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THE LOAD-TRANSMISSION TEST FOR 
FLEXIBLE PAVING AND BASE COURSES 

PART III 

LOAD DISTRIBUTION THROUGH GRAVEL BASES 
TO A WEAK SUBGRADE 

SUMMARY 

This report 1s the third of a series 
descrlbmg the load-transmlssmn pro,ect 
now in progress at the Techmcal Develop- 
ment and Evaluatmn Center of the Clvll 
Aeronautics Admlmstratmn The testmg 
program mvolves the appllcatmn of a statx 
load on a large-scale flexible sectmn of 
pavement and the measurement of vertical 
pressure dlstrlbutmn on the surface of the 
underlymg mechamcal subgrade Trlaxlal 
samples are used to evaluate the pavmg 
materials used 

The present report Includes test data 

f 
from 48 sectmns of gravel base coui-se with 
maximum thicknesses of 24 Inches Loads 
were applied through rlgld circular plates 
rangmg from 10 to 30 mches in diameter 
and through smgle amplane tlr e s with 
1nflatmn pressures rangmg from 40 to 200 
pounds per square mch 

Curves and equatmns are presented to 
show maximum subgrade pressures and 
pressure dlstrlbutmns for typical pavement 
and loadmg combmatmns These curves and 
equatmns can be used in estmmtmg values 
for other combmatmns not actually tested 

The quality of the pavmg materml has 
a slgnlflcant effect on both the load- 
transmlssmn and trlaxlal tests The exxtmg 
mformat1on 1.5 not sufflclently complete. 
however, to attempt a general correlation 
between the two types of test 

INTRODUCTION 

The broad objective of this pro,ect 1s 
to obtam mformatmn relative to the trans- 
mission and dlstrlbutmn of concentrated 
loads through flexible pavmg matends 
Detalled descrlptmns of the loadmg equip- 
ment, method of aperatmn, and antlclpated 
uses of the data are Included m Part I of thxs 
series of reports 1 

1 
Raymond C Herner and Wlllmm M 

Aldous, “The Load Transm~ssmn Test for 
Flexible Pavmg and Base Courses, Part I, 
A Descrlptmn of the Testmg Apparatus, 
Operatmg Methods, and Antmpated Uses of 
Test Data,” CAA Techmcal Development 
Report No 108, April 1950 

Durmg the present testmg program, 
efforts are bemgmade toestabllsh acorrela- 
tmn between the load-transmlsslon test and 
the smpler trmxlal test The methods and 
equipment used for obtamng this supple - 
mentary mformatmn have been reported in 
Part II of the Selles 2 other forms of 
correlatlve tests have been considered, and 
some of these will be tried m the future 

At p r e s en t the load-transmlssmn 
testmg program 1s only 11, the early stages 
Ultmmtely It 1s planned to mvestlgate the 
load-transmlssmn propertxs of a variety of 
flexible pavmg materials mcludmg gravel, 
sand, crushed stone, crushed slag, asphaltlc 
concrete, and combmatmns of these supported 
byartlfmal subgrades of different flexlblllty 

The present report describes only one 
phase of this program, that concerned with 
the testmg of gravel base courses supported 
by a weak subgrade Smce most of these 
gravel sections were sxmlar with respect to 
physxal camp o s 1 t 1 on (such as density, 
grad&on, and moisture content), they 
represent only one speclflc test condltmn 
The test results and subsequent dwcussmn, 
therefore, are necessarily llmlted in scope 
General conclusmns and mterpretatmns of 
load-transmlssmn tests cannot be made until 
addltmnal testmg 1s completed However, 
the relatively umform contitmns of base- 
course camposltmn and subgrade strength 
used in this study do afford an excellent 
oppartumty for comparmg the effects produced 
by different sizes and types of loadmg 
me&urns and different ticknesses of pave- 
ment under varymg magnitudes of load 
Furthermore, the development of techmques 
for analyzmg and mterpretmg the test results 
was facllltated by mmlmlzmg the number of 
varmbles durmg the mltml phase of the 
p*0g*aITL 

In studymg the data presented m this 
report, It should be borne in mmd that the 
load-transmlssmn test does not m Itself 

2 Wll1la.m M Aldous, Raymond C 
Hen-w, and M. H Prxe, “The Load Trans- 
rn1851on Test for Fleuble Pavmg and Base 
Co”rses, Part II, Trlaxlal Test Data on 
Structural PropertIes of Granular Base 
Matermls,” CAA Technxal Development 
Report No 144, June 1951 



constitute a pavement design method It 1s 
smply a means for studymg and evaluatmg 
the actmn of large sectmns of flexible pavmg 
and base-course matermls constructed and 
loaded under controlled laboratory t e s t 
c0nd.lt10ns 

CHARACTERISTICS 
OF THE GRAVEL TESTED 

The materm. used m constructmg the 
pavement sectmns may be classlfled as a 
de n s e-g r a d e d, semlcoheslve, clay-bound 
gravel It 1s commercmlly produced by 
the Standard Matermls Company of Indmn- 
apolls, Intiana, and has been commonly used 
as base-course materml for Indxma hlghway 
c0nstruct10n 

The material was excavated from the 
pit vnth sufflclent care to msu~e relatively 
constant proportions of fme, cohesive, over- 
burden materml and underlymg granular 
materd EspecvJly large particles were 
removed from the nuxture by screerung 
The stockplled material was rehandled and 
n-axed prior to use XI order to obtam a more 
uniform composition 

Fig 1 shows the maxnnurn and n,xn- 
mum ranges of grad&on for this material 
and the average gradatxx-, curve for all of 

the gravel test sectmns Far camparatlve 
purposes, this figure also mcludes the 
gradation lrnlts for Type C aggregate (one- 
Inch maxnnun swze), as speclfled for 
aggregate base-course constructmn by the 
ClvllAeronautlcs Admlnlstratlon 3 Complete 
gradatxmdata, fmeness modulus.4 compacted 
density, and moisture content are shown for 
each test sectIon m Table IIIof theAppendIx 

The percentage of moisture and the 
density shown in this table are not neces- 
sully the optimum values for each test 
sectJon Instead, a constant density of 135 
pounds per cubx foot, at moisture contents 
raqmg from about 5 to 6 per cent, was the 
urn for each test Varmtuxns which occurred 
m the compactlblllty of the different mixtures 
and which were caused partly by differences 
m the percentages of materml passmg the 
ZOO-mesh sieve were ad,usted by applymg 

3 
“Standard Speclflcatlons for Construc- 

tlon of AIrports,” u s Department of 
CClFIlXlerCe, CAA Offlce of AIrports, 
Washmgton, D C , January 1948, p 132 

4 DetermlnedbyASTM Deslgnatlon 
C-125-48 
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either more or less compact1ve effort as 
requzred to obtam the desired density 

Insome of the load-transmlssmn tests, 
as many as 15 tons of gravel were used for 
a single test se&on This Introduced 
&ffrcult problems of control m gradatmn and 
consistency In spite of all efforts to obtaln 
umform matermls, there were some major 
tiferences m the composltmn of dtiferent 
sectmns tested There were also a few 
sectmns m which “arlatmns were introduced 
mtentmnally All such “arlatmns must be 
noted and consldered m studymg the load test 
data 

TESTING EQUIPMENT AND PROCEDURES 

Although the equipment and test opera- 
tlons have been described m prevmus 
reports,lt appears desirable to review these 
descrlptlons brlefly for the benefit of those 
readers not havmg ready access to the prmr 
publlcatmns 5.6 This ~111 also ser”e to 
co”er any changes. m equipment or methods 
which have been made durmg the course of 
the proJect 

Descrlptlon of Equipment 
The load-transmisslonapparatus 

consists essentially of (1) a spring-supported 
mechamcal subgrade, (2) adevice for loadmg 
a supernnposed pavement section through 
the use of rlgld plates or tires, and (3) 
apparatus for measurmg the “ertlcal move- 
ment of the mechanical subgrade during the 
loadmg process 

The mechanIca subgrade 1s about ten 
feet square It consists of 3,600 steel 
plates, each 2 mches square, mounted m 60 
rows of 60 each Each plate 1s supported by 
a plunger and calibrated sprmg Pravlsion 
1s made for measurmg the deflectmns of 
mdividual sprmgs at any stage m the loadmg 
process, thus determlnmg the pressure 
dxstrlbutmn over the mechanical subgrade 

F=g 2 shows a partial se&lo* of 
gravel base course m place on the mechanical 
subgrade (Bltummous surfacmg, as shown 
m ths figure, was not used m the tests 
covered by this report ) Vertical loads are 
applied to the paving sectmn by means of 
hydraulic Jacks usmg “arlous sizes of tires 
or rlgld plates as the load transfer medium 
Accurate measurement of the applied load 1s 
obtamed by use of load cells with SR-4 stram 
gages as the sensltlve elements In Fig 2, 

5 Herner and Aldous, op clt 

6 Aldous, Herner, and Price, op clt 

F,g 2 Cutaway SectIon of Pavement With 
Tire m PosItIon for Loadmg 

an arcraft wheel 1s attached to the lacks In 
posltmn for loadmg 

Preparatmn of Test Sectmns 
Prmr to the mstallatlon of a paving 

test se&on, the plungers are checked to 
assure accurate performance durmg the test 
operatmn A thm rubber sheet (shown rolled 
back m Fig 2) is placedover the mechanical 
subgrade to prevent the lnflltratlon of foreign 
matter between the plungers and guide 
cylmders A l/Z-Inch layer of sand 1s spread 
evenly aver the rubber covermg to protect It 
durmg constructmn of the pavement section 

The gravel 1s thoroughly mlxed m a 
pugmlll, and water is added to brmg the 
mixture to the deswed moisture content 
Carefully weighed batches of the materlal 
are placed on the subgrade, spread by hand 
to proper thickness far a four-mch lift, and 
compacted to predetermined density by 
“lbratory equipment The c o mp a c t 1 on 
operatmn 1s shown m Fig 3 After place- 
ment of each lift, the compacted thickness of 
the test sectmn 1s checked by averagIng 36 
umformly dlstrlbuted measurements from 
the surface of the pavement to a permanent 
datum plane 

Representative moisture samples are 
taken from each batch of material durmg 
placmg operatmns m order to obtam an 
average moisture content for each layer 
Completed test sectlons are covered with 
moistened blankets durmg constructlan and 
between testmg operatmns In order to prevent 
excesslYe evaporatmn of moisture SleVe 
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Fig 3 V~br ator y Compactor Compact,ng 
Gravel Base Course on Mechanical 
Subgrade 

analysis IS made on the materlal directly 
below the loaded area at the conclusmn of 
the test se11es 

Test Operatmns 
Before applying a load to the pavement, 

the elevation of each plunger supportmg the 
area to be used m the test IS determmed 
These dead-load readmgs are used as 
reference data for subsequent deflection 
measurements The selected loadmg medmm 
1s carefully located at a selected pomt on 
the pavement. and the hydraulic loading 
equpment, load cells, and recordmg devices 
are prepared for operation 

Loads of mcreasmg magmtude are 
applied until the subgrade deflectlon becomes 
excessive or until the load lnnltof the equlp- 
ment 1s reached Deflection due to load 
appllcatmn 1s allowed to reach equlllbrlum 
before the plunger deflectlon readmgs are 
obtamed The tnne required for equlllbrmm 
has varied from one to thirty mmutes This 
amount of txne varies with the characteristics 
of the material, the size and type of loadmg 
medium, the magnitude of apphed load, and 
the nearness to failure 

Each load appllcatmn IS designated as 
a test, and all of the load appllcatmns on a 

given test sectlon constitute a test series 
Due to a certam amount of permanent 
deformation and residual stress m the pave- 
ments, it has been found impractical to use 
a sectlon for more than one test series 

The dlstrlbutmn of vertical load on the 
mechanical sub g rade 1s determined by 
measurmg the vertical deflection of each 
sprmg-supported element The differences 
between the dead-load and live -load readmgs 
of these elements are converted topressures 
by means of approprmte callbratlon curves 

Although three sets of subgrade sprmgs 
have been prowded, only the weakest set has 
been used so far These sprmgs have an 
average rate of about 350 pounds per inch of 
deflection As the area supported by each 
sprmg 1s slightly greater than four square 
mche s, the modulus of subgrade reactlon 
(Westergaard’s k) for this particular sub- 
grade IS approximately 82 pounds per 
square mch (psi) per mch of deflectlon 

At the conclusion of the normal loadmg 
procedure, supplementary tests sometimes 
are run with a trn-mch plate as the loadmg 
XlEdl”Tll These tests &i-e made at relatively 
undisturbed areas of the pavement sectlon, 
usually near the corners Normal testing 
procedures are used These tests provide a 
common denominator for evaluating all test 
sectlons, regardless of the conditions of the 
main test These results can also be used 
for comparison with those obtamed when 
testmg the same material by other methods 

Durmg each test m the early phases of 
the program. rccordmgs were made of the 
deflections of all the 3,600 plungers contamed 
m the mechanIca subgrade This procedure 
1s very helpful for studymg particular 
pressure patterns For most tests,however, 
the general shape which the pattern ~111 
assume 1s quite apparent Usually 1t IS 

sufflclent, therefore, to record thepressures 
along the two axes of symmetry of the loading 
pattern and m the central zone of the loaded 
area 

Accuracy of Load-Transmlsslon Data 
The relatlonshlps which are developed 

between the load and subgrade pressure are 
sub,ect to possible error from four sources 
(1) measurement of total load, (2) measure- 
ment of subgrade deflections, (3) callbratlon 
of subgrade sprmgs, and (4) varlablc frlctmnal 
losses A precise determination or dctalled 
dlscussmn of the magmtudes of pos5lble 
errors does not appear warranted, but It may 
be helpful to discuss them brlefly and to 
eytlmate the appraamate over-all accuracy 
of the device 

The applied loads are merlsured by 
strain-j;age type of load cells Collbratlon 
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checks by means of a universal testlng 
machme lndlcate an error of less than one 
per cent, even at low loads 

Subgrade deflectlons are read to the 
nearest thousandth of an Inch There IS 
sufflclent play III the apparatus. houcever, to 
permit devlatmns up to a maximum of 0 004 
Inch This amounts to only 0 3 ps1 of 
subgrade pressure 

Load-deflectmn rates of the subgrade 
springs vary somewhat from one sprung to 
another and are not exactly lmear throughout 
the range of use A,, average callbratmn 
curve was prepared from dead-load tests of 
243 sprmgs -Although load-deflectlon values 
for lndlvldual sprmg and guide comblnatlons 
vary as much as 10 per cent from the average 
at relatively low loads, there are two factors 
which greatly rrunun~ze the effect of these 
“arlatlons First, the pavmg material 1s 
sufflclently stiff to have a brldglng effect 
across lndlvldual subgrade elements The 
deflectlon at a given pant, therefore, 1s a 
function of the average load-deflectIon rates 
of the sprmgs in that vxmlty Second, 
because of the symmetry of the loading 
pattern, It 15 possible to average the deflec- 
tlons of at least four subgrade elements in 
order to get one value for plottmg or 
analysis 

The over-all accuracyof the apparatus 
was checked on several occas~o,,s by com- 
parmg the magnitude of the applied load to 
the sum of the subgrade loads computed 
from deflectmns of the 3,600 subgrade 
elements Any difference would be due to 
errors of measurement or to frlctlonal 
losses ,n the apparatus In every case 
checked It was found that the applied load 
exceeded that recorded by the subgrade 
springs, mdlcatn,g losses due to frlctlon 
rather than to random errors of callbratlon 
or mensurement 

Losses ranged as hqh as 11 per cent 
on a single low load but averaged about 7 
per cent No attempt has been made to 
correct the measured values of subgrade 
pressure, because there ~snoway of knowmg 
how the error should be dlstrlbuted over the 
subgrade area 

Prelmunary tests on the subgrade 
spring-plunger-gude assemblies showed 
that their frlctlonal losses r,creased rapidly 
when lateral pressure was applied to the 
plunger The effect of frlctmnal losses 
under purely vertical loads was elrmnated 
by callbratmg the assemblies III place It 
seems logical, therefore, that the frlctmnal 
error directly under the center of the load 
would be neglqlble while that of outlymg 
areas might be 20 per cent or more Con- 
sldermg the fact that the subgrade area 1s 

Fig 4 “lbratory Tie Tamper Used for 
Compactmn of Tr~ax,al Samples 

about 15,000 square Inches, it IS doubtful 
that the error at any given pant ever 
exceeded one PSI 

Supplementary Tr~ax~al Tests 
For each pavement sectmn, three 

correspondmg trlaxxJ compression spea- 
mens are prepared These specxnens are 
10 r.ches u, 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 testmg trlavlal samples 
1s to establish a correlation between the load- 
dlstrlbutmg propertIes of a mate real as 
measured in the load-transmlsslon test and 
Its shearq strength as determined by the 
srnpler trELx1a1 test By comparmg the 
trlaxlal laadmg curve of each sample agamst 
an average curve for a large number of 
samples, It 15 passlble to checkthe unlformlty 
of the materlal and to establish the relative 
strength of the test sectlons 



Fig 5 Typical Pattern of Subgrade Pressure 
Dlstrlbutlon Under Plate Loadmg 

In the earlier tests, It was assumed 
that the materml for the trmxlal samples 
would be sufhclently representative of that 
m the pavement sectmn If both were taken 
from the same bm It was found that this 
assumptmn was not always true because of 
randomvar,atmns m large quantities of com- 
mercml materml Begmnmg with load- 
transmlssmn test No 312, therefore, the 
trmxml specmnens were prepared from a 
composzte sample taken from the mixed 
mater& as placed m the pavement 

LOAD-TRANSMISSION 
AND TRlAAXlAL TEST DATA 

Fig 5 Illustrates a typlcal pattern of 
subgrade pressure contour curves obtaned 
by loadmg a 24-mch gravel base course 
through the medlumof a circular rlgld plate 
A smular pattern for tire loadmg 1s shown 
m Fig 6 These patternswere obtamed from 
tests m which the total loads, pavement 
ticknesses, and contact areas were of about 
the same magnxtude The slight mregularltles 

Fig 6 Typical Pattern of Subgrade Pressure 
Dlstrlbutmn Under Tire Loading 

and eccentrlcltles m the contour curves may 
be ascrlbed to lack of complete homogeneity 
m the base-course materml 

Each figure contams tabular mforma- 
tmn on stresses m the “central column r1 
The central column IS the right cylmdrxal 
volume of pavmg materml outlmed by vertical 
proJectlons from the edge of the contact area 
of the loadmg medmm The total applied 
load rrnnus the recorded load on the subgrade 
at the base of the central column is equal to 
the load transmitted to adjacent areas be- 
cause of shearmg rexstance developed on 
the periphery of the column 

Because of the consistent regularity of 
shape of the pressure patterns from any 
smgle loadmg medmm, It was found that 
satisfactory dlstrlbutmn patterns could be 
obtamed by readmg deflectmns of a double 
row of plungers along the axe5 of symmetry 
of the loadmg pattern. For each test, graphs 
were prepared showzng the cross-sectlonal 
drstrrbutmn of subgrade pressure along these 
axes It 1s not considered practxal to show 
all of these detalled graphs m this report, 
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but representative examples cavermg a wide 
range of test varmbles are Included as 
Fqs 14 to 25 of the supplemental material 
1n the Appendm These will be helpful to 
those who wish to use the test data for 
comparison with results from other stress- 
dlstrlbutlon tests or from thearetlcal 

I computations 
The pressure-dlstr1butmn pattern 1s 

generally helmet-shaped with the ma\1mum 
subgrade pressure, calledreact1on r, occur- 
rmg under the center of the load The only 
exceptmn to this condltmn was found 1n the 
case of 30-inch rigid-plate loadings on 
8-inch base courses For this exception the 
maxrnum suhgrade pressure occurred at a 
pomt between the center and the edge, the 
exact pomt varying somewhat with the load 
In Tome of the followmo dlscussmns the 
maxrnnm subgrade reaction 1s used as a 
practical 1ndlcator of camparat1x.e pavement 
performance 

Loading cand1t1ons and values of 
maxm~um subgrade reaction are shown 1n 
Table IV of the Append11 for each 1nd1vldual 
test usmg r1gld plates l!..quat1ons are 
Included *howlno the mathematical relation- 
ship between maximum subgrade reaction 
and total load Vk for each test series The 
mnxrnum reaction r 1s taken as the highest 
o>erag~ value from four segments of the 
mechanical subgrade Because this re- 
presents an average over an area of 16 8 
square Inches, 1t 1s slightly below the true 
maximum obtalnnble at one point The 
dlffercnce 1s minor 

Table V of the Appendx gives slm1lar 
data for tests with tires Tire contact areas 
used 1n computing average applied pressures 
were obtained by making tire imprints an 
paper supported by a flat, rigid surface 
These values should approxmate those from 
corresponding loads on the pavement surface 
They do vary conaderably, 1n some Instances, 
from theoretical values obtaned by dlv1d1ng 
the total load by the inflation pressure This 
1s probably due to r1gld1ty of the tire casing 

Table VI of the Appendx presents the 
trlaxlal test results an specimens corre- 
spondlng to the various load-transmlss1on 
test sectlo** Vertical pressures a-e 
recorded at the maxnnum and also at 0 I-, 
0 2-. and 0 3-inch deflections 

In some instances. accldental varla- 
t1ons 1n materials or procedures resulted In 
trlaxlal specimens which varied consIderably 
from their supposed counterparts 1n density, 
moisture content, or other xnportant physxal 
characterlst1cs These differences are 
shown 1n the tables and should be considered 
carefully 1n any attempt to correlate results 
from the two types of tests 

F1g 7 Average Results From Tr1ax1al Tests 
on Normal Gravel Specrnens 

F1g 7 shows the relatlanshlp between 
lateral pressure and maximum vertical 
pressure for a normal gravel and thus can 
be used as a standard of reference for 
trlax1al test results from individual test 
specimens This curve, taken from a 
prewous report, averages the results from 
54 tests at lateral pressures rangmg from 
0 to 30 ps1 7 Physical character1stxs of the 
materials used in these tests are given in 
Table I 

EFFECT OF DIFFERENT VARIAELLS 
INFLUENCING LOAD DISTRIBUTION 

It has been determined that the pattern 
of the load d1str1butlon from any test series 
1s a function of (1) pavement thickness. 
(2) contact area. (3) type of loading medium, 
tire or rigid plate, and (4) the pavement 
strength The effect of each varmble \x111 
be discussed in the foiloxrmg subsections of 
this report Gecause of the fact that only 
one set of subgrade springs has been used 
so far, all discussions and conclusions ~111 
apply only to a s1mllar weak subgrade 
condition 

As previously 1ndlcated, the pattern of 
pressure dlstrtbutlon on the subgrade has 

- 
‘Ibid 



TABLE I 

PHYSICAL CHARACTERISTICS OF TRIAXIAL TEST MATERIAL 

Fmeness Modulus Fractm” Passlnr! MOlStUre DrV 

Range of Values 3 96to4 66 

No. 200 Sieve - content Den&y 

(per cent) 
(pounds per 

(per cent) cubic foot) 

ato 12 4.8 to b 5 134 to 138 

Average Values 4 29 10 4 5.81 135 7 

the same general shape for all smgle loads 
Ii a better dlstrlbutmn of the load 1s obtamed 
m one test senes than m another (because 
of a thicker pavement, a larger contact area, 
or any other factor), the area of dlstrlbutmn 
on the subgrade becomes larger and the 
Ill~Xl”-LUm subgrade reactmn becomes 
smaller The numerical value of the 
maxmnurn subgrade reactmn thus serves as 
a convenient basis for comparing the effect 
of varmus pavements and loadmg condltmns 
It ~111 be used for that purpose 1” much of 
the following dlscussm”. 

Numer~al solutmns of both equatmns are 
give” I” the Append= 

For the tests mcluded I” this report, 
the relatmnshlp between the total load Vk 
and the maxznun subgrade reactmn r can be 
expressed by a parabolx equation of the 
general form 

Graphs of these equatmns will be 
straight hnes pi plotted on a log-log scale 
There IS a tendency for the observed data to 
depart from the linear relatmnshlp wrth 
extremely low or high loads At low loads, 
the Uferences are small numerically and 
may be due to adjustment of materlal durmg 
the seatmg of the loads From observance 
of vlslble cracks and other evidences of 
falure 1” certan pavement sections. 1t 
appears likely that the upper lumt of 
logar~thrmc proportmnallty marks the pomt 
of l”c1p1ent falure. 

Effect of Pavement Thickness 
A” increase 1” pavement thickness, 

wlthother factors remarnmg constant, results 
1” a correspondmg decrease m maxunum 
subgrade reaction This effect IS Illustrated 
m Fig 8 The right-hand portmn of the 
figure shows the load dlstrlbutmn on the 
subgrade for a” 18-klp load, applied on a” 
18-Inch rlgld plate, and transmitted through 
gravel base courses of 8-. 16-, and 24-Inch 
thxckness The left-hand portm” of the 
figure shows the varratmns of maxxnum 
subgrade reaction throughout the loadmg 
range for each of the test series 

r = dkb (1) 

where 

I = the maxxnurn subgrade reactmn I” psi, 

a = a coeiflclent “umerlcally equal to I for 
a one-lup applied load, 

Vk = the total applied load m klps. 

b = an exponent representmg the mcre- 
mental percentage change ratm between 
r and Vk. 

The relatmnshlp can also be expressed 
m the form 

Vk = crd (2) 

where 

1: 
c = ($ , or a coefficient numer1ca11y equal 

to Vk for an r of one ps1, 

d = &, or a” exponent equal I” value to the 
reciprocal of b. 

In this particular case a” 8-mch 
mcrease I” base thickness resulted m a 
decrease approxunatmg 50 per cent l” 
maxnnum subgrade reactmn Although the 
foregoing example mdlcates the s1gn1i1ca”ce 
I” changes of thlckness,the exact percentage 
of change will vary wltb other test comhtmns 

Effect of Load Contact Area. 
The contact area over which the load 

1s applred 1s another Important factor I” 
determmmg pressure &strlbutm” to the sub- 
grade. In tests with tires. the contact area 
varies both w1t.b loadand with mflatmn pres- 
sure Even moderate changes 1” tire mflatm” 
pressuremay!xoduce defmrte andmeasurable 
changes I” the dlstrlbutio” patter” This 1s 
Illustrated Fn Fig 9 



Fig g Load Dlstrlbutlon Patterns Showing Effect of Gravel Base-Course Thickness 

Fig 9 Load Dlstnbutlon Patterns Showmg Effect of Inflatmn Pressure 

Although the same trend was apparent areas ~111 be dissnnllar and the dlstrlbutmn 
throughout the testmg program. there were 
some 1”s tance s I” which the effect of 

of applied load wlthl” the contact areas may 

moderate changes IX, 
vary widely It seemed loglcal. therefore, 

l”flatlo” pressure 
apparently was offset by changes U, other 

that the pressure dlstributmnon the subgrade 
should also vary Because tire contact areas 

test condltmns In tests with the 36-Inch 
tire, for Instance, 

vary with the load, It was necessary to 
var1atmns of lnflatlo” 

pressure from 42 to 73 psi seemed to have 
Interpolate between actual test values m 

11tt1e effect These results may have been 
order to obtam data far direct comparison at 

mfluenced by the attempt to use dlfierent 
equal areas 

lnflotlon pressures 1” a single test series 
Such comparlsans indicate that the 

and wlthln a rather narrow range of loadmgs 
tire 1s more efficient than the rrgld plate at 
high unit contact pressures In some cases, 

Comparative Effect of Dliferent Loadmg 
the decrease I” maxm”um subgrade pressure 

M‘ZdlUTlS 
amounts to 30 per cent At moderate to low 

Eve” If a load 16 selected so that the 
contact pressures (100 psi or less) the effect 

Contact are” of a give” tire 1s equal to that 
of the loadmg medium tends to become less, 

Of il alve” rlgld plate, the shapes of the 
particularly pi the pavement 1s thick enough 
to keep subgrade pressures at low values 
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TABLE II 

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

Total 
Example Load 

Approximate Approxxnate Maximum 
Contact unit Loadmg Subgrade 

Area Load Medium Reactlon 
(klps) (square Inches) 

44 254 

44 254 

(PSI) 

A 

B 

C 

D 

E 

F 

G 

H 

173 

173 

Pavement 
Thickness 

(Inches) 

24 

24 

18-m dmmeter plate 

56 x lb-m hi-e 
at 200 ps1 

(PSl) 

43 

35 

18 113 

18 113 

24 254 

24 254 

{ 96 96 113 113 

{ 17 17 5 5 254 254 

-C 17 17 5 5 254 254 

-I 7 7 113 113 

7 113 

7 113 

159 

159 

95 24 18-m drameter plate 17 5 

95 24 47-l” tire at 100 ps1 17 

85 16 12-m dmmeter plate 14 

85 16 47-m tire at 100 psi 14 

69 24 18-m diameter plate 10 

69 24 47-m tire at 63 psi 9 

69 16 18-m diameter plate 22 

69 16 47-m tire at 63 psi 18 

62 16 12-m diameter plate 8 

62 16 47-m tire at 63 psz 75 

62 8 12-m diameter plate 21 

62 8 47-m tire at 63 p.51 15 5 

16 

16 

12-m diameter plate 

56 x 16-m tire 
at 200 pz.1 

38 

26 

Note Because of uncertamtles m measurmg tire contact areas, the mformatmn I” this table 
should be considered only as mdlcatlve of a trend 

Comparative values at contact pressures 
rangmg from 62 to 173 psi are given m 
Table II 

Effect of Pavement Strength 
The possible effect of pavement strength 

on load dlstrlbutmn 1s illustrated m Fig 10 
This figure shows comparative results from 
two load-transmlssmn test series which 
differed only m the physxal characterlstlcs 
of the gravel base course The comparatively 
poor performance of the pavmg sectmn m test 
series 532 to 541 was apparently caused by 

higher moisture content and” lower percent- 
age of ilne materlal These factors combined 
to produce a higher state of lubrlcatmn In the 
mass This 1s mdlcated also m the trlaxlal 
test results which are shown graphlcally m 
the same figure 

Although there 1s a general trend for 
the load-transmlssmn andtrlaxlal test results 
to vary m a parallel manner, the results are 
not entirely consistent 

Examples such as those given mdlcate 
the posslblllty of correlatm” between the 
trlaxml and load-transmlssmn test results 



Fig 10 Tests Showmg the Effect of Pavement Strength 

Most of the test sectmns mcluded u-n tbls 
report. however, fall vatinn a comparatively 
narrow range of physlcal characterlstlcs. 
As mentioned prevmusly, there have also 
been some accidental varlatmns in test 
specnnens prepared for correlatmnpurposes 
It 1s not considered advisable, therefore, to 
attempt any general corre1atmn untr1 tests 
have been run on other materials 

Interrelationship of Variables 
The Interrelatedeffects of the vanables 

mfluencmg load dlstrlbutmn may be shown 
convemently by f am111 e s of curves as 
Illustrated n, Figs. 11 to 13 These curves 
have been constructed m a form to show the 
tlnckness of pavement requred to lnnlt the 
maximum subgrade pressure to a speclfled 
value when different loads and loadmg 
mediums are used They represent actual 
test results, with very little smoothmg and 
no extrapo1at1on 

The test sectmns used to obtam data 
for these curves were those with physlcal 

characteristics reasonably close to the 
average. The curves Include only those 
values of ma~nnurn subgrade pressure which 
fall below the upper hmlt of logarithmic 
proportlonallty 

CONCLUSIONS 

The load-transmlssmn testing pro- 
gram 15 only In 1ts early stages The 
prmclpal purpose of this report 1s to make 
the data collected to date avaIlable for 
study by others The followmg conclusmns 
are supported by the test results observed 
thus far 

1 The load-transmlsslonapparatus 
provides a convenient and relatwely accurate 
means of determnnng the dlstnbutmn of 
vertical stresses through large-scale 
pavement test sectmns 

2 For smgle loads the pressure- 
dlstrlbutmn pattern on the subgrade 1s 
helmet-shaped, with the maxxnurn generally 
occurrmg directly under the center of the load 



,*, ,e-INCH PLATE ml 18 INCH PLATE ,G, 30 INC” PL*.TE 

Fig 11 Interrelatmnshrp of Load, Pavement Thickness, and Subgrade ReactIon When Usmg 
Plate Loadmg. Gravel Base Course, and Weak Subgrade 

3 The maxunurn subgrade reactmn may 
be used as a basis for comparing results 
from different pavement sections and 
drfferent loadmg condrtlons 

4 The magmtude of the maxnnum sub- 
grade reactmn IS influenced largely by (1) 
the total load, (2) the pavement thickness. 
(3) the contact area. (4) the type of loading 
medwm, and (5) the physlcal proper&s of 
the pavmg rmature Farmlles of curves have 
been developed to show the mterrelahonshlp 

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

5 The type and physical characterlstrcs 
of the pavmg material have snnllar effects 
on both the load-transrmss~on and trlaxlal 
test results. thus offermg hope of a correla- 
txa, between the tests The test results now 
avallable do not co”er a sufflclent variety of 
materials for development of such a 
corre1atmn. 



Fig 12 Interrelatmnship of Load, Pavement Thickness, and Subgrade Reactmn When Usmg 
Low-Pressure Tire Loadmg, Gravel Base Course, and Weak Subgrade 
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B 10 18 20 22 24 6 s 10 12 14 16 18 20 22 z4 
PAYEMENT THICKNESS IINCHES, AA I/cbmrll LlE”lLo?E*r .I0 L”*LyII -* rrurra 1*uwlml1! 1*1.** 

(A, 96 IN x 16-IN TlRE INFLATED ,s, 56IN x Ie-IN TIRE INFLATED 
TO 150 PSI PRESSURE TO 200 PSI P.QLESS”RE 

Fig 13 Interrelatlonshlp of Load. Pavement ThIckmess, and Subgrade Reactmn When Usmg 
High-Pressure Tire Loadmg. Gravel Base Course, and Weak Subgrade 
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APPENDIX 

SUBGRADE PRESSURE DISTRIBUTION PATTERNS 
(Figs 14 - 25) 
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Fig. 17 
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Fig 18 

Fig 19 
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Fig 22 
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Fig 25 



APPENDIX (contmued) 

TABULATIONS OF GENERAL TEST DATA 
(Tables III - VI) 
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Load eavmg Total Average Maximum Manmum 
rransnnssmn Thckness Applied Apphed PIare 

NIaxnnum Relatlonshqc. Between Apphed Load v, 
Subgrade Subgrade and Subgrade Reactxln (r) 

Test No IdOld “nit Load Deflectlo” Dellecho” Pressure 
(Inches) (‘vs ) (PS’) (mrhes) (rnches) (P.1) Equatlo” (1) Equatlo” (2) 

83 7 00 99 90 D 078 0 Obb 5 18 
81 14 00 19 80 0 lb2 0 138 11 IL 
85 21 00 29 71 0 244 0 213 17 37 
06 8 28 00 39 6, 0 334 0 298 24 58 0 La r = = L mro 78 
81 35 00 49 51 II 440 0 395 32 76 

3469Yk’ Y* 

8.3 42 00 59 42 0 549 0 503 41 78 
89 49 00 69 32 0 bbq 0 617 51 40 

123 6 00 8 49 0 082 0 049 3 a, 
124 12 00 lb 98 0 lb2 0 104 8 28 
125 I8 DO 7.5 46 0 241 0 lb7 13 56 
126 24 00 33 95 0 363 0 227 LB 57 
127 8 30 00 42 44 II 389 II 235 24 33 0 4,06Vk’ ” Yk 2 092rO 83 r = = 
128 36 00 50 93 0 470 0 369 30 61 
129 42 00 59 42 0 557 0 448 37 22 
130 48 00 67 91 0 b80 0 537 44 b4 
131 54 00 76 39 0 78L 0 63, 52 6, 

205 11 88 16 8, 0 141 0 109 8 70 
206 22 68 3209 0280 0 229 I8 76 
207 32 28 45 67 0 396 0 335 27 75 
LO8 8 41 88 59 z5 0 518 0 450 37 41 ” r 86 = 0 = 1 783.0 
209 52 68 74 53 0 659 0 587 48 78 

5006Vk’ Vk 

210 62 88 *a 96 0 848 o 726 60 75 

149 12 00 16 98 0 151 0 103 a 20 
150 24 00 33 95 0 314 0 226 184, 
151 30 00 42 44 0 404 0 292 24 08 
152 36 00 50 93 0 498 0 361 29 95 
153 16 42 00 59 42 0 602 0 435 36 1, r 2’ = 0 a2 = 154 4.9 00 67 91 0 717 3700Vk’ Vk z 250r0 0 515 42 a3 

155 54 00 76 39 0 82, 0 599 49 85 
156 60 00 84 88 0 923 0 677 56 5.9 
157 66 00 93 37 , 063 0 768 64 46 

170 
171 
172 
173 174 

175 
176 
177 
178 

24 

12 00 16 96 0 125 0 060 4 65 
24 00 33 95 0 249 0 139 11 23 
36 00 50 93 0 395 0 237 19 45 
48 00 67 91 0 562 0 348 28 82 r = 0 39 lZ = 4 LOhO 54 00 76 39 0 666 0 

413 
34 

30 
,369Vk’ Vk 

60 00 84 88 0 774 0 478 39 72 
66 00 93 37 0 909 0 552 45 88 
72 DO 101 Bb 1 033 0 b22 5, 83 
78 00 110 35 1 165 0 694 58 08 

f 



r TABLE “a 

LOAD TRAN.sMla8ION TEST RESULT.5 (TIRE LOADING) 
- 

364NCH SMOOTH tONTOUR AIRPLANE TlRE 

lrdlatlo” Subgrade Maximum RelatLonahLps Retwee” 
Pressure Dellecbo” Subgrade 

Presdure 
Applied Load (V,) 

an.3 Subgrade Reactlo” (r) 

(mile.) (!ape) (square Inches) (PSI) (Inches) (F-4 Equation (1, Equation (2) 

3 00 67 42 0 239 19 76 
6 00 134 

2 
0 40, 33 BL 

7 00 158 0 440 36 55 
4 00 65 57 0 312 25 7, 

4 8 20 145 5, 0 503 41 74 r = 9 ‘3 
9 00 148 5, 0 533 44 33 

lBOVkO Vk = 0 war 3’ 

8 

8 

12 

12 

5 00 72 73 0 380 31 50 
10 50 140 73 ObZl 5174 
12 00 157 73 0 b79 56 82 

3 00 6, 42 0 095 7 48 
b 00 134 42 0 194 IS 76 
7 00 158 42 0 218 17 76 
4 00 65 5' 013, 1050 
a 00 __ 57 0 247 20 31 = 2 66950 98 Vk 0 367r' ' r = 
9 00 148 0 269 22 13 
5 00 72 

:: 
0 169 1, 70 

10 50 140 73 0 322 Lb 64 
17. 00 157 73 0368 3055 

2 50 __ 73 0 103 8 25 
5 00 72 73 0 194 15 79 
7 50 __ 0272 2234 =3 a6 0 Zd " r = 

10 00 -- 
:: 

0 342 28 34 
865Yko Vk 

IL 50 -- ,3 0391 32 14 

3 00 6, 42 0 035 2 61 
b 00 134 0 077 b LO 
7 00 158 :; 0 091 7 13 
4 00 65 5' 0 04.4 3 72 
8 20 145 57 0 111 8 84 = 0 Z4 T 1 383,O 8. = 9 00 148 0 123 

9 
85 670Vk' Vk 

5 00 72 

:: 

0 064 5 00 
10 50 140 73 0 156 IL 65 
12 00 157 73 0 ,8, 14 67 

3 00 b' 42 0 048 3 76 
6 00 134 42 0 106 8 47 
7 00 158 42 0 IL, 9 82 
4 00 65 57 0 064 4 98 
8 20 145 51 0 151 12 LO I7 8! r = 1 = 0 974rO 
9 00 148 
5 00 

1:: 

:: 0165 ,337 
03ZVkl Vk 

0 091 7 19 
IO 50 73 0 LOO lb 30 
12 00 157 73 0 230 18 85 
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TABLE “c 

LOAD mANsimss10N TEST RE~ULTS(TIRE LOADING) 

25 x 28 AIRPLANE TIRE 

Load Pamlg Total contact lnflatmn Subgrade Maxunum Relatmnsh,ps Yetween 
rransmlssmn Thckness Apphed Area Pressure Deflectlo" 

Test No 
Subgrade Applied Load (Vk) 

Load Pressure and Subgrade Reartlan (r) 

(mches) (klps) (square mches) (PSI) (Inches) (PSI) Equatmn (1) Equatmn (2) 

447 5 00 106 4" 
448 

0 280 23 00 
9 00 197 40 0 391 32 43 

449 10 00 214 40 
450 6 

0 415 34 42 
13 00 278 40 0 478 39 74 

451 15 00 323 
r = 9 6lOVk' 55 Vk = 0 0164r' a' 

40 0 514 42 70 
452 20 00 427 40 
453 

0 591 49 13 
25 00 529 40 0 651 54 35 

454 5 00 108 40 
455 

0 432 35 84 
9 00 197 40 

456 
0 563 46 79 

10 00 214 40 
457 

0 588 48 84 
3 1, 00 278 40 

458 
0 655 54 72 

15 00 323 
r = 17 64Vk" 44 Vk = 0 00152=226 

40 
459 

0 686 57 35 
20 00 427 40 

460 
0 752 63 06 

25 00 529 40 0 800 67 28 
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