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TBIAXIAL TESTING METHODS USABLE IN FLEXIBLE PAVEMENT 
DESIGN 

B y HiSBBEBT £ . WOBLET 

Aaaoeiate Sotla Engineer, Kanaaa Highvay Commisnon 

SYNOPSIS 
Triaxial testing provides lateral support to a specimen which at the same time 

is subjected to a vertical load. I t also allows expulsion of water from the speci
men as the test progresses. A value of total stress comcident with strain is ob-
tiuned at regular intervals. From these data a stress-strain curve is drawn, 
which in turn is used for the determination of the modulus of defonnation. 

The paper presents the results of experience in Kansas with the triaxial method 
of test and the steps taken to evolve a comprehensive and accurate method of 
demgn for flexible pavements. 

Triaxial tests may be conducted upon each component of both the road sur
face and the foundation individually and calculations made to determine the 
thickness of each material which is required upon the subgrade. Any desired 
lateral pressure may be applied and maintuned throughout the test. The t r i 
axial apparatus as used by the Kansas Highway Commission permits a compre
hensive method of design and enables the engineer to evfduate each of the 
components separately, finally combining them to form a full road structure. 

The items of wheel load, deflection, sampling, saturation, and lateral pressure 
aro discussed. Test data axe obtained which permit the determination of vol
ume, area, stress, and strain. Curves are drawn using the values of stress and 
strain obtained. These, in turn, are used for the calculation of the modulus of 
defonnation. 

This is used for the calculation of the required thickness of each component of 
the road structure, and is a most useful tool in obtaining comparative values of 
various types of mixtures. Another important use of the triaxial testing method 
is the determination of permissible loads on existing highways and airports. 

A t the meeting of the Higihway Research (usually a form of strength) of the material 
Board last year several excellent papers were under consideration. Some of the tools 
presented demonstrating various methods for which have been proposed are needles of 
the design of flexible pavements. Each of various ebapes, loaded jnstons, loaded plates, 
these papers contributed some valuable facts and shear machines, 
which have application to the problem as a Kansas has had extensive experience during 
whole. the past three years with the use of the triaxial 

The proposed methods have differed in compression apparatus and method of testing, 
their conception of the procedure necessary The equipment used by the Kansas High-
to accomplish the desired end, that is, to way Commission is shown in Figures 1 and 2. 
provide suflicient yet economical thickness I t is patterned after that used by the U . S. 
of flexible surfaces for given subgrades. Corps of Engineers at their Vicksburg Experi-
Some of the methods base tiieir solutions on ment Station. The apparatus as designed 
a wealth of data obtained over a long period for our piupose can be used for testing both 
of time together with a convenient tool by soils and a^re^te mixtures. Small speci-
which to apply the data collected Others mens 2.8 in. by 8 in. are used for soil and small 
have based tibeir solutions on theoretical aggregate mixtures with No. 4 maximum size, 
conceptions revised to comply with the more l l r ge specimens 5 in. by 14 in. are used for 
complex relationship mvolved when soils are larger aggregate mixtures. Aggregate with 
considered. Others have been proposed a maximum size of H in. can be tested. The 
which combine both systems in some degree load is applied by a 60,000-lb. hydraulic corn
er another. pression machine. Most of the other equip-

Most of these methods have a tool by which ment is mounted on or may be stored in a con-
a measurement is made of some characteristic venient cabinet provided with rollers so that 
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it can be readily moved to any position in the 
laboratory. An air compressor with motor is 
mounted inside the cabinet. 

The items pictured in Figure 1 are as fol
lows: (1) loading device; (2) triaxial com
pression chamber; (3) manometer board; (4) 
glycerin reservoir; (5) equipment cabinet; 
(6) water hose; (7) glycerin hose. 

Figure 2 pictures these items: (A) base 
plate; (B) head plate; (C) compression cylin
der; (D) sample cap; (E) porous stones; (F) 
rubber sleeve; (G) piston; (H) dial arm; (I) 
Ames dial; (J) feeler gauge; (K) gauge stocks; 

Figure 1. Equipment for Kansas Triaxial 
Compression Test Method 

Figure 2. Equipment for Kansas Triaxial 
Compression Test Method 

(L) forming core; (M) forming jacket; (N) 
compaction mold; (0) calipers; (P) piano 
wire saw; (Q) knife; (R) steel rule; (S) straight 
edge; (T) failed specimen; (U) pressure 
gauge; (V) pipettes; (W) aspirator bottle; 
(X) mercury manometer; (Y) control switch 
for air compressor; (Z) Kodak timer. 

Triaxial testing essentially provides lateral 
support to a specimen which at the same time 
is subjected to a vertical load. It also allows 
expulsion of water from the specimen as the 
test progresses in a manner corresponding to 
the loss of water from material under actual 
conditions. The total stress coincident with 

strain is obtained at regular intervals. From 
these data a stress-strain curve is drawn, 
which in turn is used for determining the 
modulus of deformation. 

The U. S. Army Engineers in their labora
tory at Vicksburg have used a similar appara
tus for soil testing in connection with levee 
construction. Mr. V. A. Endersby of the 
Shell Development Company has used tri
axial apparatus for evaluating asphaltic mix
tures. The Highway Departments of the 
states of Nebraska and Michigan each have 
similar apparatus which they are using ex
perimentally. This apparatus has also been 
used extensively by the Delft Laboratories of 
Holland. Others have reported its use in 
connection with various soil problems includ
ing embankment construction and foundation 
investigation. 

It is our purpose in this paper to present the 
results of our experience with the triaxial 
method of test and the steps taken to evolve 
a comprehensive and accurate method of de
sign for flexible pavements. We believe we are 
the first to adapt this method of testing to 
the full problem of design of this type of road
way. We are wholly satisfied with our prog
ress and results to date. There are several 
phases of the over-all problem which we wish 
to work out more completely before making 
a full presentation of the solution. This we 
hope to do in the immediate future. We feel 
we have information of value to others in
terested in the general problem and more spe
cifically in the triaxial method of testing. 

In order to have definite understanding of 
the terms used in this paper, it is necessary 
to assume the tentative responsibility for 
defining each component. In so doing it is 
intended to follow the usage in the High
way Research Board Bulletin, "Granular 
Stabilized Roads," Xo. 5 of a series on War
time Road Problems. 

This bulletin divides the road structure into 
two parts: (1) the road surface, (2) the founda
tion. These in turn can each be divided into 
two components. Whether or not every com
ponent exists in a given road structure de
pends upon the requirements of the case at 
hand. One component may be absent and 
others present depending upon the require
ments of the proposed structure. The road 
surface may consist of a pavement and a base 
course combined or either one used separately. 
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The foundation may consist of a subbase 
and a subgrade combined or may be only a 
subgrade. 

For the purpose of this paper each com
ponent which may exist in a road structure 
will be defined as follows. 

PaeemerU: A top course composed of an 
aggregation of inert particles together with 
a bmder. The mixture should be placed at 
such thickness as to impart added strength to 
the road structure and be strongly resistant to 
wear. 

Base Course: A granular stabilized layer 
covered with an unpervious layer. A base 
course must have high mtemal stabihty. 

Svbbase: A layer or layers of material 
placed between the subgrade and the base 
course having greater stability than the sub-
grade but usually less stability than the 
base course. This may involve a modification 
of the existing subgrade, in which case the 
modified portion of tiie subgrade thus becomes 
the subbase. 

Subgrade: The existing or natural material 
upon which the other component parts of the 
road structure are placed. 

To evaluate tbs problem completely i t is 
first necessary to understand the functions of 
the component parts of the ful l structure. By 
ful l structure is meant the pavement, base 
course, subbase, and subgrade taken as a unit. 
I t is relatively easy to descnbe the require
ments of a base course for a given subgrade 
subjected to normal traffic solely by experience. 
However, i t is not eas^ to design a base 
course for exceptional conditions, such as 
muck spots, frost heave areas, weak struc
tured shales, etc, over which most failures 
occur even for normal road traffic. I t is not 
simple to design a flexible structure over a 
given soil for wheel loads exceedmg those with 
which one is famihar Neither is i t often 
economical to design a stable aggregate mix
ture with the thickness necessary for such 
conditions Hence, for heavy loads on poor 
subgrades one or more subbases are usually 
employed. These are an improvement over 
the existing subgrade, but are not of sufficient 
strength to act as the main load-carrying com
ponent These subbases allow more eco
nomical construction than the use of a base 
course only. 

A comprehensive method of design must 
enable the engmeer to evaluate each of these 

components separately and combme them to 
form a full road structure. 

The tnaxial apparatus as used by the Kan
sas Highway Commission permits this Of 
course, each component does not exist m 
every case, m fact, many cases mvolve only 
the base course and subgrade, where com
paratively low wheel loads are used on good 
foundations 

Whed Load 
In general a 5,000-lb. wheel load is used as 

the basis of design for highways in Kansas at 
the present time. Of course, many wheel 
loads exceed 5,000 poimds But from a study 
of traffic data obtamed by the highway plan-
nmg department this wheel load is the heavi
est occumng at such frequency as to entitie 
i t to be used as a basis of design. 

Deflection 
The defiecbon allowable for bases and sub-

bases has been recently fairly well estabhshed 
as being between 0 05 in and 0 2 in. Some of 
the contributors towards establishmg these 
limits have been 0. J. Porter, California 
Division of Highways working on a western Air
port in 1943, T. A. Middlebrooks, Prmcipal En
gineer, Umted States Engmeer Department 
and Captam G E Bertram, Air Forces, U . S. 
Army, Proceedings of the Highway Researoh 
Board, Vol. 22, pp. 144^173, and Prevost 
Hubbard, in the Asphalt Institute Publica
tion of May 5, 1943. Deflection has been a 
controversial subject for many years and 
these mvestigators are to be comphmented 
upon their work m narrowmg these limits as 
far as they have. I t is to be hoped that 
further mvestigation will show whether or not 
i t is practicable to expect narrower limits. 
Kansas at present uses 0 1 in. deflection for 
design purposes. This value was amved at 
through a study of our flexible surfaces and 
from experimental data obtamed at the out
set of our work with tnaxial testing as applied 
to the design of flexible pavements. 

Samplmg 
We prefer to use, in so far as possible, un

disturbed samples of subgrade as found in the 
roadbed. We have detected certain differ
ences in test results when soils are compacted 
in the laboratory to the same densities and 
at the same moistures as exist in the field. 
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For estimating and plan design purposes, 
however, laboratory compacted samples may 
be used, provided there is a follow-up by tests 
of undisturbed samples of the roadbed after 
construction of the subgrade. Realization of 
the need for obtaining undisturbed roadbed 
samples for testing purposes has come about 
by £L study of numerous field samples. 

Traffic and weather act to give certain soil 
materials much higher densities than any
thing that has been obtained by laboratory 
compaction. Some of these densities exceed 
by a considerable amount those attained by 
rolling with heavy equipment. This dense 
material can be utilized to considerable ad
vantage in flexible pavement design due to 
the fact that it provides a layer of exceedingly 
strong material upon which to place the road 
surface. Usually this highly dense layer is 
not of very great thickness (3 to 4 in.) and 
therefore the undisturbed samples from such 
strata are taken horizontally, parallel to the 
road surface, rather than vertically. 

Saturation 

The Kansas procedure calls for all samples 
to be tested in a saturated condition. Satura
tion is deemed desirable in order to obtain a 
direct comparison for all types of materials, 
at the same time obtaining a measure of the 
strength when the material is in its weakest 
condition. Materials such as soils and stable 
mixtures seldom fail when dry. These mate
rials usually fail when quite wet. To defi
nitely determine the degree of saturation 
which may occur for all materials and soils is 
a task of such proportions that it is doubtful 
if the true answer could ever be obtained for 
a very wide area. To reproduce this condi
tion in the laboratory, even if known, is also 
a very difficult problem and our results indi
cate that this reproduction differs to some ex
tent from the condition actually obtained 
under traffic, even though the exact values for 
moistures and densities are the same. For 
these reasons it is verj' important that 
samples taken for testing be removed in a 
relatively undisturbed state from the roadbed 
and subsequently saturated before testing 
begins. 

For many areas saturation presents a con
siderable factor of safety. It proves more of a 
factor of safety than economical construction 
might dictate in areas where field moisture 

conditions are not as serious as this saturated 
condition imposed on the samples tested. 
This situation is conveniently dealt with, 
however, by varying the wheel load designed 
for in those areas. As the maximum wheel 
load is not used in any case, some judgment 
must be exercised in determining the proper 
figure to use for design by any method. The 
principle of further adjusting the design 
value in accordance with other conditions is 

Figure 3. Battery Saturator for Triaxial 
Specimens. This shows the equipment used 
by the Kansas Highway Commission for 
saturating from one to six triaxial test speci
mens simultaneously. Vacuum furnished by 
the pump is applied to each specimen through 
steel tubing connected to the long manifold 
at the top of the panel. The vacuum which is 
applied to each side of the saturator is con
trolled by an oxygen valve. The amount of this 
vacuum is indicated by mercury manometers. 
Water is made available to each specimen 
through a rubber hose from an Erlenmeyer 
flask. At the beginning of each test the flask 
is filled to a definite mark. The amount of 
water taken at any time may be measured by 
re-filling the flask to the mark from the 100 cc 
burette mounted above each flask. Two 
aspirator bottles serve as reservoirs. These 
have a short section of tubing attached for 
convenience in filling the burettes. 

not unsound. The test conditions and 
methods remain constant, hence the test 
values remain comparative and an econom
ical design is still possible. Such procedure 
does not differ materially from that used by 
designers of other types of structures. 

Saturation is obtained by drawing water 
through a specimen enclosed in a rubber 
sleeve, by a vacuum, using the multiple 
saturation set-up shown in Figure 3. Many 
samples can be saturated simultaneously and 
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the time required for saturation does not be
come a "bottieneck" to the laboratory pro
cedure Saturation may be attained m from 
20 mm to 2 weeks dependmg on the density 
and the characteristics of the material. 
Commonly about one day is required for 
compacted soils and somewhat less for com
pacted base materials 

Since sample preparation has a profound 
. effect on test results, i t is desirable to call your 
attention to a condition encountered in our 
laboratory and also to show steps taken to 
correct i t . When water under head is ad
mitted to the bottom of the specimen more 
rapidly than i t is dispersed by the vacuum 
which is applied at the top i t may result in 
an abnormal moisture condition. This is ex
plained by conadering that the soil particles 

saturation, as well as the effect of saturation 
on final density and moisture. A study of 
the zero air voids curve m connection with 
each sample under consideration serves as a 
means by which one can determme whether or 
not saturation had been attained and as a 
check on incompatible moisture-density re
lations which might occur through an error 
in weights or measurements of the specimen 
or the added water. 

Lateral Pressures 
The lateral pressure which is applied to 

the specimen is comparable to the lateral 
support or horizontal resistance which is 
normally provided by the adjacent similar 
material imder field conditions. The effect 
of lateral support is not generally realized by 

TABLE 1 
MOISTURE A N D DENSITY DATA SHOWING VALINES BEFORE AND AFTER SATURATION 

Laboratory 
Number 

Sample 
Number 

Classifi
cation 

Plasti
city 

Index 
Specific 
Gravity 

Density lb . per 
cu. f t 

Moistu 

As 
Sampled 

re Percen 

After 
Satura~ 

tion 

t of Dry Weight 

At Zero Air Voids 
Variation 
in % from 
Complete 
Saturation 

Laboratory 
Number 

Sample 
Number 

Classifi
cation 

Plasti
city 

Index 
Specific 
Gravity 

As 
Sampled 

After 
Satura

tion 

Moistu 

As 
Sampled 

re Percen 

After 
Satura~ 

tion As 
Sampled 

After 
Satura

tion 

Variation 
in % from 
Complete 
Saturation 

AA-3016 110 C 22 2 67 97 96 25 27 27 27 0 
AA-2«73 4B SiL 16 2 59 101 100 16 24 23 24 0 
AA-30I7 119 C 22 2 62 100 97 15 25 24 26 - 1 
AA-3017 123 SiCL 20 2 51 86 85 16 32 33 34 - 2 
AA-3014 103 L 10 2 59 107 107 13 20 20 20 0 
AA-2957 6-8 L 10 2 55 99 102 12 22 24 22 0 
AA-2969 34 CL 13 2 78 116 115 15 18 18 18 0 
AA-2857 6-10 8 0 2 63 117 117 6 16 16 16 - I 

/AA-28S7 6-11 SL 7 2 63 108 108 10 19 20 20 - I 
\AA-29S7 6-12 CL 17 2 63 100 100 7 24 24 24 0 
AA-3088 56 SiCL 16 2 53 89 90 18 30 31 30 0 
AA-3063 18 SiL 10 2 54 83 86 10 32 36 33 - 1 

in the lower portion of the specimen are dis
turbed considerably and aro broken free from 
one another by water pressure. This results 
in an mcrease m pore space greater than that 
which might be expected from normal swell 
of the soil. This condition may be readily 
detected through a study of moistures and 
densities before and after saturation together 
with a knowledge of the volume change char
acteristics of the soil. I t may be prevented 
by decreasing the head of water or by using a 
water supply which is not provided with a 
head 

Table 1 shows a number of soil densities 
and moistures both before and after saturar 
tion. A study of this table will provide the 
reader with some interesting facts regardmg 
the effect of initial density and moisture on 

the average person. An example may serve 
to danfy the situation. Consider a normal 
subgrade upon which is laid a plate 9 in. 
in diameter. Apply a load of 5,000 
lb. to this plate resting upon the subgrade. 
Some settiement will likely occur. Now re
move the material surroimding the cylinder of 
soil directiy below the plate and reapply the 
load of 5,000 lb The cyhnder will probably 
collapse. The load has not been increased 
but the honzontal resistance has been re
moved, allowing the sides of the soil cylmder 
to move outward uncontrolled. When simi
lar material surrounded the cylinder such 
horizontal movement was resisted. The lat
eral pressure applied to a specimen in a 
triaxial compression test is similar to this 
honzontal resistance. 
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TEST DATA 

At frequent intervals throughout the testing 
of each specimen, readmgs are taken simul
taneously of the vertical applied load, vertical 
deformation, and the amount of water in the 
pipettes, denoting increase or deciease m the 
volume of the specimen For each readmg 
calculations are made of the correspondmg 
volume, area, stress, and stram. A number 
of these determinations permit the drawing 
of stress-stram curves. The stress-strain 
graphs for soils and soil mixtures usually are 
in the form of a curved line with a gradual 
increase in curvature rather than an abrupt 
divergence from a straight line as is found in 
stress-stram curves for steel and similar 
matenals. 

Modulus of DefcrmaHon 
The stress-stram curve is used in the deter

mination of the modulus of deformation of 
the matenal being tested For steel and other 
similar matenals the modulus of elasticity is 
defined as the ratio of the increment of umt 
stress to the increment of unit deformation 
within the elastic limit These materials 
have a straight line graph up to the elastic 
limit Theslopeof any portion of the straight 
Ime grves the modulus of elasticity. I f the 
stress-strain graph is curved as is usual in the 
case of soils and soil mixtures, the modulus of 
deformation is not a constant but a variable 
depending upon the range of stress for which 
the modulus is calculated. 

The modulus of deformation is the secant 
modulus between the two points on the stress-
stnun curve limiting the range of stress 
determined. The determination of the range 
of stress for which the modulus of deformation 
I S desu%d will be explained presently in this 
discussion. 

USE OF DATA 

The results which are obtained in tnaxial 
testing may be interpreted in various ways 
but the interpretation should always include 
all of the variables which affect the service 
of the road bed structure 

A flexible pavement must be designed for 
some particular wheel load with a given area 
of contact I f both the wheel load and the 
area of contact are known i t is then quite 
simple to determine the unit pressure which 
exists at the surface of the pavement 

The stress applied to the roadbed structure 
decreases with the depth The amount of 
stress for each component is dependent upon 
the distance that each strata exists below the 
plane of application of the load 

The decrease in stress as depth increases 
has been explained by some mvestigators as a 
distnbution of the load over an increased 
area Some statements have been made to 
the effect that this mcrease is at 45 deg. . 
Other formulas have been developed which 
do not limit the spread of the load to 45 deg. 
or any other specific angle. In these for
mulas the distribution is dependent upon the 
modulus of deformation for each matenal 
through which the load is applied. By utiliz
ing this simple fact, the principal stress differ
ence at any depth may be determined. The 
stress difference which is found m this way is 
the range of stress used to calculate the pioper 
modulus of deformation to use m the design 
of the thickness of each type of material 

Effea of Lateral Pressures 
At least two tests at different lateral pres

sures are conducted on each material to be 
considered m the roadway structure Usu
ally these pressures are 10 and 30 lb. per sq. 
m The magnitude of these lateral pressures 
has been a subject of considerable discussion 
for those mterested in testing by the triaxial 
method. 

I n order to demonstrate the effect of usmg 
these lateral pressures consider the followmg 
example. For the purpose of this demonstra
tion a formula which has been used in Kansas 
with considerable success for the purpose of 
designing flexible pavements is presented: 

in which 
P = Wheel load. 
Cp = Modulus of deformation of pave

ment. 
C = Modulus of deformation of soil 
S •= Assumed settiement of pavement. 
a = Radius of assumed area of tire 

contact 
This formula was presented m 1940> by Mr. 

C A Hogentogler, Jr., of the University of 

^Discussion on Flexible Surfaces, Proceed
ings, Highway Research Board, Vol. 20, p 329 
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Marj'land. Mr. Hogentogler v\as discussmg 
an article by L A. Palmer and E S Barber 
entitled, "Soil Displacement Under a Cir
cular Loaded Area" which appeared in Pro-
ceedinga. Highway Research Board, Vol 20, 
p 279. 

A sample of subgrade material represented 
by Laboratory Number AA-3016, Sample 
Number 110, was tested at 30 and 10 lb. per 
sq in. lateral pressures under test numbers 248 
and 249. The stress-strain curves for these 

Substitutmg these values m the formula we 
have. 

so 

60 
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I 
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Figure 4. Stress-Straln Curves for Triaxial 
Tests, Subgrade Material, Undisturbed, Satu
rated. 

tests are shown on Figure 4. The modulus of 
deformation for the principal stress difference 
at a depth of 7 m below the plane of appli
cation of a load of 5,000 lb. over a contact area 
of 56 sq m. is 1820 lb per sq m. for the 30-lb. 
test and 1,350 lb per sq in for the 10-lb test. 
The average of these two is 1,585 lb per sq. 
in , the modulus of deformation which would 
be used for this material under the given con
ditions. Assume that a surface course will 
be placed upon this subgrade having a mod
ulus of deformation of 15,000 lb per sq in. 

3 X 5000 
2 X ir X 1585 X 0, 

_y 15000. 
Solving, r = 6 9 in. 

For demonstration only, substitute the 
values for the modulus of deformation ob
tained for each of the tests (1820 and 1350 lb 
per sq in.) separately in the formula This 
gives r = 6 2 m. for the 30-lb. test, and 7.7 
in. for the 10-lb. test Remember that these 
are all calculated for a stress difference at a 
depth of 7 m Soils and related materials 
are so heterogeneous and construction pro
cedures so unrefined that i t is not consistent to 
attempt to design thicknesses to the tenth of 
an inch and the next ful l inch is used For all 
practicable purposes 7 in of material would 
be constructed. Often the modulus of de
formation on tests of subgrade matenal vanes 
less at lateral pressures of 10 and 30 lb per 
sq in. than shown m this case I t is true 
that m some materials greater differences ex
ist between the results obtamed by using the 
10 and the 30-lb. per sq. in lateral pr^ure. 
However, the average result of at least two 
tests is taken for the piu:pose of design. 

Comparaim Mix Values 
I n addition to its apphcation to a specific 

problem of flexible pavement design, tnaxial 
testing is also a most useful tool in obtaining 
comparative values of various types of mix
tures such as soil-aggregate and bituminous-
aggregate, in differentiating between rounded-
aggregates and crushed aggregates, and also 
for comparing combinations of these mate
rials One IS able m these cases to differen
tiate between nuxtures of more or less fines, 
more or less binder, and compare the strengths 
of vanous binders. A defimte value of mod
ulus of deformation may be determined for 
each mixture for any given condition of load
ing. The fact that i t is possible to test mix
tures having a great deal of coarse material 
in them permits an evaluation of the mixture 
as a whole Heretofore most laboratory test 
methods have used only the portions passing 
a certain fine screen, disregarding the coarser 
portions of the mixture. 
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Permissible Loads 
The practice of posting bridges for maxi

mum loads is quite common but very seldom 
is this done for the roadways. One excessive 
load passing over a highway ordinarily does 
not cause failure but too many heavy loads 
wiU cause the roadbed to fail rapidly if i t does 
not have the necessary strength to handle 
such a volume of traffic. By the use of this 
particular test method the strength value of 
the existing roadbed structure may be deter
mined and limits estabhshed for permissible 
loads. This use can be apphed readily m the 
case of airports with flexible type surfaces. 
Some older air fields were not designed to 
support the loads imposed by present day 
aircraft. With the current mcrease in the 
size of planes some of the more recent airports 
may need to be evaluated as to their ability 
to permit heavy planes to make use of their 
facilities. Such an evaluation provides rather 
defimte values for determining the need of 
improving the strength of the structure or of 
limiting the sizes of the loads permitted 
thereon. 

CONCLUSrON 

I n this paper we have touched upon some 
of the phases of triaxial testing as related to 
the design of flexible pavements. We have not 
attempted to present an over-all method of de
sign, but have simply expressed our thoughts 
on the problem and presented some of our 
experiences with this type of testing equip
ment At this time we are well satisfied that 
a definite design method is available by this 

means. The flexibihty of the method is 
wholly desu-able. The proposition here is, 
in effect, to develop a method that uses repre
sentative field samphi^ combmed with the 
advantage of laboratory testing. The dis
advantages of field testing are overcome and 
the ability of the matenals to withstand field 
conditions is determined 

Further advance and developments m 
design methods are certain to be made due 
to rapidly changing conditions and loadings. 
Continual progress is necessary in road and 
airport flexible pavement design The 
method of design must be accommodative if 
these changes be accounted for as they be
come known The method used must permit 
both the proper design of new construction 
and the suitable redesign of old. I n our 
opinion the tnaxial testing method provides 
the necessary flexibility and adaptability to 
meet these conditions. 
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co-worker, G G. Noble, Associate Soils En
gineer, for cooperative performance of all tests, 
computations, development of technique, and 
assistance m writing of the paper, to C. R 
Fricke, Laboratory Soils Engineer, under 
whose supervision tests were conducted, for 
related activities in conjunction with prepara
tion of the paper, to D L Lacey, Field Soils 
Engineer, for work in connection with sampling 
and Buggestsions for the paper, and to W. J 
Arndt, Assistant Engineer of Matenals, for es
pecially valuable assistance in the full program 
of tnaxial testing and its application, and m 
the preparation of the paper 




