pattern of Subgrade Pressure
Distribution Under Plate Loading

In the earlier tests, i1t was assumed
that the material for the triaxal samples
would be sufficiently representative of that
in the pavement section 1f both were taken
from the same bin It was found that this
assumption was not always true because of
random variations in large quantities of com-
merctal material Beginning with load-
transmission test No 312, therefore, the
triaxial specimens were prepared from a
composile sample taken from the mixed
material as placed in the pavement

LOAD-TRANSMISSION
AND TRIAXIAL TEST DATA

Fig 5 illustrates a typical pattern of
subgrade pressure contour curves obtained
by loading a 24-inch gravel base course
through the medium of a circular rigid plate
A similar pattern for tire loading 1s shown
in Fig 6 These patterns were obtamed from
tests in which the total lcads, pavement
thicknesses, and contact areas were of about
the same magnitude The slightirregularities

LOAD TRANSMISSION TEST NO 546

LOADING MEDIUM 56 IN X 16 1N TIRE INFLATED TO 200 PSI
PRESSURE (AREA 262 S5Q INJ

BASE CDURSE — 24-IN GRAVEL

SUBGRADE K—B2 PSI/IN

TOTAL APPLIED LOAD - 45000 LBS

AVERAGE UNIT APPLIED LOAD-— 1716 PSI

TOTaL SUBGRACE REACTION IN CENTRAL COLUMN-8545 LBS

AVERAGE UNIT SUBGRADE REACTION IN CENTRAL COLUMN-326& PSI

TOTAL LCAD DISTRIBUTED OUTSIDE CENTRAL COLUMN—36 455 LBS

PERIPHERAL AREA OF CENTRAL COLUMN—1467 SQ.IN

AVERAGE UNIT SHEAR ON PERIPHERAL AREA —249 PS|

Cha TECHNICAL DEVILOPMENT
Al CYALUATICN CENTER
IRDIAHARGLIS INDIANA

Fig 6 Typical Pattern of Subgrade Pressure
Distribution Under Tire Loading

and eccentricities in the contour curves may
be ascribed to lack of complete homogene:ty
in the base~course material

Each figure contains tabular informa-
tion on stresses 1n the ''central column "
The central column 1is the right cylindrical
volume of paving material outlined by vertical
projections from the edge of the contact area
of the loading medium The total applied
load minus the recorded load on the subgrade
at the base of the central column 1s equal to
the load transmtted to adjacent areas be-
cause of shearinpg resistance developed on
the periphery of the column

Because of the consistent regularity of
shape of the pressure patterns from any
single loading medium, 1t was found that
satisfactory distribution patterns could be
obtained by reading deflections of a double
row of plungers along the axes of symmetry
of the loading pattern. For each test, graphs
were prepared showing the cross-sectional
distribution of subgrade pressure along these
axes It 1s not considered practical to show
all of these detailed graphs in this report,



but representative examples covering a wide
range of test variables are 1included as
Figs 14 to 25 of the supplemental material
in the Appendix These will be helpful fo
those who wish to use the test data for
comparison with results from other stress-
distribution tests or {from theoretical
computations

The pressure-distribution pattern 1s
generally helmet-shaped with the ma~ximum
subgrade pressure, called reaction r, occur-
ring under the center of the load The only
exception to this conditrton was found in the
case of 30-inch rigid-plate loadings on
8=-1nch base courses For this exception the
maximum subgrade pressure occurred at a
point between the center and the edge, the
exact point varying somewhat with the load
In some of the following discussions the
maximum subgrade reaction 15 used as a
practical indicator of comparative pavement
performance

Loading conditions and values of
maximurn subgrade reaction are shown 1in
Table IV of the Appendix for each individual
test wusing rigid plates FEqguations are
included showing the mathematical relation-
ship between maxirmum subgrade reaction
and total load Vi for each test series The
maximum reaction r 1s taken as the highest
average value from four segments of the
mechanical subgrade Decause this re-
presents an average over an area of 16 8
square 1inches, 1t 1s slightly below the true
maximum obtainable at one point The
difference 1s minor

Table V of the Appendix gives similar
data for tests with tires Tire contact areas
used 1n computing average applied pressures
were obtained by making tire i1mprints on
paper supported by a flat, rigid surface
These values should approximate those from
corresponding loads on the pavement surface
They do vary considerably, 1n some 1nstances,
from theoretical values obtained by dividing
the total load by the inflation pressure This
15 probably due to rigidity of the tire casing

Table VI of the Appendix presents the
triaxial test Tesults on specimens corre-
sponding to the wvarious load-transmaission
test sections Vertical pressures are
recorded at the maximum and also at 0 1-,
0 2-, and 0 3-inch deflections

In some 1nstances, accidental varia-
tions 1n materials or procedures resulted in
triaxial speciumens which varied considerably
from their supposed counterparts in density,
moilsture content, or other 1mportant physical
characteristics These differences are
shown 1n the tables and should be considered
carefully 1n any attempt to correlate results
from the two types of tests
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Fig 7 Average Results From Triaxial Tests
on Normal Gravel Specimens

Fig 7 shows the relationship between
lateral pressure and maximum vertical
pressure for a normal gravel and thus can
be used as a standard of reference for
triaxial test results from individual test
specimens This curve, taken from a
previous report, averages the results from
54 tests at lateral pressures ranging from
0 to 30 ps1 T Physical characteristics of the
materials used 1n these tests are given 1n
Table I

EFFECT OF DIFFERENT VARIABLLS
INFLUENCING LOAD DISTRIBUTION

It has been determined that the pattern
of the load distribution from any test series
s a function of (1) pavement thickness,
{2) contact area, (3) type of loading medium,
tire or rigid plate, and {4) the pavement
strengih The effect of each variable will
be discussed in the following subsections of
this report DBecause of the fact that only
one set of subgrade springs has been used
so far, all discussions and conclusions will
apply only te a simalar weak subgrade
condition

As previously indicated, the pattern of
pressure distribution on the subgrade has

7Ibld.



TABLE I

PHYSICAL CHARACTERISTICS OF TRIAXIAL TEST MATERIAL,

Fineness Modulus

3 96to 4 66

Range of Values

Average Values 4 29

the same general shape for all single loads
If a better distribution of the load 1s obtained
in one test series than in another (because
of a thicker pavement,a larger contact area,
or any other factor), the area of distribution
on the subgrade becomes larger and the
maximum subgrade reaction becomes
smaller The numerical value of the
maximum subgrade reaction thus serves as
a convenient basis for comparing the effect
of various pavements and loading cond:ifions
It will be used for that purpoese in much of
the following discussiomn.

For the tests included in this report,
the relationship between the total load Vi
and the rmaximum subgrade reaction r can be
expressed by a parabolic equation of the
general form

r=av,’ (1)

where

r = the maximum subgrade reaction in psi,

a = a coefficient numerically equal to r for
a one-kip applied load,

Vk = the total applied load i1n kips,

o
n

an exponent representing the incre-
mental percentage change ratio between
r and Vk.

The relationship can also be expressed
in the form

d

Vk =cr {2)

where

1

c= (%)E, or a coefficient numerically equal
to Vk for an r of one p=1,

d= (11;), or an exponent equal In value to the
reciprocal of b.

Fraction Passing
No. 200 Sieve

Moisture Dry
Content Density
(pounds per

(per cent) {per cent) cubic foot)
8to 12 4,8to 65 134 to 138
10 4 5.81 1357

Numerical solutions of both equations are
given 1n the Appendix

Graphs of these equations will be
straight lines if plotted on a log-lop scale
There 1s a tendency for the observed data to
depart from the linear relationship with
extremely low or high loads At low loads,
the differences are small numerically and
may be due to adjustment of material during
the seating of the loads From observance
of wvisible cracks and other evidences of
failure 1n certain pavement sections, 1t
appears likely that the upper limit of
logarithmic proportionality marks the point
of incipient failure.

Effect of Pavement Thickness

An 1increase 1n pavement thickness,
with other factors remaining constant, results
in a cerresponding decrease 1n maxXimurn
subgrade reaction This effect 15 1llustrated
in Fig 8 The right-hand portion of the
figure shows the load distribution on the
subgrade for an l8-kip load, applied on an
18-1nch rigid plate, and transmitted through
gravel base courses of 8-, 16-, and 24-inch
thickness The left-hand portion of the
figure shows the variations of maximum
subgrade reaction throughout the loading
range for each of the test series

In this particular case an 8-inch
increase 1n base thickness resulted 1n a
decrease approximating 50 per cent 1n
maximum subgrade reaction  Although the
forepoing example indicates the significance
in changes of thickness,the exact percentage
of change will vary with other test conditions

Effect of Load Contact Area,

The contact area over which the load
15 applited 15 another important factor in
determining pressure distribution to the sub-
grade. In tests with tires, the contact area
varies both with load and with inflation pres=
sure FEven moderate changesintire inflation
pressure may produce definite and measurable
changes 1n the distribution pattern This 1s
illustrated in Fag 9



50 j } - } c = .
- I _ _
@ 45 1 | s
= / /‘ 24 1y BASE COURS . \ e
w4 - 10 ——
g ’ Y 2 \ Y"““q—
g : 15 T —l
o & IN BASE COUJASE 3 24- 1N BASE COURSE \ M
£ 720 f )(/' ]
t
w
a / & |
a4 25 X o 23 I
z / B IN BASE COLASE 16 IN BASE COURSE \
wl
o zc 4 o 3c
“n o
" /l yd Goag o
= o T
5 > # IN BASE COURSE
. * a0 [ |
x P= NOTE N
z 5 a5 TOTA_ APPLIED _DAD —IB KIPS ——
168 IN PLATE
a L 5 | 1 ] |
O 5 0 15 2G 2% 320 33 40 45 50 55 60 65 7O 75 B0 B0 55 S50 45 40 35 30 25 20 15 10 % O

TOTAL AFPLIED LOAD (KIPS)

CISTANCE FROM CENTER OF LOAD {INCHES)

C&  TECHNMCAL DEVELDRHENT
AND FyALUATION CENFER
INDIANAPDUS  INDIANA

Fig B Load Distribution Patterns Showing Effect of Gravel Base-Course Thickness

435 T l a |
= TSR
a0 + 5
o \\ -
L 15 a o \\ —
Ei & 'OruoTe N N
230 o w || 2% IN GRAVEL BASE TOURSE .
g 4 200 PSL INFLATION PRESSURE E 7| TOTAL APPLIED LOAD —35 KIPS 3
g A 1 5 D oaol3E M x 18 i TIRE b,
& ) / I ' "] A pe—]
a A A ! x N
= 20 717 t l-1
-
2 L 5C PSI INFLATION PRESSURE é 150 PSI INFLATION PRESSURE - /
il | ’

k] v x 30 | [ I I | I ‘ L~
= 1 2 200 PSI |NFLATION PRESSURE 7|
Sic . T i A
z /V l 2 LEGEND !
b
%5 ag LONGITUDINAL AXIS
= =] ! — — — TRANSVERSE AXIS

o] 1 c . L L . L

© S I8 15 20 25 30 35 40 45 SC 55 &C 65 70 75 80 9%0 55 =0 45 40 35 30 25 20 o 0 5 0

TOTAL APPLIZD LOAD (K FS)

DISTANCE FROM CENTER OF LOAD NNCHES)

CAA TECHNICAL BEVELOPMENT
AND LyA UATION ZEN LR
MO MAPOL 5 INDIAMR

Fig 9 Load Distribution Patterns Showing Effect of Inflation Pressure

Although the same trend was apparent
throughout the testing program, there were
some 1lnstances 1n which the effect of
moderate changes 1in 1inflation pressure
apparently was offset by changes in other
test conditions In tests with the 36-inch
tire, for instance, variations of inflation
pressure from 42 to 73 psi: seemed to have
lattle effect These results may have been
influenced by the attempt to use different
inflation pressures in a single test series
and within a rather narrow range of loadings
Comparative Effect
Mediums

Even if a load 1 selected so that the
contact area of a given tire 1s equal to that
of a given riprd plate, the shapes of the

of Daifferent Loading

areas will be dissimilar and the distribution
of applied load within the contact areas may
vary widely Ii seemed logical, therefore,
that the pressure distribution on the subgrade
should also vary DBecause fire contact areas
vary with the load, 1t was necessary to
interpolate between actual test wvalues in
order to obtain data for direct comparison at
equal areas

Such comparisons 1ndicate that the
tire 1s more efficient than the rigid plate at
high unit contact pressures In some cases,
the decrease mn maximum subgrade pressure
amounts to 30 per cent At moderate to low
contact pressures (100 ps1 or less) the effect
of the loading medium tends to become less,
particularly if the pavement 1s thick enough
to keep subgrade pressures at low values



TABLE II

COMPARATIVE RESULTS FROM RIGID PLATES AND
SINGLE TIRES AT APPROXIMATELY EQUAL CONTACT AREAS

Approximate Approximate

Total Contact Unit
Example Load Area Load
{(kips) (square inches) {ps1}
44 254 173

A {
44 254 173
18 113 159

B {
18 113 159
24 254 95

C {
24 254 95
96 113 85

D {
96 113 B5
175 254 69

E {
17 5 254 69
17 5 254 69

F {
17 5 254 69
7 113 b2

G {
7 1132 62
7 113 62

H {
T 113 62

Note

Maximum
Pavement Loading Subgrade
Thickness Medium Reaction
(inches) {ps1)
24 18-1n diameter plate 43
24 56 x 16-1n tire 35
at 200 ps1
16 12=-1n diameter plate 38
16 56 x 16-1n tire 26
at 200 ps1
24 18-1n diameter plate 17 5
24 47-1n tire at 100 ps1 17
16 12-1n diameter plate 14
16 47-1n tire at 100 ps1 14
24 18-1n diameter plate 10
24 47-1n tire at 63 ps1 9
16 18-1n diameter plate 22
16 47-1n tire at 63 ps1 18
16 12-1n diameter plate 8
16 47-1n tire at 63 psa1 75
8 12-1n diameter plate 21
8 47-1n tire at 63 psa 155

Because of uncertainties in measuring tire contact areas, the informatron 1n this table

should be considered only as indicative of a trend

Comparative values al contact pressures
ranging from 62 to 173 ps1 are given in
Table II

Effect of Pavement Strength

The possible effect of pavement strength
on load distribution 1s 1llustrated in F1g 10
This fipure shows comparative results from
two load-transmission test series which
differed only 1n the physical characteristics
of the gravel base course The comparatively
poor performance of the paving section in test
serles 532 to 541 was apparently caused by

higher moisture content anda lower percent-
age of fine material These factors combined
to produce a higher state of lubrication in the
mass This 15 1ndicated also i1n the triaxial
test results which are shown graphically in
the same figure

Although there 1s a general trend for
the load-transmission and triaxial test results
to vary in a parallel manner, the results are
not entirely consistent

Examples such as those piven indicate
the possibility of correlation between the
triaxial and load-transmission test results
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Most of the test sections included in this

report, however, fall within a comparatively
narrow range of physical characteristics.
As mentioned previously, there have also
been some accidental variations 1n test
specimens preparedfor correlation purposes
It 1s not considered advisable, therefore, to
atternpt any general correlation until tests
have been run on other materials

Interrelationship of Variables

The interrelated effects of the variables
influencing load distribution may be shown
conveniently by families of curves as
1llustrated in Figs, 11 to 13 These curves
have been constructed 1n a form to show the
thickness of pavement required to limait the
maximum subgrade pressure to a specified
value when different loads and loading
mediums are used They represent actual
test results, with very little smoothing and
no extrapolation

The test sections used to obtain data
for these curves were those with physical

characteristics reasonably close to the
average. The curves include only those
values of maximum subgrade pressure which
fall below the upper limat of lopgarithrmic
proportionality

CONCLUSIONS

The load-transmission testing pro-
gram 1s only 1n its early stages The
principal purpose of this report 1s to make
the data collected to date available for
study by others The following conclusions
are supported by the test results observed
thus far

1 The load-transmilssion apparatus
provides a convenient and relatively accurate
means of determiming the distribution of

vertical stresses through large-scale
paverment test sections
2 For single loads the pressure-

distribution pattern on the subgrade 1s
helmet-shaped, with the maximum pgenerally
occurring directly under the center of the load
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3 The maxumum subgrade reaction may
be used as a basis for comparing resulis
from different pavement sections and
different loading conditions

4 The magnitude of the maximum sub-
grade reaction 1s influenced largely by (1)
the total load, (2) the pavement thickness,
(3) the contact area, {4) the type of loading
medium, and (5) the physical properties of
the paving mixture Families of curves have
been developed to show the interrelationship

of these variables for tests conducted on
normal gravel base-course material
supported by a weak subgrade

5 The type and physical characteristics
of the paving material have similar efiects
on both the load-iransmission and triaxial
test results, thus offering hope of a correla-
tion between the tests The test results now
available do not cover a sufficient variety of
materials for development of such a
correlation.
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APPENDIX {continued)

TABULATIONS OF GENERAL TEST DATA
(Tables III — VI)

TABLE II1

PHYSICAL CHARACTERISTICS OF THE CRAVEL TEST SECTIONS

Load Amount Relained on Sieve (Noncumulative) Amount Fiheness Moisture Densily Trianmal
Transmisaion Pasaing Modulus Conlent Teai
Test No 11/2lnch| 3/4Inch 3/8 Inch No 4 No 8 No 16 No 30 Nao 50 No 100 Ne zZO00O Na 200 No
{per cent) | (per cent}| {(per cent) | {per cent) | {per cent)| (per cent) | {(per cent) | [per cent} [ {per cent) | (per cent) | (per cenl) (per cent) | (1b per cu ft)
bd-48 0 95 1o 13 7 16 3 107 16 & 94 30 08 30 4131 62 135 168=170
49-74 0 107 140 116 12 9 90 16 8 99 44 17 39 4 24 62 135 1T1-1723
75-82 a 15 2 19 3 11 4 93 74 131 a8 45 17 88 4 24 62 134 174-176
83-89 0 16 & 14 9 10 & 114 79 150 94 43 16 a5 4 57 60 114 177-179
90-94 1] 82 14 7 151 16 8 mns 15 4 B9 3a a9 53 4 57 b2 13% 18D=182
35-101 [} 82 14 7 151 16 B 17 15 4 89 io 09 53 457 61 137 183 =185
102-106 1} 65 138 132 15 4 1T 4 171 113 37 10 &7 428 65 136 186=188
107-112 1] 113 12 6 12 8 14 0 11 8 15 4 a7 3o 12 92 4 40 65 142 189-191
1r3-122 0 10 4 13 3 12 4 146 122 15 8 a9 29 11 ab 4 41 62 142 192-194
123.131 1) 65 13 8 13 2 15 4 114 171 113 37 10 67 4 28 b2 142 195-197
132-137 o 109 19 5 13 & 113 817 B 5 11 8 45 16 95 4 50 65 127 198=-200
138-143 [} 81 134 115 13 4 92 12 5 103 41 15 13 8 4 07 73 122 201-201
144-148 0 12 1 19 & 1123 vz B3 -] 1bs 38 13 121 4 49 b7 134 204-206
149=157 1] 109 171 12 4 1z 2 98 122 91 33 11 119 4 40 65 135 207-209
158-164 0 10 2 12 6 131 13 4 11 s 14 7 10z 33 1o 102 429 66 135 210=-212
165-169 0 60 163 14 8 13 0 103 13 1 9 4 41 113 118 419 66 142 213=215
170-178 0 111 th & 140 122 95 12 0 g4 Jjz2 11 119 1144 64 136 216-218
179-186 |} 92 16D 13 8 14 6 1o 9 13 6 B0 29 [ ] 101 4 45 61 138 219-221
187-192 o 10 7 l6 D 14 2 145 113 117 61 zh 09 1z 2 4 50 64 135 22r-224
133-198 1] 11 6 179 14 3 12 6 94 10 2 6 4 26 10 14 0 4 51 62 135 Z225-227
199-204 0 113 16 14 6 12 %9 106 115 b9 27 10 12 8 4 41 62 135 228-2130
205-210 0 78 16 3 151 15 2 109 120 72 jo 13 113 4 40 62 135 231-2313
229-233 0 90 122 12 & 14 7 11 4 16 4 93 14 14 94 423 62 115 - - -
234-242 [+ A2 121 131 148 132 16 7 81 30 12 94 4 26 68 134 - - -
241-251 a 70 11 4 117 13 4 89 147 11 6 48 17 14 A 3Bl 77 130 - - -
252=-260 1] 77 12 4 14 & 14 4 27 149 12 4 413 [} 85 4 21 55 136 - - -
261-269 ] 91 14 7 14 8 13 7 91 1% 100 41 14 112 429 [ 3] 135 255-257
270=-278 0 68 11 8 13 4 142 11 6§ 14 1 86 18 14 14 4 3 98 A1 138 164=-266
279-287 0 617 103 13 2 14 7 127 150 89 413 27 115 398 64 135 270=-272
288-296 1} 60 12 4 13 6 140 121 113 -] 45 18 12 5 4 00 60 135 273-27%
312-319 a 95 131 11 & 12 4 i1 2z 14 4 97 48 zZ0 913 4 24 60 135 - - -
120-328 [} 35 1113 15 & 15 & 113 14 2 99 4 4 17 129 4 39 57 1315 - - -
435=-4117 o 68 10 4 116 12 3 130 18 9 1z 1 34 06 105 3 95 58 135 - - -
438-444 0 85 115 135 13 4 12 2 16 2 10 6 a7 10 9z 419 513 135 - - -
447-453 o 56 118 121 13 3 130 163 118 39 o9 93 4 01 54 136 - -
454 - 440 0 70 10 4 123 122 15 2 151 137 41 113 B 4 01 58 134 - - -
485-489 0 109 10 6 12 4 1z 4 122 91 14 2 68 il 413 4 09 62 136 344 -344
493-499 0 50 109 13 & 12 2 121 10 4 16 3 67 30 98 378 68 135 347-349
500-505 1] 61 12 8 16 3 119 lis 98 131 63 26 T4 412 65 135 353-355
532-541 1} 119 15 5 17 4 14 4 134 92 74 a1 19 58 4 57 53 135 390-392
542-549 1] 120 1B 6 19 4 114 117 76 63 34 18 78 4 79 66 136 393-395
550-556 L] 175 16 4 16 1 123 12 & B7 Tt 29 13 51 5 07 52 135 396-398
557-564 Q 94 147 15 9 151 14 6 101 80 30 16 76 4 B5 53 135 102-404
565-570 0 105 120 14 % 151 15 4 98 g2 3 b 2D 68 454 513 1315 408-410
571-576 o 12 4 19 & 16 5 10 8 110 99 74 41 26 58 4 81 613 134 414-416
577=-580 0 1113 14 4 14 9 137 13 o 118 41 34 19 75 4 56 61 136 420-422
581-586 a 37 167 14 3 119 11 6 103 86 i1 113 125 4 36 56 135 423-423
587-59| 1] 11 4 14 1 145 140 12 3 10 8 94 31 15 B9 4 50 54 135 426-428
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TABLE [Va

LOAD TRANSMISSION TEST RESULTS (PLATE LCADING)

12-INCH PLATE

Load Paving Total Average Maxtmum | Mamimum| Maximurm | Relationships Between Applhed Load Vk
Transmission | Thickness| Applied Apphed Plate Subgrade| Subgrade and Subgrade Reaction {r)
Test No Load Umt Load |Deflection| Deflection| Pressure
(1nches) {kips) {ps1) {inches) | [(inches) (ps1) Equation (1) Equation (2}
64 300 26 53 0 099 0098 170
65 6 00 53 05 0 241 0219 17 91 151 G 66
66 8 9 00 79 58 0 454 0 397 32 90 r=1203V v, =0 8846r
67 12 00 106 10 0713 0611 50 90
68 15 00 132 63 - - 0¢la 77 70
69 Z 00 17 68 0 069 0 057 4 42
10 4 00 35 37 a 159 0129 10 37
71 & 00 53 05 0 280 0230 19 62 152 0 66
T2 B B 00 70 74 a 450 0 355 29 40 r=1 264Vk Vk = 0 Bb5S5T
73 106 00 BB 42 a 670 0 504 41 B7
74 12 00 106 10 0 930 0683 57 17
102 300 26 53 0131 0 076 5 96
103 [lu] 53 05 a 297 0210 1711 153 067
104 ] 9 Q00 7% 58 0 499 0378 31 31 r=1 105Vk Vk =0 93&68r
105 12 00 106 10 ¢ 779 0 603 50 19
106 15 Qo 132 63 1139 0 B72 73 60
132 FAR o] 17 68 0 147 0 065 5 09
133 4 00 35 17 0217 QB4 14 96 149 0467
134 B 6 00 53 05 0 455 0333 27 51 r=1 353Vk Vk =0 &h]5r
135 800 70 74 0 757 0 504 41 83
136 10 00 88 42 1137 0 688 57 57
137 12 00 106 10 1522 G 878 74 10
107 300 26 53 0118 o072 5 &8
108 6 00 53 05 0 24] 0173 14 09 L 48 ¢ 68
109 ] 9 co 79 58 0 393 0302 24 88 r==0 9891Vk Vk =1 007r
Lo 12 00 166 10 0 586 Q478 39 72
111 15 00 13z 63 0778 0 645 53 90
112 IB 00 159 15 1 057 0 880 74 30
144 300 26 53 0 087 0 063 4 B8
145 6 00 53 05 0 254 0170 13 B4 162 062
146 12 9 00 79 58 0577 0329 21 22 r=20 'i"?Dé.‘«’k Vk =1 175r
147 12 00 106 1O 1019 0513 42 65
148 15 00 132 63 1 609 0729 61 00
187 467 4] 27 0141 0 L04 826
188 B 27 7310 0276 0215 17 58
189 12 27 108 46 0 487 0370 3073 1 a5 069
190 ¥ 15 47 136 76 0 705 0524 43 59 r=0 3259Vk Vk =1 168r
191 18 33 L6z 05 0904 0 686 57 41
192 21 27 1B 04 1 235 0 as9 T2 43
193 594 52 49 0170 g1l1o0 A 81
194 974 a6 09 01319 0224 1B 34
195 14 24 125 B8 0 470 0 345 28 57 167 0 60
196 12 17 64 157 71 a 759 0 500 41 56 r=0 3430Vk Vk =1 B9Br
197 20 94 185 12 1 000 o 671 56 07
198 24 14 213 42 1278 0 830 69 95
99 5 00 44 21 0116 Q 070 5 48
1 10 00 88 42 0 293 G182 14 76 162 0 b2
92 L6 15 00 132 63 Q585 0338 28 01 r=0@ 3536"1: ‘Jk =1 901r
93 20 D0 176 B4 1133 0 546 45 42
94 25 00 221 05 2 422 0 B57 T2 27
312 4 00 35 37 0076 0014 105
at3 8 00 70 14 0 135 0 039 298
al4 12 00 106 190 0 208 0077 6 06
315 24 16 00 141 47 0 285 0121 966 |r=0o078v ! 73 v, =4 306" 57
316 20 00 176 B4 Q525 0178 14 49
317 24 00 212 21 0 692 0 243 20 00
318 28 00 247 57 0910 0317 26 24
119 32 00 282 94 1 044 0410 34 01
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TABLE IVb

LOAD TRANSMISSION TEST RESULTS (PLATE LOADING)

18-INCH PLATE

Load Paving Total Average Maximum | Maximum | Maximum | Relationships Between Apphed Load Vk
Transrmssion | Thickness | Applied Applied Plate Subgrade | Subgrade arnd Subgrade Reaction (r)
Test No Load Unit Load | Deflection | Deflecthion | Pressure
(inches) {(kaps) {ps1) {inches) (inches) (ps1) Equation (1) Equation (2)
15 3 0o 11179 0 071 0 060 4 68
14 6 00 2358 0 135 0114 911
T 9 G0 35 37 0213 0185 15 00 128 078
78 9 12 00 47 16 0 298 a 261 21 44 r=4a 9076Vk Vk =1079r
79 15 00 58 95 0392 0 345 28 56
BO 18 00 7013 0 497 Q 442 36 72
B1 21l 00 B2 52 0602 0 543 45 11
B2 24 00 94 31 0729 0 é54 54 99
113 300 11 79 0 D63 0 061 4 70
114 6 00 23 58 -—-- 0 153 12 37
115 3 00 15 37 0221 o199 16 14
116 12 00 47 16 G 295 0 264 21 68 113 0 88
117 8 15 00 58 95 0377 0337 27 89 r = 1325V, v =0 77961
118 18 00 70 73 0 468 0421 34 96
119 21 g0 B2 52 0 559 0 504 41 89
120 24 00 94 31 o713 0 645 53 85
121 27 00 106 10 Q762 0 687 57 47
122 30 00 117 89 G 880 0 795 66 80
138 300 11 79 o o079 0 079 623
139 6 00 23 58 Q229 0 180 14 59
140 9 00 35 37 0 470 01311 25 b7 128 078
141 B 12 00 47 16 0 755 0 453 37 64 r=1531v, Vk=0'|']?1r
142 15 00 58 95 1 046 0 601 50 0B
143 18 00 70 73 1 244 0 732 61 30
158 6 00 23 58 0 144 Q130 10 40
159 9 00 a5 37 D 226 0 201 16 33
160 12 00 47 16 0339 0299 24 6B 1 43 070
161 8 15 00 58 95 0 457 D 403 31 46 T = 07014V, vy = 128Ir
162 18 00 70 73 0 596 0526 43 73
163 21 00 B2 52 0 745 0 655 54 76
164 24 00 24 31 0 883 0 793 66 67
165 6 00 23 58 0139 0131 10 54
166 12 00 47 16 0 296 o275 22 5% 124 0 80
167 ) 18 00 70 73 0 4B9 0 450 37 42 r=1 OZTVk Vk = D 9788Br
1689 21 00 82 52 0 585 0 537 44 57
169 24 40 94 31 0 697 0 645 53 84
199 598 23 50 0 150 0115 919
200 11 18 43 73 0 285 023z 19 06
201 16 18 63 58 0424 D 358 29 63 1 20 ¢ 84
202 ] 20 48 BO 48 0 565 0 492 40 B4 r=1 U?SV.k Vk =09413r
203 25 B8 101 70 o719 0 626 52 22
204 30 03 118 01 0 B30 0 781 65 59
95 5 00 19 65 0128 0 057 4 44
96 10 00 39 30 0 226 a 126 10 07
97 15 00 58 95 D 334 0210 17 12 140 071
98 16 20 o0 7B 5% 0 485 0313 25 85 = 03901V, V) =1 955
99 25 00 98 24 0 645 0 433 3592
100 3p a0 117 89 0 B15 0 565 46 91
101 35 00 137 54 L 086 0 736 61 61
179 12 00 47 16 0122 0075 591
180 18 00 70 73 0206 D134 10 78
181 24 00 94 31 D 318 0 207 16 80 1 54 065
182 24 30 00 117 89 0 482 D 284 23 41 r=20 IZBT\Fk vy = 3 B25r
183 36 00 141 47 0 639 0382 a1l 7o
184 42 00 165 05 0 868 0 480 39 B8
185 48 00 188 63 1124 0 604 50 30
186 54 00 212 21 1589 0774 65 00

GPO H] 108683 — 2




TABLE IVc

LOAD TRANSMISS51ION TEST RESULTS (PLATE LOADING)

30-INCH FPLATE

Laad Paving Tatal Average Maximum | Maximum | Maximum | Relationstups Between Applied Load Vk
Transmission | Thickness | Applied Applied Plate Subgrade | Subgrade and Subgrade Reaction {1)
Test No Load Umt Load |Deflection |Defllection |Pressure
{inches) (fips) {ps1) (tnches} {inches} {ps1) Equation (1) Equation (2)
83 T 00 99 90 D O78 0 0bb 518
84 14 00 19 B8O 0162 0138 11 12
as Z1 00 29 71 0 244 0213 17 a7 28 078
Bé -] 28 00 39 61 0 334 2298 24 58 r =3 3469V 1 Vk =2 284r
87 35 00 49 51 0 440 0 395 32 76 k
88 42 00 59 42 0 549 0 503 41 78
B9 49 00 69 32 0 669 0617 51 40
123 6 00 8 49 0 082 0 049 3 Rt
124 12 0O 16 98 0162 0 104 8 28
125 18 0O 25 46 0 241 0 167 13 56
126 24 00 33 95 0 363 0 227 18 57 121 0 83
127 B 30 00 42 44 0 389 0 295 24 33 r=20 4]06Vk Vk =2 092r
128 36 00 50 93 0 470 0 3169 g el
129 42 00 59 42 0 557 0 448 37 22
130 48 00 67 91 0 BBO 0 537 44 &4
131 54 00 76 39 D 782 0 631 52 61
205 11 B3 16 B1 D 141 0109 B 70
206 22 68 32 09 0 280 0229 18 76
207 32 28 45 &7 0 396 D 335 27 15 16 0 86
208 8 T 59 25 0518 0 450 37 41 r = 05006V, ! v, =1783r" 8
209 52 68 14 53 0 659 Q 587 48 78
210 62 88 88 96 Q0 848 0 726 60 75
149 12 00 16 98 0 151 0103 820
150 24 00 33 95 0314 0226 18 47
151 30 0D 42 44 0 404 029z 24 08
152 36 0O 50 93 0 498 0 361 29 95
153 16 4z 00 59 42 0 602 0 435 3611 | r=o03700v,} 23 v, =2 250:0 B2
154 48 9o 67 91 0717 6 515 12 8 k k
155 54 00 76 39 0 821 0 599 49 B5
156 60 00 84 88 0923 0677 56 59
157 66 00 93 37 1 063 0 768 64 46
170 12 00 16 98 0izs 0 060 4 65
171 24 00D 33 95 0 249 0139 11 23
172 36 00 5093 0 395 0 237 19 45
173 24 48 00 67 91 0 562 0 348 28682 |r=01369v 137 v, =4 2030 72
174 54 00 76 39 0 666 0 413 34 30 k k
175 60 00 a4 88 0 774 0 478 19 72
176 66 00 93 37 0 909 0 552 45 BB
177 72 0D 101 B 1 033 D622 5] B3
178 78 00 110 35 1 165 0 694 58 08




TABLE Va

LOAD TRANSMISSION TEST RESULTS (TIRE LOADING)

36-INCH SMOOTH CONTOUR AIRPLANE TIRE

Load Paving Tatal Contact Inflation Subgrade | Maximum Relationships Detween
Transmission | Thickness| Applied Area Pressure | Deflection| Subgrade Applied Load (Vk)
Test No Load Pressure and Subgrade Reaction (r)
{1nches) {laps) |(square inches}) {ps1) {inches) {ps1) Equation {1) Eguation (2}
288 3 00 67 42 0239 19 76
2089 6 00 134 42 0 407 33 82
290 T 00 158 42 0 440 36 55
291 4 00 65 57 0312 25 17 073 137
292 4 8 20 145 57 0 503 41 74 r=9 lBOVk Vk =0 D48r
293 9 00 148 57 0 533 44 33
294 5 00 72 73 0 380 31 50
295 10 50 140 13 0621 51 74
296 12 00 157 73 0 679 56 82
279 300 67 42 Q 095 T 48
280 6 00 134 42 0 194 15 76
28] T 00 158 42 0218 17 76
282 4 00 &5 57 0131 10 50 098 102
283 8 a8 00 - 57 0 247 20131 r =2 669Vk Vk =0 367r
284 9 00 148 57 0 269 22 I3
285 5 00 72 73 0169 13 70
286 10 50 140 73 0322 26 64
287 12 00 157 T3 0 368 3Q 55
229 2 50 - 73 0103 B 25
230 5 00 72 73 0 194 15 79 0 86 117
231 B 750 - 73 0272 22 34 r=3 365Vk Vk =0 207r
232 10 00 - 73 0 342 28 34
233 12 50 - 73 0 391 iz 14
270 3 00 67 42 0 035 2 61
271 6 00 134 42 0 079 6 20
272 7 00 158 42 0 091 713
273 4 00 65 57 0 048 372 124
274 1z 8 z0 145 57 0111 B B4 r= 0670V, v, =1383:08
275 9 00 148 57 0123 9 85 k
276 5 00 T2 73 0 064 5 00
277 10 50 140 73 0 156 12 65
278 12 00 157 73 0 181 14 67
320 3 00 67 42 0 048 376
3z1 6 00 134 42 0 106 B8 47
322 7 00 158 42 0123 9 82
323 4 00 &5 57 D 064 4 98 117 0 85
iz4 12 B 20 145 57 0151 12 20 r=1 032Vk Vk =0 974r
3z5 9 00 148 57 0 165 13 37
326 5 00 72 73 0 091 719
327 10 50 140 73 0 200 16 30
3z28 12 00 157 73 0 230 18 85
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TABLE Vb

LOAD TRANSMISSION TEST RESULTS (TIRE LOADING)

47-INCH §MOOTH CONTOUR AIRPLANE TIRE

Load Paving Total Contact Inflation Subgrade |Maximum Relationships Between
Transmission | Thickness | Applied Area Pressure | Deflection | Subgrade Applied Load {V )
Test No Load Pressure and Subgrade Reaction {r)

{inches) (k1ps) | {square inches) (ps1) (1nches) {ps1) Equation (1) Equation (2)

243 6 50 115 54 0218 17 80

244 13 00 217 54 0 380 3152

245 18 00 294 54 0 495 41 12

246 750 112 63 D 248 20 40 ¢ 8D 1 25

247 8 15 00 214 61 0 429 35 62 =4 Dd9‘-"k Vk =0 1753r

248 19 00 282 63 0512 42 55

249 875 121 73 0 290 23 92

250 17 50 221 73 D 495 4] 12

251 2D 0D 274 73 0 537 44 64

252 6 50 115 54 0 199 16 20

253 13 00 217 54 0 350 28 96

254 18 0D 294 54 0 452 17 53

255 7 50 112 &3 D 227 18 52 0 81 124

256 -} 15 00 214 63 0 395 3z =1 650Vk V=0 2009r

257 19 00 Z8z 63 0 166 38 75

258 B 75 121 3 D 262 2} 53

259 17 50 221 T 0 445 36 92

260 20 00 274 73 0 490 40 73

545 5 00 61 100 0 230 14 89

546 10 Q0 118 100 0 415 34 50 0 85 118

567 8 12 50 148 100 0 493 40 98 =4 315Vk Vk =0 1577r

568 15 00 171 100 D 564 46 89

569 20 00 216 100 0 683 57 18

570 25 00 255 100 0 790 66 44

261 6 50 115 54 0124 993

262 13 00 217 54 D 243 19 96

263 18 00 294 54 0324 26 BO

264 7 50 112 &3 0 141 11 19 ¢ 96 105

265 12 15 00 Z2l4 63 D 269 22 13 =1 673Vk Vk =0 &B1r

266 19 00 282 63 0334 27 63

267 875 121 73 D 167 13 51

zé68 17 50 221 73 0316 26 10

269 20 DO 274 73 0 349 248 86

485 % 00 Ba 63 0 097 T 69

486 10 00 157 63 0 207 16 B1 107 094

487 12 15 00 214 63 0 307 25 34 =1 395‘-".k Vk =0 73251

458 20 00 292 63 0 407 33 B0

489 25 00 365 63 047! 39 14

234 6 50 115 54 0097 769

235 13 00 211 54 0175 14 23

236 18 00 294 54 0 244 20 03

237 750 112 63 0 104 8 28 097 I 04

238 16 15 00 214 63 0197 16 03 = 1205V, vy =0 8244r

219 19 00 zez 63 0 251 20 68

240 875 121 73 0118 9 45

241 17 50 221 73 0 237 19 44

242 20 00 274 73 0 264 21 T4

493 500 61 100 0 0B4 6 59

494 10 00 118 100 Q199 16 15

495 12 50 148 100 0 254 20 B5 120 0 84

496 16 15 00 171 100 0 306 25 20 =0 9819Vk Vk =1 015r

497 19 20 217 100 0 399 33 15

498 20 00 216 100 0 415 14 26

499 25 00 255 100 0 504 41 B4

500 500 61 100 D 027 2 00

801 10 00 118 100 D 066 515 133 075

502 24 12 50 148 100 0 0BS5S 6 66 =0 Z]Zle ¥ =2 9%0r

503 15 00 171 100 0106 B 43

504 20 00 213 100 0 158 12 82

505 25 00 255 100 0212 17 24

577 500 B8 63 0 025 1 89 120 0 B4

578 24 15 00 214 63 0 093 732 = 02760V, Vi =2 934r

579 25 00 365 63 0 162 13 12

580 30 00 . &3 0194 15 B0




TABLE Vc

LOAD TRANSMISSION TEST RESULTS (TIRE LOADING)

25 n 28 AIRPLANE TIRE

Load Paving Total Contact Inflation Subgrade | Maximum Relationships Between
Transmission | Thickness | Applied Area Pressure | Deflection { Subgrade Applied Load (V_}
Test No Load Pressure and Subgrade Reaction (r)

(inches} {kips) | (square inches) {ps1) (1nches) {ps1) Equation (1) Equation (2)

447 5 00 106 40 0280 23 00

448 9 00 197 40 0 391 32 43

449 10 00 214 40 0 415 34 42 0 55 1 82

450 6 13 00 278 40 0478 39 74 r=9 610Vk =0 0164r

451 15 00 323 40 0514 42 70

452 20 00 427 40 0 591 49 13

453 25 00 529 40 0 651 54 35

454 5 00 108 40 0 432 35 84

455 9 00 197 40 0563 46 79

456 10 00 214 40 0588 48 B84 0 44 226

457 3 13 00 278 40 0 655 54 72 r =17 64Vk =0 00152r

458 15 00 323 40 0 686 57 35

459 20 00 427 40 0 752 63 06

460 25 00 529 40 0 800 67 28
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TABLE Vd

LOAD TRANSMISSION TEST RESULTS (TIRE LOADING)

56 x 16 AIRPLANE TIRE

Laad Paving Total Contact Inflation Subgrade | Maximum Relationships Between
Transmission | Thickness | Applied Load Pressure | Dellection | Subgrade Apphed Load (Vi}
Test No Load Pressure and Subgrade Reaction {r)

[mches) (laps) |(square inches) {ps1) {inches) {psi) Equation {1} Equation (2)

435 5 00 39 200 0579 48 08 a &5 | 54

436 3 6 00 -- 200 0 648 54 14 r=148 93Vk Vk = 01287

437 9 00 61 200 0 B35 70 40

438 5 DO 39 200 0 386 3z ¢l 0 82 122

439 [ g3 00 al 200 0 634 52 B9 r=28 573Vk Vk = 0 0733r

449 10 00 48 200 0 682 57 06

441 13 00 a7 200 0 830 69 93

550 5 00 i9 209 0 0B4 6 56

550a 10 00 64 200 a 175 14 23

561 15 00 98 209 0 263 22 05

551la 20 00 123 200 Q0 354 29 33 101 099

552 16 25 4D 149 200 0 440 36 48 r=1 409Vk Vk =0 7124r

553 30 00 185 200 Q528 43 92

554 i5 00 2l 200 Q617 51 31

555 40 00 238 200 0 680 56 84

556 45 00 262 200 0 752 63 03

532 5 00 19 200 0 042 5327

533 14 00 68 200 0 098 T3

534 15 00 98 200 0 157 12 67

535 20 00 123 200 D213 17 39 112 0 89

536 24 25 00 151 200 0274 22 50 r=0 SQBIVk Vk =1 582r

537 30 00 185 200 0 326 26 99

538 35 00 21l 200 0 186 3199

539 40 00 238 200 0 445 36 90

540 45 00 262 204 0 499 41 47

541 50 oo 298 200 0 600 45 63

542 5 00 i9 200 9 027 202

543 15 00 98 200 0 105 B 36

544 25 D0 149 200 0 216 17 &4 131 077

545 24 3500 zll 200 0323 26 66 r=0 Z453Vk Vk = 2 865

546 45 00 262 200 0 431 35 74

547 50 00 296 200 0 487 40 42

548 55 00 333 200 0 529 43 98

549 60 00 i52 200 0582 48 13

587 250 -- 150 Q0 101 8 04

588 5 00 53 150 ¢ 218 17 64 113 0 89

589 -] 7 50 -- 150 Q334 27 67 r=2 B?]Vk Vk =0 3923r

590 10 00 9l 150 O 442 36 71

591 12 50 - 150 0528 43 88

581 5 00 53 150 0 067 5 21

582 15 00 128 150 0 264 21 76 130 o 77

583 te 25 00 199 150 0 453 37 63 r=0 611.1'|T\J'k Vi = 1 4057

584 30 Q0 226 150 0 540 44 91

585 35 00 261 150 06l 50 92

586 40 00 289 150 0 485 57 11

571 5 00 53 150 0076 597

572 15 00 128 150 0 260 21 43

573 25 00 199 150 0 430 35 74 116 0 86

574 16 30 60 228 150 D 509 42 25 r=0 9123‘.’k Vk =1 082r

575 35 00 261 150 D583 48 46

576 40 00 289 150 0 651 54 43

557 5 ¢0 53 150 0 023 173

558 15 00 128 150 0 093 T 29

559 25 00 199 150 D178 14 46 L 30 077

560 24 30 00 228 150 0 221 18 07 r=0 ZlSZVk Vk =3 260r

561 35 00 261 150 0 264 21 74

562 4¢ 00 289 150 D 308 25 44

563 45 00 315 150 0 367 30 42

564 50 00 345 150 0 403 33 51
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TABLE VI

TRIAXIAL TEST RESULTS

Triamal Densaty Moisture Lateral Vertical Pressure Deformation at Load
Test Content Pressure at Various Deflections Maximum Load | Transmission
Number 0 l=-Inch | @ 2=Inch | O 3=Inch | Maximum Test
{1b per cu ft) [ (per cent) {p=1) {ps1} {psi) {pa1) {pst) (inehes) Number
168 135 61 10 62 B 74 7 79 1 79 5 030
169 135 64 20 9l 3 1206 128 5 129 9 034 64-68
170 137 60 a0 149 7 20B 9 233 7 236 3 D 36
171 137 62 5 52 9 60 B ———— 60 8 022
172 137 63 5 49 2 63 6 - 65 2 024 69-74
173 137 58 5 4B 9 59 4 - 600 022
174 134 61 10 63 5 7813 82 & 83 0 034
175 1329 46 10 bb 7 921 99 4 100 2 034 75-82
176 133 69 {] 58 4 73 4 78 5 797 Q36
177 136 50 15 108 ¢ 1335 -—- - 135 4 0 26
178 135 53 15 93 4 1141 118 4 118 & 032 83-489
179 135 55 15 90 1 116 9 124 5 126 5 036
180 135 58 0 B 4 - - —— 84 010
181 134 58 0 B2 —,- - ——- 87 013 90-94
182 134 60 0 53 - _——- 56 o111
183 134 55 20 121 9 160 1 169 1 169 1 0130
184 135 55 20 111 7 153 7 164 5 164 5 030 95-101
185 135 53 20 1117 149 3 163 9 164 9 037
186 139 69 10 54 9 B1 9 96 9 101 3 0448
187 136 60 10 69 B 92 8 96 8 94 B 032 102-10&
188 136 50 10 64 7 8e ¢ 93 0 9310 0 34
189 142 64 5 40 7 610 671 47 8 0 34
190 141 64 5 49 2 715 747 14 7 030 107-112
191 142 67 5 26 1 397 4% 6 572 052
192 141 b2 0 1845 -—— -——- 185 010
193 142 57 0 211 -—- - -———- FAN] 011 113-122
194 140 72 0 48 39 —_—- lo 2 016
195 140 b2 15 123 2 1481 150 0 150 0 030
196 141 65 15 8z 1 110 7 122 3 127 0 0 44 123-131
197 141 b7 15 93 0 134 4 145 8 147 4 038
198 122 65 1 109 114 115 117 032
199 122 62 2 14 5 152 155 15 8 a4z 132-137
200 123 &0 3 155 16 7 17 3 19 6 I 40
201 123 61 1 110 112 11 11 2 032
202 123 69 2 13 0 13 8 14 15 8 120 138-143
203 123 68 1 155 17 2 181 206 1 50
204 135 61 1 19 8 24 6 25 2 25 3 Q33
205 134 59 2 318 36 4 - - 36 4 a 20 144-148
206 137 59 3 399 47 6 -—- 47 8 028
207 136 70 10 52 4 721 79 5 B1 9 0 49
208 136 65 15 787 102 0 109 & 113 8 0 51 149-147
209 136 61 20 8z 4 108 6 120 6 1301 0 66
210 136 b4 o} 16 2 - ———— 19 1 015
211 137 57 -2» -—- —— - 115 0 09 158-164
21z 137 55 0 --- - -—- - 18 8 Qo 0B
213 137 63 10 5313 683 76 B B0 2 052
214 137 64 15 78 7 109 2 120 7 125 1 0 48 165-169
215 142 58 20 a6 2 130 8 151 B 172 0 052
216 138 50 0 12 7 ——- ——- 14 0 G 13
217 138 55 1 25 B ——— - ——r - 3l e 018 170-1748
Z18 138 56 2 57 -——- .- 399 016
219 134 5 b 1 22 B ——- - 231 014
220 137 54 2 285 ——- - 29 8 019 179-184
221 134 56 3 367 ——- ——- 383 016
222 137 5B 1] 160 - ——- 16 2 011
221 136 53 2 359 ———— ——— 399 017 187-192
224 137 56 4 511 57 2 - 573 D26
#Lateral pressure apparently -2
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TABLE VI (cuntmued]
TRIAXIAL TEST RESULTS
Triamal Density Moisture Lateral Vertical Presgure Deformation at Load
Test Content | Pressure at Various Deflections Maxirnum Load | Transmissian
Number 0 1-Inch | 0 2=Inch | 0 3s[nch | Maximum Tesi

(1b per cu ft}) | (per cent} (ps1) {ps1) (pst) (ps1) {ps1) {inches) Number
225 137 55 1 26 1 - —— 28 B 016
226 136 5 8 3 377 455 ——- 45 5 0 24 193-198
227 136 57 5 43 2 57 2 ———— 587 028
228 137 3 3 9 ¢ 50 6 ———- 50 B 024
229 1348 54 [ 50 6 128 ———- 74 6 0248 199-204
230 138 52 9 66 3 93 5 ——- 97 1 028
231 136 60 4 48 6 55 8 -—— 55 8 020
232 13B 48 B 5B 9 71 8 ——— - 751 026 205-210
233 137 5 4 12 67 7 95 7 102 4 133 9 039
255 134 65 30 B35 117 9 137 0 170 6 103
256 135 b6 30 91 1 1191 135 0 1683 1 00 261=-269
257 134 2 30 100 0 131 9 147 1 167 5 0 80
264 134 62 5 42 6 572 586 617 03l
265 134 62 10 5319 76 8 B3 8 85 2 0 36 270-278
266 134 X3 15 64 7 93 9 107 3 113 4 0 49
270 137 5B 5 326 5316 59 9 60 3 03z
271 136 59 10 59 7 91 7 96 3 96 3 0 28 279-287
272 135 53 15 14 8 111 & 122 0 124 4 038
273 136 61 5 394 613 64 0D 64 & 028
274 135 60 10 b2 2 90 2 96 4 971 033 2BB-296
275 135 58 15 86 3 123 9 1311 132 0 0 34
344 136 &5 10 44 4 61 & 707 76 7 052
345 135 65 20 67 1 a6 2 48 9 114 2 0 66 485-489
346 135 65 30 91 1 1118 124 2 148 2 112
347 134 76 10 24 0 291 329 525 134
348 135 70 20 46 1 58 2 65 B 975 160 493-499
149 135 67 30 720 83 5 92 4 108 3 114
353 136 B2 10 47 6 59 7 663 719 0 42
54 136 63 20 722 94 4 105 9 1189 072 500~505
355 137 56 3o 152 3 200 6 2197 232 0 038
390 136 64 10 42 5 54 2 59 O 62 & D 62
391 136 60 20 709 96 4 109 8 123 5 092 532-541
ELF] 136 62 0 98 B 1293 144 0 168 8 0 %6
393 135 51 10 a2 & 108 7 - 109 3 D 24
394 135 53 20 115§ 145 4 149 4 149 4 o 10 542-549
395 135 513 30 152 2 186 6 195 5 197 O D 44
396 135 49 10 74 3 86 4 a7 9 a7 9 030
397 136 50 10 64 7 - 1: 21 4 915 0 34 550-556
98 135 47 40 162 2 214 4 232 9 241 2 052
402 135 55 10 59 0 74 6 8113 B2 3 D 36
403 135 55 25 124 3 152 3 162 § 166 2 D 56 557-564
404 135 513 40 154 & 195 3 217 0 235 2 0 68
408 135 54 10 520 63 2 67 5 69 3 038
409 135 56 20 70 9 B85 2 93 2 108 5 1 20 565=570
410 135 52 30 106 4 145 0 161 8 177 9 o 86
414 134 70 10 45 & 54 6 5B 4 61 4 0 52
415 134 T3 20 70 9 B8 8 97 0 1091 D 90 571-576
416 135 42 ia 112 B 133 1 142 0 148 4 o 60
420 136 513 40 131 7 186 4 210 6 2351 0 66
421 136 54 50 150 6 199 0 2219 262 0 092 577-580
422 136 55 60 166 9 209 0 234 4 308 5 1 84
423 135 50 50 168 4 2217 230 B | 263 4 112
424 136 52 60 177 1 2230 253 5 327 6 1 24 5B81-5B6
425 135 56 70 191 0 245 7 281 4 348 8 130
426 134 56 70 182 0 226 0 2521 3272 134
427 134 5B [:1s] 171 7 213 7 245 § 371 & 178 587-591
428 135 52 90 207 1 263 2 2975 415 9 132
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