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THE LOAD-TRANSMISSION TEST FOR 
FLEXIBLE PAVING AND BASE COURSES 

PART V 

SUMMARY OF TIRE TESTS ON VARIOUS PAVEMENTS 
OVERLYING A WEAK SUBGRADE* 

SUMMARY 

This report, the fifth III a serxs, presents addltmnal test data from the load-transmlssmn 
prolect and surnmar~zes all tests with smgle axplane tires as the loadmg medrum and with the 
test pavement supported by a weak subgrade Charts are developed by which the maxmnurn 
subgrade reactmn can be predlcted accurately for a wide variety of design condltmns for 
which speclfw load-test data are not avalable By correlatmn between trlaxlal tests and load- 
transmlssmn tests It 1s possible to extend use of these charts to pavmg materials and com- 
bmatmns of materials which differ greatly m physrcal characterlstlcs and performance The 
accuracy of the procedure, as shown by comparwon of computed values to observed values, 
1s very good 

INTRODUCTION 

This 1s the fifth in a serxs of reports descrlbmg operatmns of the load-transmlssmn 
proJect at the TechnIcal Development Center of the Clvll Aeronautxs Adn-mnstratmn, 
Indm-mpolls, IndIana The broad purpose of the pro,ect ,s to study the transmlssmn and 
redlstrlbutmn of vertical loads through flexible pavements and base-course mater&s The 
PrOJeCt IS currently sponsored by the Department of the Navy, Bureau of Yards and Docks, 
under a research contract 

The fmst report1 of this series described the mechamcal constructmn of the testmg 
apparatus and the method of operatm, The second report2 contamed tabulatmns and 
dlscussmns of prelmmary trlanal-test data obtamed ITI connectmn with the main testmg 
program Some of the earlier results from the load-transmlssmn tests themselves appeared 
in the third report3 of the series These data Included tests on gravel bases only, usmg both 
rIgId plates and amplane tires as loadmg medlurns A weak mechamcal subgrade (k = 82) was 
used The fourth report4 presented represent&w data from trre tests on vamous base-course 
materials Its prm-iary purpose was to rllustrate the effect of base-course quality It showed 
that the comparative performance of various pavement sectrons in protectmg the subgrade 

*Manuscript submltted for publxatmn January 1956 
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from overstress 1s Influenced by the physlcal quakties of the pavmg materials as used It 
showed also that the comparative performance of sections of a given tlYckness could be 
predxted quahtatlvely by reference to trmxw.1 tests of the pavmg matermls 

The purpose of the present report 1s to record load-transmission test data not 
;reviously published and to present a generalmed summary of the relationships derived from 
test results available to date The data and dlscussmn will be restrrcted to tests usmg 
smgle alrplane tires as a loadmg medium and usmg a weak subgrade (k = 82) Future reports 
~111 extend the coverage to stronger subgrades and to multiple-wheel loadings 

TEST RESULTS 

As explamed m prevmus reports, the segmented mechanical subgrade permits 
measurements of vertical deflectlou and stress over the entire area of the subgrade at 
rntervals of about two Inches For single loads the maxwnum stress occurs under the center 
of loadmg The relatmnshxp of this stress to the load unposed on the pavement can be used 
as a ample crltermn of pavement effectiveness in comparmg one sectron wrth another 

The load-transm~ssron test data apphcable to this study and not rncluded m prevrous 
reports are grven m Table I. This table gives pavement type and thickness, strength Index. 
applied load, tire mflatmn pressure, and correspondrug maximum subgrade reactron The 
strength Index 1s a numerical measure of strength determmed from trlaxlal-test data ln a 
manner described later 1n this report 

A small amount of material was taken from each load-transmlssron test sectmn to 
prepare the trlaxral samples In some mstances, however, there were substantral differences 
m density. moist-ure content, and other nnportant physlcal characterlstlcs of supposedly parallel 
test speamens Also, many of the earlrer trlaxlal tests were run at lateral pressures wluch 
later proved to be unrealistic 

For these reasons, the determmatmn of strength rndlces for lndrvrdual load-transmlssmn 
test sectmns has requred an element of Judgment m the rnterpretatron and modlhcatmn of 
results from mdzvldual trraxlal tests Fortunately, there was a sufficient background of 
experrence with each materral that the necessary adJustments for varratlons m densrty, 
moisture content, and lateral pressure could be made with relstrve assurance m most 
mstances Data from only a few sectmns were reJected because the baas for adJustmeat 
was consIdered very questronable 

DISCUSSION 

The design engmeer 1s rnterested 1~1 loadrng tests as a basu for predlctmg the subgrade 
stress or settlement which may be produced by a given applied load. From both theory and 
experience It can be assumed that the maxxmxn vertxal STRESS transmitted to the subgrade 
~111 tend to be rncreased by any of the followmg changes In design condltmns 

1 Increase xn applied load 
2. Decrease m contact area, or increase m tire xulatlon pressure 
3 Decrease m pavement thxkness 
4 Decrease m strength or stiffness of pavement layers 
5 Increase In subgrade stiffness 

Subgrade SETTLEMENT should increase under the same circumstances except for the 
fifth condltmn where the effect would be reversed 

The purpose of this dIscussIon 1s to provide a quantrtatlve picture of the effect of the 
first four variables (load, contact area, pavement thickness. and pavement strength), based 
on a compllatmn and analysis of load-transmrssuan and trraxral data now avaIlable The 
analysis Includes all data given In Table I. m addltzon to other data prevmusly pubhshed It 
uwolves conslderatlon of 315 test loads on 55 pavement sectlons, rncludmg smgle-layer 
sectmns of gravel, clay-gravel. sand, crushed slag, crushed llmestone, and asphaltlc 
concrete, as well as two-layer combnratlons of various materials 

Pavement thxknesses were varied generally from 8 to 24 inches, with a few gravel 
sectrons as thm as 3 Inches The general range of tire mflatlon pressures was from 63 to 
200 pa, although a few tests were run at pressures as low as 40 psi Strength Indices 
ranged from a low of 22 per cent for one g-Inch sand se&on to hxghs of more than 200 per 
cent for some of the 16-Inch lrmestone and slag sectlons. The maxxnun load was lnnlted 
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to 60,000 pounds, even on the heaviest and strongest sectrons, ,n order to avoid overstram of 
some of the loadmg equrpment. Maximum subgrade deflectmns were generally lmnted to 
0 7 Inch, which 1s well above normal design practice even for thm pavements 

All load-transmlssmn tests Included m the analysx were run on pavements supported 
by the weak mechamcal subgrade (k = 67.) Enough tests have been run on a stronger subgrade 
(k = 150) to prove the rmportance of this Item IP determrnmg stress drstrlhutmn, but the tests 
are not suffxlent in number to warrant thexr mclusron at the present trme The stress 
relatmnshlps developed rn this report, therefore, are applrcable only to design problems 
mvolvmg weak subgrades They should be usable wrthout sermus error for a range of subgrade 
mod”11 from 65 to 100 pounds per rnch cubed. 

From analysrs of some of the earher data rt appeared that the relatronshlp between load 
and reactmn could be expressed with reasonable accuracy by a sn-nple parabolic equatron ,n 
the form 

* = aVb 

Where 

(1) 

r = maxnnum vertical stress (or reactron) rmposed on the subgrade. 

a = a coefflaent. varymg with pavement thickness, contact area, pavement strength, and 
subgrade modulus. 

V c total applied vertxal load 

b = an exponent, varymg pr~marlly wzth pavement thxkness but which also might vary with 
other test condltmns 

Further tests, mvolvlng wrder ranges of loadmg, showed that thx simple relatmnshlp 
was not valid At the hvgher loads the plot of r versus V, which had approximated a strarght 
lme when drawn on logarlthmx paper, tended to flatten out, with r approachrng a constant 
value determmed by the tire mflatmn pressure. This appears reasonable because, theoretl- 
tally, the subgrade reactmn should approach the tzre contact pressure as a llmlt when the 
total load and resultmg contact area become very large 

Actually, the contact pressure 1s not uniform over the contact area, the pressure 
dlstrzbutmn varymg somewhat with drfferences m tire-carcass stiffness and sldewall 
restrant. For thm pavements, therefore, the maximum subgrade reactlon actually may 
exceed the nomn-,al tire mXlatmn pressure 

Wlthm the range of values studled, the relatmnshlp of pavement thickness (h) to sub- 
grade reactmn (r) can be expressed approximately by a straight-lme graph on semrlogarithmlc 
paper Typxal data from tests are shown m Fig 1 The correspondmg equations are of the 
general form 

r =ab h 
(2) 

Values of the Intercept (a) and slope (log b) vary wxth applied load and with tire mflatmn 
p*eSS”*e 

Efforts to develop simple equatmns for all of the relatmnships have been unsuccessful 
TheoretIcal analyses such as Burmrster’s5 mdlcate m a qualltatlve manner the effect Of 
changes m the different varzables mvolved m the tests Quantltatrvely, however. they do not 
peld consIsteat results throughout the entzre range of test condltmns Pendmg further study 
and analysx along these lmes, the data have been summarleed m a series of charts which 
show the var,atmn of subgrade reactmn with applied load for varmus combmatlons of pavement 
thxkness and tire ,nflatlon pressure These graphs are shown as Fvg 2. They apply to the 
standard gravel material used as a basx of comparison throughout the testing program, and 
they represent an averagmg and smoothing of all the test data avallable Valws not abtamable 
directly from the graphs may be mterpolated readily 

5 Donald M Burmlster, “The Theory of Stresses and Displacements ln Layered Systems 
and Applxatmns to Design of Alrport Runways, ” HIghway Research Board Proceedxngs, 1943 
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Fig 1 Maximum Subgrade Reactmn Versus Pavement Thickness, 
Typical Test Data 

In consldermg materials other than the standard gravel It IS necessary to use trmxlal 
data to obtam a corrected value of subgrade reactmn The entlre operatmn involves six 
steps as follows 

1 Dlvlde the proposed pavement sections Into layers If necessary, each not more than 
eight Inches thick, and each composed of only one type and quality of material 

2 Perform trlaxia.1 tests on specxnens representing each layer of material, usrng a 
lateral pressure which 1s determined by the average depth of the layer in the pavement 
section. See Fig 3 for the lateral pressure to be used 

3 Divide the vertical pressure at failure, determmed m Step 2, by the corresponding 
value for the standard gravel at the same lateral pressure Values for the standard gravel 
are given m Fxg 4, which also shows average curves for some of the other materlals which 
have been tested. 

4 If the pavement consists of more than one layer, take a werghted average of the ratms 
obtained for the various layers in Step 3 This IS the STRENGTH INDEX for the entlre 
pavement sectlon. 

5 Use the charts (Fig 2) to obtain the subgrade reactmn for a standard gravel pavement 
of the proposed thvzlmess 

6 Divide the subgrade reaction obtalned m Step 5 by the square root of the strength Index 
determlned In Step 4 This gives the corrected value for the proposed section 
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Fig 2 Maxm-mm Subgrade Reactron Versus Applied Load 
for a Standard Gravel Pavement 

If the answer obtained by the ahove process does not meet the design assumptmns 
wlthm desired lmmts, the pavement cross-se&on may be revrsed and the process repeated 
With a little practice, the desired value can be approumated closely on the first attempt 
While the procedures may appear rather complicated, the entlre process actually can be 
completed m a few mmutes 

The over-all accuracy of the process was checked by comparmg computed values with 
measured values of subgrade reactron for all of the 315 tests Included 1x1 the analysis The 
comparison 1s shown graphically In Fig 5 Of the computed values, 46 per cent are wlthm 
5 per cent of those recorded ln the tests, 71 per cent are wlthln 10 per cent, and 96 per cent 
are wlthm 20 per cent The medxan devlatron IS only 6 per cent This IS remarkably low 
when one considers the wide variety of materials, the variable nature of the matellals 
themselves, and the wide range of other variables Included m the tests 

Stress values predlcted by this process may be used to check theoretical formulas, to 
check the shape and spacmg of famllles of design curves, to extend emplrlcal design methods 
Into areas not covered by previous field experrence, or to provide usable design data based 
on a lxmtlng stress or deflectmn 1n the subgrade Such use presupposes knowledge of the 
strength and deflectmn characterlstlcs of the subgrade, obtamed by plate-bearmg tests or 
assumed from other avallable data 
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Fq 3 Determmatmn of Lateral Pressure for Testrng Trlaxlal Specmens 

Fig 4 Trmxml Test Data, Relatmnshlp of Prmclpal Stresses 



Fig 5 Measured Versus Computed Values of Maxunum Subgrade Reactmn 

The effect of load repetltmn and the comparative effect of static and dynamic loads on 
varmus materials must be constdered also. It may he possible to study the latter effect by 
performmg trlaxlal tests 0~1 “armus materials over a wide range of loadmg rates. Some 
prehmmary tests have mdlcated that asphaltx concrete 1s much more sensltlve to rate of 
stram than are the granular matermls This would be a declded advantage under dynamic tests 
of short duratron 

CONCLUSIONS 

1. An analysis of results from 55 load-transmlssron test sectmns has resulted m a serres 
of charts from which the relatronshrp of subgrade reactron to applied load can be predlcted 
accurately for a wide range of design condltmns. 

2. The effect of pavement quality can be measured quantltatrvely by trlaxlal tests 
3. The effect of subgrade stiffness IS measurable, but the avaIlable data are msufficlent for 

complete analysrs of thrs effect Use of the charts should be llmrted, therefore, to pavements 
supported by weak subgrades 

4 As load-transmlssmn tests rnvolve srngle applrcatmns of statxc loads only, rt IS 
necessary to evaluate the effects of load repetltmn ln selectrng stress or deflectmn crlterla 
for design The comparative effect of static and dynamic loads on “armus materials must be 
considered also 


