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PREFACE 

This is the first in a series of reports which will be written covering 

the findings of this research project. This report is intended to summarize 

the current status of knowledge concerning the indirect tensile test, to 

report the findings of a limited experimental evaluation of the test for the 

study of asphalt-stabilized and cement-treated materials, and to describe the 

equipment and testing technique developed from both the literature review and 

the experimental evaluation of the test. 

Future reports are planned which will be concerned with the tensile 

characteristics and behavior of asphalt-stabilized, cement-treated, and lime­

treated materials. Reports will be written on subjects such as (1) factors 

affecting the tensile characteristics and behavior of all three materials 

when subjected to static loads and dynamic repeated loads, (2) correlation of 

indirect tensile test parameters with parameters from standard Texas Highway 

Department Tests, and (3) performance criteria for stabilized materials. A 

final report is planned to summarize all phases of the project. 

January 2, 1968 
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w. Ronald Hudson 

Thomas W. Kennedy 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



ABSTRACT 

The importance of the tensile characteristics of the subbase of rigid 

pavements can be demonstrated both from theoretical considerations and from 

field observations. Information on the tensile behavior and properties of 

treated and untreated subbase material is limited primarily because of the 

lack of a satisfactory tensile test. On the basis of a literature review 

concerned with tensile testing it was concluded that of the currently avail­

able tensile tests the indirect tensile test has the greatest potential for 

the evaluation of the tensile properties of highway materials. 

Previous use of the test, unfortunately, has been for evaluating the 

tensile strength of portland cement concrete and mortar. A limited amount 

of work has been done on asphaltic concrete and lime-treated soil; however, 

almost no evaluation of the deformation characteristics has been attempted. 

Thus, it was felt that the indirect tensile test should be evaluated both 

theoretically and experimentally before it was used extensively for evaluating 

the strength and deformation characteristics of stabilized materials. 

This report discusses the types of tensile tests, the theory of the 

indirect tensile test, and factors affecting the indirect tensile test. In 

addition, the results of a limited testing program to evaluate and develop 

equipment and a testing technique for the indirect tensile test are discussed. 

Tentative recommendations are made to the Texas Highway Department with refer­

ence to the use of the indirect tensile test and to the technique and method 

of conducting the test. 

v 
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NOMENCLATURE 

Definition 

Diameter of a disk or indirect tensile test specimen 

Total load applied to disk or specimen 

Load per unit thickness = pIt 

Maximum total load applied to disk or specimen 

Radial distance from point of load application to any element 

Radius of a disk or indirect tensile test specimen 

Thickness of a disk or height of an indirect tensile test specimen 

2P 
max Indirect tensile strength = 

ntd 

Rectangular coordinate perpendicular to the direction of the applied 
load measured from the center of a disk or indirect tensile test 
specimen 

Rectangular coordinate parallel to the direction of the applied load 
measured from the center of a disk or indirect tensile test specimen 

Angle between the direction of the applied load and r 

Radial stress from the point of load application in the direction 
of r 

Indirect tensile stress 

Stress perpendicular to the direction of the applied load 

Stress in the direction of the applied load 

Normal stress on the horizontal diametral secti6n in the direction 
of the applied load 

Shearing stress with respect to rectangular coordinates 
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CHAPTER 1. A RATIONALE FOR THE STUDY OF TENSILE PROPERTIES 

The design and performance of subbases is a continuing concern of 

pavement designers. The basic pavement design methods involve either an 

analysis of a slab-on-foundation or an analysis of stresses in an elastic 

mass or layered system. The first method, which involves an analysis similar 

to that developed by Westergaard (Refs 1 and 2) or that of Hudson and Matlock 

(Refs 3 and 4), considers the subbase as a Winkler foundation consisting 

essentially of a bed of elastic springs. The second assumes that the base 

or subbase acts as an elastic layer perfectly bonded to the adjacent layers 

of pavement. Undoubtedly neither of these analytical techniques represents 

the real case exactly. These techniques, however, do indicate that tensile 

stresses are developed in each layer. 

Layered analyses predict large tensile stresses in the bottom of each 

layer directly under the load (Refs 5, 6, and 7). For example, tensile 

stresses of 50 to 150 psi are predicted in the bottom fibers of the subbase 

layer of a tw04ayered elastic system lying on an infinitely thick, medium 

soft subgrade (Ref 5, p 70). 

An analysis of the subbase of a rigid pavement cannot be made using 

Westergaard methods, but an approximate analysis can be made in two parts 

using the SLAB analysis techniques developed by Hudson and Matlock for the 

Texas Highway Department in Research project No. 3-5-63-56, "Development of 

Methods for Computer Simulation of Beam-Columns and Grid-Beam and Slab 

Systems" (Ref 3). Consideration of the 10-inch-thick slab-on-foundation 

in Fig 1 shows that the deflection patterns are obtained from the solution 

of the slab on a Winkler foundation. These deflection values can be multi­

plied by the slab support values to obtain load inputs for an analysis of 

the subbase layer. Assuming a 9-inch-thick subbase layer with a modulus 

of elasticity E of 1 X 105 psi, a Poisson's ratio of 0.15, and a subgrade 

support modulus beneath the subbase layer of 50 lbs per cubic inch, it is 

possible to calculate the deflections and stresses in the subbase layer. The 

resulting deflection pattern of the subbase layer is shown in Fig 2, and the 

1 
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Fig 1. Pavement slab subjected to lO-kip load at 
the edge with uniform subgrade support. 

o 

Fig 2. Deflection contours in the 
subbase layer (inches). 

Fig 3. Tensile stress contours in 
the subbase layer (psi). 



stresses in the bottom fibers of the subbase layer are shown in Fig 3. Note 

that the tensile stresses in the bottom fibers of the subbase layer range up 

to 7 psi. This is by no means an exact analysis of the problem but is 

intended to be indicative of the type of stress which can be present in 

stabilized subbases. For very accurate solutions an iterative process of 

matchin~ the deflections of the subbase to those of the slab at all points 

is essential. Such techniques are presently being studied in Research 

Project No. 3-5-63-56. 

The observation and analysis of data from various field sources also 

indicate the desirability of using stabilized materials for subbase layers. 

Good examples can be observed in the AASHO Road Test data (Ref 8). Although 

there were no stabilized subbases under the portland cement concrete pave­

ments, there was a variety of bases in the asphalt concrete studies. Some 

results of these studies are shown in Figs 4 and 5 and Table 1. In Fig 4 

note that the thickness of untreated base material required to maintain 

satisfactory performance for the life of the test was nearly three times as 

great as the required thickness of bituminous-treated materials, regardless 

of the load involved. Figure 5 shows the same general effect for l8-kip 

axle-loads regardless of the number of applications involved. The cement-

3 

treated sections performed much better than the crushed stone bases, but were 

less effective than the bituminous-treated sections. In all cases, the per­

formance of stabilized materials was significantly better than that of unsta­

bilized materials. As shown in Table 1, the crushed stone, which had only 

slight tensile strength, also performed better than the gravel alone, which 

had no tensile strength. An extensive study of these materials is planned 

for later stages of this project. 

The Road Test portland cement concrete pavements were designed with a 

so-called "nonpumping subbase," a well-graded sand-gravel with maximum-sized 

stone of 1-1/2 inches. The results of the Test show extensive pumping of 

this material (Figs 6 and 7). While there were no stabilized subbase mate­

rials with which to compare this gravel subbase, it seems highly desirable to 

evaluate the characteristics of better quality materials for use as subbases. 

Future field tests of the Road Test type should definitely include some sec­

tions of stabilized subbase. 

The Research and Development Laboratory of the Portland Cement Associa-

tion has long been interested in the effect of stabilized bases on performance 
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TABLE 1. THICKNESS OF BASE WHICH DID NOT CRACK UNDER THE 
SPECIFIED NUMBER OF APPLICATIONS OF LOAD (REF 8)* 

Single Axle Load Applied 
In Kips 

Base Type Number of Applications 12 18 22.4 30 

Gravel 500,000 9.3 in.** OT*** OT*** 
9.5 in.** OT*** OT*** 

1,114,000 OT*** OT*** OT*** 
OT*** OT*** OT*** 

Stone 500,000 7.7 in. 9.2 in. 11.0 in. 
7.7 in. 9.2 in. 11.0 in. 

1,114,000 11.4 in. 11.0 in. 11.0 in. 
l3.0 in. l3 .2 in. 11.2 in. 

Cement 500,000 6.2 in. 6.9 in. 9.1 in. 
6.3 in. 7.0 in. 9.1 in. 

1,114,000 7.8 in. 8.0 in. 9.5 in. 
7.5 in. 8.8 in. 10.2 in. 

Bituminous 500,000 2.4 in. 5.3 in. 6.7 in. 
2.6 in. 5.3 in. 6.7 in. 

1,114,000 2.6 in. 5.3 in. 7.6 in. 
2.8 in. 6.9 in. 8.0 in. 

*This data is taken from the AASHO Road Test, special base experiment reported 
in Ref 8, p 57. 

**Double values indicate that there were two sections tested. 
***Out of Test - Indicates that the section failed at a reduced number of 

applications. 



Fig 6. Typical quantities of granular subbase material 
(maximum size l~") pumping from beneath portland 
cement concrete panel at the AASHO Road Test. 

Fig 1. Subbase material ejected from beneath pavement 
at the AASHO Road Test after a heavy rain. 



of concrete pavement. In particular they have studied cement-treated bases. 

The results of these studies are well documented (Refs 9 and 10). In recent 

studies the tensile stresses in the subgrade were indicated to be well above 

the modulus of rupture of the cement-treated subbase. 

Documented observations of stabilized subbases under portland cement 

concrete pavements in Texas are sparse. In his paper at the Fortieth Annual 

Texas Highway Shortcourse, R. S. Williamson (Ref 11) reports on several cases 

of subbase pumping involving unstabilized gravel and lime-stabilized clay. 

In these cases the tensile strength or cohesion of the materials was inade­

quate to prevent pumping. No evidence of adverse performance, however, has 

been reported in Texas for pavements with high-quality stabilized subbase 

materials. 

Thus, experience from several sources indicates the benefits derived 

from the use of stabilized materials in pavement construction, yet little 

is known about the behavior and design of subbase materials. From such 

evidence it is logical to assume that the cohesive or tensile characteristics 

of the subbase significantly affect pavement performance. Unfortunately, 

little information is available on the tensile behavior and properties of 

treated and untreated subbase material. A primary reason has been the lack 

of a satisfactory tensile test. The purpose of this report is to evaluate 

tensile testing and to establish a tentative recommended tensile test and 

a testing procedure. 

7 
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CHAPTER 2. TYPES OF TENSILE TESTS FOR HIGHWAY MATERIALS 

Various tests and modifications have been developed and used for 

evaluating the tensile characteristics of highway materials. These tests can 

be classified as (1) direct tensile tests, (2) bending tests, or (3) indirect 

tensile tests. (Each of these tests is discussed and analyzed in this report.) 

DIRECT TENSILE TEST 

The direct tensile test is simple in theory and principle. It consists 

of applying an axial tensile force directly to a specimen and measuring the 

stress-strain characteristics of the material. 

The primary variations in the test are in the size and shape of the 

specimen and the methods of gripping the tensile specimen. A few of the 

possible specimen shapes used are shown in Fig 8. Another modification 

invo1ve~ the orientation of the specimen. Messina (Ref 12) and others in 

studies of asphaltic concrete have conducted direct tensile tests by applying 

the load through semicircular loading heads which were cemented to the periph­

ery of a cylindrical specimen (Fig 9). This testing technique was chosen in an 

attempt to reduce the effect of the planes of weakness produced by compaction 

in layers and because it seems to offer a convenient method of attaching grips 

to the specimen. 

Although such tests seem simple, serious difficulties have been encoun­

tered in practical applications. The major problems have included the addi­

tion of bending stresses due to alignment problems and the gripping of the 

specimen. 

In analyzing the test is is assumed that only pure tension is applied to 

the specimen. Any eccentricity or misalignment of the applied load will result 

in bending stresses which introduce errors in the test results. Although this 

problem is more serious in brittle materials than in ductile materials, which 

can relieve these bending stresses by plastic flow, it nevertheless has been 

found that the application of a pure tensile force is a difficult and time-con­

suming task. 

9 



(a) Briquet (square cross 
section at middle). 

(b) Bobbin (circular section). (c) Cylinder or prism 
with embedded studs. 

Fig 8. Different types of tensile specimens (Ref 14). 
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Fig 9. Diametrical direct tensile test (Ref 12). 
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The second major source of difficulty is associated with the method of 

gripping the tensile specimen. Mitchell (Ref 13) reports that photoelastic 

studies show large stress concentrations at the loading grips on a figure-eight 

briquet. Various shapes and methods of gripping the specimen have been used 

in an attempt to alleviate this problem of secondary stress, and the use of 

epoxy for attaching the loading head to the specimen has probably reduced the 

problem. It should be noted, however, that the fabrication of these specimens 

is complicated and requires great care. This test is probably not applicable 

to brittle materials or to materials containing large aggregate sizes. Brittle 

materials cannot relieve stress concentrations and large aggregate particles 

make it difficult to produce specimens free of surface irregularities. 

Another problem associated with the test concerns the evaluation of the 

test results. Engineers normally assume that the stress is distributed uni­

formly across the cross section, but Mitchell (Ref 13) reports that the maximum 

stress on the central cross section of a figure-eight briquet is about 1.75 

times the average stress. In view of these difficulties and uncertainties it 

is felt that the direct tensile test has limited application and that test 

results obtained by this method are questionable. 

BENDING TESTS 

The second category of tensile tests, bending tests, involves the applica­

tion of a bending load to a beam specimen. This test is considerably simpler 

to conduct than the direct tensile test and requires less care in the prepara­

tion of the specimens. It is favored by many engineers because the loading con­

ditions are similar to the field loading condition of pavement materials. Basi­

cally this test involves two types of loading conditions. The common flexure 

test is conducted by applying a load to a simply-supported beam (Fig 10), while 

the cohesiometer test involves the application of a bending moment to a speci­

men through a cantilever arm (Fig 11). 

There are two standard methods for applying load to a simply-supported 

beam. The load may be applied as two equal, concentrated loads at the third 

points (Ref 14) of the beam or as a single concentrated load at the midpoint 

(Ref 15) of the beam (Fig 10). The strength parameter is normally expressed 

by the modulus of rupture or by relating the modulus of rupture to the tensile 

strength. 
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Fig 10. Loading conditions for determination of modulus of rupture. 

Specimen 

Cantilever Arm p 

Fig 11. Cohesiometer test. 

13 



14 

The modulus of rupture is calculated by the standard flexure formula 

using the dimensions of the beam and the applied bending moment at the point 

at which the beam fails. This formula, however, assumes that stress is 

proportional to the distance from the neutral axis which in turn is dependent 

on a linear stress-strain relationship for the material tested. Such a rela­

tionship does not exist for most materials. More important is the fact that 

even in the more elastic materials this assumption is seriously in error at 

failure conditions. The net effect usually produces a modulus of rupture 

which is much higher than the actual failure stress. Grieb and Werner (Ref 16) 

and Thaulow (Ref 17) estimate that for concrete the modulus of rupture is equal 

to or greater than two times the tensile strength. One method of utilizing 

the modulus of rupture is to consider it to be an index of tensile strength. 

A second method is to establish a relationship between the modulus of rupture 

and the tensile strength. According to Mitchell (Ref 13) the latter approach 

has not been too satisfactory since the relationship has generally been assumed 

to be linear when in reality it appears to be curvilinear. 

The cohesiometer test was developed by the California Highway Department 

as a means of evaluating the cohesive resistance or tensile characteristics of 

highway materials. The test consists of clamping a sample in the testing 

device directly over a hinge (Fig 11). One end of the specimen is held fixed 

and the other is loaded through a cantilever arm, producing failure. The load 

required to cause failure is used to calculate the cohesiometer value (grams 

per inch of width corrected to a 3-inch height). This value is empirical and 

has no theoretical counterpart. 

Unfortunately, there appears to be a lack of information concerning the 

initial theory of the cohesiometer test (Ref 18). Basically, however, the 

specimen is required to supply an internal moment to resist the applied moment. 

This internal resisting moment is dependent on the tensile stress developed in 

the specimen. 

The major criticisms of both types of bending tests concern the nonuniform 

and undefined stress distribution which exists across the specimen and the fact 

that the maximum tensile stress occurs at the outer surface. This latter condi­

tion accentuates the effect of surface irregularities and may result in low 

indicated values of tensile strength. 
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INDIRECT TENSILE TEST 

The indirect tensile test was developed simultaneously but independently 

by Carneiro and Barcellos (Ref 19) in Brazil and Akazawa (Ref 20) in Japan 

The test involves loading a cylindrical specimen with compressive loads dis­

tributed along two opposite generators (Fig 12). This condition results in 

a relatively uniform tensile stress perpendicular to and along the diametral 

plane containing the applied load. The failure usually occurs by splitting 

along this loaded plane. 

Previous use of this test has generally been on concrete or mortar speci­

mens; however, Thompson (Ref 21) found the test to be satisfactory for the 

evaluation of the tensile characteristics of lime-soil mixtures while Messina 

(Ref 12) and Breen and Stephens (Refs 22 and 23) used the test for the study 

of asphaltic concrete. In addition, Livneh and Shklarsky (Ref 24) used the 

test in the evaluation of anisotropic cohesion of asphaltic concrete. From a 

review of the literature concerned with the evaluation and use of the indirect 

tensile test a number of advantages and one major disadvantage were found. 

The main disadvantage is the fact that the loading conditions of the test do 

not resemble those in the field. The six major advantages attributed to the 

test are that 

(1) It is relatively simple. 

(2) The type of specimen and equipment are the same as that used for 
compression testing. 

(3) Failure is not seriously affected by surface conditions. 

(4) Failure is initiated in a region of relatively uniform tensile 
stress. 

(5). The coefficient of variation of the test results i~ low. 

(6) Mohr's theory is a satisfactory means of expressing failure condi­
tions for brittle crystalline materials such as concrete (Ref 13). 

CHOICE OF TEST 

On the basis of the literature review concerned with tensile testing it 

was concluded that of the currently available tensile tests the indirect ten­

sile test has the greatest potential for the evaluation of the tensile proper­

ties of highway materials. As previously noted the only major disadvantage 

attributed to the test concerns its failure to duplicate field loading condi­

tions. While such a loading condition may be desirable, its lack is not 
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Fig 12. The indirect tensile test. 
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decisive and is more than offset by the many apparent advantages of the test. 

A secondary disadvantage of the test is that the theory is more complex than 

for direct tensile and bending tests. Once again the many advantages of the 

test seem to more than offset the increased complexity of the theory upon 

which the test is based. Thus, the indirect tensile test has been given prior­

ity for use in this project in evaluating the tensile properties of stabilized 

highway materials. Also, it is recommended that other agencies consider this 

test as a means of investigating and evaluating highway materials. 
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CHAPTER 3. THEORY OF INDIRECT TENSILE TEST 

According to Thaulow (Ref 17) the theory for the stress distribution for 

the indirect tensile test was first developed by Hertz (Ref 25). Later A. 

Foppl and L. Foppl (Ref 26), Timoshenko and Goodier (Refs 27 and 28), Frocht 

(Ref 29) and Peltier (Ref 30) considered the theory. 

TIMOSHENKO'S DEVELOPMENT 

Timoshenko and Goodier (Ref 27) consider the case of a concentrated force 

p at a point A on a line along a straight boundary of an infinitely large 

plate (Fig 13). The load is assumed to be distributed uniformly over a unit 

thickness so that p' is the load per unit thickness. This loading condition 

results in a simple radial distribution of stress so that any element C at 

a distance r from the point of load application is subjected to compression 

in the radial direction. The magnitude of this radial stress is 

(J 
r 

= 
_2p' cose 

nr 

where e is the angle between the direction of the applied load and a line 

from the point of load application to the element C, AC. 

(1) 

Timoshenko and Goodier (Ref 28) then extend this concept by considering 

two equal and opposite forces of magnitude p' to act along the vertical diam­

eter AB of a circular disk as shown in Fig 14. Assuming each of these 

forces produces a simple radial stress distribution, it can be seen that any 

point M on the circumference is subjected to compressive stresses acting in 

the directions of rand r
1 

. Since rand r
1 

are perpendicular to each 

other it can be shown that these two stresses are principal stresses of magni-
2p' 

tude nd This is equivalent to a hydrostatic stress condition. Since for 

a disk the surrounding material has been removed, a normal compressive stress 
2p' 

of magnitude nd must be applied to the circumference of the disk in order to 

maintain the assumed pair of radial stresses. In reality the boundary of the 

disk is free from external stresses; therefore, the stress at any point in 

19 
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p' 

tT =-2P' cosB 
r ." r 

Fig 13. Concentrated force at a point of a 
straight boundary (Ref 27). 
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Fig 14. Stresses in a circular disk (Ref 28). 
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the disk can be obtained by superposing on the system a uniform tensile stress 
2p' 

of magnitude red' 

Considering the stress on the horizontal diametral section at N, Fig 14, 

it is concluded from symmetry that there are no shearing stresses on this plane. 

The normal stress a produced by the two equal radial compressive stresses yn 
may be determined from a Mohr's circle analysis as twice the normal stress 

produced by one load pi or 

a = yn 
(2) 

in which r is the distance AN and 82 is the angle between AN and the 

vertical diameter. Superposing a uniform tensile stress 
2p' 

yields the fol-
red 

lowing relationship 

a y = 

for the normal stress on the horizontal plane at N : 

With regard to the distribution of ax along the horizontal diametral 

section it can similarly be shown that 

= 2P/[~ - 4xZ"1 
red tf?- + 4x2 J 

FROCHT'S DEVELOPMENT 

The above relationships are based on theory of elasticity and describe 

(3) 

(4) 

the stress distributions in the x and y-directions along the horizontal 

diameter of the specimen. Usually, however, the theory of the indirect ten­

sile test is developed from Frocht's equations for stresses at a point (Ref 29). 

A brief discussion of this development is included for comparison. Frocht's 

equations in terms of the rectangular coordinates shown in Fig 15 are 

:: -2P [{R - :i2x2 + {R + :i2x2 ~J a ret r 4 r4 x 1 2 
(5) 

:: .:ll. [{R - :it + ~R + :it ~J a r4 r 4 y ret 1 :a 
(6) 
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Fig 15. Coordinate system and Frocht's equations 
for stresses at a point (Ref 29). 
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where 

and 

'f xy = 

t = thickness of the disk 

P = total load applied to the disk or specimen. 

(7) 

For the special case of the horizontal diametral plane of the cylinder, 
~ 

where y = 0 and r 1 = r2 = (~ + If)2 , the above equations reduce to 

2p [cf - 4~J 
0- = 1!td (f + 4;e x (8) 

-2p [ 4if3 l 
0- = 1!td «f + 4; )2 lJ y (9) 

'f = o . 
xy (10) 

For the special case of the vertical diametral plane through the cylinder, 

where x = 0 r1 = R - Y , and r2 = R + r , the above equations reduce to 

2p 
Constant 0- = = 

x 1!td (11) 

-2p [ 2 + 2 -~J 0- = 
y 1!t d 2y d + 2y (12) 

'f = o . 
xy (13) 

The distributions of these stresses are shown in Fig 16 for the horizontal 

diameter and Fig 17 for the vertical diameter. The vertical stress along 

the horizontal diameter is compressi and the magnitude varies from a maximum 

of 6P 
1!td 

at the center to zero at the circumference. The horizontal stress 

along the horizontal diameter is tensile with the magnitude varying from a 

maximum of 2P at the center to zero at the circumference. The horizontal 
1!td 

0-
X 
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Fig 16. Stress distributions on x-axis. 
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Fig 17. Stress distributions on y-axis. 
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stress 0 
2P x 

along the vertical diameter is a constant tensile stress of magni-

tude while the vertical stress 0 
y 

is compressive and varies from a 
ntd 6P 

minimum of 
ntd 

at the center to a maximum of infinity at the circumference 

beneath the loads. 

Under conditions of a line load, the specimen would be expected to fail 

near the load points due to compressive stresses and not in the center portion 

of the specimen due to tensile stress. It has been shown, however, that these 

compressive stresses are greatly reduced by distributing the load through a 

loading strip. In addition, the horizontal tensile stress along the vertical 

diameter changes from tension to compression near the points of load applica­

tion. These changes are considered in some detail in the following section. 

DEVIATION OF TEST FROM IDEAL CONDITIONS 

The development described above is an exact solution for the idealized 

case considered. In reality the actual test deviates from the assumed ideal 

condition. The following deviations should be considered: 

Heterogeneous Nature of Material Tested 

The theory on which this test is based assumed a homogeneous material. 

Stabilized materials are normally heterogeneous not homogeneous; nevertheless, 

the greatest application of the test has been with concrete which is also very 

heterogeneous. In addition, Messina (Ref 12) and Livneh and Shklarsky 

(Ref 24) used the test for the evaluation of asphaltic concrete, a nonhomo­

geneous material, and Thompson (Ref 21) evaluated lime-soil mixtures with the 

indrect tensile test. In all of these cases the test was found to be satis­

factory although undoubtedly errors were introduced by the heterogeneous nature 

of the tested materials. With regard to this problem, Wright (Ref 31) con­

cluded that although the effect on the general stress distribution cannot be 

determined it is probably small enough to permit the use of the test. 

Distribution of Applied Load 

The theory of the test assumes a point load on a thin disk which corre­

sponds to line loading along a generator of the cylinder. Actually the load 

is distributed over an area with an appreciable width because of the practice 

of applying the load through a loading strip. 
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Rudnick et a1 (Ref 32) investigated the effects of a load strip on stress 

distribution through the use of photoe1asticity. From this investigation they 

concluded that the magnitude of the vertical compressive stresses was signifi­

cantly reduced and that the magnitude of the horizontal stress was virtually 

unaffected near the center of the specimen but was changed to compression near 

the edges. Rudnick et a1 also report that Peltier (Ref 30) calculated the 

stress distribution in an indirect tensile test specimen for various assumed 

pressure distributions. His results indicated that the tensile stresses can 

be held uniform over a reasonable portion of the loaded diameter if the width 

of the bearing area is less than one-fifth the specimen diameter. Wright 

(Ref 31) also conducted a theoretical evaluation of the effect of loading 

strip width on the horizontal stress distribution along the vertical axis. 

The resulting stress distribution is shown in Fig 18. 

Wright's stress distribution is dependent both on the characteristics of 

the material tested and the characteristics of the loading strip. Mitchell 

(Ref 13) states that theoretical considerations indicate that both the best 

type of material and best size of strip will vary as the ratio a fa varies 
t c 

and will depend on the shape of the Mohr failure envelope. Rudnick et a1 

(Ref 32) noted that the length along the loaded diameter over which the hori­

zontal tensile stresses are essentially constant and the magnitude of the 

stress values outside this constant region are both functions of the mechan­

ical properties of the specimen and the loading strips. If, for example, both 

the specimen and loading strips have high elastic moduli, the horizontal ten­

sile stress will be constant over a large portion of the loaded diameter but 

the maximum compressive and shear stresses will be very large and failure may 

occur in compression or shear. If, however, the loading strip is very soft and 

the load is applied over too great an area, the horizontal stresses in the 

center portion of the specimen will be affected. 

A number of investigations have indicated that a semisoft material is 

desirable as a loading strip. Rudnick et a1 (Ref 32) recommend that the load­

ing strip should be soft enough to allow distribution of the load over a 

reasonable area and yet narrow enough to prevent the contact area from becoming 

excessive. The basic requirement or criterion for selection of the loading 

strip is that it produce tensile rather than compressive or shear failures. 
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Fig 18. Horizontal stress distributions on the y-axis for 
loading strip width equal to d/12 (Ref 30). 
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Deviation from Hooke's Law 

It is assumed in the theoretical considerations of the test that strain 

is proportional to stress. This does not hold in the case of concrete, asphal­

tic concrete, and stabilized materials. Probably the worst case occurs with 

bituminous materials. In all of these materials the modulus of elasticity or 

deformation tends to decrease with increased stress. 

Both Wright (Ref 31) and Mitchell (Ref 13) state that a nonlinear stress­

strain relationship tends to relieve the more highly stressed parts of the 

specimen. This would tend to increase the load required to cause failure in 

the specimen and to give higher strength values. Nevertheless, there is no 

apparent reason to question seriously the results obtained from indirect ten­

sile testing of nonlinear stress-strain materials provided the specimen fails 

in tension. 

It is also reasonable to conclude that the test is more applicable to 

brittle materials and that some consideration and test evaluation would be 

desirable for materials such as asphaltic concrete and bituminous stabilized 

materials before the test can confidently be used for the evaluation of these 

materials. 

MODES OF FAILURE 

It has previously been noted that a basic requirement of the test is that 

the specimen fail in tension. Several modes of failure have been observed and 

it is important to distinguish between them. 

Compression failures might be expected to occur immediately beneath the 

loads and would appear as localized crushing. This crushing is generally not 

serious and serves only to increase the area over which the load is applied. 

Ultimate failure still may occur in either tension or shear. 

Rudnick et a1 (Ref 32) found that the maximum shear stresses occur beneath 

the surface with the exact location and magnitude of these stresses depending 

upon the distribution of the applied loads. As shown in the theoretical devel­

opment for the test, there are no shear stresses acting on the vertical and 

horizontal diameters. Thus, the vertical and horizontal stresses are principal 

stresses with the maximum shear stresses acting on a plane at 45 degrees to the 

vertical. It could, therefore, be expected that a shear failure would inter­

sect the loaded diameter. 
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The desired tension failure is caused by the tensile st~ess acting perpen­

dicular to the loaded diameter. A number of acceptable tensile failure patterns 

are shown in Fig 19. Mitchell (Ref 13) attributed most of these variations to 

the characteristics of the loading strip. 

Localized crushing with ultimate failure in tension is illustrated in 

Fig 19b. Mitchell observed this type of failure when no loading strip or a 

very narrow loading strip was used for testing concrete. The double cleft 

failure (Fig 19c) was caused by the use of a very large plate which resulted 

in shearing stresses. Nevertheless, the specimen ultimately still failed in 

tension. The single cleft failure (Fig 19d) observed by Mitchell always 

occurred on the bottom side of the cylinder which was the side loaded with 

the moving head of the machine. All failures of this type occurred with 

narrow plates, no plates, or rigid plates of masonite. 

The triple cleft failure (Fig 1ge) was first observed by Mitchell while 

testing Keene's cement cylinders. This type of failure was ascribed to shear­

ing stresses. Rudnick et al (Ref 32), however, analyzed this type of failure 

and concluded that fracture was initiated along the loaded diameter. The load 

causing this failure was the highest obtained during the test, and the outer 

fractures occurred subsequent to the central fracture. Thus, it was concluded 

that this type of failure can be used to determine tensile strength. 
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(a) Ideal failure. (b) Localized crushing 
failure. 

(c) Double cleft 
failure. 

(d) Single cleft 
failure. 

(e) Triple cleft 
failure. 

Fig 19. Previously observed tensile failures (Refs 13 and 32). 
Causes: (a) ideal strip, (b) no strip, narrow strip, 
(c) very wide strip, (d) no strip, narrow strip, rigid 
strip - occurs on the side of the moving platen. 



CHAPTER 4. FACTORS AFFECTING THE INDIRECT TENSILE TEST 

Some of the characteristics of the indirect tensile test and the materials 

tested which may affect the test results are: 

(1) load-deformation characteristics of the material tested, 

(2) size and dimensions of the specimen, 

(3) composition and dimensions of the loading strip, 

(4) rate of loading, and 

(5) testing temperature. 

Characteristics and properties of the test material are not considered 

in the theoretical development of the test, except in the form of a tensile 

strength which limits the ultimate applied load. Various investigators (Refs 

33 and 34) have noted that such parameters as the modulus of elasticity and 

Poisson's ratio do influence the specimen during testing. Bawa (Ref 34) con-
2Pmax 

cluded that it was inadvisable to use the simple formula S = for cal-T ~td 

culating the real tensile strength since the multiaxial state of stress requires 

consideration of Poisson's ratio and since there is considerable evidence that 

the failure of concrete depends on strain as well as stress. To date little 

work has been done toward evaluating the effect of such parameters as the mod­

ulus of elasticity and Poisson's ratio. Although some error is undoubtedly 

introduced into the results, the effect is apparently small enough to allow 

the test to be applied to a variety of materials, and there does not appear 

to be any evidence to indicate that the simple formula shown above introduces 

a significant error. An indirect method of considering the characteristics of 

the tested material is to evaluate possible factors affecting the test by test­

ing different types of material. 

Unfortunately, most of the work involving the indirect tensile test has 

been concerned with the determination of the tensile strength of concrete and 

mortar. Exceptions to this are the work conducted by Thompson (Ref 21) on 

lime-soil mixtures and the work conducted by Messina (Ref 12), Breen and Stephens 

(Refs 22 and 23), and Livneh and Shklarsky (Ref 24) on asphaltic concrete. Pre­

vious findings concerning the factors listed above are presented and summarized 

below 

33 
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SIZE AND DIMENSIONS OF THE SPECIMEN 

Rudnick et al (Ref 32) discussed size effects in terms of statistical 

concepts. They postulated that in brittle materials flaws exist which are 

randomly distributed throughout the volume and that fracture occurs when the 

applied stress reaches a critical value at a flaw which is properly positioned 

to initiate a crack. Thus it might be expected that larger specimens would 

exhibit lower strengths and more uniform results since a larger amount of 

material is being stressed. Experimental studies (Refs 19, 20, and 31) have 

substantiated this by showing that an increase in the overall size of concrete 

specimens causes a reduction in the average tensile strength and a reduction 

in dispersion of the individual test results. 

Another aspect of the test concerning the dimensions of the specimen is 

the ratio of the length to the diameter. According to the theory of the test 

the length-diameter ratio of the specimen should have no effect since the theory 

is independent of thickness. Studies by Grieb and Werner (Ref 16) and· Messina 

(Ref 12), conducted to substantiate this fact, have generally shown no ~ffect 

from changes in the length-diameter ratio. Rudnick et al (Ref 32) investiga.ted 

photoelastically the stress distributions at the ends of both long cylinders and 

thin disks. These specimens were 1 inch in diameter and either I-inch or 1/8-

inch long. The experiments indicated no detectable difference between stresses 

developed in the end of a l-inch-thick cylinder and the stresses developed in 

a l/8-inch-thick disk at comparable applied loads. Thaulow (Ref 17) adds addi­

tional support by reporting that tests made in Denmark (Ref 35) and Norway 

(Ref 36) indicated that the indirect tensile strength is largely independent 

of the length and diameter of the specimen. 

From the above findings it was concluded that the dimensions of the speci­

men produce no Significant effects. It is apparent, however, that large 

specimens provide more uniform test results, and thus are more desirable. 

COMPOSITION AND DIMENSIONS OF THE LOADING STRIP 

The indirect tensile test is based on the state of stress which develops 

from an idealized line load. In reality such a loading condition cannot occur. 

In addition, it is probably beneficial to apply a distributed load since it 

(1) reduces the magnitude of the maximum compressive and shear stresses and 

(2) causes the stresses acting perpendicular to the loaded diameter to change 
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from tension to compression at the edges, thus minimizing the effect of surface 

irregularities in the specimen. In general, the purposes of applying the load 

through some type of loading strip are (1) to distribute the load uniformly over 

an appreciable width and (2) to distribute the load by reducing the effects of 

irregularities in the surface of the test specimen. 

Although it is apparently advantageous to apply load through a loading 

strip, studies have indicated that the type of material, shape, and dimensions 

of the loading strip may have a definite effect on the stress distribution, 

type of failure, and test results. It is also possible that the desirable 

characteristics of the loading strip will vary with the type of material being 

investigated. 

Characteristics and properties of the loading strip have received consid­

erable attention. Mitchell (Ref 13) conducted tests on high-strength concrete 

cylinders with strain gages mounted on their faces. In the first test, with 

cardboard load strips, the strain increased constantly up to the failure load. 

In the second test, using masonite strips, the strain increased constantly 

and, for the same load, the strains were similar to the first test. At the 

failure strain of the first test, however, there was a strain reversal in the 

specimen tested with masonite and the specimen failed from the bottom. Final 

failure was similar to that observed with narrow strips and resembled a single­

cleft failure (Fig 19c). The author concluded that masonite strips do not pro­

vide good bearing over the entire width of the strip. Wright (Ref 31) con­

ducted tests on concrete cylinders using wood, steel, and rubber loading strips. 

He found that the strength results did not differ significantly for wood and 

rubber strips of the same size but that steel strips resulted in lower and less 

uniform results. In this case he adopted plywood for use as a loading strip 

since it was easier to use than rubber. Grieb and Werner (Ref 16) conducted a 

limited series of tests on concrete using plywood and neat Lumnite cement load­

ing strips. No appreciable differences in strength were noted for these two 

materials. Addinall and Hackett (Ref 37) studied the effect of platen condi­

tions on the strength results for high-strength autoclaved plaster using platen 

materials ranging from steel to hard rubber. Unlike other studies it was con­

cluded that softer loading strips produce higher strengths and higher disper­

sion values. The lowest value of dispersion was found to occur when no loading 

strip was used with the load being applied through the steel platens. No 

explanation of the difference between these results and Wright's results 
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was offered. It was also found photoe1astica11y that this system of loading 

produces a stress distribution closely resembling the theoretical distribution 

for line contact. Simon and Aust (Ref 38) and Ramesh and Chopra (Ref 33) used 

wooden strips for extensive testing while Igba1 Ali et a1 (Ref 39) used rawhide 

loading strips. Messina (Ref 12) in the indirect tensile test evaluation of 

asphaltic concrete used aluminum loading strips with concave faces. 

Considerable attention has also been devoted to the determination of the 

best loading-strip dimensions. Wright (Ref 31) conducted a limited study con­

cerning the effect of strip width and thickness on the indirect tensile results 

for concrete. It was found that varying the width of plywood strips (1/2 X 1/8 

inch; 1 X 1/8 inch) did not have a significant effect on the observed results. 

Increasing the thickness from 1/8 inch to 1/4 inch reduced the observed strength. 

His calculations indicated that it was unlikely this effect was due to random 

error, but no reasons for the observed behavior were suggested. Mitchell 

(Ref 13) conducted a study on high-strength concrete using cardboard strips 

ranging in width from 3/4 inch to 2 inches. The test results indicated that 

the strip width did not seriously affect the strength of the specimens but did 

affect the rupture characteristics. He found that wide strips usually resulted 

in cleaner breaks. Narrow strips resulted in shattering, while wide strips 

caused double-cleft failures with large pieces which, in some cases, had not 

split completely to the central fracture. 

Although the findings cited above do not show conclusive evidence of the 

best type of material and dimensions for loading strips, ASTM has adopted a 

tentative standard for the determination of the indirect tensile strength of 

concrete (Ref 40). This standard recommends as a loading strip the use of 

nominal 1/8-inch-thick plywood with a width of approximately one inch. 

From an evaluation of these works it would appear that there is no defi­

nitely accepted knowledge concerning the desirable composition and width of 

the loading strip. Particularly, there is little information resulting from 

the testing of stabilized materials and no information involving deformation 

measurements. Therefore, additional study concerning the desirable character­

istics and properties of loading strips seems desirable, especially for sta­

bilized materials. 

RATE OF LOADING AND TESTING TEMPERATURE 

Information concerning the effect of testing temperature and loading rate 
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on indirect tensile test parameters is limited. Mitchell (Ref 13) conducted 

tests on high-strength concrete and reported that increased speed of testing 

resulted in higher observed indirect-tensile strengths. 

Messina (Ref 12) conducted a limited study of the effect of testing tem­

perature on the indirect tensile strength of asphaltic concrete. This investi­

gation showed that strength was increased by a factor of about 2.5 for a 

decrease of testing temperature from 77°F to 50°F. Breen and Stephens (Refs 

22 and 23) conducted a more extensive study of the effects of temperature on 

indirect tensile test parameters. Based on their tests it was concluded that 

as the temperature decreases asphaltic concrete becomes more brittle and the 

load at fracture increases slowly. For a decrease in temperature from 4ifF 

to OOF the tensile strength increased by 20 to 25 percent. It was also con­

cluded that both the ultimate deflection and the work required to fracture the 

specimen decrease with a decrease in temperature. 

More important than the change in strength associated with increased load­

ing rates and decreased temperature is the change in the character of the 

stress-strain relationship exhibited by the material being tested. Both a 

decreased testing temperature and an increased loading rate tend to produce 

more brittle behavior and a more linear stress-strain relationship which is 

advantageous according to test theory. 
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CHAPTER 5. EXPERTI1ENTAL EVALUATION AND DEVELOPMENT 
OF THE INDIRECT TENSILE TEST 

On the basis of previous work the indirect tensile test seems to be the 

best test currently available for determining the tensile properties of 

stabilized materials. The test has many practical advantages such as 

(1) The coefficient of variation of the test results is low. 

(2) Failure is not seriously affected by surface irregularities in the 
specimen. 

(3) Failure is initiated in a region of relatively uniform tensile stress. 

Its major disadvantages are the complexity of the theory and the fact that the 

loading conditions do not resemble field loading conditions. 

Previous evaluation, both theoretical and experimental, has established 

the influence of certain factors which can affect test results. It has been 

shown that the 1ength-to-diameter ratio of the specimen tested has little 

effect on the resulting strength parameter, and it has been shown that an in­

crease in the overall specimen size results in more uniform strength data, but 

slightly reduced average strength values. 

It has also been established that the composition and dimensions of the 

loading strips affect strength results and type of failure. However, previous 

tests do not indicate the best type of material and dimensions of the loading 

strips. In addition, there is little information on the effects of testing 

temperature and loading rate. 

Unfortunately, most of the experimental evaluation of the indirect tensile 

test has' been conducted on concrete and has not included deformation measure­

ments. This fact, along with the lack of conclusive evidence concerning the 

most desirable composition and width of the loading strips and the lack of 

temperature and loading rate information, makes it important to evaluate the 

indirect tensile test using materials other than concrete and to include defor­

mation measurements. The findings of such an evaluation along with previously 

reported findings will aid in establishing standard test procedures for future 

studies. 
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The objectives of this initial phase of investigation were to develop 

equipment and a technique for conducting the indirect tensile test and, as a 

part of this development, to evaluate the effect of (1) composition of loading 

strip, (2) width of loading strip, (3) testing temperature, and (4) loading 

rate on several test parameters including the indirect tensile strength, verti­

cal failure deformation, and a load-vertical deformation modulus. 

EQUIPMENT 

Equipment and facilities used in the evaluation of factors affecting the 

indirect tensile test were developed during the process of testing. A total 

of six additional series of tests were conducted for the purpose of evaluating 

the effect of such factors as composition and width of loading strip. During 

these experimental programs many difficulties and problems occurred. In order 

to eliminate these difficulties or to reduce or control the magnitude of their 

effect, it was necessary to modify the existing equipment and facilities or, 

in some cases, to develop new facilities. Because of these difficulties and 

the changes in equipment and measuring techniques, the data from these various 

experimental programs have not been included in this report. 

The basic testing equipment is shown in Fig 20 and consists of an adjust­

able loading frame, a closed-loop electrohydraulic loading system, and a 

loading head. The loading device is a modified, commercially available shoe­

die with upper and lower platens constrained to remain parallel during tests. 

Other loading heads were considered, including one which allowed the upper 

platen to rotate about an axis perpendicular to the longitudinal axis of the 

specimen. This would allow the platens to be in nominal contact along the 

length of a specimen which is not of uniform diameter. However, the specimen 

would have to have a constant change of diameter per unit length of specimen 

in order for uniform contact to be achieved, and specimens could fail at one 

end if there were a strength differential in the specimen. Such a device 

would be undesirable for routine testing, and it was felt that non-rotating 

platens would provide a better measure of the average strength of the specimen. 

Thus, a loading device with rigid parallel platens (Fig 21) was chosen. 

Another piece of equipment, a device for measuring the transverse strain 

in a specimen, has also been developed for use. This apparatus was needed to 

obtain a measure of specimen deformation in the direction of the tensile 

stresses causing failure. These deformations along with the tensile stresses 
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Fig 20. Basic indirect tensile testing equipment. 
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Fig 21. Loading head with rigid parallel platens. 
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can be used to obtain an estimate of the indirect tensile modulus of 

deformation. The measuring device consists of two cantilevered arms with 

attached strain gages and is shown in Fig 22. Movements or deflections of 

the arms at the points of contact with the specimen have been calibrated with 

the output from the strain gages. Vertical deformations are measured by a 

DC linear-variable-differential transformer which also is used to control the 

rate of load application by providing an electrical signal related to the 

relative movements of the upper and lower platens. All measurements are 

recorded on two X-Y plotters. 

EXPERIMENTAL PROGRAM 

The primary objective of the experimental program was to evaluate the 

effects produced by the composition of the loading strip, width of loading 

strip, testing temperature, and loading rate. After evaluation of test find­

ings a decision was made for tentatively standardizing the indirect tensile 

test for future testing. The primary statistical parameters for the evalua­

tion were the standard deviation and the coefficient of variation used as 

measures of dispersion; however, mean values are included for comparison. 

Three test series were conducted which included samples of asphaltic 

concrete and cement-treat gravel. The asphaltic concrete consisted of 

cr.ashed limestone and 5.3 percent AC-lO; the cement-treated gravel was a 

rounded gravel obtained near Seguin, Texas, treated with 6 percent type I 

portland cement. All specimens were 4.0 inches in diameter with a nominal 

height of 2.0 inches and were compacted using the Texas automatic gyratory 

shear compactor. Details concerned with the mix design, sample preparation, 

and curing of the asphaltic concrete and cement-treated gravel are included 

in Appendices A and B, respectively. 

In these preliminary tests the following parameters were defined and 

evaluated: 

(1) Indirect Tensile Strength, = 
2P 

max 
rrtd 

where P = maximum total load, lbs; max 

t 

d 

= 

= 
average height of specimen, inches; 

nominal diameter of specimen, inches. 

(2) Vertical Failure Deformation - Vertical deformation of the specimen 

in inches at maximum load including the deformation in the loading 
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To Readout EQuipment 

Fig 22. Lateral-strain measuring device. 



strip*. This deformation was assumed to be equal to the movement 

of the upper platen from the point of initial load application to 

the point of maximum load as measured by the DCDT and recorded on 

the load-vertical deformation plot. 

45 

(3) Tangent Modulus of Vertical Deformation - Slope of the load-verti­

cal deformation relationship prior to failure as defined by a 

regression analysis. Approximately ten points between the points 

of initial load and maximum load were obtained from the load-verti-

cal deformation relationship and analyzed by the method of least 

squares to obtain the best estimate of the slope of a straight line 

through the points. Corrections were made for deformations in the 

neoprene strips prior to the regression analysis. 

Evaluation of Composition and Width of Loading. Strip 

The first phase of testing was concerned with the evaluation of the type 

of material used for the loading strip and the width of the loading strip. 

Initially, plywood loading strips were considered and were used in testing 

because of previous recommendations. These previous studies, however, did 

not involve deformation measurements. Since the measured vertical deforma-

tion included the deformation of the loading strip and since plywood strips 

deform appreciably, it was necessary to subtract the loading-strip deformation 

from the measured deformation in order to obtain an estimate of the vertical 

deformation of the specimen. Such corrections were difficult and probably 

erroneous due to the fact that (1) wood is heterogeneous and variable, (2) 

wood deforms appreciably at higher stresses, and (3) wood does not exhibit a 

linear stress-strain relationship. For these reasons wood was discarded as a 

possible loading-strip material. 

Other strip materials investigated were stainless steel and neoprene. 

These two materials were chosen because they were readily available, easily 

specified, and represent, to a certain degree, extremes with regard to rigid­

ity. Strip widths of 0.5 inch and 1.0 inch were used. An additional variable 

involved the application of load directly through the platens with no loading 

* Corrections were made for deformations occuring in the neoprene load strip 
in some parts of the analysis. 
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strips. All specimens were tested at 75 0 F at a loading rate of 0.5 inch per 

minute. This phase of the testing was divided into two parts. The first part 

involved the testing of asphaltic concrete which was considered a questionable 

material since it exhibits plastic characteristics rather than purely elastic 

characteristics as assumed by theory and because there was lack of information 

concerning the use of the indirect tensile test for testing asphaltic materials. 

The second part of the testing involved cement-treated gravel, a more brittle 

material, which more closely approximates the behavior of an elastic material. 

The experimental designs for these two series of tests are shown in 

Figs 23a and 23b. Both were full-factorial, randomized designs involving two 

types of strips and two strip widths. Analyses of variance of the log-vari­

ances were conducted for these variables. No statistical analysis was con­

ducted for the variable involving the direct application of load with no load­

ing strip, although subjective comparisons were made. 

Discussion of Findings Using Asphaltic Concrete. The initial test series 

in the evaluation of the effect of composition and width of loading strip was 

conducted on asphaltic concrete specimens. The evaluation included the test 

parameters of indirect tensile strength, vertical failure deformation, and 

tangent modulus of vertical deformation. The data are summarized in Table 2 

and the results of the analysis of variance of the log-variance are summarized 

in Table 3. 

The findings concerning indirect tensile strength ar~ shown in Fig 24 

where it can be seen that steel loading strips and 0.5-inch strip widths 

result in higher standard deviations of the data. The I-inch neoprene strip 

gave the minimum standard deviation and coefficient of variation (Table 2) and 

the platen condition resulted in the maximum. The analysis of variance of the 

log-variances indicated that the lower standard deviation associated with the 

1.0-inch widths was significant (a = 0.05)*. The reduced dispersion associated 

with the I-inch width, however, was not significant. 

* Alpha (a) represents the probability that in reality there is no significant 
difference between the parameters which were statistically compared even 
though the analysis indicates that there is a difference. An alpha of 0.05 
or 5.0 percent indicates in general that not more than 5 times out of 100 
could the observed difference have occurred purely by chance for samples 
of the same population. 
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LOADING RATE - in/min 

~ 
0.05 0.14 0.50 2.0 4.0 6.0 

(1) (1) ( 1) (1) ( 1) (1) 

(1) (1) (1) (1) (1) (1) 

50 (1) (1) (1) (1) (1) (1) 

80 (1) (1) (1) (1) (1) (1) 

llO (1) (1) (1) (1) (1) I (1) 

140 (1) (1) (1) (1) (1) (1) 

Note: 3 replications were conducted. 

c. Design for evaluating the effect of testing temperature and 
loading rate for asphaltic concrete.* 

* Numbers in parentheses indicate the number of observations. 

Fig 23. Experiment designs. 
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TABLE 2. SUMMARY OF THE DATA FROM THE EVALUATION OF THE EFFECT 
OF STRIP TYPE AND WIDTH FOR ASPHALTIC CONCRETE 

Type of Loading Strip Neoprene Stainless 
Steel 

Strip Width, inches 0.5 1.0 0.5 1.0 

No. Specimens 8 8 8 8 

.u .c Average, psi 105 108 106 103' 
u Q) .u 
Q) ..-! 00 
,... • .-1 \:::: Std. Dev. , psi 7.0 2.0 8.1 4.2 • .-1 CIl Q) 
'0 \:::: ,... 

\:::: Q) .u 
HE-!OO Coef. of Var., % 6.7 1.9 7.6 4.1 

Strip No Strip No 
i< Correc- Correc- Correc- Correc-

\:::: tion tion tion tion ..-! 0 
cd Q) • .-1 
U ,... .u 

• .-1 ;:J cd 
.u..-! 13 Average, inches .0815 .0992 .0769 .0965 .0603 .0565 
,... • .-1 ,... 
Q) cd 0 
:>~4-I Std. Dev. , inches .00623 .00640 .00466 .00490 .00708 .00333 Q) 

A 

Coef. of Var. , % 7.6 6.4 6.1 5.1 11. 70 5.9 

..-! \:::: Average, lb/in 17,620 19,470 21,010 23,070 cd 0 
.u CIl u . .-I 
\:::: ;:J • .-1 .u 
Q)..-!.ucd Std. Dev. , lb/in 1571 1423 2470 1845 00 ;:J ,... 13 
\:::: '0 Q) ,... 
cd 0 :> 0 
E-!~ 4-1 Coef. of Var., % 8.9 7.3 11.8 8.0 4-1 Q) 

OA 

~'(Two analyses were conducted for vertical failure deformation. 

Platens 
(No Strips) 

00 

8 

111 

9.8 

8.8 

.0572 

.00609 

10.6 

23,070 

2691 

11.7 

(1) Strip Correction. Deformation of the neoprene loading strip was estimated and subtracted from 
the total measured deformation to obtain specimen deformation. No correction was made for the 
deformation of the stainless steel strip. 

(2) No Correction. No corrections were made for either the neoprene or stainless steel strips. 



TABLE 3. SUMMARY OF THE ANALYSIS OF VARIANCE OF THE LOG-VARIANCE 
OF THE EFFECT OF STRIP TYPE AND WIDTH FOR ASPHALTIC 
CONCRETE 

Source of 
Variation 

Strip Type 
.IJ ..r:! o ().) .IJ Strip Width ().) r-I 01) • .-1 
I-l • .-1 1:::1 (j) 

• .-1 (j) ().) 0- Interaction '0 1:::1 I-l 
1:::1 ().) .IJ 
HE-fOO Error 

~ 
1:::1 

• .-1 

r-I ~ 

CIj ().) 1:::1 

0 I-l 0 Strip Type • .-1 ::J • .-1 
.IJ r-I .IJ 
I-l • .-1 CIj Strip Width ().) CIj S 
:>~I-l 

0 Interaction ~ 
().) 

0 Error 

r-I 1:::1 Strip Type 
CIj o 1:::1 

.IJ (j) 0 • .-1 • .-1 Strip Width 1:::1 ::J '.-1 .IJ 
().)r-I.lJCljI-l 
01) ::J I-l S ().) 
1:::1 '0 ().) I-l 0- Interaction 
CIj 0 :> 0 

.t:-I;:El ~.o Error ~().)r-I 

00 

*Two analyses were conducted 
(1) Strip Correction. 

the total measured 
deformation of the 

(2) No Correction. No 

Degree Mean Significance 
of Freedom Square F Leve1 a , % 

1 0.419 4.46 None 

1 1.549 16.50 5 

1 0.276 2.94 None 

4 0.094 

Strip No Strip No Strip No Strip No 
correc- correc- correc- correc- correc- correc- correc- correc-

tion tion tion tion tion tion tion tion 

1 1 0.0973 0.0673 1.08 1.14 None None 

1 1 0.1658 0.2901 1.83 4.91 None None 

1 1 0.1857 0.0897 2.05 1.52 None None 

4 4 0.0904 0.0590 

1 0.1535 1.33 None 

1 0.0633 0.55 None 

1 0.0374 0.33 None 

4 0.1150 

for vertical failure deformation. 
Deformation of the neoprene loading strip was estimated and subtracted from 
deformation to obtain specimen deformation. No correction was made for the 
stainless steel strip. 
corrections were made for either the neoprene or stainless steel strips. 

alf significance level is greater than 10 percent, it is called "none". 
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Type of 
Strip 

Moteriol 

0.5-lnch 
Strip 
Width 

1.0-lnch 
Strip 
Width 

Type of 
Strip 

Material 

o 10 20 30 40 50 60 70 80 90 100 

AveraQe Indirect Tenlile StrenQth, p II 

Steel a Neoprene* 

Steel * 

Neoprene* 

No Strip - Steel Platens 

Analysis of Variance 

of Log-Variance 

Source of SiQniflcance 

Variation Alpha 
Level 

110 

Strip Type - None 

0.5-lnch 
Strip 
Width 

I.O-Inch 
Strip 
Width 

a 10 

Steel a Neoprene * 

Steel 

Neoprene 

Steel a Neoprene* 

Steel 

Neoprene 

20 

Strip Width 5 0
/ 0 

Interaction -

Loading Rate: 0.5 in/min 

Testing Temperature : 75 0 F 

"Pooled Standard Oevlatlon 

Standard Oevlation of Indirect Tensile StrenQths, pli 

Significant 

None 

Fig 24. Effect of type and width of loading strip on the dispersion 
and average values of indirect tensile strength for asphaltic 
concrete. 
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The vertical failure deformations obtained in this series of tests are 

shown in Figs 25 and 26. The deformations shown for the steel strips in both 

figures include the deformation occurring in the strips as well as in the 

specimen*. In Fig 26 the deformations of the neoprene strip were determined 

experimentally and subtracted from the measured deformation to yield the 

values shown; however, in Fig 25 no corrections were made for strip deforma­

tion. 

Dispersion values for both the two types of strips were essentially con­

stant; the standard deviations, however, were lower for the 1.0-inch strips 

than for the 0.5-inch strips. The dispersion associated with the platen load­

ing condition was essentially equal to that of the different strip types. 

The minimum standard deviation occurred for the 1.0-inch steel strip condition; 

the minimum coefficient of variation occurred for the 1.0-inch, uncorrected 

neoprene strip (Table 2). The analysis of variance of the log-variance indi­

cated no significant differences for the two types of loading strip materials; 

however, the lower dispersion value associated with the I-inch width strip 

was significant (a = 0.10) for the uncorrected neoprene data (Fig 25), but 

not for the corrected neoprene data. 

The analysis of the tangent modulus is summarized in Fig 27 and Table 2. 

The moduli dispersion for specimens tested with steel strips appears substan­

tially higher than for the neoprene strips. As previously observQd ~he 

1.0-inch width for both steel and neoprene produced a lower standard devia­

tion than the 0.5-inch width. The data obtained with only the platens had a 

slightly higher value of dispersion than the data associated with either of 

the finite widths and substantially higher than for any given test condition. 

None of these observed differences were statistically significant. 

In summary it was found that neoprene strips resulted in higher mean 

values for strength and failure deformation and lower mean values for the tan­

gent modulus. Likewise, 1.0-inch width strips produced higher mean values for 

the tangent modulus and slightly higher values for strength but lower mean 

failure deformations. 

* The deformation of the steel strip at ultimate load was determined experi­
mentally to be approximately 0.005 inch. 



52 

Type of 
Strip 

Material 

0.5-lnch 
Strip 
Width 

I.O-Inch 
Strip 
Width 

o .01 .02 .03 .04 .05 .06 .07 .08 .09 .10 .11 

Average Vertical Failure Deformation, In. 

Type of 
Strip 

Material 

0.5-lnch 
Strip 
Width 

I.O-Inch 
Strip 
Width 

o 

Steel a Neoprene­

Steel -

Neoprene -

No Strip - Steel Platens 

Steel a Neoprene­

Steel 

Neoprene 

Steel a Neoprene it 

Steel 

Neoprene 

.01 .02 

Standard Deviation of Verticol Failure Deformations. in. 

Analysis of Variance 
of Log-Variance 

Sou ree of 
Significance 

Variation Alpha 
Level 

Strip Type -- None 

SlightlV Strip Width 10% 
Significant 

Interaction -

Loading Rate: 0.5 In/min 

TestinQ Temperature = 75 0 F 

·Pooled Standard Deviation 

None 

Fig 25. Effect of type and width of loading strip on the dispersion and aver­
age values of vertical failure deformation for asphaltic concrete. 
(No corrections were made for deformation of loading strip.) 
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0.5-lnch 

Strip 

Width 

I.O-Inch 

Strip 

Width 

Type of 

Strip 

Material 

0.5-Inch 

St rip 

Width 

I.O-Inch 

Strip 

Width 

a 

a 

.01 .02 .03 .04 .05 .06 

Average Vertical Failure Deformation, in. 

Steel a Neoprene it 

Steel * 

Neoprene* 

No Strip -Steel Platen 

Steel a Neoprene * 

Steel 

Neoprene 

Steel a Neoprene * 

Steel 

Neoprene 

.01 .02 

Standard Deviation of Vertical Failure Deformation, in. 
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.07 .08 .09 .10 

Analysis of Variance 

of Log Variance 

Source of Signif j cance 

Variation Alpha 
Level 

Strip Type --
Strip Width --
Interaction --

Loading Rate = 0.5 in/min 

Testing Temperature = 75° 

*Pooled Standard Deviation 

None 

None 

None 

Fig 26. Effect of type and width of loading strip on the dispersion and aver­
age values of vertical failure deformation for asphaltic concrete. 
(Corrections were made for deformation of neoprene loading strip.) 
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Type of 
Strip 

Material 

0.5·lnch 
Strip 

Material 

I.O-Inch 
Strip 

Material 

o 5,000 10,000 15,000 20,000 25,000 

Average Tangent Modulus of Vertical Deformation, Ib/ln. 

Type of 
Strip 

Material 

0.5-lnch 
Strip 
Width 

LO-Inch 
Strip 
Width 

o 1.0 2.0 

Steel a Neoprene * 

Steel* 

Neoprene* 

No Strip - Steel Platens 

Steel a Neoprene * 

Steel 

Neoprene 

Steel a Neoprene" 

Steel 

Neoprene 

3.0 

Standard Deviation of Tangent Moduli. I b/ln. It 10 3 

Analysis of Variance 

of Log-Variance 

Source of 
Significance 

Variation 
Alpha 
Level 

Strip Type --
Strip Width --
Interaction --

Loading Rate = 0.5 in/min 

Testing Ten:lperature = 75° 

* Pooled Standard Deviation 

None 

None 

None 

Fig 27. Effect of type and width of loading strip on the dispersion and aver­
age values of tangent modulus of vertical deformation for asphaltic 
concrete. 
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In general it may be noted that the standard deviations of the data 

obtained from specimens tested with steel strips are slightly higher than 

those obtained from specimens tested with neoprene; however, the differences 

are small and are not significant. There is apparently a definite advantage 

to using the I-inch width strip because of the reduced dispersion of the data 

obtained from specimens tested with both steel and neoprene loading strips. 

This reduced dispersion occurred for all measured parameters and was signi­

ficant for strength and the uncorrected failure deformations. 

On the basis of this analysis it could be recommended that future testing 

be conducted using a 1.0-inch width, neoprene loading strip. Nevertheless, 

in view of the practical advantages of using steel and the small and statis­

tically insignificant differences between the dispersion of the data obtained 

from the steel and neoprene it is felt that a 1.0-inch steel loading strip is 

more desirable. Results published with regard to concrete and mortar, how­

ever, have generally recommended a softer, more flexible loading strip mate­

rial. In addition, it has been reported that the width of the loading strip 

has an effect on the type of failure. On the basis of the above recommenda­

tion and the lack of a significant advantage of one material over the other, 

it was desirable to investigate the effects of both type and width of loading 

strip on a more brittle material, cement-treated gravel. 

Discussion of Findings Using Cement-Treated Gravel. The second test 

series in the evaluation of the effect of composition and width of loading 

strip was conducted on cement-treated gravel specimens. Results from this 

phase of testing are graphically illustrated in Figs 28 through 30. The data 

and the analysis of variance of the log-variance are summarized in Tables 4 

and 5, respectively. The analysis of variance was conducted for strip type 

(steel and neoprene) and strip width (0.5, 1.0 inch). 

The findings concerning indirect tensile strength are shown in Fig 28. 

It can be seen that neoprene loading strips and 1.0-inch width strips produce 

less dispersion of the data. The analysis of variance of the log-variance, 

however, indicates that these differences are not significant. 

In the evaluation of vertical failure deformations (Fig 29) no correction 

was lnade for the deformation occurring in the steel strips; however, correc­

tions were made for the deformation occurring in the neoprene. It may be 

noted that the standard deviations of the data were lower for both the neoprene 
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Type of 
Strip 

Material 

0.5 -Inch 
Strip 
Width 

I.O-Inch 
S trip 
Width 

Type of 
Strip 

Material 

0.5-lnch 
Strip 
Width 

I.O-Inch 
Strip 
Width 

o 40 

o 10 20 

NoS t rip - S tee I P I ate n s ;:;:;:::::::;::::::::::::::::::;:::; ......................... 

80 120 160 200 

Average Indirect Tensile Strength, psi 

30 

Steel a Neoprene I\­

Steel * 
Neoprene * 

No Strip - Steel Platens 

Steel a Neoprene * 
Steel 

Neoprene 

Steel a Neoprene It 

Steel 

Neoprene 

40 

Analysis af Variance 

af Log-Variance 

Source of Significance 

Variation Alpha 
Level 

Strip Type -- None 

Strip Width -- None 

Interaction -- None 

Loading Rate = 0.5 in/min 

Testing Temperature = 75 0 

* Pooled Standard Deviation 

Standard Deviation of Indirect Tensile Strengths, psi 

Fig 28. Effect of type and width of loading strip on the dispersion and aver­
age values of indirect tensile strength for cement-treated gravel. 
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o .003 .006 .009 .0012 

Steel a Neoprene* 

Steel* 
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Steel a Neoprene* 

Steel 

Neoprene 

Steel a Neoprene * 
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Standard Deviation of Vertical Failure Deformation, in. 
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.018 .02 

Analysis of Variance 

of Log-Variance 

Source of Significance 

Variation Alpha 
Level 

Strip Type --

Strip Width --

Interaction --

Loading Rate = 0.5 in/min 

Testing Temperature = 75° 

II Pooled Standard Deviation 

None 

None 

None 

Fig 29. Effect of type and width of loading strip on the dispersion and aver­
age values of vertical failure deformation for cement-treated gravel. 
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Strip 

Material 

0.5-lnch 
Strip 
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Average Tangent Modulus of Vertical Deformation, Ib/in x 10' 
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Steel a Neoprene it 
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Neoprene * 
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Steel a Neoprene * 
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80 100 

Standard Deviation of Tangent Moduli, Ib/in.x 10' 

Analysis of Variance 

of Log-Variance 

Source of Significance 

Variation Alpha 
Level 

Strip Type -- None 

Strip Width -- None 

Interact ion -- None 

Loading Rate = 0.5 in/min 

Testing Temperature = 75° F 

*Pooled Standard Deviation 

Fig 30. Effect of type and width of loading strip on the dispersion and aver­
age values of tangent modulus of vertical deformation for cement­
treated gravel. 



Type of Loading Strip 

TABLE 4. SUMMARY OF THE DATA FROM THE EVALUATION OF THE EFFECT 
OF STRIP TYPE AND WIDTH FOR CEMENT-TREATED GRAVEL 

Neoprene Stainless 
Steel 

Strip Width, inches 0.5 1.0 0.5 1.0 

No. Specimens 5 5 5 5 

Average, psi 146 178 166 177 

.u ..c Std. Dev. , psi 12.0 16.5 30.8 15.4 (J (lJ .u 
(lJ ...... bJJ 
)..< .,-l t:: 

.,-l (fJ (lJ 

CoeL of Var. % 8.3 9.3 18.6 8.7 'U t:: )..< 
t:: (lJ .u 
HHCI) 

t:: Average, inches .0193 .0186 .0148 .0188 
...... 0 

C1l (lJ .,-l 
(J )..< .u 

.00176 .00309 .00224 .00707 .,-l ;j C1l Std. Dev. , inches 
.u ...... I': 
)..< .,-l )..< 

(lJ C1l 0 
~""'H 

(lJ 
CoeL of Var. % 9.1 16.7 15.2 37.6 

Cl 

'H t:: 
1b/in 154,680 245,910 0 ...... 0 Average, 225,260 227,660 

.u C1l .,-l 
t:: (fJ (J .u 
ClJ ;j .,-l C1l 

1b/in 31,215 45,566 42,054 bJJ...... oW I': Std. Dev. , 66,983 t:: ;j )..< )..< 

C1l 'U (lJ 0 
HO~'H 

::<:: (lJ 

Cl 
CoeL of Var. % 20.2 20.2 29.4 17.1 

Platens 
(No Strips) 

00 

5 

167 

21. 1 

12.6 

.0159 

.00817 

51.4 

248,880 

63,701 

25.6 
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Q)..-I 0.0 
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.j..)..-I S 
H ,,-l H 
Q) l'tl 0 
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Cl 

TABLE 5. SUMMARY OF THE ANALYSIS OF VARIANCE OF THE LOG-VARIANCE 
OF THE EFFECT OF STRIP TYPE AND WIDTH FOR CEMENT­
TREATED GRAVEL 

Source of Degrees Mean 
Variation of Freedom Squares F 

Strip Type 1 1. 936 1.64 

Strip Width 1 0.000 0.00 

Interaction 1 1.879 1.59 

Error 4 1.183 

Strip Type 1 0.3603 0.18 

Strip Width 1 0.2733 0.13 

Interaction 1 0.8006 0.39 

Error 4 2.0544 

Strip Type 1 1.5255 0.40 

Strip Width 1 0.0032 0.00 

Interaction 1 4.8996 1. 28 

Error 4 3.8226 

Significane 
Level % 

None 

None 

None 

None 

None 

None 

None 

None 

None 
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strips and the D.S-inch widths; these differences, however, were not signifi­

cant as indicated by the analysis of variance of the log-variance. 

In the analysis of the tangent modulus of deformation, illustrated in 

Fig 30, it was found that the neoprene strips and 1.D-inch width strips pro­

duced lower dispersion values than the steel strips and the D.S-inch width 

strips. In the case of the steel strips the 1.D-inch strip produced the 

lower standard deviation while for the neoprene strips the lower value occurred 

with the D.S-inch strip. The analysis of variance of the log-variance indi­

cated these differences were not significant. 

In summary it was found that steel loading strips resulted in higher 

strengths and lower failure deformations and, as a result, higher tangent 

moduli. In practically all cases the 1.D-inch strip resulted in a higher aver­

age parameter value than the D.S-inch strip. The dispersion associated with 

the various testing conditions is of primary interest. Considering the effect 

of type of loading strip material, it generally was found that the standard 

deviations associated with the two materials were lower for the neoprene 

strips. With the exception of failure deformation the minimum dispersion 

occurred for the 1.D-inch loading strips. In all cases the differences in 

dispersion were slight and the analysis of variance of the log-variance showed 

no statistical significance. 

The best strip appears to be neoprene as it did in the case of the test 

series on asphaltic concrete. Nevertheless, considering the very slight advan­

tage of neoprene over steel which was not statistically significant and the 

large practical advantages of using steel strips, it is felt that the use of 

steel loading strips is justifiable. Analyzing the findings for only steel 

loading strips indicates that the 1.D-inch steel strips are better. 

Recommendation Concerning the Composition and Width of Loading Strip. It 

is recommended that future testing utilize a loading strip composed of stain­

less steel which is 1.0 inch in width. This recommendation is based primar­

ily upon the many practical advantages of using steel rather than the softer, 

more flexible neoprene. This recommendation is subject to change as more 

information is gathered and more materials are investigated. 

Evaluation of the Effects of Testing Temperature and Loading Rate 

The second phase of testing was concerned with the evaluation of the 

effects of testing temperature and loading rate. The evaluation was conducted 
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on asphaltic concrete (Appendix A) because of its temperature susceptibility. 

Testing temperatures ranged from -lCfF to 140°F ±2°F; loading rates ranged 

from 0.05 to 6.0 inches per minute. lesting utilized the electro-hydraulic, 

servo system shown in Fig 20 and one of the controlled temperature chambers 

available at The University of Texas. This chamber is capable of achieving 

temperatures ranging from -20°F to 140°F ±2°F and maintaining them for long 

periods of time. An experiment design (Fig 23C) with three blocks or repli­

cations was used in this phase of the testing. The analysis of variance of 

the log-variance is summarized in Table 6. 

In Figs 31 and 32 it can be seen that the general shapes of the strength­

temperature and tangent modulus-temperature relationships are similar. In 

these figur~s a substantial change occurs in the slope of the relationships 

at or slightly less than 8~F indicating that the effects of temperature are 

much more significant in the lower temperature range. It may also be noted 

that at the lower temperatures the relationships become somewhat erratic. 

Maximum vertical failure deformation (Fig 33) occurred at some intermediate 

temperature of about 8~F. Minimum failure deformation occurred at -lCfF for 

all loading rates, illustrating the stiffness of the mix at low temperatures. 

Examination of Figs 34 through 36, however, indicates that the effect of 

load rate is not as great as the temperature effect. A possible exception can 

be seen for the strength averages obtained at very low loading rates. There 

would appear to be a substantial increase in the mean value as the loading 

rate is increased at these low rates, especially at low testing temperatures. 

The effect of temperature and of loading rate on the dispersion of the 

test data is illustrated in Figs 37 and 38, respectively. Figure 37 indicates 

a substantial temperature effect on the dispersion of the strength and tangent 

modulus values with the dispersion decreasing as the temperature increases. 

There would appear to be no temperature effect on the dispersion of the verti­

cal failure deformations and little if any effect due to loading rate. Anal­

ysis of variance of log-variance substantiates these observations by showing 

a highly significant (a ; 0.01) temperature effect on the variance of the 

strengths and the tangent moduli but no significant temperature effect for 

vertical deformations and no significant effect due to changes in loading 

° rate. The reduction in variance of strength in the range between 50 and 

8cfF (Fig 37) is statistically significant (a ; 0.05). 
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TABLE 6. ANALYSIS OF VARIANCE OF THE LOG-VARIANCE 
OF THE EFFECT OF TESTING TEMPERATURE 
AND LOADING RATE FOR ASPHALTIC CONCRETE 

-
Source of Degrees Mean 
Variation of Freedom Square 

Temperature 5 6.9171 

Loading rate 5 0.4879 

Residual 25 0.2591 

Temperature 5 0.079l 

Loading rate 5 0.2379 

Residual 25 0.3214 

Temperature 5 10.7246 

Loading rate 5 0.6861 

Residual 25 0.4014 

F Significance 
Level, % 

26.70 1 

l.89 None 

0.25 None 

0.74 None 

26.72 1 

1.71 None 



64 

700 

600 

500 

<II 
C. 

~ 

~ 

0-
.: 

400 CD ... 
V, 

~ 
<II 
.: 
CD 
l-

OU 
300 CD 

~ 

"0 
.: 

III 
0-
0 
~ 

CD 
> 

<I: 

200 

100 

o 

~ 

-10 0 20 50 

Loading Rate, in./min. 

0.05 --0 

0.14 -----. 
0.5 ---0 
2.0 ------ 6 
4.0 • 
6.0 ----\7 

80 110 

Testing Temperature, 0 F 

Fig 31. Effect of testing temperature on indirect tensile 
strength for asphaltic concrete. 

140 



350 

r:: 
"-
.t:i 

300 .., 
0 

x 

c 
.2 - 250 0 
e .... 
0 .... 
<I> 

0 

<I> .... 
-= 
0 

lJ... 200 

"0 
(,) -.... <I> 
> 

-0 
150 

III 

-= ::J 
-0 
0 
::!i -C 
!II 
Ot 
c 100 {? 

II> 
Ot 
0 .... 
!II ,.. 
<t 

50 

o 

Loading Rate, in./min. 

0.05 -0 
0,14 --. 
0,5 ---0 
2,0 -------6 
4,0 • 6,0 ----\7 

-10 0 20 50 80 110 140 

Testing Temperature, of, 

Fig 32. Effect of testing temperature on tangent modulus 
of vertical deformation for asphaltic concrete. 

65 



66 

0.07 

0.06 

0.05 

c 

~ 

c: 
0 -1:1 
E 0.04 
~ 

0 -CD 
0 

CD 
~ 
:;, 

1:1 
LL 

0.03 
1:1 
u -~ CD 
> 
CD 
01 
1:1 
~ 
Q) 

> 
<t 0.02 

0.01 

o 

J;: 
if': 

-10 0 20 50 

Loading Rate, in./min. 

0.05--0 

0.14 -----. 
0.5 ---0 
2.0 -----6 
4.0 • 
6.0 - ---\J 

80 

Testing Temperature, OF 

110 

Fig 33. Effect of testing temperature on vertical failure 
deformation for asphaltic concrete. 

140 



.c -00 
c:: 
qI ... -en 

.! 
110 
c:: 
qI 

t-.. 
u • ... 

& 
o ... • 

700 

600 

500 

400 

300 

.Ii 200 

100 

Testing Temp .• of. 

~IO --0 

20 -----. 50 ---0 
80 - ---6 
110 • 
140 - - - - - -\l 

--r----0-- ____ .. • -=====-- - ---~_ ... 
~---

r 
t 

I 
I 

-

---

-- --t::r- --

-
_-----0 - -

-"--- -- - -- ~ _ - ""L..J 

J""l.. __ --- -------.s::::J ..x:;;---------:s::::J------------ v 

67 

O~----~~----_+------~------+_----~r_----_T------~ 
o 2 3 4 5 

Loading Rate, in./min. 

Fig 34. Effect of loading rate on indirect tensile 
strength for asphaltic concrete. 

6 7 



68 

N 
I 

7 

6 

o 5 

-o 
E 
to. o .... 
II) 

o 

4 

3 

2 

--
.r>- __ ____________ ..s:::J'" 

,- ,'--v ", 

Testing Temp., of 

-10 --0 
20 -----+ 
50 ---0 
80 ----6 
110 • 
140 ------\) 

,.",., 

04------+------r-----4------+------r-----+------r-
o 2 3 4 5 6 7 

Loading Rate, in./min. 

Fig 35. Effect of loading rate on vertical failure 
deformation for asphaltic concrete. 



'" o 

c: 

"­..c 

c: 
o -o 
E ... 
o -G) 

o 

o u.. 

o 
u -... G) 

> 

-o 
CII 
::J 

::J 
"0 
o 
~ 

-0::: 
G) 

01 
c: 
o 
I-

G) 

01 
o ... 
G) 

> « 

350 

300 

250 

50 

Testing Temp., of 

-10 --0 

20 -----. 50 ---0 
80 ----6 
110 • 
140 -------\] 

-----...Q 
_~----o-----

/\ ----------6--------~ 
---~ 

--------- -------------.s;::]---- ---------

69 

O~~~--~------~-------+------_+------~--------~------~ 
o 2 3 4 6 

Looding Rate, in./min 

Fig 36. Effect of loading rate on tangent modulus of 
vertical deformation for asphaltic concrete. 

7 



70 

10 

8 

6 

4 

N 

... 
Q. 

CII 2 
0 

.. 
u 
Co 
a ... 
a 
> 
I 

CII 0 
0 
...J 

-2 

-4 

-6 

Modulu8 of Load- Vertical Deformation 

Strength 

-10 20 50 80 110 140 

Testing Temperat ure, of 

Vertical Deformation 

()O------------~C------------OD--------____ OC ____________ o_---~ 
D 

Fig 37. Effect of testing temperature on the log-variance 
of strength, vertical deformation, and the 
load-deformation modulus of asphaltic concrete. 



8 

6 

4 

N r ~ 

'" 2 
Do 

co 
~ 

... 
u 
c: 
0 
... 
0 0 > 
co 
0 
...J 

-2 

-4 

-6 

Modulus of Load- Vertical Deformation 

0 

5 trengt h 

2 3 4 5 

Loading Rate I in. /min 

o 

Vertical Deformation 

Fig 38. Effect of loading rate on the log-variance of 
strength, vertical deformation, and the load­
deformation modulus of asphaltic concrete. 

71 

0() 

6 



72 

It is recommended that future testing be conducted at room temperature 

(7?F) at a loading rate of 2.0 inches per minute. This temperature was 

chosen because (1) it approximates the lower temperature range in which the 

strength and tangent-modulus parameters were relatively uniform and non temper­

ature susceptible, (2) it approximates the lower limit of the temperature 

range exhibiting reasonably low dispersion values for strength and to a cer­

tain extent, tangent modulus, (3) it has previously been used as a standard 

testing temperature, and (4) it is fairly close to the normal temperature of 

air conditioned laboratories and, thus, does not require special equipment or 

facilities for substantially raising or lowering the temperature. The loading 

rate of 2.0 inches per minute was chosen primarily as a compromise. At slow 

loading rates the magnitudes of the test parameters were more susceptible to 

loading-rate changes than at higher rates. In addition, the theory assumes a 

linear stress-strain or brittle characteristic for the material being tested, 

and a more rapid loading rate tends to produce a more brittle behavior in the 

tested material. At the very rapid loading rates, however, the test is more 

difficult to conduct. At 2.0 inches per minute the indrect tensile test was 

easy to conduct, and this loading rate is above the range in which the test 

parameters appeared to be very susceptible to changes in loading rate. 

Evaluation of Mode of Failure 

A basic requirement of the indirect tensile test is that the specimen 

fail in tension rather than in compression or shear. In order to ascertain 

whether the specimens tested during this experimental program failed in ten­

sion, a cursory examination was made of the failure pattern on every specimen. 

No cases of shear or compressive failure were detected. 

Failures generally appeared in one of 3 forms, localized crushing 

(Fig 19b), single cleft (Fig 19d), and double cleft (Fig 19c). Asphaltic con­

crete specimens tested at room temperature (75°F) exhibited a limited amount 

of localized crushing, while the more brittle cement-treated specimens tested 

at room temperature often failed with a single or double cleft pattern. The 

failure patterns observed in the asphaltic concrete series with temperatures 

ranging from -lOoF to 14ifF varied from localized crushing at 140°F to 

double and single cleft failures at -10°F. 



CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

(1) Review of existing information indicates that the indirect tensile 

test is the best test currently available for determining the ten­

sile properties of highway materials. 

(2) From this information and the results of a limited testing program 

the indirect tensile test appears to be a feasible method for 

evaluating the tensile characteristics of stabilized subbase 

materials although previous use of this test has generally been with 

concrete. 

(3) Primary characteristics of the indirect tensile test and the mate­

rials tested which may affect the test results are 

(a) load-deformation characteristics of the material tested, 

(b) size and dimensions of the specimen, 

(c) composition and dimensions of the loading strip, 

(d) rate of loading, and 

(e) testing temperature. 

(4) Characteristics and properties of the material being tested are not 

considered in the theoretical development of the test, except as a 

limiting tensile strength. The materials are assumed to have 1inear­

elastic stress-strain characteristics. Although many deviations 

from the assumed conditions exist and although the use of the simple 
2P 

formula S = mdax introduces small errors in the results, there 
T ~t 

does not appear to be any evidence that the error is significant as 

long as the specimen ultimately fails in tension. 

(5) The indirect tensile strength has been shown both theoretically and 

experimentally to be independent of the length-diameter ratio. It 

has been assumed that other indirect tensile parameters such as 

failure deformations and load-deformation characteristics are also 

independent of this ratio. 
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(6) The indirect tensile strength is reduced slightly by an increase in 

the overall size of the specimen, and the dispersion of the data is 

reduced. 

(7) On the basis of the literature review it is concluded that the com­

position and width of the loading strip have a definite effect 

the stress distribution in the specimen, the test results, and the 

mode of failure. 

(8) Wood which has often been recommended as a loading strip was elimi­

nated from future use by this project because of practical diffi­

culties associated with measuring deformations in the specimen. 

(9) It is recommended that steel be used as a loading strip because of 

its significant practical advantages even though experimental 

results presented in this paper indicate that neoprene is a slightly, 

but not significantly, better loading strip ~teria1 than steel. 

(10) A one-inch-wide strip is recommended over a half-inch width because 

of the reduced data dispersion. 

(11) Under the conditions of the tests performed in this study tempera­

ture had a highly significant effect on the dispersion of the 

strength and load deformation moduli; however, the dispersion of 

the vertical failure deformation was not significantly affected by 

temperature. It was also noted that there was a statistically sig­

nificant reduction in the dispersion of the strength data in the 
o 0 temperature range of 50 to 80 F. 

(12) Under the conditions of the tests performed in this study loading 

rate had no significant effect on the dispersion of the results. 

RECOMMENDATIONS 

Based on the conclusions stated above certain decisions concerning param­

eters in the indirect tensile test have been made. The parameters will be 

fixed tentatively for evaluation tests to be conducted in the project in the 

near future. 

(1) The specimen will be as large as is practical in order to obtain 

more uniform test results and a better measure of the average of the 

test results. It is planned that ultimately samples will be 6 inches 

in diameter with heights in the range of 8 to 12 inches. 
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(2) The loading strip will be stainless steel with a width of one inch. 

(3) The loading rate will be 2.0 inches per minute. 

(4) The testing temperature will be room temperature in the range of 

75 to nOF. 
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APPENDIX A 

MIX DESIGN AND SAMPLE PREPARATION PROCEDURE FOR ASPHALTIC CONCRETE 
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APPENDIX A 

MIX DESIGN AND SAMPLE PREPARATION PROCEDURE FOR ASPHALTIC CONCRETE 

Aggregate: Crushed limestone 

Asphalt: AC-lO 

Design: 

Water, % • . 

Viscosity at 27~F Stokes. 

Viscosity at 146' F Stokes. 

Solubility in CCL4 , % 

Flash Point C. O. C., 0 F •. 

Ductility, Tf F ,Scm/min, cm 

Viscosities Determined at 7rF 

Penetration at 7rF 100 g, 5 sec 

Specific Gravity at 7r F . . . . . • 

Asphalt Content: 5,3% by wt. 

Nil 

2.6 

1088 

99.7+ 

570 

141+ 

4.0 

92 

. 1. 006 

Gradation: Texas Highway Department gradation Item 

Sieves %, by weight 

1/2" 3/8" 2 

3/8" No. 4 3S 

No. 4 No. 10 23 

No. 10 No. 40 16 

No. 40 No. SO 12 

No. SO No. 200 7 

Passing No. 200 2 

Specimen Size: 4" diameter X 2" height 

Sample Preparation: 

340, Type D 

(1) Mixed at 275
0 

F ± 50 F for 3 minutes in an automatic, 
l2-qt capacity Hobart food mixer at 107 rpm. 

(2) Cured at 1400 F ± 50 F for 18 to 24 hours. 

(3) Compacted at 2500 F ± 50 F. 
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Compaction: 

Gyratory shear compaction performed according to 
Texas Highway Department Standard 206-F, Part II. 

Testing Procedure: 

(1) Pre-heat at 180
0 

F for 18-24 hours. 

(2) Cool at 750 F for 18-24 hours. 

(3) Hold at testing temperature for 18-24 hours prior 
to testing. 

• 



APPENDIX B 

MIX DESIGN AND SAMPLE PREPARATION PROCEDURE 
FOR CEMENT-TREATED MATERIAL 
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APPENDIX B 

MIX DESIGN AND SAMPLE PREPARATION PROCEDURE 
FOR CEMENT-TREATED MATERIAL 

Aggregate: Rounded gravel 

Wet Ball Mill - 37.2% 

Los Angeles Abrasion (100 rev) - 7.2% 

(500 rev) - 27.2% 

Cement: Portland Cement, Type I, 

Design: Cement content: 6% by wt. 

Moisture content: 6% by wt. 

Gradation: Texas Highway Department Gradation Item 340, Type D 

Sieves % by Wt 

1/2 " 3/8" 2 

3/8" No. 4 38 

No. 4 No. 10 23 

No. 10 No. 40 16 

No. 40 No. 80 12 

No. 80 No. 200 7 

Passing No. 200 2 

Specimen size: 4" dia. x 2" ht. 

Sample preparation: 

(1) Prepared according to Texas Highway Department Test Method Tex-
120E. 

(2) Cured with top and bottom porous stones in place for 7 days in 
moisture room. 

Compaction: 

Gyratory shear compaction: performed according to a modification of 
Texas Highway Department Test Method Tex-206F, Part II. Modification: 
compaction process is terminated when 150 1b pressure is achieved 
during gyration. 
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Testing procedure: 

(1) RemQve from moisture room and drain excess water. 

(2) Test at room temperature (75 to 77°F). 


	Title Page

	Preface

	Abstract

	Table of Contents

	Nomenclature

	Ch 1. A Rationale for the Study of Tensile Properties

	Ch 2. Types of Tensile Tests for Highway Materials

	Ch 3. Theory of Indirect Tensile Test

	Ch 4. Factors Affecting the Indirect Tensile Test

	Ch 5. Experimental Evaluation and Development of the Indirect Tensile Test

	Ch 6. Conclusions and Recommendations

	References

	Appendix A Mix Design and Sample Preparation Procedure for Asphaltic Concrete

	Appendix B Mix Design and Sample Preparation Procedure for Cement-Treated Material




