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J. R. Freeman, Jr. 
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G. W. Maupin, Jro 
Research Engineer 

INTRODUCTION- 

Repeated loadings on bituminous pavem_ents have long been recognized 

to be detrimental to pavement performance. Although several authors, including 

(2) (3) 
F. J. Grumm 

"I" 
and O. J. Porter, have written of this subject, F. N. Hveem 

was one of the first to investigate the effects of repeated loadings. 

Hveem established three major factors in the failure of bituminous pavements. 

(i) flexural stre•gth, (2) the weight of the mix on the subgrade, and (3) the flexibility 

to withstand repeated bending. To evaluate the thirdfactor, the flexibility of the 

pavement, Hveem developed a fatigue testing device capable of testing small beams. 

cut from asphaltic pavements. This device places a controlled deflection on the beam 

and records the number of loadings required to crack it. 

Other tests developed in the early stages of fatigue testing were by He•mes and 

Chen, (4) Nijboer, (5) Van der Poel, (6) and Monismith. (7) Hennes and Chen tested beam. 

specimens in flexure on a device that supported them on a spring steel leaf. Nijboer and 



Van der Poel developed a laboratory testing device for cylindrical bars of asphaltic 

mixtures. These bars were loaded as cantilever beams and then rotated to achieve 

a repeated loading. Later, this test method was further developed by Pell (8) and is 

discussed in detail i.n the following text. Monismith developed a spring base repeated 

flexure testing apparat•as which was intended to simu]ate the base-subgrade combination 

in the pavement structure° 

:As fatigue testing has advanced, engineers have become more aware of the 

complexities enkailed and many different approaches for analyzing the fatigue life of 

pavements have been adopted° Monismith and others 
(9' 10, 11,12,13) 

have aevel.opec• 

and refined test methods ush-•g beam specimens° Jiminez has s•a•ed the effects of 

flexttre loadh•gs on circular plate specimens. (14) Several tests have been performed 

using various odd shaped specimens such as trapezoidal ones. 
(15,16) Methods of 

analysis have advanced, with Majidzadeh et al. having introduced analysis by fracture 

mechanics. (17) 

PUtt POSE ARrD SC OPE 

The pro-pose of this literature review is to describe fatigue test methods and 

equipment, the data acquired in these tests, and the analytical methods used to evaluate 

the test results. The literature search was conducted under Contract Task A of tl•e 

FHWA Contract No. DOT- FH-11-8324 entitled "Simple Procedure for Fatigue 

CharacterMation of Bituminous Concrete. " 

The discussion presented here is primarily directed toward e.xperirm ntal, 

m•,•;ue te 
u••,•o •.• use of •ung however, fin some m••ces dlscussioll 

the test results in pavement design. 



METHODS OF TESTING 

Prior to the disctassion of th.e various types of fatigue tests and equipment 

used, a general discussion of the testing modes used, the load variables, and 

definitions of the types of failure fom•d in fatigue testily is presented° 

Testing Modes 

Laboratory fatigue testing methods have predominately used two modes of 

10adh•g for bituminous specimens. (10) These modes, controlled stress and controlled 

strain, are designed to hold either the stress or strain at a desh•ed value while an 

unconstrained variable is monit•edo 

Controlled Stress 

The controlled stress mode of testing requires that a load of constant value be 

applied to the specimen t.hreughout the testing process.as illustrated •n Figure i. When 

this testing mode is used, the deflection of the specimen is monitored to determine the 

strah• corresponding to the applied load. The controlled stress test mode is used to 

test bituminous materials which provide the primary structural support of the roadway, 

i.e. materials placed in thicknesses greater than 4 in. (10.2 cm). 

Controlled Stra in 

The controlled strain mode of.testing is performed by maintaining the straiu at a 

desired level and monitoring the corresponding stress. In this mode, a predetermined 

value of deflection or strain is placed on the specimen, and the load required to produce 

this deflection is recorded tl•oughout the test. Graphic illustrations of strain vs. cycles 

to f:•ilure m•_d stress vs: cycles to failure are given in Figure 2. 

The controlled strain test is used to test bitum.hmus materials Used as thin stirface 

layers, the reason being that the surface layer of a bitumh•ous roadway offers little if 

any structm-al support and deflects an amotmt controlled by the subgrade, base material, 

and bituminous base. 



NOo of cycles, N No, of cycle:s, N 

Figure 1. Controlled stress fatigue test. 

No. of cycles, N No. of cycles, N 

Figure 2. Controlled strain fatigue test. (10) 



Load V ariables 

Many types of loadings can be used in a laboratory fatigu.e •est. The primary 

variables are the load history, the rate of load application, and the pattern of applying 

the load. 

Load History 

A specimen may be subjected to two types of load history, simple and compotmd. (9) 

In simple loading, whether controlled stress or controlled strah•, the load condition 

remains tmchanged throughout the fatigue test. In compotmd loading there are changes 

in the load condition during the test with a change being defined as a change in the amom•t 

of stress or strain applied to the specimen or in the environment, such as an h•crease or 

decrease in temperature. 

Compound loadings can be preprogrammed to simulate the loadings a pavement 

receives from traffic; however, the process is quite involved, so simple loadir•gs are more 

widely used. 

Load Ila£e 

The rate of loading i.s the number of load applications made over an established 

period of time° It has been proven that the fatigue life varies with the rate of loading. 

Tests by Monismith and Deacon indicated that over loading rates ranging from 30 to 

100 repetitions per lIlinute, there was a significant decrease in fatigue life as the 

loading rate increased. (9) 
h• tests performed by Taylor, it was found that loading rates 

of less than 200 repetitions per minute caused a greater variation in specimen service 

life than did higher loading rates. 
(1.8) 

Patterns of Applyi!N Loads 

The load patterns commonly used are block, Sinusoidal, and haversine. (9,19) 

The block pattern for a simple loading is shown h• Figure 3. As was previously discussed, 



for a stmpl::. 1.cad rate the level of stress or strain is kept constant throughout the 

test. When applying a compound loading, as shown in Figure 4, •he levels o£ 

stress or strain are varied. Compound loading •sts are done predominately 

with the b!ock pattern; however, haversine and sinusoidal patterns may also be 

used. 

There are two ways in which a compomad loading can be applied; sequentially 

or rm•domly. Sequential loading is performed by applying a fixed number of 

loadings under one load condition, then m•other fixed number under a different 

condition. Thi.s pattern, which is il!u•strated in Figm'e 4, is continued until the 

specimen fails° In random loading each load app]ied is selected randomly so that 

the probability of any load being selected is equal to that of any other load regardless 

of the precedh•g order of applied load conditions. 

The haversine pa•:ern is used mostly for simple loading rather t-han compound 

loading. It constitutes the compressive half of. the sine curve, in which the simply 

supported beam is loaded and then enough tension is applied to force it back to the 

neutral axis. This pattern is preferred over the sinusoidal pattern because it more 

closely resembles the loadings of roadway pavements. The surface layer of a road- 

way undergoes both tensile and compressive forces during a wheel loading; however, 

the compressive forces far out weigh the tensile forces. 
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Figure 3. Block pattern for simple loading. (9) 
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Figure 4. Block pattern for compound loading° (9) 



Definition of Failure 

Failure of a specimen is generally defh•ed as the point at which the specimen 

no longer lms the ability to satisfactorily withstand a desired loado (9) 
For fatigue 

tests, the faiiure condition varies dependi•g bn the. mode of testing used° 

In the controlled stress mode of testing, fatigue life is defined as. the number 

of loadh•gs required for the specimen to completely fracture° In the controlled strain 

mode of testing the dynamic load applied to the specimen is recorded-after the first 

200 to 300 load appiications, and the fatigue life is reached when the ds•amic load 

reduces to a predetcrmi•_ed percentage of the initial ds•.ami.c ]oado Thi...._q: percentage 

usually varies between 50% and 75%. It has been reported by Epps and Monismith tt•q.t 

a 25% and 50% reduction in stiffi]ess correspond to small and extensive crack propagation, 

(i 9) respectively° 

Another method used to determine failure involves gluing foil strips to the 

tensiIe sides of the specimen, 1/2" (1.27 Clll) from.each bottom edge (20) The strips 

are wired in parallel so that both must be broken for failure to be reached. 

of determining fail,ire is used primarily in constant stress testing. 

This method 

FATIGUE TESTS 

The following discussion focuses on the various types of fatigue tests. The 

test methods are grouped by the type of specimen (beam, plate, Marshall, etc.) used 

and the discussion under each t3•pe of specimen covers (1) the type of fatigue testing 

equipment needed and the capabilities of this equipment; (2) the data acquired from the 

test; and (3) the analytical methods used in evaluating the data. 



]3eam Specimen 

Equipment 

The fatigue testing equipment that has been developed for beam specimens 

has two major components the repeated-flexure apparatus and the control and 

loading systems. The repeated-flexm-e apparatus (9' 12) is basically the same for 

any control and loading system (9'I0'II'12'13) used. The only variations in the 

apparatus would be changes made to accommodate various sizes of-specimens. The 

control and loading systems are of two types air or pneumatic pressm'e systems 

and electrohydraulic systems° 

Repeated- Flextu-e Apparatus 

The .repeated-flexure apparatus, (9) 
often termed the testing frame, is used 

to hold the specimen so t}mt the loadh-,gs .can be applied° This apparatus, shown in 

Figm-e 5, is designed so that a symmetrical, two-point load is applied to a simply 

supported beam and results in tmdirectional bending stresses° 

The specimen is held in position by four clamps, two of which apply the load 

(load clamps) while the other two (reaction clamps) support the specimen. These 

clamps, as shown in detail h• Figures 6 a and 6 b, have lubricated rockers that eliminate 

torsional stresses resulting from the specimen not bei•g perfectly square. The reaction 

clamps are designed so that there is no relative movement between the clamps and the 

specimen. These clamps are also equipped with ball bearings that allow longitudinal 

movement and rotation under load. The load clamps have a transverse pin that allows 

To allow longitudinal movement of tile specimen, a lubricant must be used to minimize 

friction between the specimen and the load clamp. Teflon tape and Molylmte powder can 

be used for this purpose. 



Key: 
I. Reoclion clamp 5. Bose plole 
2. Load clamp 6. Loading rod 

5. -Reslreiner "7. Slop nut 
4. Specimen 8. Piston rod 

9. Double-acfing, Bellofram cylinder 
I0. Rubber washer 

II. Load bar 
2. Thomson. ball bushing 

Figtu-e 5. Re.p•ated flexure apparatus. (9) 





The apparatus is designed to fit one specific size beam. Square beam sizes 

used have varied from a vertical cross secti.on of 1.5 in. x 1o 5 in. (3° 8 cm x 3.8 cm)(9' 11) 

to,3.0 in. x 3o 0 in. (7.6 cm x 7.6 cm). (10,12) Beams not having a square cross section 

have been tested by Kirk, (13) who used a beam having cross sectional dimensions of 

2 in. x 2 3/4 in. (5 cm x 7 cm). The beams are usually 15 in. (38.1 cm) in length, 

however, Kirk varied this dimension also and used a beam 13 3/4 h•. (35 cm) in length. 

Control and Loading Systems 

As stated earlier, two systems are used to generate and control the applied 

load. These Ss'stems, th_e air o:c pneumati.c pressuz-e' and the el.ectrohydraulic, (12 13) 

are discussed in detail b•;low. 

Air or Pneumatic System The akr or pneumatic pressure system developed 

by Deacon, (9) supplies a controlled pnemnaatic pressure to a double acting Bellofram 

cylinder. The Bellofram cylinder, shown in Figm-e 5 and in more detail in Figure 6c, 

applies the load to the specimen. The pneumatic pressure is controlled by mechanical 

air control (I•LAC) valves regulating the air pressure between the air.tanks and the 

Bellofram cylinder° These valves are three-way solenoid-operated pressure valves 

activated by the control system. The MAC valve is designed to allow air to enter 

either the upstroke chamber or the downstroke chamber, or to completely block o.ff 

the flow of air into the Bellofram cylhader. 

The frequency of loading is regulated through the central systern by a 

mechanically powered cam and microswitch arrangement. The frequency of 

loadh•g is approximately ].20 applications per minute, with the duration of the 

load increasing h'om a minimum of 0o 05 second° An illustration of theload vs. 

time and deflection vso time is shown in Figure 7. 
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Figure 7. Load vs. time and deflection vs. time relation- 
ships for constant-stress test equipment. (9) 



The magnitude of the load is controlled by the pneumatic pressure system 

through a pressure cylinder under an air pressure regula•d to provide the desired 

loading. A compom•d block load can be applied by use of a series of pressure 

cylinders with MAC valves connected to the Be!lofram cylinder. By programming 

the control system to switch the variou,s MAC valves on and off, changes of load 

magnitudes can be accomplished. The design of this system allows the block loading 

pattern to be used with either simple or compound loading and the controlied stress 

or controlled strain testing mode. 

The aix. or pneumatic pressure system is used predor•ainately for tests in the 

controlled stress mode, because of the difficulty in vat:'yi•.g the !oad to mainta.in a 

constant strah• in the controlled strah• test. To perform a controlled strain test with 

this equipment, the test must be constantly monitored so that the adjustments in the 

load necessary to maintain a constant strain level cm• be made manuall.y. 

Electrohydraulic System-- The electrobydraulic system (12'13) is very different 

from the air pressure system, both in the. control mechanism and in the generation of 

the load. This system uses a totally electronic control subsystem to activate the 

hydraulic subsystem that generates the load. 

(21) The testing system opera.s in a closed loop, as shown in Figure 8, i.nitiated 

by an electrical signal (load, deflection or strain)from the manual command control 

in the input module (performed by operator)° This h•put is applied to the specimen and 

the system then compares the polarity and the magnitude of the command signal to those 

given by the feedback ta-ansducer. If the difference betaveen the command signal and that 

of the feedback transducer is not zero, the controller makes the necessary adjustment 

by signaling the loading system.. 

The hydranlic supply is the link between •he control system and the loading system. 

Th.e control system, through a servo valve, regulates the flow of hydraulic fluid moving 



Hydraulic. 
Power 

External Command 
Com.mand •7• (Set Point) 

___2"._ 
•nput 
Module 

Excitation 

Feedback 

Supply 

as ic Loop 

Transducer •,._ Specimen l 

High Pressur 
Line (Low Pressure) 

.-•_Controller J Signal 
X- 

Valve 
X- 

(24) Figure 8o The basic loop of the electrohydraulic testi]•g system. 

the piston. The movement of the piston provides the loading that the repeated- 

flexm- apparatus applies to the speeimeno 

This type of equipment can perform in both the controlled stress and controlled 

strain modes. The tests are generally performed with a simple haversine load pattern, 

but other patterns may be used. 

Data Collection 

Because of the general acceptance of the repeated-flexure apparatus for ioading 

the specimen, the data collection methods and equipment are generally the same 
regardless 

of the control and loading system used. The only major difference lies in the method of 

recordh•g and the load applied to the specimen. The clectrohydraulic system has a load 

cell in the repeated-flexure apparatus which determines the load applied to the specimen. (12) 

The air pressure system can measure the load directly from the pressure maintained in the 

air pressure ta.nk, provided it has been calibrated with a load cell. (9) 
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The centerlh•e beam deflection is measured by a lh•ear, variable, differential 

transformer (LVDT). The vale.re measured by the LVDT is recorded on a strip cl•art 

recorder. 

•Anal•rtica] Methods 

Linear Fatigue Life Relationships The methods used to analyze the data are 

the same regardless of the size of specimen used° The basic equations (12) for extreme 

fiber •tress, stiffness modulus, and extreme fiber strain are listed below° The 

equation applies to a beam of uniform cross section which, is simply support•d at the ends 

and loaded by two symmetrical, concentrated loads applied near the cen•er. 

where 

3aP 
c• l•g- (1) 

Pa ('.312 -4a2.) 
Es° 48Id (2) 

12td (3) e (312 -4 a 
2 

extreme fiber stress, psi 

a 1/2 (reaction span length- distance between 
load clamps), in. 

P dynamic load applied to deflect beam, in., 

specimen width, in. 

specimen depth, i•o 

E 
S 

flexural sitffness modulus based on 

deflection, pSio 

reaction span length, in. 

specimen movement of inert•, in. 4 

d•amic deflection of beam center, in. 

extreme fiber strain of mix in region of 
equal moment calcul.a•d from deflection of 
b6;am cen•r, ino/hi. 



The stress, g and fracture life, Nf, can be correlated using a least squares 

regression analysis that results in a linear log-log plot of • versus Nfo (12) 
This 

relationship is shown in the form: 

Nf K 2 (I/g n2 (4) 

where Nf number of load applications to failure 

K2 constant dependLng on the mix 

extreme fiber bending stress, psi 

n 2 constant (slope of regression line) 

With the above the above equation, the fatigue life for a given bending stress can be estimated. 

A similar relationship can be established for strain, -• versus fatigue life, Nf. 

This relationship is also obtained from a least square regression analysts, (12) and is 

s ho•a] as 

Nf= K 1 
(1/s)nl (5) 

where Nf number of load applications to failure 

K 1 constant depending on the mkx 

initial bending strain based on center pointdeflection of specimen 

n 1 constant (slope of regression line) 

Fracture Mechanics The fatigue behavior of bituminous pavements has been 

(17) 
analyzed from the fracture mechanics viewpoint by Majidzadeh et alo This analysis 

has been developed using beam specimens tested in a controlled stress mode with loading 

of 0.1 see° duration and a 1.0 see. rest period. During loading it is necessary to 

measure the crack length or determine it by indirect methods° The direct methods are 

X-ray, ink-staining, and visual observation. The indirect method uses the inverse slope 

of the loa.d/deflection diagram for each loading cycle to represent the compliance of the 

beam, with an increase in compliance being directly related to an •ncrease in crack depth. 



The fractm:e mechanics analysis uses the equation 
.Cf 

Nf | 1 dc 
Co AKn 

(6) 

where Nf ntm•ber of cycles of load to failta'e 

A crack growth parameter relative to materi•s 

K 
n 

the stress intensity factor with n being a material constant 

de the rate of crack propagation 

Cf the critical crack depth 

C 
o 

the original crack depth 

n cra.ck growth parameter relative to foundation stiffi•ess 

The stress intensity factor, K n, can be determined by t•sing, t"••c, et-. luation 

Kn=pi 
2 

fi• '•,. L (7) 

where L compliance, which is the inverse slope of the load/deflection diagram 
under each loading cycle 

C crack depth 

load 

E Young' s modulu.s 

U Poisson's ratio 

The values of parameters A, n, C 
o 

and Cf also must be determined before the 

fatigue life can be computed. These parameters are used to describe the fatigue process 

and help predict fatigue life. 

The parameter A is affected by mixture variables such as percent asphalt, asplm.lt 

hardness, and mixture density° The value of A is variable and is computed by using the 

equation 

A= 1 dc 
•r• d'-• (8) 



The values of the non-dimensional parameters C 
O 

and Cf are determined 

during the fatigue tests, which Cf beh•g based on the crack depth at failure and C 
O 

on the initial cracks and their sizes. Typical values for C 
O range from 0o 025 to 0.1 

for sand-asphalt and asphaltic concrete mixes, respectively. 

The value of n is the slope of the line representing the crack growth rate, 

dC/dN, plotted agah•st the stress intensity factor. The slope of this line increases 

as the elastic modulus of the foundation increases. An illustration of the relationship 

is shown in Figure 9. 

By determining the parameters Co, Cf, and n, through a fatigue test, the fatigue 

life of a bituminous mix may be predicted for any load through the use of equations 

6 and 7. 

Plate Specimens 

A fatigue testing machine capable of testing a plate specimen under a sinusoidal 

(14) load was developed by Jtminez. This machine, called the deflectometer flexure 

fatigue tester, is capable of testing both laboratory specimens and road samples. A 

special vibratory kneading compactor is used to make laboratory specimens 18 in. 

(45.7 cm) in diameter and between 1 in. (2.5 cm) and 5 in. (12.7 cm) thick. 

Equipment 

The test specimen is supported by the reaction unit shown in Figure 1.0. This 

unit consists of a metal chamber that contains oil and air and is covered by an airtight 

rubber membrane. The membrane provides support for the specimen by entering a 

controlled amount of air pressure into the chamber. The specimen is held in place along 

its circum.ference by a steel ring having an inside diameter of 14 in. (35.6 cm) and an 

outside diameter of 20 in. (50.8 cm)o This ring is secured to the chamber by 16 bolt- 

spring traits. 
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Fig u.re 9. Co•.lp•t.ri.son of rates of crack propagation in sim.pl• 
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A Reaction trait supporting 18" diameter specimen 
D Loading system of counter rotatir•g eccentric masses 

E Displaceme•t pump 
H Electric motor for loading system 
M--- Pressure gage for reaction m•it 
T Specimen 
X Ballast for dead load 

Figure 10. Deflectometer flexure fatigue testier. (14) 



The specimen is loaded in the center using a load disk with a contact area 

of 5 in. 2 (32.3 sq. cm). The loading system is designed to allow it to move with the 

deflection of the specimen. The total load applied to the specimen is fixed and comprises 

a 150-lb. (68.0 kg) dead load and a 130-lb. (59.0 kg) live loado The dead load is the 

weight of the motor and loading system actia•g on the specimen. The live load is applied 

in a sinusoidal form using counter-rotating eccentric masses. The live loading is applied 

at a frequency of 12 repetitions per second. 

Data Collection 

The deflectometer flexure fatigue tester uses only the controlled stress mode of 

testing. The da•. co].lected are limited to the number of loa.dings, support pressure, and 

deflection. The deflection is measured by dial ex•tenso•.•:.•eter gages which are read by the 

operator. The number of loadh•gs is recorded by a cotm.ter driven by the slmR rotating the 

eccentric masses. 

The initial deflection readh•g is taken aRer the first i, 000 loadings. The specimen 

reaches failure when a rtmnh•g plot of the deflections vs. number of loadings deviates 

from a straight line, the pohat of tangency is the failure point. 

A__na•ytical Methods 

The deflectometer type of fatigue testi•N equipment is extremely limited because 

it is capable of using only a controlled stress mode of testing with a Sinusoidal load 

pattern. Since only one loading can be placed on the specimen, a strain vs. fracture 

life relationship ca•mot be developed. This test can give the data- necessary for computing 

the dynamic modulus of elasticity using the total load, twice the repeated live load, the 

repeated mid-point deflection and a support pressure of 1_. 5 psi (10o 4 KPa)o 

Cylindircal Sl•cimens 

The use of cylh•drica.1 specimens in fatigue testing has been limited. Moore and 

Kennedy(22) used a specimen 4 in. (I0.2 cm) h• diameter and 2 in. (5.1 cm) in height. 



The testing equipment i's the closed-loop electrohydraulic loadh•g system with 

an indirect tensile loading head shown in Figure 11. The recording equipment is a light- 

beam oscillograph that records both the load and its corresponding deformation. The 

load is controlled by a strain gage type load cell and hasa frequency of one cycle per 

second. 

The use of this equipment has been directed toward testing and evaluatfl]g the 

effect of various material propertie• 
on fatigue life. The test data have been used in a 

multiple regression a•alysis to develop equations for estimating fatigue life. Variables 

such as asphalt content, asphalt cement type, mixing temperature, compaction 

temperature, and stress levels have been used in the regressions., analysis. 

Trapezoidal Specimen 

The trapezoidal specimens originally were used by Bazin and Saunier 
(15) 

and 

then later by Coffman et al. (16) The specimens can be either laboratory fabricated 

or taken from the pavement. They are then sawed fl]to a trapezoidal shape. 

The testing equipment consists of a closed-loop, electrohydraulic system. The 

specimen is firmly co•mected to steel plates as sho•n in Figure 12, then bolted to the 

loading frame as shown in Figure 13. It is loaded through a pretensioned wire attached 

through the top plate. The C-shaped steel frame is attached to the closed-loop, 

electroh.ydraulic system. 

The specimen is loaded under a controlled stress mode and a sinusoidal load 

pattern. Failure is monitored by using lines of conductive paint placed on the sloping 

faces of the trapezoid and connected to a galvanometer which detects the cracks m•d their 

magnitudes. The deflections are measured with a LVDT mid recorded on an oscillogrttph. 

From the data recorded, the relationship for predicting fatigue life by the least 

seqttares regression, analysis, N K (l/E) n, as mentioned previously can be developed. 
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Steel Plate 

Specimen 

Steel Plate 

Figure i2. Trapezoidal specimen epoxyed to steel plates. (I 6) 

•, 
Steel Frame 

Pretensioned 
J 

Wire 

Strain 
--• •: 

Strain 

Specimen Bonded •••_W•th Epoxy 

Sine 
•oading 

I._ Load 
Cell 

Figure 13. Tral.•ezoidal specimen loading apparatus° (16) 
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Pell Spec i, men 

A fatigue test method usi•r2; a specimen of the shade shozm in Figure !4 was 

developed by Pello (8,24) This specimen is unique because the diameter of its "neck" 

varies from 3 1/2 in. (8°9 cm) to 2 1/2 in. (6.4 cm). The metal speci•nen end fittings, 

shown in Figure 14, are placed on the specimen during its fabrication. The specimen 

is clamped in a vertical position using the chuck of the rotating type cantilever fatigue 

machine° 

The loading is applied to the top bear i•gs by a loading stirrup connected to 

weights, which places a constant •.•.ending stress-' on the specimen. .[h.•. •ecimen is 

then rotated by the main shaft con,:retted to •he base of the testir, g n,a.c:h.1 The 

rotation subjects the specimen to a sia•usoidal loading. The maxhnum bending stress 

is developed in the neck of the specimen, m•d when fa-acture occurs the specimen will 

break completely in hallo The motor driving the roiating shaft is a variable speed 

D.C. electric motor of 1.5 HP capable of vars4ng the loading frequency from 80 to 3,000 

cycles per minute. The loading frequency used by Pell was 1,000 cycles per minute. 

Pell used a controlled temperature bath of alcohol and water that enabled tests 

to be performed with temperatttres controlled to an accuracy of •: 0.2°C over a range of 

-5°C to + 30°C. 

The data recorded during the test are the 10ad .applied to the specimen and the 

deflection of the specimen at the loading head. The deflection can be determined by 

measuring the movement of the loading wire from its initial unloaded position. 

Again, the least squares regression analysis is used to relate strain to fatigue 

life by the eqtuntion N K (1/E) n. 



F•.ure 14. Details of the specimen and loading apparatus. (24) 

EVALUATION OF TEST METHODS 

evaluating the test me•.,_ods, each was examined against the following criteria 

1. The capability of the method to perform both controlled stress and controlled 

strain re.odes of ,msting. 

2. The capability of applyh•g both simple and compound loadings. 

3o The capability of varying the frequency of loading. 

4. The caIpabi.lity of using various load patterns. 

The difficulty o,f fid•ricati.ng the specimens. 



Beam Specimens 

The test methods used to test beam specimens the air or pneumatic 

pressure system and the electrohydraulic systems both use similar repeated- 

flexm'c apparatus. The control and loading mechanisms are also quite similar; 

each being capable of using controlled stl'ess m•d controlled strain and simple and 

compound loading, and of varying the frequency of loading as necessary. The 

distinguishing characteristic is that the electrohydraulic system is capable of using 

any load pattern, while the pneumatic pressure system is limited to a block pattern.. 

The fabrication of the specimen is relatively simple using the procedure outlined by 

ASTM Desigrmtion D3202-73 for the Ca].ifornia Kneading Comi:•.ctoro 

Plate S/me linens 

The deflectometer test, used with a plate speci.men, is capable of applying only 

a controlled stress mode° The testing mechanism applies a simple loadD, g of constant 

magnitude and frequency. Since the magnitude and h-equency are constant, the ctwve 

for predicting fatigue life cannot be developed. This test method is fmother limited by its 

inability to apply any load pattern oth.er than sinusoidalo The fabrication of the specimens 

is difficult because of the size of the specimens and the type of compaction equipment 

necessary° 

Cylindi.rcal Specimens 

The method of fatigue testing cylindrical specimens uses a 4 ino (10.2 cm) 

diameter specimen made trader standard Marsba!l compaction, procedures. The testing 

mecb:,..nism cm• place only compressive loads on '-'•.• 
mt• specimen gand in a shlu •• •+•- 

•u-•u,• p•e rn. 

The test method is • contro•ed stross ush• simJe lo•d•.n Z. The frequency of loadin• can 

be varied, with high frequencies most often being used. Since there is no tensile force 
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applied to the specimen, which would represent the elastic rebound of the pavement, 

the laboratory fatigue life values may not be comparable to roadway fatigue life values. 

Trapizoidal Specimen 

The tf'apizoidal specimen uses the electrohy.draulic load and control system 

discussed under beam specimens. The testing mechanism is capable of performing 

controlled stress and controlled straha tests, applyh]g simple and compound loa.dhags., 

varying the frequency of loading, and using various load patterns° The major drawback 

of the test method is the difficulty of specimen fabrication and the placement of the specimen 

in the loading apparatus° 

Pell Specimen 

The Pell specimen is tested using the rota-th•g cantilever machine. This machine 

is capable of producing a controlled stress mode trader a sin'•oid• loading pat-tern. 

The specimen can be tested m•der simple or compound loadi•gs and at different frequencies. 

However, the odd shape of the specimen ma];es fabrication difficult. 

Summary_ 

In summary, the test method showing the greatest overall capability in fatigue 

testing is the electrohydraulic control system using.a 3 in. x 3 in. x 15 ha. (7.6 cm x 

7.6 cm x 38° 1 cm) beam specimen. This method is capable of performing all modes of 

testh•g desired. 
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