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Fundamental Comparison of the Flexural and 

Indirect Tensile Tests 
WILLIAM 0 . HADLEY AND HASSAN VAHI DA 

A study is described that was undertaken to complete a fund amental evalu· 
ation and oomparison of the indirect tensi le test and th e beam tost by using 
basic theorotic:al equations and finite element analysis techniques. A finite 
el ement analysis was completed so that consideration could be given to the ef
fects of factors such as (a) Poisson's ratio, loading strip width, and diameter and 
(b) Poisson's ratio, height-length ratio, and defl ection location on the results of 
the indirect tensile and beam tests, respectively . Comparisons between theoret
ical and fin ite element solutions indicate that the values of modulus of elastici ty 
and tensile stresses and strains can be overest imoted or underestimated by using 
theoretical equ ations. For th e beam test, the use of the basic beam deflection 
formula to estimate the fundamental properties resul ts in underestimated mod· 
ulus and tensile stress values and overest imated tensil e strain values. On the 
other hand, the use of Hondros' equati ons fo r the indirect tensile test resulted 
in underestimates for all three proper ties. This analysis ul timau1ly rosul·ted in 
the development· of modified equat ions for onimating fundamental properties 
for both test configuretio ns. By using ova ileble beam and ind irect tensile test 
data. It was found that the modified equailons y ielded similar modu lus val ues, 
which were signi ficantly higher than those obtained from the basic equation, 
the same slope on a log oyclcs·log strain basis (i.e., fatigue coefficient C), and a 
closer agrncmont between fatigue results (i.e., num·ber of cycles-tensile strai n). 

Theoretical structural design procedures for flex
ible pavements are generally based on preventing two 
types of failures: cracking (fatigue failure) and 
permanent deformation. It is generally accepted 
that fatigue cracking is controlled by limiting the 
tensile strain or stress at the bottom of the pave
ment layers whereas pavement deformation is con
trolled by limiting the compressive strain at the 
top of the subgrade (1). 

In either case it - is essential that reliable in
formation be available concerning the fundamental 
properties and tensile character is tics of the sta
bilized materials projected for use in pavement sec
tions. Consequently, a method of evaluating tensile 
properties such as modulus of elasticity and Pois
son's ratio for bas<> and subbase materials is nec
essary in order to conduct a rational evaluation of 
stabilized materials by using layered system theory 
( 1, 2). 
- Several different test methods are currently used 

in the evaluation of the fundamental properties of 
pavement materials. Two of these test methods have 
bee11 uo;ed principally tor estimating the tensile 
characteristics of pavement materials: the indirect 
tensile test and the beam test. 

As an aid to the designer, it is important that 
any relations among the various test procedures be 
developed so that the material characterization data 
from each can be used more effectively. This ap
proach is essential because tests conducted on sim
ilar materials often yield different material char
acterization constants--e .g •. , modulus of elasticity 
and Poisson's ratio. This situation, of course, 
leads to the acceptance of certain tests or test 
results by one agency and not by another. If the 
results of the various test procedures could be cor
related, the data could be interchanged so as to 
expand significantly the available material char
acterization data. 

CURRENT STATUS OF KNOWLEDGE 

Indirect Tensile Test 

The indirect tensile test was developed 
ously but independently by Carneiro and 

simultane
Barcellos 

(3) in Brazil and Akazawa (4) in Japan. Hondros (5) 
e~tended the equations for the indirect tensile test 
configuration to allow for a load over a surface 
area. subsequently, Hadley, Hudson, and Kennedy 
(~,~) developed a direct method by which fundamental 
properties could be determined from the results of 
the indirect tensile test. This method expanded the 
application of Hondros' equation, making it possible 
to obtain estimates of Poisson• s ratio, modulus of 
elasticity, tensile strength, and tensile strains 
for cohesive materials. 

The indirect tensile test involves loading a 
cylindrical specimen with a single or repeated com
pressive load by using a stainless steel loading 
strip, which is applied parallel to and along the 
vertical diameter plane, as shown in Figures 1 and 2. 

Beam Test 

The beam test involves the application of a load 
configuration that results in the bending of a beam 
specimen. There are two standard methods for apply
ing load to a simply supported beam. The load may 
be applied as two equal, concentrated loads at the 
third points of the beam or as a single concentrated 
load at the midpoint of the beam (see Figure 3). 

In general, the flexural formula is used to esti
mate tensile stresses in a beam. various forms of 
the bending deflection formulas are used to estimate 
modulus and t e nsiie strains by us ing the applied 
loads and the resulting center or third point beam 

Figure 1. Cylindrical specimen with compressive load 
being appl ied. 

Figure 2. Specimen failing under compressive load. 
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Figure 3. Loading conditions for beam test. 

Figure 4 . . Finite element modeling of P 

indirect tensile test. 
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deflections. It should be noted, however, that the 
resulting deflected shape of the beam is, a function 
of both flexural (or bending) effects and shear 
force effects. If the deflection of a beam under a 
given load is used in estimating material properties 
such as modulus and tensile strains,. both effects ' 
should be considered. 

METHOD OF ANALYSIS 

A finite element method of analysis was used in this 
study to determine the response of the stabilized 
construction material under varying boundary loading 
conditions for the two test configurations (7). The 
construction material was assumed to have the same 
properties in tension and compression, and a plane 
stress condition was selected for the evaluation of 
indirect tensile and beam test configurations. The 
details of the analysis are sumrnar ized in. the fol
lowing sections. 

Indirect Tensile Test 

The finite element model consisted of a cylindrical 
specimen with a 15.25-cm (6.0-in.) diameter and 
2.54-cm (1.0-in.) thickness loaded with a compres
sive load through a stainless steel loading strip 
1.27 cm (0.5 in.) in width. 

Three loading strips--a flexible loading strip, a 
rigid frictional loading strip, and a rigid fric~ 

tionless loading str ip--were evaluated with the 
finite element model. The flexible strip was 
modeled by using a uniform contact pressure and the 
rigid strips were modeled by using a uniform dis
placement of the strips. The frictionless strip 
allows for unrestrained lateral movement of the 

specimen·; the frictional strip assumes the develop
ment of sufficient friction between the specimen and 
the strip to ensure no lateral displacement of the 
portion of specimen under the strip. The finite 
element model for the indirect tensile test, a two
d imensional representation of a quarter section·, is 
shown in Figure 4. 

Beam Test 

The finite element model consists of a beam 38.10 
cm (15.0 in.) in length, 2.54 cm (l.O in.) in 
width, and 8.89 cm (3.5 in.) in height that is ex
posed to a third point loading condition (see Figure 
5). The width of the loading heads and supports was 
0.64 cm (0.25 in.). 

Two loading configurations were investigated in 
the evaluation of the beam test. One configuration 
consisted of loads and supports at the neutral axis 
and the other of loads and supports at extreme fiber 
locations (see Figure 6). In addition, two other 
conditions were investigated in the analysis: bend
ing effects only and bending plus shear effects. 
The bending configuration of the finite element 
model of the specimen was induced by displacements 
under the load strips based on bending and shear-
i. e., 6. = 6bending + 6sheac-and bending only--i.e., 
6 = 6bending--which were determined from theoretical 
equations and based on the applied load. 

Selection of Material Properties 

The required data for 
program consisted of 
properties of modulus 
son's ratio (µ) <l>· 

the finite element computer 
the fundamental engineering 

of elasticity (E) and Pois
A modulus value of 4165 MPa 
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(604,000 psi) and a Poisson's ratio value of 0.348 
were used and are representative of a hot-mix as
phaltic concrete. 

MODEL RESULTS 

To compare the stress and strain valuco predicted by 
theoretical equations with those obtained from the 
finite element analysis, the appropriate predicted 
values were plotted on the same figure so that 
direct comparisons could be accomplished. The com
parisons for the indirect tensile test are shown in 
Figures 7-10, and the comparisons for the beam test 
are shown in Figures 11-14. The results of each 
test are discussed and summarized in the following 
sections. 

Indirect Tensile Test 

Figures 7-10, which include the plots of Hondros' 
theoretical values versus finite element predicted 
stresses and strains (radial along horizontal in 
Figures 7 and 9 and tangential along vertical axes 
in Figures 8 and 10), show a close comparison be
tween the stress and strain values obtained for the 
finite element model wi t h a flexible l oading strip 
and those determi ned by Hondr os• theoretical equa
tions . I n t his c ompa r i son the dev i ation perc entagP.s 
for t he flexi ble load i ng s t rip model we r e less than 
2. 5 percent for radial and tangential stresses and 
strains along horizontal axes and less than 3.5 per
cent for radial and tangential stresses and strains 
along vertical axes . 

On the other hand, greater differences between 
finite element predicted values and Hondros' theo-

Figure 5. Finite element modeling of beam test. 
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Figure 6. Two idealized loading configurations for beam test. 
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retical values were obtained for those models with 
frictional and frictionless rigid loading strips. 
In the latter case, differences of up to 68 percent 
were found along the horizontal axis and up to 475 
percent along the vertical axis. 

Since boundary loading conditions similar to 
those of the rigid-frictional case are expec ted to 
be developed in the indirect tensile test because of 
the use of rigid (curved) loading strips, it can be 
surmised that Hondros' equations would underestimate 
the tensile stresses by approximately 14 to 60 per
cent. 

It should be noted that the rig id type of bound
ary loading condition did not c hange significantly 
the stress and strain distributions but r ather re
sulted generally in greater stress and strain values. 

Figure 7. Radial stresses along horizontal axis of asphaltic specimen subjected 
to indirect tensile test. 
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Figure 8. Tangential stresses along vertical axis of asphaltic specimen subjected 
to indirect tensile test. 
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Figure 9. Radial strains along horizontal axis of asphaltic specimen subjected 
to indirect tensile test . 
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Figure 10. Tangential strains along vertical axis of asphaltic specimen subjected 
to indirect tensile test. 
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Figure 11. Stress distribution of asphaltic specimen subjected to 
beam test, where deflection of beam is based on bending and 
shear. 
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Figure 12. Strain distribution of asphaltic specimen subjected to 
beam test, where deflection of beam is based on bending and 
shear. 
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Figure 13. Stress distribution of asphaltic specimen subjected to 
beam test, where deflection of beam is based on bending. 
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Figure 14. Strain distribution of asphaltic specimen subjected 
to beam test, where deflection is based on bending. 
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In Figures 11 and 12, a close comparison can be 
obser ved between theo retical a nd fi n ite e l e me nt pre
d i o ted stressf!s ana 8trains o ·f a beam, s upported a nd 
loaded at the neutral a xis , with i nduced di splace
ments based o n a combi na t i o n o f be nd i ng and shear 
effec ts { 6 = 6bend j. ng + oshear l . I n t h is c a se t he 
dev ia t ion between the fini t e elemen t resu l t s a nd the 
theoretical results was less than 5 percent for both 
tensile stresses and strains . 

From the same figures it can be ascertained that 
the stresses and strains developed in a beam, sup
ported and loaded a t the e x treme fiber l ocations, 
with combined bend i ng a nd s hear (5 = 4bending + 
6shearlr a re grea t e r tha n tho s e for t he beam 
supported and loaded at the neutral axis due to 
shifts in the location of the neutral axis of the 
finite element model p r oduced by deflection of the 
model. I n t he latter case , the fi nite e l ement pre
dicted t e nsilP R resses a nd stra i ns are ~pproxi
mately 10 percent grea ter than those p r edicted by 
beam theo ry. 

As shown in Figures 13 and 14, the stress and 
strain values for a beam supported and loaded at the 
extreme fibers were underestimated by 13 to 25 per
cent for the case in which the induced displacements 
are based on bending only (6 = 6bendingl. For 
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the asphaltic specimen supported and loadea at the 
neutral axis (6 = 6bendingl, the deviation 
percentages between theoretical and finite element 
predicted values wer e abou t 17 to 20 percen t . It 
should be noted t hat this is t he fo rm of equation 
normally used i n mater ial character i zat i on and e val
uations. In the same way, the use of this abbrevi
ated flexural equation (i.e., c ons i dering bending 
effects only and exclud i ng shear e ffec ts) would also 
result in underestimation of the modulus of the ma
terial tested in a flexural configuration. 

RECOMMENDED CHANGES TO FUNDAMENTAL EQUATIONS 

The results of the finite element analysis of the 
beam and indirect tensile test configurations point 
out the need to develop improved materials charac
terization equations for both tests. with this in 
mind, a subs equent finite element ana lysis was un
dertaken t o aid in the development Of changes needed 
ill the equations . 

In particular, the additional model study of the 
indirect tensile test included an e va luation of the 
effects of Poisson's ratio, width of loading strip, 
and diameter on the results of the finite element 
mOdel. In addit i on, the e xpa nded mode l theor y for 
t he beam test i nc l uded t he i nves t i gati on of beight
length ra tio , Poisson's ra tio, a nd l oca tion of mea-
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sured beam deflection. From this analysis, the 
following equations were obtained. Because the 
equations presented here are based on finite element 
model analysis, they should be applicable to both 
static and resilient material evaluations. 

Indirect Tensile Test 

Poisson's 
(ST), and 
follows: 

ratio (µ), modulus (E), 
tensile strain (ET) are 

tensile stress 
expressed as 

For an approximate diameter of 4 in., 

µ = (0.0800R - 0.8590)/(0.0403 - 0.2851 R) 

E = (PD/xt)(0.0800 + 0.2970µ + 0.425µ 2 ) 

ST= (0.1777 + 0.0223µ)(P/t) 

ET= (0.5409 + 0.516lµ)x 

and, for an approximate diameter of 6 in., 

µ = (0.0619R- 0.7515)/(0.0257 - 0.2182R) 

E = (PD/xtX0.0646 + 0.2357µ + 0.0290µ 2 ) 

ST= (0.1400+O.Ol12µ)(P/t) 

ET = (0.3696 + 0.6354µ)x 

where 

P applied load, 
D specimen diameter, 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

x,y 2 horizontal and vertical deformations re
sulting from applied load P, 

t specimen height, and 
R ratio of y/x. 

Beam Test 

For the beam test, 
(Ef) , and tensile 
as follows: 

ff= or/Er 

where 

flexural stress 
strain (Ef) can 

Kl 1.005 + 2.195 (1 + µ) (t/1) 2 

K2 1.034 + 9.233 (1 + µ) (t/1)' 

(of), modulus 
be -expressed 

(9) 

(10) 

(11) 

- 46.828 (l + µ) [ (t/1) - 0.208] 2 - 0.389µ 

and 

1.00 if deflection is measured at third point 

0.835 + 0.115 (t/1) if deflection is measured at 
center point 

1.00 if deflection is measured at third point 

0.981 - 0.371 (t/1) if deflection is measured at 
center point 

a = distance from reaction to applied load, 
P total load applied, 
b beam width, 
t beam height, 
1 reaction span length, 

47 

I specimen moment of inertia, and 
d deflection resulting from the applied load. 

VERIFICATION OF EQUATIONS 

Material characterization information developed for 
the Louisiana Experimental Base Project ( 9, 10) by 
the Asphalt Institute and Louisiana Tech uii""i~rsity 
was used to provide checks on the two sets of equa
tions. The resilient fatigue data for the indirect 
tensile test were obtained from repetitive tests by 
using a sine wave loading pattern ·of 1 Hz, and the 
beam test data were obtained by using a haversine 
loading pattern at 1 Hz but with a rest period dur
ing each cycle. 

The results of the resilient-flexural fatigue 
beam tests on laboratory prepared specimens con
ducted ·by the Asphalt rnstitue a.re given in Table 1 
( 9) • Similar resilient-fatigue values for labora
tory-.prepared specimens and field core indirect 
tension tests ccmducted by Louisiana Tech are given 
in Tables 2 and 3 ( 10) • From the tables it can be 
seen that the modified equations yielded higher mod
ulus estimates than the basic equations for .both the 
beam and indirect tensile tests. 

The modified indirect tensile test equations also 
yielded higher tensile strain estimates in the 
Louisiana Tech tests, but the modified beam equation 
produced lower tensile strain estimates. The re
sults of a statistical analysis, given in Tables 4 
and 5, indicate that there are no significant dif
ferences in the modulus estimates obtained from the 
two test configurations by using the modified equa
tions whereas there was a significant difference in 
the modulus estimates obtained from the basic equa
tions. 

An additional check in the verification process 
included the relations between fatigue life and ap
plied tensile strain for both sets of equations 
based on the Asphalt Institu.te and Louisiana Tech 
university fatigue data. The results of this com
parison are presented in Figures 15-17. It can be 
seen that the fatigue curves developed from the mod
ified equations fall above the basic equation curves 
for the indirect tensile test results of both the 
laboratory specimens and field cores by Louisiana 
Tech yet below the basic equation fatigue curve for 
the Asphalt Institute beam test. Consequently, it 
can be seen that the fa·tigue curves generated from 
the modified equations are shifted more closely to 
one another (see Figure 18). In addition, the 

Table 1. Asphalt Institute flexural fatigue test results for laboratory-prepared 
specimens (beam test). 

Basic Equation Modified Equation 

Applied Cycles Resilient Resilient 
Stress to Modulus• Strain Modulusb Strain 
(psi) Failure (psi) (I0'6 in ./in.) (psi) (10'6 in./in.) 

182 1,380 2.30 792 3.55 396 
184 7,600 3.46 539 5.35 269 
144 9,491 2.71 532 4.19 266 
174 14,600 3.09 563 4.77 281 
124 18,597 2.97 416 4.59 208 
130 46,000 4.03 321 6.23 160 
102 67 ,825 2.82 365 4.36 182 
103 136,830 4.25 243 6.57 121 
101 154,212 3.81 266 5.89 133 
103 206,800 4.98 207 7.70 103 
76 279,000 4.73 161 7.31 80 
51 766,800 4.48 113 6.92 56 

Note: Data for single mix design. Test temperature was 77° F. 

~Mean= 3.636 and variance= 0.7599. 
Mean = 5.61 9 and variance = l.8176. 
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slopes 
curves) 

of all fatigue (log 
(a 

c "' 3.0) 

are essentially 
and the same 

curves 
the same 

resilient modulus values 
were obtained. 

The differences between the fatigue curves (in
tercept Nf value) developed from the modified 
equations can be attributed to a basic d i fference in 
load application. In the beam test, the specimen is 
subjected to a haversine wave at 1 Hz, and a rest 
period is provided whereas the indirect tensile 
tests were conducted by using a sine wave of 1-Hz 
frequency. The rest period as well as the slightly 
faster load application (i.e., stress applied in a 
shorter time period in haversine waveform) could 
result in a greater resistance to fatigue. 

CONCLUSIONS 

The results of this study provide a mechanistic 
evaluation and comparison of theoretical and finite 
element predicted stresses and strains of the in
direct tensile test and the beam test in their ap
plication to material characterization studies. 
Based on the results of the study, the following 
conclusions were made: 

1. For the indirect tensile 
stresses (a), strains (£), and 

test, 
modulus 

tensile 
(E) are 

Table 2. Louisiana Tech University indirect tensile test results for laboratory-
prepared specimens. 

Resilient Test Results 

Basic Equation Modified Equation 
Applied Age at Cycles 

Modulusb Stress Test to Modulus" Strain Strain 
(psi) (days) Failure (psi) (I O'°in./in.) (psi) (IO'°in./in.) 

44.8 112 721 4.62 158 5.16 207 
44.9 112 975 4.84 139 5.88 182 
29.1 35 1,742 3.16 136 3.84 178 
28.7 112 1,922 4.49 96 5.46 126 
28.8 112 1,932 3.35 129 4.06 169 
28.4 112 2,247 4.51 95 5.48 125 
28.9 112 2,362 4.32 JOO 5.24 131 
29.0 112 2,446 4.43 97 5.39 127 
28.8 112 2,868 4.50 95 5.47 125 
29.2 35 2,934 4.21 102 5.1 l 134 
28.7 I l 2 3,166 3.11 138 3.56 181 
29.0 112 4,481 5.00 86 6.07 113 
28.5 112 4,922 5.17 83 6.29 109 
28.4 343 6,446 5.01 85 6.09 112 
28. l I l 2 7,124 6.33 68 '/.69 89 
28.9 343 7,696 2.89 149 3.52 195 
28.0 l 12 8,900 4.37 98 5.31 129 
28.7 112 10,547 4.20 102 5.10 134 
28.3 112 11,706 4.70 91 5.71 120 
28.4 112 I 5,392 5.36 80 6.51 105 
12.9 112 21,950 2.97 63 3.61 83 
28.1 112 28,619 5.73 75 6.96 98 
28.3 112 33,642 5.75 75 6.98 98 
12.6 112 39,490 3.58 53 4.36 69 

Note: Variety of mix designs included. Test temperature was 77° F. 

~Mean= 4.442 and vadance = 0.8378. 
Mean= S.369 and variance= 1.2670. 

Table 4. Resilient modulus values for laboratory-prepared specimens: 
wearino-rourse material, Louisiana Experimental Ba"" PrnjP.ct. 

Agency 
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underestimated when Hondros' basic equation is used 
in estimating fundamental engineering properties. 

2. For the beam test, the values of stresses and 
strains are overestimated and the modulus is under
estimated when the beam displacements are substi
tuted into a basic beam deflection formula based on 
bending only. Because of the closP.r correlations 
between the theoretical stresses and strains and the 
f inite element stresses and strains obtained from 
the deflections based on bending and shear (i.e., 
6 = 6bendi ng + 6shearl, it is obvious that 
shear effec ts s hould be considered in determining 
material pro perties . 

3. The modified equations for estimating the 
fundamental material properties of construction 
mater ials d eveloped from a f i n ite e leme n t investiga
tion yielde d compa rable fund amental mater ial proper
ties such a .s modu lu s (E) a nd fatigue regression 
coefficient (c) for the beam and indirect tensile 
tests. 

4. The modified equations also yielded curves 

Table 3. Louisiana Tech University indirect tensile test results for asphalt field 
cores. 

Resilient Test Results 

Basic Equation Modified Equation 
Applied Cycles 
Stress to Modulus" Strain Modulusb Strain 
(psi) FaHure (psi) (J0"6 in./in ,) (psi) (I 0'6 in.Jin.) 

44.8 977 3.955 163 4.794 214 
46.2 1,822 5.001 134 6.049 176 
44.6 1,869 4.356 154 5.290 202 
54.2 2,405 7.804 105 9.476 138 
39.2 2,440 3.601 162 4.078 213 
38.5 2,646 4.538 128 5.518 168 
29.I 2,872 3.609 119 4.387 156 
45.6 3,117 5.064 133 6.164 174 
29.4 3,373 4.245 IOI 5.147 133 
43.7 3,411 5.231 143 6.005 188 
28.6 4,619 4.263 IOI 5.178 132 
29.0 8,924 3.661 117 4.444 154 
29.3 11,651 4.934 87 5.989 114 
12.5 16,756 3.578 53 4.347 69 
12.G 18,199 4.168 64 3.626 8J 
28.7 18,324 6.576 65 7.996 88 
12.7 18,824 2.828 67 3.436 88 
18.6 24,277 5.310 53 6.451 69 
18.8 30,071 6.329 44 7.694 58 
18.8 35,637 5.604 50 6.807 65 
12.7 39,083 2.976 64 3.619 83 
18.4 42,819 5.630 50 6.851 65 
12.6 45,725 2.639 77 3.~U8 101 
12.4 48,194 3.113 61 3.780 80 
12.6 51,283 4.728 40 5.742 53 
12.7 69,845 2.962 64 3.600 84 
12.4 72,046 2.335 81 2.834 106 
12.6 78,659 6.843 28 8.328 36 
12.7 78,947 3.451 55 4.195 72 
13.0 81,560 5.236 36 6.374 47 
9.1 130,344 1.988 67 2.416 88 

12.7 556,770 3.927 48 4.778 63 

Note: Test temperature was 77° F. 

~Mean= 4.3894 end variance= L.8621 . 
Mean= 5.2688 and variance= 2.8415. 

Basic Equation Modified Equation 

Mean Mean 
Value SD Value SD 

Test (psi OOOs) (psi OOOs) df (psi OOOs) (psi OOOs) df 

Asphalt Institute Beam 363.6 87.17 I I 561.9 134.82 11 
Louisiana Tech Indirect 444.2 9 l.53 9 536 ,9 112.56 23 
University tensile 

Note: Signincant diFference found for basic elluation; no significant difference for modified equation. 
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Table 5. Resilient modulus values for laboratory-prepared specimens and field 
cores: wearing-course material, Louisiana Experimental Base Project. 

Figure 15. Fatigue results for beam test of laboratory-prepared specimens. 
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Figure 16. Fatigue results for indirect tensile test of laboratory-prepared specimens. 
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for fatigue versus tensile strain that were more 
closely related to one another. 
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Test for Efficiency of Mixing of Recycled 

Asphalt Paving Mixtures 

TEH-CHANG LEE, RONALD L. TERREL, AND JOE P. MAHONEY 

The increasing costs of construction materials, along with environmental con
ditions, have given great impetus to current interests in recycling. In recent 
years, reuse or recycling of existing pavement materials has emerged as a work
able rehabilitation and maintenance alternative because it offers several ad
vantages over the use of conventional materials and techniques. Although the 
equipment and technology of recycling have been developed, there still is no 
standardized or widely accepted method for testing recycled mixtures. The 
practice of using a small amount of recycling agent is coupled with the prob
lem of quality control. There is no suitable method of detecting how well 
the recycling agent mixes with the aged pavement materials. A study is de
scribed whose primary objective was to develop a test method that could be 
conducted in the field with a minimum of equipment and training. As a re
sult, the dye chemistry technique was found to be the most practical method 
of measuring the extent of mixing during a recycling operation. Ten field 
projects involving various plant types were conducted to demonstrate the 
application of such a technique to full-scale construction conditions. The 
overall mixing efficiency of a specific operation can be evaluated by statis
tically analyzing the resulting dye distributions. Consequently, the mixing 
process or plant design can be optimized by obtaining such information. 

The need for efforts to conserve natural materials 
and improve methods and processes in the highway 
construction industry has greatly intensified since 
the realization of an imminent energy shortage. The 
problem of finding suitable virgin materials for 
pavements exists concurrently with the problem of 
disposing of spoils or solid wastes. One solution 
is to reuse or recycle existing materials for con
struction, rehabilitation, and maintenance purposes 
( 1-4). The world has some 9 million miles of paved 
roads containing large qua·ntities Of quality aggre-

gate and bitumen that in the past could not be re
used. The economic value stored in the raw materi
als in existing roadways presents a new opportunity 
for the highway construction industry. FHWA indi
cates that there are more than 2 million miles of 
paved roads and streets in the United States, all of 
which are candidates for eventual recycling (5,6). 

The term recycling is defined by the Asphalt In
stitute as "the reuse, usually after some pro
cessing, of a material that has already served its 
first-intended purpose in a roadway." The recycling 
or reuse of existing pavement materials for pavement 
rehabilitation, reconstruction, and maintenance is 
not a new concept. A wide variety of recycling 
approaches has emerged since 1915 (7,8). Asphalt as 
well as concrete pavements have been- recycled, and 
quality improvement has often been accomplished by 
adding aggregate, asphalt, portland cement concrete, 
or a rejuvenating agent. In recent years the recy
cling of pavement materials has proved to be econom
ically feasible and functionally successful. The 
state of the art of designing and constructing pave
ments composed of recycled materials has now ad
vanced to a point where recycling is considered to 
be a workable rehabilitation and maintenance alter
native. 

The increase in recycling operations has created 
an awareness that the characteristics of the re
cycled material must ensure a quality pavement. One 
of the major concerns of engineers with regard to 




