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THE LOAD TRANSMISSION TEST FOR 
FLEXIBLE PAVING AND BASE COURSES 

PART I 

A DESCRIPTION OF THE TESTING APPARATUS, OPERATING 
METHODS. AND ANTICIPATED USES OF TEST DATA 

SUMMARY 

The authors discuss bnefly the present 
status of flexible paving design and describe 
a specnl testmg r,g whzch has been built for 
the purpose of furn,shmg some of the basic 
1nformatKnl necessary for a more accurate 
and ratu,nal approach to thLs problem The 
apparatus consists essentnlly of amechan,cal 
subgrade ten feet square, wthprovlslons for 
constructnga pavement test sectmnupon the 
subgrade. load,ng the pavement sectton 

* through smgle or multtple rlg,d plates or 
tires, and measurmg thevertlcal stress dls- 
trlbutlon on the subgrade Results ~~11 be 
used for s tudytng the effects of subgrade 
strength, pavement strength, pavement thxk- 
ness. type of loadmg medunn. size of loaded 

* area, and multiple loadrngs 

INTRODUCTION 

Although flextble pavements have been 
used for hundreds of years, the design of 
such pavements sttll rests on an emplr~al 
basis Pavement thicknesses are determmed 
duectly from serv,ce experience or by em- 
p~r,calformulas whxhtryto correlate service 
records with some measurable quality of the 
paving maternal. or of the subgrade upon 
which It rests 

As long as adequate performance data 
are avaIlable for pavements of smular char- 
acter. cnnstructed on srm,lar subgrades and 
carrymg swnllar loads. these methods can be 
used with constderable conf,dence When It 
becomes n e c e s s a r y to design for heawer 
loads, for unfam,l,ar subgrade cond,t,ons, or 
for new construct,on materials. the need for 
amore ratmnal des,gn method becomes pan- 
fully evtdent This 1s the s ltuatlon which 
existed durmg World War II. and which still 
exists to a great extent today. 

In order to des,gn any structure on a 
ratIona basis It 1s necessary to know (1) the 
mtenslty and pomt of applxatlon of applied 
loads. (2) the dlstrlbutlon of s t r e s s es and 
strains wlthm the s t r UC tu r e , and (3) the 
capacity of the structural elements to w,th- 
stand the Induced stresses w,thout fa,lure or 
undue deformation For pavement design. 
Item (1) can be determmed or assumed with 
a reasonable degree of accuracy Items (2) 
and (3) are very dlfflcult to determme for 
subgrade or flextble pavuxgmateruls because 
such matertals are mperfectly elastic and 
because they do not have defmtte yxld pants 
as concrete and structural steel do Ever 
stnce the c 1 as s 1 c solutuzns of Boussmesq. 
able mathematxlans have made computat,ons 
of theoretlcal stress dlstrtbutlon through the 
p a v e me n t and subgrade sections These 
c o mp u t a t I o n s uwanably are based upon 
ldealued materials and lo adlng condltlons 
whwhdonotexlst m practice, and the results 
are m error by a correspondmg unknown 
amount 

Aload transmlssmn testwas conce,ved 
for the purpose of supplytng actual measure- 
ments of vertical stresjes transmItted through 
a flextble surface or base course In th,s 
test the n a t u r a 1 subgrade 1s replaced by a 
test platform of sprmg-s upported plates 
whwh fur n I s h a yleldmg support somewhat 
analogous to the actton of a subgrade. and 
at the same tnne permit accurate determl- 
natvan of vertical deflectmns and load dls- 
trlbutlon at the bottom of the pavement 
sectmn It mvolves a basuz Idea whxch has 
appealed to many mvest,gators, but whxh 
often has been abandoned due to the expense 
of constructmg a test r,g capable of handlmg 
large test sectIons and due to the mechanical 
dlfflcultles 1 n v o 1 v e d m Its fabrlcatmn and 
operatmn 

Valuablepmneermg ,nves t,gat tons 



were reported several years ago by A T 
Goldbecklv 2. Engmeermg D 1 r e c to r of the 
Natmnal Crushed Stone Assoclatmn, and by 
Professor M G Spangler3, 4, 5. 6 and his 
associates at1owastatecollege At the 
present t,me dataof a complementary nature 
are bemg obtamed m test programs of the 
Waterways Experment St&Ion, the Bureau 
of Public Roads, and other establishments 

DESCRIPTION OF TEST APPARATUS 

The test mstallatmn of the Clvll Aero- 
nautlcs Admln,strat,on 1s located atthe 
TecbmcalDevelopment andEvaluatmnCenter, 
Indlanapolts. Ind,ana Fq 1 1s a schematlc 
representatvan of the testmg rg 

The testmg p 1 at f o I m or mechan,cal 
subgrade consists of 3,600 steel plates, each 
two Inches square. placed s,de by side ,n 
60 rows of60 plates each Each plate 15 
supported by a steel p 1 u n g e r which ,n turn 
operates agamst a co11 sprmg A sprmg and 
plunger assembly 1s s hewn m Fxg 2 The 
slender extensmnat the bottom of the plunger 
1s an electrIca contact far use m recordmg 
deflectmns It works a g a, n s t a small co11 

‘A T Goldbeck, “Studies of Subgrade 
Pressures und e r Flextble Road Surfaces”, 
Proceedmgs H,ghway Research Board, Vol 
19. p 164 (1939) 

2A T Goldbeck, “A Method of Destgn 
of Non-rqtdPavement. forH,ghways andAllc 
port Runways”, Proceedmgs HI g hw a y Re- 
searc$Board. Vol 20, p 258 (1940) 

M c Spangler, “Prelwnr~ary Exper- 
,ments on the Dlstrlbutmn of W h e e 1 Loads 
Through Flextble Pavements”, Proceedmgs 
Htghway Research Board, Vol lg. Part I, 
p 162 (1938) 

4M G. Spangler. “Wheel Load Stress 
D,strtbut,on Through F 1 e x I b 1 e Type Pave- 
merits” , Proceedings HlghwayResearch 
Board. Vol 21, p 110 (1941) 

5M G Spangler. “The Structural De- 
sign of F 1 e x 1 b 1 e Pavements”, Proceedmgs 
Highway ResearchBoard. Vol. 22. p 199 

(1942)& 
M G SpanglerandH 0 Ustrud. 

“Wheel Load St r e s s Dtstrtbutmn Through 
Flexible Type Pavements”, Proceedtngs High- 
wayResearchBoard. Vol 20. p 235 (1940) 
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sprmg InsIde the plunger m order to allow 
relative movement of the plunger and the 
contact 

Eachsprmg andplunger operates with- 
,n a vertical guide cylmder The bottoms of 
the guide cylmders are set Into base plates 
and the tops of ad]ommg cylmders are welded 
together to msure rlgld~ty The base 1s 
d,vtded mto three sectmns m order to faclli- 
tate handlmg du r I ng assembly The three 
base plates are fastened to and supported by 
v e r t I c al plates six tnches high and three- 
fourths of an Inch thick, spaced on 4 l/&lnch 
centers The vertical plates are bedded III 
st.ff grout on a veryheavy steel and concrete 
foundatmn 

The openmgs between the vertvcal plates 
prowde convenwnt s p a c e s for InsertIon of 
m,crometer measurmg bars whwh measure 
the deflectmns of mdlvldual plungers Close 
f,ttmgslots are provided. Into which the bars 
are m o u n t e d and 1 o c k e d while deflectIon 
measurements are taken. Fig 3 shows one - 
bar parttally Inserted and an o t h e r entirely 
mserted and connected to a ltght panel 

Each measurmg bar supports 60 elec- 
trxa1 contact pomts, set 1n two rows of 30 _ 
each, and correspondmg to two half-rows of 
the contacts extending from the bottoms of the ? 
plungers as prevmusly descrtbed All of the 
contact pants on a me as u I ~ng bar can be 
raised or lowered sxnultaneously by a crank 
at the end of the bar vertma1 movement 1s 
measured to the nearest 0 001 Inch by a 
micrometer dial 

Whentwo opposmg contact pomts meet, 
the completwn of the electrtcal clrcult oper- 
ates a ltght on a panel, ~nd~c a t tng which 
plunger has made contact, and the posltmn 
of the mxrometer dral shows the elevatron of 
the plunger at the time of contact Due to 
small d,fferences mplunger lengths and other 
mechamcal var,atmns the po tnt of contact 
under zero load “a r me s for each plunger 
Therefore It 1s necessary to take readmgs 
before and after loadmg, the differences be- 
tween these read,ngs bemg the actual de- 
flectmns of the ,n d IV I d u a 1 elements De- 
flectmns up to 1 3/4 Inches can be measured 

The loadmg p 1 at f o r m oi- mechanlcal 
s u b g r ad e , which 1s approxmately ten feet 
square, 1s surrounded by a well remforced 
plank bulkhead for the purpose of provldmg 
lateral support to the test sectmn A thm 
rubber sheet 1s placed over the subgrade be- 
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AIRCRAFT WHEEL TEST PAVEMENT 

_-b------- 

“MECHANICAL SUBGRADE” MOUNTED ON 
PLUNGERS AN0 CALIBRATED SPRINGS 

MICROMETER DEFLECTION RECORDERS 

CONCRETE AND STEEL FOVNDATION 

- 

1 
RElNFORCEO CONCRETE FOOTING 

NOTE 
A WHEEL LOAD APPLIED TO THE PAVEMENT SVRFACE OVER AN AREA G-0 IS 

TRANSMITTED AND OISTRIGUTEO THR” THE SURFACE AN0 BASE COURSE THIS 

PROOUCES YARYING PRESSURES AN0 DEFLECTIONS OVER A LARGER AREA b--b ON 
THE SUGGRAOE. IN THIS TEST, THE NATVRAL SUBGRADE 15 REPLACED BY A 

“MECHANICAL SUBGRADE” OR FLOORING COMPOSED OF 3600 SMALL STEEL PLATES 
THESE ARE MOUNTED ON PLUNGERS AND CALIBRATED SPRINGS IN SUCH A MANNER AS 
TO SIMULATE A SUBGRADE OF THE DESIRED STRENGTH AND TO PERMIT MEASUREMENT 
OF THE “HIT PRESSURES TRANSMITTED TO THE SUBGRADE 

Ftg 1 Load Transm~ssmn Testmg Rig 



Fig 2 Sprmg and Plunger Assembly 
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fore constructmg the pavement sectmn in 
order to prevent the mflltratmn of dirt be- 
tween the small steel plates which comprise 
the mdlvldual subgrade segments Loadmg 
IS accomplished through hydraulic Jacks re- 
actmg agamst a steel b?am. which m turn 1s 
connected to the steel and concrete foundatmn 
by a heavy steel framework The present 
capacity ofthe loadmg system 1s about 
250.000 pounds 

Fig 4 IS a general extermr view of the 
entlre apparatus, mcludmg the foundatmn. 
supportmg framework, reactmn beam. hy- 
draullc lacks. pump. bulkhead. and a portmn 
of the deflectmn recordmg apparatus Fig 

’ 5 shows the mechanical subgrade m some 
d&all. and Fig 6 shows a wheel m place on 
the bare subgrade Details of the pressure 
mamfold, pressure gauges, and extra Jacks 
for dual wheel loadmg also are illustrated m 
this f,gure 

OPERATION 

Operation of the test consists essen- 
tlally of constructmg a pavement slab on the 
mechanIca subgrade, placmg a load on the 
slab, and measurmg the deflectlon of each 
subgrade segment Applymg the sprmg rate 
constant to the measured deflectmn gives the 
load on each segment. and the sum of these 
loads should equal the applied load Supple - 
mentary measurements are taken to show 
the loaded areas of tires. tire deflecttons. 
and deformatvans of the pavmg surface 

Testmg operatmns ~111 be v a r I e d to 
show the effect of (1) the 1 o a d ~ng medium 
(he or rlgld plate), (2) loaded area, (3) unit 
loadmg p r es s u r e , (4) multiple loads, (5) 
subgrade reslstance. (6)strengthof surfacmg 
or base course. and (7) thickness The f,rst 
tests are bemg conducted on the more common 
base and subbase materials. such as gravel. 
sand, stone, and slag These v/111 be used 
smgly, and m combmatwn wtth each other, 
both with and wthout bktummous surfacmgs 
Constructmn of test sectmns follows standard 
practice as closely as posstble Satisfactory 
compact I on 1s obtamed by means of com- 
merc~al v I b r a t o r y compactors Subgrade 
strengths ~111 be varied from 25 to 160 PSI 
per Inch deflectvan by wmg dxfferent sets of 
springs 

Under present practxe each pavement 
sectmn IS subJected to an IncreasIng serves 
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F,g 3 Deflectmn Recordmg Equipment 



Fig 4 General Extermr, Load Transm,ssmn Apparatus 
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Fig 5 PartA Assembly of MechanLc.4 Subgrade 
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F,g 6 A,rcraft Wheel 11, Place for Loadmg Bare Subgrade 

of loads until there 1s a p p a r en t failure or 
excessive deformatmn, or until the l,mlt of 
the loading apparatus has been reached No 
defmlte crltermn for f a, 1 u r e has been es- 
tabllshed 

Recordmg the deflectu,ns 1s rather a 
tedlous p r o c e d u I e wIththe present equip- 
ment. requrmg about 30 man-hours for one 
readmgofall 3.600plungerpos,t1ons There 
also 1s the posstblllty of some plastx move- 
ment m the test secttondurmg the long permd 
requred for manual recordmg It 1s hoped, 
therefore, that automatic equpment can be 
developed to exped,te th,s operat,on PendIng 
the development and fabrxatu,n of such 

equpment It has been found that much t,me 
can be saved on some tests by takmg readmgs 
only at certam s e 1 e c t e d pomts Once the 
general pressure c onto u r pattern has been 
establIshed for a given load,ng cond,t,on, 
readmgs taken along the two ma,or axes are 
s u f f 1 c I e n t to show the changes due to u-,- 
creasmg loads or var,at,ons mpavement 
thickness 

The granular materials and rmxtures 
used XI the load transm,ss,on apparatus also 
are bemg tested in tr,ax,al compressmn The 
trlax1alspeclmens are 10 Inches in daameter 
and 20 Inches h,gh. as ,t was felt that smaller 
specunens would be unsatisfactory for 
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mixtures contammg 1 a r g e aggregate The 
trlaxlal test apparatus IS Illustrated m Fig 
7 

ANTICIPATED USES OF TEST DATA 

The load transmwsmn test does not in 
Itself constitute a new design method It 1s 
sunply a means of study ~ng the actmn of 
large s e c t 10 n s of flexible pavmg and base 
courses constructed and loaded under closely 
controlled laboratory cond1tmr.s Expressed 
m the srmplest possible terms the apparatus 
IS de s I gn e d to measure the dlsslpatmn of 
concentratedvertwal loads through a flexible 
pavmg slab supported by an elastic artdlclal 
subgrade 

For the present at least the test results 
cannot be applleddlrectlyto adesIgn problem 
even If the bearing power of a natural sub- 
grade IS determmed by a plate bearmg test 
or other means This IS due to the fact 
that unit subgrade bearmg power may vary 
with loaded area, s u r c h a r ge , and other 
factors Also, the actxon of the artxflclal 
subgrade 1s not strictly comparable to that of 
a natural subgrade as It IS perfectly elastic 
and as It does not permit lateral displacement 

Nevertheless, the tests should gave a 
qualltatlve mdlcatmn of the comparative ef- 
fectlveness of varmus materials and mx&.xres 
III dxstrtbutmg concentrated loads, VI addltmn 
to showmg the effects of varlatmns m untt 
load, loaded area. pavmg thxkness, and other 

factors Thx apparatus also should be a 
convenient means of studymg the combmed 
effect of mu 1 t up 1 e wheel loadmgs It also 
offers a means of comparmg the effects of 
actual wheel loads with those applied through 
rlgld plates 

By applymg loaded txes to the bare 
mechanwal subgrade ltwlll be posstble to 
determme the actual load dlstrlbutlon on top 
of the pavement By applymg the same loads 
through progressively greater thicknesses of 
pavmg material It may be possxble to get a 
better pxture than we now have of the shape 
and extent of the bulb of pressure beneath the 
loaded area Thw would enable mathe- 
matlclans to check their prevmusly computed 
p a tt e r n s of stress dlstrtbutmn. and rmght 
lead to a really ratmnal design formula 

An effort ~~11 be made to establish a 
correlatmn between the trmxlal data and the 
load transmlssmn data This would make It 
possible to predxt the performance of a new 
material on the basts of the sunpler trlaxlal 
test 

The destgn and fabrwatmn of the load 
transmlssmn apparatus has been a txne- 
consummg operation. and only 30 tests have 
been run to date Half of these were of an 
exploratorynature. orweredeslgned to check 
the operatmn of the apparatus These tests 
have mdxated that the over-all accuracy of 
the testmg rig 1s acceptable and It 1s belleved 
that It ~~11 provide data of highly practical 
value to aIrport and hlghway pavmg destgners 
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Fig 7 Trnxd Test Apparatus 


