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• IN RECENT YEARS there has been a marked increase in the use of welding of high­
way bridges, particularly for welded girder bridges. At the same time, this increase 
in the {^plication of welding to bridges has resulted in a greater need for information 
concerning the fatigue behavior of such structures. 

The current AWS design specifications (l) for welded bridges are based on a con­
sideration of fatigue. The problem of designing for fatigue, however, is complicated 
by the fact that the fatigue behavior varies considerably for the component members, 
connections, and details of such structures. Some members or details may receive 
relatively few and others may receive many applications of maximum load, some 
members or locations may be subjected to relatively small changes in stress and 
others may receive reversals or large ranges of stress during a loading. These are 
factors of major importance and need to be taken into account in design if the structures 
are to resist efficiently and economically the loads to which they are subjected. 

Also of importance to the behavior of structures subjected to repeated loads is the 
geometry of the details of the individual parts that make up the structure. The resulting 
stress concentrations have a marked effect on the behavior of the structure and may, in 
fact, be responsible for failures unless they are properly provided for in the design. 

This paper summarizes the results of a number of tests made at the University of 
Illinois in recent years to demonstrate the effect of details on the fatigue behavior of 
welded flexural members. Details such as splices, stiffeners, cover plates and at­
tachments, all of which can be expected to produce reductions in the fatigue strength 
of the basic member, have been included. In addition, the fatigue behavior of these 
members is related to that of the basic material, thereby making it possible to obtain 
an indication of the effective stress concentration of the various details studied. 

In this evaluation of laboratory data, the test conditions are related to actual service 
conditions; however, because of the many different combinations of loading obtainable 
in the field, only selected service conditions will be related directly to the data. Never­
theless, interpolations and extrapolations from the laboratory data provide a general 
indication of the behavior that can be expected under various service conditions. Though 
very limited in number, service records from actual structures in which fatigue failures 
have developed provide another means of relating the laboratory data with the field be­
havior. 

DESCRIPTION OF MATERIALS AND TESTS 
The tests, except for a few of those included in a preliminary series, were conducted 

on specimens fabricated from ASTM A373 steel. An ASTM A7 steel was used for the 
preliminary tests but did not differ greatly in chemical composition or in mechanical 
properties from the A373 steel used in the major portion of the program. The chemical 
composition and physical properties of the A373 steel are given in Table 1. 

Manual arc welding with E7016 electrodes was used in the fabrication of most of the 
specimens for the tests discussed herein. The welds were deposited with reversed 
polarity, in the flat position, and with 5/32-in. electrodes for the assembly of the basic 
section and l/8-in. electrodes for the attachment of stiffeners. All electrodes were 
stored in a drying oven to prevent absorption of moisture in the electrode coating. 

The beams were tested in the 200, 000-lb University of Illinois fatigue testing ma­
chine shown in Figures 1 and 2. These machines, when used for the testing of welded 
beams, are capable of applying a maximum midspan load of approximately 112, 000 lb 

\6 
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TABLE 1 

PROPERTIES OF ASTM A373* STEEL PLATES FOR WELDED BEAMS 

Thickness 
(in.) 

Chemical 
Content (%) 

Physical Properties 
Yield 

Strength 
Ultimate 
Strength 

Elongation 
in 8-in. 

c Mn P S Si Cu (psi) (psi) (%) 

0.23 0.60 0.023 0.030 0.050 0. 065 42, 040 65,490 28.3 
0.23 0. 56 0.018 0.024 0.070 0.020 35,990 64,780 31.0 
0.18 0.94 0.007 0.019 0.050 0.025 38, 700 63,400 29.0 
0.23 0.53 0.019 0.028 0.068 0.095 37, 010 65,460 28.7 

3/16*' 
1/2 
3/4 

ASTM A373 Structural Grade Steel for Welding. Average for three heats of steel. 

p-oroiiz.ooou 

Specimen 

Flg\ire 1. <!00,000-lb I l l inois fatigue testing machine adapted to test flexural specimens. 

at a rate of 180 applications per min. Thus, 2q>proximately 250, 000 cycles of loading 
can be implied in 1 day or 2, 000, 000 cycles of loading in approximately 8 days. 

The capacity of the testing machines has limited to some extent the size of the mem­
bers that can be tested. Nevertheless, they are large enough to permit the testing of 
beams with depths as great as 16 in. and spans of 8 ft 6 in. Although these members 
are relatively small in comparison with long-span welded bridges, they are of such a 
scale that the results of the tests will be directly applicable to the design of full-scale 
structures. 

Most of the studies were conducted on a stress cycle in which the stress in the ex­
treme fibres of the bottom flange of the member ranged from zero to tension. However, 
selected members have also been subjected to stress cycles of full reversal, or partial 
tension to a full tension in the extreme fibres. The use of these various cycles makes 
It possible to relate the behavior of the test members directly to the behavior that can 
be e:q>ected in bridges employing similar details. 

The maximum values of test stress were selected to produce failures at lives rang-
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Figure 2. Flexural fatigue tests under way in 200,000-lb I l l i n o i s fatigue machines. 

ranging from 100, 000 to 2, 000, 000 cycles and to provide S-N relationships which can 
be used to evaluate the effect of details upon the fatigue behavior of the test members. 
Such information also can be employed to develop design rules that will provide ade­
quate resistance against fatigue. 

After failure of the test members, the actual dimensions of the cross-section at the 
failures were measured and the stresses at these locations calculated using the general 
flexure formula, 

Me s = - ^ 

Thus, although the applied loads were based on the nominal section of the test members, 
the failure stresses are based on the actual sections at which the failures occurred. 

FATIGUE BEHAVIOR OF I-BEAMS 
A limited number of tests have been conducted at the University of Illinois on plain 

rolled I-beams (2). Many more tests have been made on plain welded beams wherein 
a variety of sizes and shapes of members has been studied. 

A summary of the fatigue strengths obtained for rolled beams of A7 steel, and 
welded beams of A7 and A373 steels are presented in Table 2. These results are only 
for members subjected to a stress cycle of zero to tension in the extreme fibres of the 
tension flange. 

Comparing the fatigue resistance of the various beams with that of flat plates in the 
as-rolled condition, the fatigue resistance of the rolled beam appears only slightly dif­
ferent from that of the plain flat plate. However, the average fatigue strengths of the 
welded beams were about 5, 000 psi below those of the plain flat plates and those of the 
rolled beams. This decrease results from the details inherent in the fabricated beams-
such details or factors as the weld and its geometry, the edge preparation of the various 
plates, the relative thickness of the components and the straightness of the member. 

An examination of the test data indicates that for a stress cycle of 0 to 30, 000 psi, 
the fatigue life of the plain welded beams ranged from approximately 600, 000 to 
2, 000, 000 cycles. This scatter, although relatively large in terms of life, is equivalent 
to a variation in fatigue strength of only about 7, 000 psi. 
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• Mt : :•: TABLE 2 ' • •;: 
FATIGUE STRENGTHS OF PLATES AND BEAMS 

(Zero-to-Tension Cycle) 

Type of Member Type of 
Steel^ 

Fatigue Strength'̂  
(psi) 

No. of Tests 
Averaged^ 

Plain plates , 31,700 , — d 
A373 33,000 • 3 

Rolled beams A7 31,200 ; 3 
Welded beams A7 ' ' 28, 200 ' 4 

• ' A373 26, 500 16 

^ASM structural steels. 
t>N = 2 , 0 0 0 , 0 0 0 . 
^Extrapolation based on k = 0 .135 ' 
^Data from p r e v i o u s i n v e s t i g a t i o n s . 

-v-.:;: FiguFB 3 . Fat lguB c r a c k i n i t i a t i n g at weld c r a t e r . 

One factor found to have an effect on the fatigue resistance of the welded beams is 
the ratio of the thickness of the flange to that of the web. In one series of tests on 
ASTM A7 steel beams the ratio was varied from 1.0 to 5.3. Although limited in number 
the tests, all conducted on the same stress cycle, gave lives ranging from 830, 000 to 
2,164, 300 cycles. With so few tests, one would normally hesitate to draw conclusions 
concerning a factor such as the effect of the flange-to-web thickness ratio. However, 
the trend was consistent in all of the tests—the members with a thin web and heavy 
flanges had the greatest fatigue resistance when used in a plain welded beam. 

In addition to the variation in fatigue life with the flange-to-web thickness ratio, a 
difference in the mode of failure was observed. The point of failure initiation was 
generally the same—in a weld crater of the fiUet welds at the web-flarge junction. 
However, the sequence of crack propagation differed somewhat for the various flange-
to-web thickness ratios. For members with a low ratio (l to 1), the cracks generally 
propagated through the flanges first and then into the web. For specimens with a high 
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flange-to-web thickness ratio (1 to 5.3), the initial direction of propagation was into the 
web. In the latter case, the rate of crack propagation decreased as the crack propagated 
toward the neutral axis and only when the crack in the web was 2 to 3 in. long did it begin 
to spread into the flange. This difference in crack propagation helps to explain, at least 
in part, the variation in fatigue life obtained from the specimens with various ratios of 
flange-to-web thickness. 

Most of the plain-welded beams failed in the pure moment region of the members. 
The cracks generally initiated at a weld crater in the web-flange junction and propagated 
in a direction normal to the axis of the beams. However, one of the failures initiated 
at a weld crater a short distance outside the pure moment area and propagated through 
the flange and diagonally upward into the web. This change in direction of the fatigue 
crack was a result of the combined state of stress existing in the web; this fracture is 
shown in Figure 3. The photograph also shows the manner in which the fatigue cracks 
initiated in the weld craters. In the other members of this type, the cracks in the web 
propagated vertically. However, though the weld craters may provide the points at 
which the failures initiate, their effect on the fatigue strength of the members is not 
great (see Table 2). 

E F F E C T OF SPLICES ON FATIGUE BEHAVIOR 
Splices are often used in welded girder bridges, particularly in those that are con­

tinuous structures. The details of such splices may be of several types; they may have 
the welds all in a single plane or staggered, and may be fabricated with or without cope 
holes at the flange splices. In addition, shop splices may be made in either the web or 
the flange alone. All of these details, because of their inherent stress concentrations, 
can be expected to have an effect on the fatigue resistance of the members. 

Laboratory data are available from tests on splices and splice details of the types 
shown in Figure 4. A comparison of the test results for the various splices on a zero-
to-tension stress cycle is presented in Figure 5. On examination, the slopes of the 
S-N curves appear different for the two basic types of splices; the curves are steeper 
for the members with the splice in a single plane than for those that are staggered. 
Also, the cope holes reduced the fatigue strength in both instances by approximately 
2, 000 to 3,000 psi. Thus, both the splice and the details of the splice affect the fatigue 
behavior of the members. 

Good quality splices in thin-web members of the type shown in Figure 4, can usually 
be produced without cope holes, but with a thick web it may be necessary to use the 
cope holes to obtain a sound flange weld. Consequently, care must be exercised in 
extrapolating from the laboratory tests to actual service conditions; the details that 
prove best in the laboratory may not always be as effective in the field but may still 
be necessary. 

A summary of the fatigue strengths of the various types of spliced members is pre­
sented in Table 3. The fatigue strength of the spliced beams can be made to approach 
or equal that of a plain plate with a transverse butt weld; however, the fatigue strength 
of the spliced members at 2, 000, 000 cycles is only about two-thirds as great as the 
fatigue strength of the plain plate material. Even the flange splice alone or the cope 
holes alone (specimen types C and F) have an effect on the fatigue strength of the mem­
bers and again demonstrate the effect of welding and geometrical details on the fatigue 
behavior of the members. 

Although most of the tests of spliced members were conducted on a stress cycle of 
zero to tension, cycles of full reversal and half-tension to full tension have been used 
for the type A and D splices. The results of these latter tests, showing the effect of 
stress cycle, are given in Figure 6. Again it is evident that liie type D splice without 
cope holes had a slightly higher fatigue strength than did the splice fabricated with cope 
holes. 

As the next step of this evaluation the fatigue data may be analyzed with respect to 
the current specifications of the American Welding Society for the design of welded 
highway and railway bridges (1). The results of such a comparison are given in Figure 
7. The lines identified as AWS-15 and AWS-7 represent the AWS design relationships 
for butt welds subjected to tension. 
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Type-D 

Type- £ 

Type F 

Figure li. Details for splices in welded beams. 
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F i g u r e 5. Comparison o f t e s t r e s u l t s f o r s p l i c e d beams. 

TABLE 3 
SUMMARY OF FATIGUE STRENGTHS FOR SPLICED MEMBERS 

(Zero-to-Tension Cycle) 

Type of Member* Fatigue Strength (psi) 
n = 100, 000 n = 2, 000, 000 

Plain plate - 33, 000 
Transverse butt welded joint (as welded) - 22, 500 
In-line splice with cope holes, type A 

(Fig. 4) 33, 500 17, 500 
Staggered splice with cope holes, 

type B (Fig. 4) 31,000 21, 000 
In-line splice, as welded, type D 

(Fig. 4) 40, 000 19, 500 
Staggered splice, as welded, type E 

19, 500 

(Fig. 4) 32, 000 23, 000 
Flange splice only, as welded, type C 

26, 000(2)̂  (Fig. 4) - 26, 000(2)̂  
Cope hole only, type F (Fig. 4) - 23, 000(3)'' 

fabricated from ASM A373 steel. 
Number in parentheses indicates number of tests averaged when extrapolation based on 
only a anall number of tests. 
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Cycles to Failure in Thousands 

Figure 6. Results of fatigue tests on welded beams with splices. 

Spliced beams 

-ZO -10 0 a to 30 40 
Minimum Tensik Stress, ksi 

Figure 7. Relationship between test results for spliced beams and design specifications. 
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AWS Formula 7 (butt weld at 2, 000, 000 cycles): 
. Max. - 1/2 Min. „ 13,500 
A = or s '-

but 

13, 500 
Max. 
18, 000 

1 - 1/2 k 

but s 18,000 

where k 

AWS Formula 15 (butt weld at 100, 000 cycles): 

_/Min.\ 
i M a x . j 

. _ Max. - 1/2 Min. ̂  18,000 
A TO-RT^T; or s - ^ _ 1 / 2 k 18, 000 

but s 18, 000 but ^ 18, 000 

where k - 1 ^ ! ^ 

t -7tAA-yiR 

Figure 8. Plange-weld fatigue cracks i n 
beams with butt-welded splices: ( a ) in­
line-splice, and (b) staggered splice. 

Figure 9. Fatigue cracks at edge of flange 
welds in beams with butt-welded splices: 
(a) in-line splice, and (b) staggered 

splice. 
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Line AWS-15 is generally thought to represent a condition comparable to 100, 000 cycles 
of loading, whereas line AWS- 7 corresponds to a condition representing 2, 000, 000 cy­
cles of loading. In the diagram it is evident that when the stress cycle varies from one 
of partial tension to full tension, the design factor of safety (relationship of fatigue 
strength to allowable design stress) may become relatively large. However, under a 
cycle of full reversal, a spliced member that is expected to receive 2, 000, 000 cycles 
of maximum loading during its lifetime will have a relatively small factor of safety. 

A further indication of the fatigue behavior of the spliced members can be obtained 
from an examination of the fractures of these members. Although the number of tests 
was not great, a variety of failures was obtained. Some failures occurred in the weld 
(Fig. 8), some initiated at the toe of the butt weld (Fig. 9), and others initiated at the 
toe of the fillet welds associated with the cope holes (Fig. 10). In spite of this variety 
of failures the fatigue resistance of the various members did not differ greatly. 

E F F E C T OF STIFFENERS ON FATIGUE BEHAVIOR 
The American Welding Society's specification tor welded highway and railway bridges 

(J.) states: 

Ends of s t i f f e n e r s and other attachments may be welded to f l a n g e s 
only at p o i n t s where the f l a n g e s c a r r y compressive s t r e s s or where 
the t e n s i l e s t r e s s does not exceed 75 percent o f the maximum a l l o w ­
able s t r e s s permit ted by the ^ p l i c a b l e g e n e r a l s p e c i f i c a t i o n . 

Thus, the specifications are concerned only with the effect the stiffeners have on the 
behavior of the flanges and not with their 
effect on the behavior of the web. Never­
theless, the results of recent tests sug­
gest that both the flanges and webs may 
need to be considered in designing for 
fatigue. 

In tests recently conducted at the 
University of niinois, the effects of 
various stiffeners on the fatigue behavior 
of welded flexural members have been 
studied. Figure 11 shows the variations 
in the details studied, including members 
with stiffeners on one or both sides of 
the web, members with and without the 
stiffener attached to the tension and com­
pression flanges, members with the stif­
feners attached to the web with intermit­
tent fUlet welds, and members with 
stiffeners attached only over a part of 
the web. Although these are but a few of 
the many details that could be used, they 
provide a general picture of the effect of 
stiffeners on the flexural behavior of the 
members. 

All fatigue tests conducted on beams 
with stiffeners were made with a stress 
cycle of zero to tension in the extreme 
fibres of the bottom flange. The results 
of these tests, for five types of stiffeners, 
are shown by the S-N diagram in Figure 
12. It should be noted, however, that 

F i g u r e 1 0 . F a t i g u e c r a c k s a t cope-ho les : t^ese data are presented on the basis of 
( a ) f l a n g e f a i l u r e a t toe of f i l l e t , and the maximum flexural stress in the ex-

(b) f a i l u r e i n web a t cope h o l e . treme fibres of the test member and not 
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Type-A' /y^e ' f l ' Ty^tf 'C Type 'D' lype "£' 

FxgTU-e 1 1 . D e t a i l s o f v a r i o u s s t i f f e n e r t y p e s . 

Type F' 

Zero-ta-Tensioh StressChcles 
tat SOO 1000 

Cycles to Failure m Thousands 
2000 taee 

F i g u r e 12 . S-N diagram f o r s t i f f e n e d beams based on maximum f l e x u r a l s t r e s s . 

necessarily on the basis of the stress at the point of failure. Nevertheless, excellent 
consistency was obtained for aU of the stiffener details included in the study. Obviously 
the members all have about the same total flexural resistance; however, because the 
failures occurred at various points along the length of the span, the members did not 
necessarily have the same flexural fatigue strength at the points of failure. 

In evaluating the data from the stiffener tests, several factors must be considered. 
The most important of these are the failure location and the general occurrence of 
fractures at stiffeners that were not in 
the region of pure moment. In fact, 
most of the fractures occurred at stif-
feners located where the flexural stress­
es were considerably lower than the max­
imum flexural stresses. After a thorough 
examination of the data, the best correla­
tion was obtained when the data were 
analyzed on the basis of the maximum 
principal tensile stress (including the ef­
fect of the shear) at the point of failure. 
The following relationships were used to 
determine the maximum principal tensile 
stress at the point where failure initiated. 
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(1) 

(2) 

tan 29 

where 

2T 
a - o 

90° - e 

I t ' "y 

(3) 

0 , I 

Stiffener Type A a c D 
Symbol • n + o 

<0 M 

Zero-lo-Tension 

^clea h Mure in Thtusands 

Figure 13. S-N diagram for maximiun principal tensile stress at failure section. 

The comparison obtained on the basis of a principal stress analysis is shown in 
Figure 13. Although there is stiU a scatter in the test results, the band is well defined 
for the entire range of lives and stresses used in tests. 

A further indication of the fatigue behavior of the members with stiffeners can be 
obtained from an examination of the fatigue failures. As might be expected, a variety 
of failures was obtained. Members with types A, D, or E stiffeners and members with 
continuous welds connecting the stiffeners to the web had failures that initiated at the 
bottom of the fillet welds connecting the stiffeners to the web. Upon initiation, these 
cracks propagated diagonally upward into the web in a direction approximately normal 
to the principal tensile stress. 

Another indication of the importance of the principal stress is the fact that the frac­
tures were just as likely to initiate at a section near the supports as they were to 
initiate near the center of the beam. 
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A A - 3 7 { 0 ) R + Sfi 

F i g u r e lU. Web c rack at type A 
(cont inuous web w e l d ) . 

stiffener 

Figure 14 shows a typical failure at a 
stiff ener. In this instance, the crack 
initiated in the web at a point 25 V2 in. 
from the beam support and propagated 
at an angle of approximately 50 deg. The 
computed angle for the maximum princi­
pal stress at this location was only 
slightly greater than 50 deg. The maxi­
mum flexural stress in this same mem­
ber occurred at approximately 45 in. 
from the supports. 

The fatigue cracks in members with 
type C stiff ener s initiated at either the 
the top or bottom of the intermittent 
fillet welds connecting the stiffeners to 
the web. These cracks were then found 
to propagate diagonally upward into the 
web and downward to the flange. An in­
dication of one such failure is shown in 
Figure 15. This failure initiated in the 
web of the member at a distance of ap­
proximately 20 in. from the support. 

The members with type B stiffeners 
were the only ones for which the stiffen­
ers were welded to the tension flange. 
These members generally failed at the 
toe of the fillet weld connecting the stif-
fener to the flange of the beam, in the 
region near the maximum moment, and 
propagated vertically through the flange 
and up into the web. Nevertheless, the 
total fatigue resistance of the members 
with the type B stiffeners (those welded 
all around) was as great or greater than 
that of the members fabricated with the 
other stiff ener details. 

In view of the fatigue behavior that has 
been observed, it may be desirable to 
re-examine the restrictions of current 
specifications for the attachment of stiffeners. It would appear that when stiffeners are 
not welded to the tension flange of a flexural member that is subjected to repeated loads, 
the shear in the web of the member should be considered. This consideration need not 
include the effect of shear as a separate factor but only as it affects the principal ten­
sile stress in the web of the member. 

F i g u r e 15 . Web crack at type C stiffener 
( i n t e r m i t t e n t web w e l d ) . 

E F F E C T OF COVER PLATES ON FATIGUE BEHAVIOR 
Because attachments to the tension flange of a beam change its geometry and pro­

duce stress concentrations, it can be expected that such attachments will also change 
the fatigue behavior of the member at the sections where such attachments are affixed. 
A partial-length cover plate on a beam, for example, can be expected to have a marked 
effect on the fatigue behavior of the beam. 

Recently, studies were made at the University of Illinois on a variety of cover and 
flange plate details. The end details used for the cover plates are shown in Figure 16 
and flange transitions in Figure 17. Varying the width or thickness of the flange plate 
in the manner shown in Figure 17 provides a more uniform transfer of stress than does 
the cover plate and can be expected to have a greater fatigue resistance than that of the 
member with a partial-length cover plate. However, the partial-length cover plate is 
a simple, economical, and effective means of providing an increase in section modulus. 



58 

Only a limited number of tests have been conducted on members with various cover 
plate details. Nevertheless, the data from these tests have been sufficient to provide 
S-N curves for each of the details and a loading cycle of zero to tension. A summary 
of these data (Table 4) shows that there is a relatively large variation in the fatigue 
resistance of the members with various cover plate or flange plate details. At 
2,000,000 cycles the fatigue strengths were found to range from 11,300 to 14, 500 psi 
for partial-length cover plates. However, the flange transitions provided a fatigue 
strength of approximately 19,000 psi. 

A study of Table 4 indicates that any means used to make the change in cross-
section more gradual is effective in increasing the fatigue strength of the beam 
under repeated loads. At the higher loads, the beams that exhibited the best be­
havior were those with the type F cover plate; this type of end detail combined 
the beneficial effects of tapering the end of the cover plate and of eliminating trans-

Cov. ft COV. K. 

Type 'A' Type "5' 

Cov. It. Cov. ft 

Type 'D" Type "E" Type "F" Tyyotf 'O' 
Figure l6. Details of various types of cover plates. 
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TABLE 4 
SUMMARY OF FATIGUE STRENGTHS OF BEAMS WITH 

VARIOUS CHANGES IN FLANGE AREA 
(Zero-to-Tension Cycle) 

Description •"100,000 '2.000,000 

Partial-length cover plates, square ends with 
continuous weld all around (Type A) 

Partial-length cover plates, tapered ends with 
continuous weld all aroimd (Type B) 

Partial-length cover plates, concave profile 
with continuous weld all around (Type C) 

Partial-length cover plates, square ends with 
continuous welds along edges only (Type D) 

Partial-length cover plates, tapered ends with 
continuous weld along edges only (Type F) 

Partial-length cover plates, convex profile 
with continuous weld al l around (Type G) 

Butt-welded flange transition, tapered in 
width (Type J) 

Butt-welded flange transition, tapered in 
thickness (Type K) 

26, 500 11,300 

34, 000 11,400 

30, 700 14, 500 

34, 700 12,100 

37, 800 13,400 

29, 400 11,600 

34, 900 19, 500 

34, 600 18, 500 

verse welds. At the lower loads (longer 
life), beams with the type C end detail 
gave the best results. However, the 
difference in fatigue behavior of mem­
bers with these various details was not 
great. 

The omission of the transverse welds 
at the ends of the cover plates appears 
to provide an mcrease in the fatigue re­
sistance of the members. Nevertheless, 
the most effective means of increasing 
the fatigue resistance of the beams of 
variable section was to vary the flange 
in width or thickness, in the manner 
shown in Figure 17. In this way, afatigue 
resistance almost as great as that of a 
spliced beam was obtained, again demon­
strating the advantage of reducing the 
stress concentration to a minimum when 
fatigue is involved. 

RELATIONSHIP BETWEEN FATIGUE 
BEHAVIOR AND DESIGN 

SPECIFICATIONS 
A variety of welded details and their 

effect on the fatigue behavior of a welded 
beam have been discussed. Although 
the test data considered herein provide a 
general indication of the fatigue behavior 
of welded beams and girders, i t is evident 

- J 

M Transition in Flange Thickness (Type k) 

ft) Transiiion m Flange Width (Type j ) 

Figure 17. Weld details for flanges of 
beams with flange-plate transitions. 
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that the results in individual S-N diagrams or from a single series of tests can not 
provide sufficient information to relate directly the behavior of the members of all 
field or service conditions. However, effective extrapolations can be made to service 
conditions. 
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Figure 18. Relationship between fatigue strength of welded beams with basic design 
stresses. 
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Al l of the weld details are known to reduce the fatigue resistance of a welded beam 
or girder below that of the basic material. However, the degree of this reduction de­
pends on the magnitude of the stress concentrations resulting from the details. A sum­
mary of the approximate fatigue strengths of welded beams with various details is 
presented in Table 5. Here it may be seen that most of the details, although decreas­
ing the fatigue strength of the basic material, provide members with a relatively high 
fatigue resistance; only the partial-length cover plate produces a major reduction in 
the fatigue strength of the material. 

The data of Table 5 provide an indication only of the fatigue strength of the members 
at 2,000,000 cycles and for a zero-to-tension loading cycle. To understand more 
fully the general fatigue behavior of the members, i t is necessary to consider what 
might be expected under other loading conditions. Data are not available to describe 
directly the behavior of the members under various loading conditions but, by means 
of relationships such as shown in Figure 18, i t is possible to relate approximately the 
behavior of welded flexural members to the maximum stresses employed in design. 

In Figure 18, the basic tensile design stresses for bridges are compared with the 
results of the fatigue tests discussed herein. The data demonstrate that plain welded 
beams and those with stiffeners should not fa i l in fatigue under any conditions of load­
ing, so long as the basic design stresses are not exceeded. However, when splices or 
partial-length cover plates are used, further reductions in design stress may be neces­
sary for members subjected to repeated loads; the magnitude of the reduction depending 
on the expected life and the loading conditions. 

TABLE 5 
SUMMARY OF APPROXIMATE FATIGUE STRENGTHS OF WELDED 

VARIOUS DETAILS 
(Zero-to-Tension Cycle) 

BEAMS WITH 

Member or Section ^2,000,000 
Ratio to 

Plain Plate 

Plain plate 31, 700 1.0 
Rolled I-beam 31, 200 0.98 
Welded I-beam 26, 500 0.83 
Welded beam with stiffeners 23, 000 0.73 
Welded beam with splice 20, 000 0.63 
Welded beam with butt-welded flange 

transitions 19, 000 0.60 
Welded beam with partial-length 

cover plate 12, 500 0.39 

In general, welded girder highway bridges are subjected to loads that produce cycles 
of maximum stress ranging from % or Va tension to tension. Under such loading 
conditions, all but members with partial-length cover plates and possibly members 
with splices would appear to have adequate fatigue capacity at the basic design stresses 
for 2,000,000 cycles of loadmg. However, the magnitude of the factor of safety for the 
various types of members varies considerably. In the case of members with partial-
length cover plates or those with splices, lower design stresses are necessary to pro­
vide a suitable factor of safety. 
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The current provisions of the AWS specifications for welded highway and railway 
bridges provide the'following reduced allowable unit stresses for members with partial-
length cover plates and subjected to 2, 000,000 cycles or more of loading. 
AWS Formula 1 (tension in member adjacent to f i l le t welds): 

. _ Max. - 2/3 Min. _ 7,500 
^ " 7,500 or s - 1 . 2 /3 k 

* 10,000 ^ 10,000 

This relationship, shown m Figure 18 as AWS-1, provides safety against failure m 
members with partial-length cover plates for all types of stress cycles. The relation­
ships shown in Figure 7 provide for members with splices. 

On the basis of the data discussed herein i t can be seen that when the current speci­
fications are correctly applied, welded beams and girders of highway bridges, if prop­
erly fabricated, should have adequate fatigue capacity. However, in view of the web 
failures observed in the laboratory tests, further consideration should be given to the 
effect of shear (principal tensile stresses in the webs) on the fatigue behavior of mem­
bers with thin webs. 
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