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Acoustic errusston monitoring wos used during tensile tests of 
low-carbon structural steels 10 determine the physical characteristics of 
the acoustic emission phenomena. Results indicate that acoustic 
emissions are caused by micro-plastic deformation processes (i.e., 
dislocation motion). 

A series of axJaJ.fatigue tests was performed an several types of 
structural steels, some of which had extensive service in bridges. There 
was no apparent relation between specimen load histories and 
subsequent performance In faugue tests. Tensile test.s of specimens 
subjected 10 c~tens ve fatigue testing, at messes below the yield strength 
of the material, revealed no major difference In mechanical propert ies 
or acoustlc emission response due to their fatigue histories. 

Further tests revealed that acoustic emission testing In the 
frequency range of I 00-300 kHz has che physical capability of detecting 
cracks on large structural steel members. Thls may prove beneficial for 
the comprehensive nondestructive ei/aluadon of steel bridges. 

Summary 

Most bridges which have failed have succumbed to brittle failures. 
However, fatigue failure of bridges is a constant danger. Bridges are being 
subjected to heavier traffic loads and higher traffic volumes. The increased 
use of welding in bridge construction has also increased the hazard of fatigue 
failures . 

The Division of Research, Kentucky Bureau of Highways, has been 
concerned with the problem of bridge fatigue. The Division of Research 
approached this problem from a statistical viewpoint, attempting to 
determine bridge fatigue lives from traffic loading patterns. However, a need 
existed lo determine the mechanical behavior of bridge steels which had 
seen long service in fatigue environments. Acoustic emission, a new 
nondestructive evaluation tool, showed some potential for providing data 
about the loading history of a material. A study was initiated to investigate 
these subjects. 

Acoustic emissions (AE) are transient elastic waves generated in a 
material subject to external stress. In metals, sensitive electronic 'listening' 
devices must be used detect acoustic emission. A Dunegan Model 3000 
acoustic emission detector was used in this study. 

A series of tensile and comp1csslve tests was performed on mild steel 
and aluminum specimens to determine the physical sources of acoustic 
emission. Steel specimens in both the annealed and cold-rolled states 
produced acoustic activity which was best explained as being caused by 
elements of microplasticity (i.e., dislocation motion). The behavior of 
aluminum tensile and compressive specimens reinforced this view. AE activity 
wu found to be irreversible with increased loading. If a specimen was 
partially loaded and relieved, no emission was detected until the specimen 
was stressed to a higher level. This behavior is termed the Kaiser effect. 

Tensile specimens were prepared from an old eyebar from the C & 
0 bridge at Covington. The eyebar had lain in a storage yard for a year 
since the bridge· had been demolished. Tests revealed that strain aging had 

occurred, preventing AE monitoring from detecting the specimens' loading 
history. 

A series of axial-fatigue tests was inU1a1ed using eyebar specimens and 
five specimens from a special batch of replica steel furnished by Nat onal 
Steel Corporation. Twelve specimens each came from two addilional types 
of structural steels. These steels, probably ASTM A 7, came from rlvited 
bridge members that had suffered faligue failures. 

The focigue tests were performed by Metcut Research Associates of 
Cincinnacl, Ohio, on a Baldwin-Lima·Hamil1on, JV-20 foclgue machine. The 
eyebar and replica specimens were tested at various mess ratios and fractions 
of fatigue lives at chose mess ratios. AS™ A 7 specimens were tested in 
compJetcly reversed loading co failure or runoul which was specified at 12 
x 10 cycles. 

Inspection ~fter the tests were completed revealed that all fractured 
specimens · failed ac 1he iransic lon between the fillet and the gage section. 
Thls did not affect the continuity of test results. There was no appreciable 
difference in the fs1igue bebavior of the eyebar and replica specimens. 

None of the S1eels tested showed any sigriificant loss in mechanical 
properiles. compared co results or fat gue tests of mild steel performed by 
others. The two ASTM A 7 steel specimens had lower ratios of fatigue limits 
to ultunate strengths lhan values obtained by ochers. However. this was 
probably caused by the mess risers at the gage·sccrion fillets. 

Tensile AE tests were conducted on unfatigued specimens and those 
which had survived lhe spcelned fatigue run-out . No maior differences in 
med1anical behavior or AE response were noted. The fatigue specimens had 
undergone main agmg between the time of fatigue te~ting and the subsequent 
tensile tests. 

Several of these specimens were notched and tensue tested to determine 
the behavior of specimens with stress concentrations. Each specimen showed 
high strength and low duc tility. AE activity of notched specimens differed 
from the unnotched ones. The notched specimens showed a slight increase 
in AE rate prior to failure. 

A field test was performed using 3 large I-beam and an AE simulator. 
The sfmulator Induced sound waves 111 the beam similar in frequency content 
and magnitude to AE waves produced by a growing crack. At hJgh signal 
resolutions, the AE detection system could detect these excilations at a 
distance of about 45 feet (14.8 m). This shows the capability of AB testing 
on large struct ural members. 

Scope 

The Division of Research. Kentucky Bureau of Aighways, haJ been 
concerned with the problem of bridge faligue for the past 15 years. Most 
of lhe Division's past research used statistical models based on the nnalysis 
traffic patterns in an attempt to predlci the remaining safe Ufe of bridges 
( 1. 2). The utility of thb type of analy$1s is Umitcd by several facts. Bridges 
subject to fatigue show the cumulalive effects of random cycllc loads 
(sometimes above the fatigue limit). Damage theories postulated by the 
Division of Research were based on Miner's rule, which assumes that ff "i 
cycles of stre» o1 are applied co a member, where Ni was the fatigue limit 
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for the member, failure could occur when 
(I ni/Ni) 2 1. 

Miner's rule has not proven conservative and is subject to the same statistical 
variations encountered in fatigue testJ. Also, in its simplest fonn, it precludes 
the possibility of a pre-41xistent crack which can easily occur in a structure 
as large as a bridge 

It was realized •tu t some infonnation on actual material perfonnance 
would be required to substantiate as!umplions incorporated in earlier 
statistical model~. Lillie 1uevious research could be found on the mcchOJl.ica.l 
performance of steels subjected to many years service in a fatigue 
environment. Acoustic emission. a new laboratory and nondestructive 
evaluation tool, showed some potential for providing data about the loading 
history of a material. Therefore, a study was initiated to investigate acoustic 
emission and fatigue. 

Acouatic Emiaion 

Acoustic emissions (AE) are transient, elastic waves generated by the 
rapid coleaso of energy from a ma1erial subjected to an external stre-ss. 
Consider breaking a stick by slowly bending It: when the wood fibors 
fracture. a noise can be heard. However, most dynamic processes in metal 
release insufficient energy to be detected audibly. Therefore, sensitive 
electronic equipment is required to detect these processes. 

A schematic diagram of the Dunegan Model 3000 acoustic emission 
detector used in the study is shown in Figure I. The essential components 
arc transducers. preamplifie1s, and totalizers (counrcrs). Transducers receive 
weak, high·frequency mechanical vibrations from dynamically suessed 
specimens and converts them into electrical signals proportional to the rate 
and the intensity of the Impressed vibrations. Preampllfiers amplify the 
signals, filtering out frequencies below I 00 kHz, which are usually 
extraneous mechanical noises. The totalizers (counting circuitry) measure and 
count the voltage signals from the preamplifier that exceed a certain 
threshold level. This data is displayed as 'counts', being proportional to the 
frequency and intensity of the impressed vibrations. The totalizer can work 
in conjunction with a Dunegan Model 402 reset clock to provide count rates. 
Counting is visually displayed on a panel meter and on a strip chart . The 
amplified signal is heard through a Dunegan Model 702 audio monito1. The 
couplant used in th.is study to connect transducers to test specimens was 
a viscous polyester resin, Dow DV·9. 

Initial Acoustic Emission Tests 

Several basic questions needed to be answered about the exact physical 
sources of acoustic emission before any correlation could be made between 
acoustic emission and fatigue. Ingham, et al., associated the AE phenomena 
in steel with cracking of cementite (3). They noted that steels with 
spheriodized peralite produce less total acoustic emission than those with 
lamellar pearlite. Dunegan and Harris, however, associated AE activity with 
mobile dislocations (4). 
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A series of tensile and compressive tests was perfonned on steel and 
aluminum specimens. The tests were conducted at the University of 
Kentucky Department of Metallurgical Engineering and Materials Sc ence 
using a 20.000.pound (88,960.N) capacity, universal testing machine 
(lnstron). Pin·type grips were required for tcnsUe specimens. A special 
prestressing device was used to pteload pin holes. The preload wu higher 
than fracture load of the specimens. This had two beneficial effects: it 
work-hardened the specimen pin holes, and it 'silenced' noise from 
deformation at the pin hol~~ Thi' minimi1.ed AF. activity from the &riP 
area during the tests. 

The initial tensile tests, shown in Figure 2, were conducted using AISI 
1018 steel specimens. The resulting load- and AE rate-versus-strain curve 
of Figure 3 shows a difference between cold-worked AISI 1018 steel (Test 
9) and annealed AISI 1018 steel (Test 10). The$C tests were run at a 
crosshead speed of 0.05 in./ min ( 1.3 mm/min). Low· noise (differential) 
Dunegan D 140 transducers were used for the tests. Acoustic emissioN were 
summed over a time interval of two seconds to give a rate indication of 
AE activity. The Model 30 l totalizer was run with a gain of 95 dB. The 
AE output of the totalizer was plo11ed on a strip-chut recorder. 

Fipre 2. Teamle/AE Tat of a Sllllll Sp.:imen. 

AE activity of cold·worked steel increased rapidly with the rising tensile 
load and reached a maximum value at the proportional limit. After plastic 
deformation began, the AE activity decreased. The AE rate for the annealed 
specimen Increased gradually with load, reachlng a maximum value at the 
proportional limit. After plastic defonnat!on began and as it proceeded, the 
AE rate decreased. Whereas the cold·worked steel had the highest AE rate. 
the annealed steel had nearly three times as many total AE counts. Most 
of the potential for AE activity in the cold·worked steel had been dissipated 
by creating di5locations in the cold-fonnlng proceu; therefore, less total AE 
activity was possible. 

Figure 4 demonmates the irreversibility of acoustic emissions with 
loading. using the folly annealed steel. The summing interval was increased 
to JO seconds. The specimen was loaded until discontinuous yielding took 
place. Then, the load was decreased to a low valuo. The specimen was 
reloaded and pulled to failure. The AE rate curve demonstrated the 
irreversibility of acoustic emission. AE activity ceased on unloading, and 
no emissions occurred until the previous maximum load wu exceeded. This 
behavior, called the Kaiser effect, was found to exist for both elastic and 
plastic deformation. 

l'iguic 5 shows the load· and AE rate·vosw-strain for a one·inch 
(25 .4-mm) cube of commercially pure aluminum in compression. The Kaiser 
effect was also demonstrated in th.is test. The specimen was strllined at a 
crosshead rate of 0.01 in./minute (0.254 mm/minute). A 2-second summing 
interval was U$Cd for the AE rate. No AE activity was found until the 
proportional limit was exceeded. The maximum AE rate occurred prior to 
the onset of gross plastic flow. The AE activity, for most aluminum 
specimens tested, decreased gradually with increasing plastic flow. The 
compression tost was stopped when the load reached the maximum capacity 
of the testi1111 machine. 

The ductile aluminum specimen shown in Figure 5 had approximately 
the same volume of material subject to maximum strains a.s the steel 
specimens. The rate of AE activity from the aluminum specimen Is of the 
same order of magnitude as the AE rate from the steel specimens. 
Commercially pure aluminum hu no brittle second phue such 11 cementite. 
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Figwe 3. Load· and AE-venm-Stnin Cwves for Cold-Worked Steel and 
Annealed Steel. 
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Fi~4. Load· and AE-venus-Strain Cwve Showing the Kaiser Effect 
for a Steel Tensile Specimen. 
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for a.a Aluminum Comp~ion Specimen. 
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The source of AE activity in this metal must be attributed to dislocation 
motion (5, 6, 7). The decrease of mobile dislocations. with the continuation 
of plastic flow and work·hardening, closely correlates with the AE-rate 
behavior of aluminum due to the greater ease of dislocation motion in the 
face-centered cubic metal. A ductile phase of steel, ferrite, must also be 
capable of producing a significant amount of acoustic emission. The 
contribution of cementite fracture to the total AE activity in a structural 
steel must be dependent on the percentage present. In most structural steels, 
the cementite content is very small. 

The difference between AE rates of the cold-worked and annealed AISI 
1018 steels is better explained by dislocation motion. The initial dislocation 
density of the cold-worked steel was from 102 to 104 times greater than 
the annealed steel. Immediately on load application, many dislocations 
became mobile. Dislocations were created in the annealed steel upon loading. 
Therefore, the annealed steel showed a more gradual increase in AE rate 
and a greater total amount of AE activity. 

Tests at different crosshead speeds showed that AE activity would 
increase with increased loading rates. AE activity was perceptable at 
crosshead rates as low as 0.00 I in ./minute (0.025 mm/ minute). The Kaiser 
effect persisted at crosshead speeds as high as 0. 7 in./ minute (17 .8 
mm/minute). Steel specimens cut in the transverse rolling direction and 
normal specimens cut in the longitudinal rolling direction were tested and 
compared. Both types of specimens exhibited the same yield and ultimate 
strengths. However, the transverse-cut specimens showed 5-percent less 
elongation and about SO.percent less total acoustic ~mission. 

Tensile specimens were cut from an SO.year old bridge eyebar, from 
the C&O bridge at Covington, which had lain in a storage yard for a year 
since the bridge was demolished. Specimens were cut from the eyebar stem 
parallel to the loading direction. It was hoped that the Kaiser effect would 
give an indication of the maximum service stress. However, tests revealed 
behavior similar to that of AISI lO l 8 steel. Stram aging had probably erased 
the Kaiser effect. 

Fatigue Testing 

A series of axial-fatigue tests were planned, using four types of steel. 
Steel from the C & 0 bridge eyebar was duplicated by National Steel 
Corporation (see Table I). The old bridge specification was typical for 
acid-Bessemer steel. To duplicate the eyebar steel, National Steel Corporation 
phosphorized an open-hearth steel plate after it was rolled. A 7-in. x 4-in. 
x 1/2-in. (178-mm x 102-mm x 13-mm) unequal angle and a C9xl5 channel 
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member were also incorporated in these tests. Both were from riveted 
members, about 40 years old, and were presumed to be ASTM A 7. Both 
of these beams failed by fatigue in bridge service. The tensile strength of 
the angle specimen was 54.9 ksi (378 MPa), and the tensile strength of the 
channel specimen was SS.I ksi (380 MPa). A typical specimen is shown 
in Figure 6. The specimens were cut in the logitudinal rolling direction of 
the- steels. All natural surfaces were preserved, and all machined surfaces 
were ground. 

The I I C&O (Series A) specimens and the National Steel (Series B) 
specimens were fatigued at various stress ratios and fractions of fatigue lives 
at those stress ratios. Angle (Series C) and channel (Series D) specimens 
were tested in completely reversed loading to detennine their endurance 
limits. The fatigue tests were run by Metcut Research Associates of 
Cincinnati, Ohio, on a Baldwin-Lima-Hamilton, IV-20 fatigue machine. 
Loading alignment was achieved by drilling pin holes, centered along the 
gage length of a specimen. The specimens were tested in air at room 
temperatures (70 ± 10 F (21 ± 5.5 C)). The specimen temperature was limited 
to 200 F (93 C). Loading was applied in a sinusoidal manner at the rate 
of 1200 cpm. The total dynamic load error was limited to ± 3 percent 
of the applied stress. 

Test results are shown In Table I. The fat igue limit (also the runout) 
was 12 x I 06 cycles. On inspect ion of the specimens. after machinin_g, some 
discuntinuity was found between the fillet radii and the ground faces of 
the gage sections. This was not conec ted as it wns feared that any subsequent 
grinding would undercut the specimens at the gage root . All failed specimens 
fractured at this location. However, the continuity of the resulu suggests 
that tho mess concentration fac tors which contribu1ed to the failures were 
almost constant for all specimens. Plaslic flow in specimens stressed greater 
than 30 ksi (207 MPa) led to buckling and caused three Series D tests to 
be aborted. 

Figures 7 and 8 show modified Goodman diagrams for the Series A 
and B fatigue tests (8). The average lines indicate average fatigue limits of 
new low-carbon structural steel for fatigue lives of 100,000 and 200,000 
cycles. The shaded areas show stress variations between the average and 
minimum fatigue limits. imposed on Figure 7 are the poinu representing 
test failures which occuned at fatigue lives greater than two million cycles. 
Figure 8 shows points representing 1es1 failures which occuned at fatigue 
lives be tween 96,000 and two million cycles. Figure 7 reveals that even 
though most of these fatigue tesu lasted six times longer than val.ues for 
fatigue Lives of two milllon cycles, their fatigue limits usually equalled or 
exceeded the established minimum fatigue Umlts of typical steels for two 
million cycles. Figure 8 shows that fatigue limits of most specimens having 
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Table I. Remits of Axial Fatigue Tests 

MAX f MUM MPH MUM CYCLES TO 
SPECIMEN STR.ESS STRESS CYCLE CYCLE FAILURE 

NUMBER I KS I I Ci< SI l DESIGNATION REQUIRED C THOUS ANDS I RESULTS 

Al 19 -L9 NAl TO F"AlLURE 12.000 FAILURE 
A2 29 -29 ,~A2 75% OF "iA5 86 FAILURE 
A3 29 -29 NA3 50% OF NA5 600 RE~OVEO 
A4 29 -29 .~A4 TO FA I LURE 611 FAILURE 
AS 29 -29 "lA5 TO FAILURE l d q7 FAILURE 
A6 35 I) NA6 TO FA I LURE 204 FAILURE 
A7 35 0 1~A 7 75% OF '-JA6 153 R E"lOV ED 
AB 35 0 ~AB 50% OF NA6 102 RE .MOVEIJ 
A'l 54 0 NA9 TO FAILURE 'l6 FAILURE 
AlO 50 25 NAlO TO FAILURE 12.154 f1 UN OUT 
Al l 'i6 2B NAll TO FA I LURE 526 FAILURE 

dl 29 -29 NBl TO FAILURE lAl FAILURE 
B2 29 - 2'j ~B2 75% OF ~1a1 L3b REMOVED 
B3 35 (J ;~9 3 TO FAILURE 12.057 RUN OUT 
B4 35 0 Nt\4 75% OF '< B3 3,9A5 FAILURE 
B5 35 ·J NBS 50% OF 'J 133 6t000 REMOVED 

Cl 25 -25 ,~cl TO FAILURE 10 B FAILURE 
C2 25 -25 NU TO FAILURE 48 FAILURE 
C3 30 - 30 NC 3 TO FAILURE 19 FAILUKF 
C4 30 -30 NC4 TO FAILURE 20 FAILURE 
cs 20 -20 NC5 TO FAILURE 672 FAILURE 
Co 20 -20 -'-JC:. TO FAlLIJRE l • 62 7 FAILURE 
C7 LO -10 "4C1 TO FAILURE 12,000 RUN OUT 
CB l 5 -1 '.) NC 8 TO FAILURE 12. 143 RUNuUT 
C9 11 -19 :.c ~ TO FAILURE lt550 FAILURE 
ClO 18 -1 ti r~c 10 TO FAILURE 1. 762. FAILURE 
c ll 16 -16 1~C 11 TO FAILURE 6t998 FA! LURE 
Cl2 16 -16 NC 12 TO FAILURE 4'712 FAILURE 

Dl 45 -45 ,..o l TO FAILURE TE ST ABORTED 
D2 40 -40 ND2 TO FAILURE TEST ABORTED 
03 30 -3J !\10.l TO FAILURE 64 FAILURE 
04 30 - 30 ND4 TO FAILURE 99 FAlLURE 
05 20 -20 ';;)5 TO FAILURE 83 5 FAILURE 
06 20 -20 ND6 TO FAILURE l t 169 FAI LURF 
07 10 -10 .~;)1 TO FAILURE 15,395 RUN OUT 
DB 19 -19 NOB TO FAILURE lt832 FAILURE 
09 l 5 -15 ,~D9 TO FAILURE 12,000 RUN OUT 
DLO 18 -ld NOlO TO FAILURE 12.000 RUl\JOUT 
D 11 19 -19 ,~D tl TO FAILURE 474 FAILURE 
012 35 - 35 ,'-JD 12 TQ FAILURE TEST ABORTED 

NOTES: POSITIVE STRESS DE~OTE5 TENSION 
NEGATIVE STRESS DE~OTES COMPRESSION 
l KSI = 6.895 MPa 

fatigue lives of approximately l 00,000 cycles met or exceeded the minimum 
fatigue limits of typical structural steels. Most specimens with fatigue lives 
approaching two million cycles had slightly lower fatigue limits than the 
average values given for typical steels with 100,000.cycle lives. However, 
these specimens had higher fatigues limits than typical steels with fatigue 
lives of two million cycles. The Series C and Series D specimens both had 
fatigue limits of approximately IS ksi (103 MPa). 

The yield and ultimate strengths of the National Steel (Series B) 
specimens were greater than those of the C&O eyebar (Series A) specimens. 
Therefore, higher fatigue limits were expected from the National Steel 
specimens. The maximum ratios of the fatigue limit to the ultimate strengths 
for the angle and channel specimens were 0.27 and 0.26, respectively. These 
values are in the lower range of this ratio as compiled by others (8). The 
low values are attributable to stress risers at the gage-section fillets. 

Thirty days after the fatigue tests ended, tensile/ AE tests were 
performed on some untested specimens and specimens which survived the 
fatigue tests. Prior to each test, the coupling efficiency between a specimen 
and a transducer was measured using a Trodyne, 'Sim·Cal'. spark·gap, AE 
calibration device. The 'Sim-Cal' duplicates an AE wave source with a signal 

repeatable within ± 20 percent. The average number of AE counts recorded 
by the AE detector from ten 'Sim-Cal' excitations was used in a simple 
ratio between the lowest average (as a reference) and the average of other 
tests to standardize data. The specimen pin holes were preloaded, and the 
tests were performed at a crosshead speed of 0.05 in./minute ( 1.3 
mm/minute). The gain was set at 95 dB with high-pass filtration of 0.1 
MHz. Thirteen specimens were tested to failure. Three were loaded to their 
yield points, removed, notched, and tested to failure. The results of these 
tests are shown in Table 2. 

The tests revealed that the specimens had strairl aged. The AE rate 
curves resembled those of earlier tests, and the Kaiser effect was not evident. 
There was no discernible effect on the mechanical properties of the specimens 
subjected to low-level cyclic stresses. A C&O eyebar specimen (A 11 ), 
fatigued in the range from 56 ksi (386 MPa) to 28 ksi (193 MPa) for 12 
million cycles, differed little in ductility and toughness from specimens which 
had not been fatigued. 

It became apparent that no gross changes in mechanical behavior 
resulted from cyclic loading below the yield region. One C&O eyebar 
specimen (A3) produced an unusually high AE count. Most of the activity 
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Flpre 6. National Steel (Series B) and Anale (Series D) Fatigue 
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Table 2. Telllile Test Data for Fatipe-Tat..t Specimeoa 

FATIGUE "'U"l~EK HJUCTION ULTl"ATE 
SPECl~EN Lu AD CF CYCLES I ·~ APEA ELD'< GAT I ON ST~ESS 

NUMBER (KS I I I THOUSANDS I I PERCENT I lPo~CE'ITI lKSll 

Al 19 TO -11 12.000 6lo4 .? 4.b ss.a5 
Al Z'1 TO -21 1100 58.4 Z lob 57. 80 
A7~ 35 TO 0 153 Z3.0 I 2. 0 64.94 
AS 35 TO 0 102 b0.1 2 z. 0 56odl 
All 56 TO ze 12 .i ~o 59.4 2 loO 62 o l 5 
All' bl·" 2 3.0 5 7. l 3 
e2 29 TO - 29 llb 57.4 2 9. j b2o'l6 
BJ 35 TO 0 12 ,050 57.b z 1. 7 62.43 
8~ 35 TO 0 1>,000 57. 3 31.b 64.17 
86' 58.9 31.4 bl. 37 
Cl 10 TO -1 0 12.000 54.2 4 t. l 62.24 
ca 15 TO -15 12 .140 50. 2 e.i 11. 78 
Db 15 TO - IS 12.000 6().'o .!. 9. 7 57.57 
D7 10 TO - 10 15.40J ~o. 2 n.2 58.47 
0100 18 TO -1 a 12.000 zz.a I Oo a 68.69 
012oc 35 TJ - 3S TE ST STOPPEO 59.2 2 L, 5 58.69 

NOT ES: • NOTCHED 
<oo DAMAGED 

KS! = 6.895 ~Pa 
l IN. 163.9 mM 
I IN.-KIP/l'-10 3 = 2.756 MJ/MJ 

Z't 

Fipre 7. Modified Goodman Dlapma Compulna Fatipe Umill of 
llridae Steels with Averqe Valua, for Fatipe U- Grater 
than 2,000,000 Cycles (I 4 ). 
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Modified Goodman Dilpam Compuioa Fatipe Umill for 
Bqe Steel with Averqe Values, for Fatipe Livea 1.- dwa 
2,000,000 Cydel and Gftet• tbaa 96,000 Cyda 

~ ·~ SERIES SPECIMENS 96,000 S N < Z,000,000 C'tCLES 

o 'e' 
• ·c· 
a 'o' 

.20 0 +40 

MINIMUM UNIT STRESS, KSI 

on LUME TROOYNE TCUL CDil.P EC TEJ 
S TP E SS IN TEST COU/\ITS ACOUSTIC TOUGHNESS 

l K SI I l I No JI (AVERAGE I EMISSION COUNTS llNo-KlP/lN. 31 

35 .10 o. 7973 13.5 331.5 30.38 
.16 .99 o.7Zo8 lZ.b l .03~.b 31. 75 
47.58 o.7875 9.5 l,455.o 14.13 
36.08 v. 7165 9,4 ~ 11. 3 30.113 
53 .55 o.&019 l l .6 2'10.o ze.88 
lb.35 uolll79 15.5 536.0 z5. n 
38.110 u.8025 1.1 230 ... 40.25 
37.~3 o.ao14 7. l 1s.1 39.JI 
38.77 o.7835 6.2 240.5 4z.2s 
lb ... 11 o.8118 10.3 191.3 42. 38 
36.lb 0.4776 6,b 60.9 58.13 
52 .38 o.4.,91 5.9 1.913.4 8.5o 
38.'IO o.805'1 14.0 382 .9 37.00 
't0.68 Oo80'1'l 16.0 55.5 35.75 
52 .84 o.7846 lL .l 322.5 12.38 
38.95 o.8047 l'r. 5 57,5 21. 38 



.. occurred in the discontinuous yield region. However, the mechanical 
properties measured during this test did not markedly differ from villuQs 
of other specimens. This event represents some presently undetermined 
variance in properties not measurable by tensile testing. 

Three specimens (A7, CB, and DIO) were notched with a jeweler's 
hacksaw after an initial loading. After notching, the specimens were pulled 
to failure . During the tests, the notches were observed to become blunted, 
and areas of localized plastic deformation appeared on the faces of the 
specimens adjacent to the notches. Compared to unnotched specimens, the 
notched specimens showed higher yield and ultimate strengths but exhibited 
lower toughness and elongation. The total AE count was greater for 
uMotched specimens. AE activity of notched specimens began immediately 
with the load application. It reached a maximum value during discontinuous 
yielding and decreased with the onset of fully plastic flow. A slight increase 
in AE rate occurred prior to failure. The increase in strength and loss of 
ductility are results of the notch effect. The high initial rate of AE activity 
was caused by the rapid onset of localized plastic flow. The increase of 
AE rate prior to fracture was probably due to rapid growth of the plastic 
zone. 

As a result of these tests, it became evident that no gross changes in 
mechanical properties had occurred in steels which had seen extended service. 
Also, there was no detectable difference in AE activity between any of the 
fatigued steels or any unfatigued steels. 

Tests indicated that field fatigue failures should be viewed as discrete 
events which were much more difficult to characterize than 
laboratory-derived values such as the yield strength or even the fatigue limit. 
This led to the view that material properties were not of prime importance, 
-.specially when compared to geometric factors (stress risers). 

Field Testiq 

AE systems have been interfaced with computers to locate defects in 
pressure vessels for the past l 2 years. Much Oeld experience has been 
accumulated from oil storage tanks, rocket motor cases, and nucler reactors 
(9, JO, 11). Several techniques have been developed for AE discrimination 
in a high noise environment ( 12, 13). However, few significant trials of AE 
flaw-locating equipment have been made on bridges ( 14). 

To further explore the listening and probing capabilities of equipment, 
a large, welded plate girder, approximately 50 feet ( 16.4 m) long having 
a web length of 27 inches (690 mm) and a thickness of 3/4 inch (19 mm) 
was tel!ed using the AE device and the 'Slm·C3.I ' calibrator. The 'Sim-Cal ' 
produced a repeatable, simulated acoustic pulse of lower magnitude than 
an AE burst in a notched tensile specimen. Using a gain of 97 dB, with 
band-pass filtration of 0.1 to 0.3 MHz and a single·ended Dunegan S-1408 
transducer, the 'Sim-Cal' signal could readily be detected from 45 feet (14.8 
m) by the AE device. A decrease in AE intensity occurred with increasing 
distance between the transducer and the AE calibrator. However, the test 
showed that AE energy caused by crack blunting or growth can be detected 
by AE systems over long distances. Recent improvements in AE flaw-locating 
systems have enabled their use on geometrically complex structures and 
reduced the amount of electronics required to locate defects over long 
distances. 
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