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University. Above the title on the cover is given the number of the
Engineering Experiment Station bulletin, circular, or reprint which
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FLEXURAL FATIGUE STRENGTH OF STEEL BEAMS
I. INTRODUCTION

1. Object and Scope of Investigation.—The stringers of through
bridges and the beams of short beam-spans are subjected to a large
number of stress eycles, and the dead load stress is very small. More-
over, stringers and beams often have plates for laterals riveted or
welded to the bottom flange, and many short beam-spans have partial-
length cover plates. These introduce stress-raisers in the flanges.
Furthermore, stringers and, to a less extent, short beam-spans are
subjected to several stress eycles during the passage of a single train
or fleet of trucks. That is, stringers and short beam-spans have, to
a considerable degree, all three conditions that enhance the possibility
of fatigue failure — a large ratio of maximum to minimum stress, a
large number of stress eyeles during the life of the structure, and
severe geometrical stress-raisers in the tension flange. For these rea-
sons the fatigue strength of the flanges of stringers and short girders
is of particular interest to bridge engineers,

The dead load stress is greater for long girders than for short
girders and stringers. Moreover, in general, the longer the span the
fewer the eycles of near-maximum stress resulting from a given den-
sity of traffie. As a result long girder spans are not so liable to failure
by fatigue as stringers. However, the possibility of a girder’s failing
by fatigue should not be overlooked, particularly if the flanges of
the girder contain severe stress-raisers.

The principal purpose of the investigation deseribed in this bulle-
tin was to determine the relative fatigue strengths of various kinds
of flexural members, which are named below. The fatigue tests were
supplemented by static tests of similar specimens.

Specimens tested include:

Rolled beams without reinforcement and without lateral plates.

Rolled beams without reinforeement and with lateral plates, some
attached with rivets and others attached with welds.

Rolled beams reinforced with full-length cover plates, some at-
tached with rivets and others attached with welds.

Rolled beams reinforced with partial-length cover plates attached
with welds.

Fabricated beams made of web and flange plates attached with
welds.

Beams with intermediate stiffeners, some welded to the web and
both flanges, others welded to the compression flange and to the
compression portion of the web, but not welded to the tension flange.

P
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Some reinforcing cover plates were attached with continuous fillet
welds; others were attached with intermittent fillet welds.

2. Acknowledgments.—The tests deseribed in this bulletin were a
part of the investigation resulting from a cooperative agreement
entered into by the Engineering Experiment Station of the University
of Illinois, of which Deax M. L. ExGER is the Director, and the
Public Roads Administration, of which THomas H. MacDonaLD is
the Commissioner. The tests were planned in cooperation with the
Committee onr Fatigue Testing (Struetural), Welding Research Coun-
cil of the Engineering Foundation, of which F. H. FRANKLAND is
Chairman, and were financed by the Chicago Bridge and Iron Com-
pany; the Public Roads Administration, Federal Works Ageney; the
Bureau of Ships, Navy Department; and the Association of American
Railroads. They were made in the Arthur Newell Talbot Laboratory
by three Research Assistants in Civil Engineering —W. H. MuxnsE,
A. M. OzeLser, and I. 8. SNYDER — working successively under the
direction of the author.

The tests were planned by a Sub-Committee (of which G. M.
MaGeE was Chairman) on Flexural Fatigue Tests of the Committee
on Fatigue Testing (Struetural) named above.

The members of the Committee on Fatigue Testing (Structural)
were;

Frankranp, F. H., Chairman,* Consulting Engineer, 271 Madison

Avenue, New York City 16, N.Y.

AMIRIKIAN, A., Designing Engineer, Bureau of Yards and Docks,

U. 8. Navy, Washington, D.C.

ArcHiBaLp, Ravymonp, Chief Bridge Division, Publie Roads Adminis-

tration, Washington 25, D.C.

BerxuarDpT, J. E., Bridge Engineer, Chicago & Eastern Illinois Rail-

road, 6600 3. Union Avenue, Chicago 21, IlL
Bisser, L. (., Welding Engineer, Carnegie-Illinois Steel Corp., Car-

negie Building, Pittsburgh, Pa.

Boarpman, H. C., Director of Research, Chicago Bridge & Iron Co.,

1305 West 105th Street, Chicago 43, Il
Bruckner, W. H., Research Assistant Professor of Metallurgical

Engineering, Department of Mining and Metallurgy, 204 Metal-

lurgy Laboratory, University of Illinois, Urbana, Ill.

Bureavu or Sures, Navy Department, Washington, D.C.

* Mr, Jones was Chairman when the work described in this bulletin was planned. Mr,
Frankland is now Chairman.
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CarrenTER, A. W., 506 S. William Street, Johnstown, N.Y.

CHapMAN, A. B., Assistant Chief Engineer, Lines East, Chicago, Mil-
waukee, St. Paul & Pacifiec Railroad, Union Station, Chicago, Il

Cuapman, Evererr, Consulting Engineer, P.O. Box 207, West Ches-
ter, Pa.

Davipson, E. H., Metallurgical Engineer, Carnegie-Illinois Steel
Corp., Carnegie Building, Pittsburgh, Pa.

EpsTEIN, SAMUEL, Department of Development and Research, Beth-
lehem Steel Co., Bethlehem, Pa.

FarnswortH, W. B., Chief Metallurgist, Pittsburgh Steel Co., 1526
Frick Building, Pittsburgh 19, Pa.

Goobricu, C. I'., Chief Engineer (Retired), American Bridge Co.,
1526 Frick Building, Pittsburgh 19, Pa.

GroveR, LAMorrE, Structural Welding Engineer, Air Reduction Co.,
60 E. 42nd Street, New York City 17, N.Y.

Hopkins, W. C., Bridge Engineer, Maryland State Roads Commis-
sion, 108 E. Lexington Street, Baltimore 3, Md.

Huxiey, J. B. (deceased), formerly Engineer of Structures, New
York Central Railroad.

JEnNings, C. H., Engineering Manager, Welding Dept., Westing-
house Eleetrie Corp., Box 2025, Buffalo, N. Y.

Jones, JonarHAN, Chief Engineer, Bethlehem Steel Co., 701 E.
Third Street, Bethlehem, Pa.

KeLLey, E. F., Chief, Division of Physical Research, Public Roads
Administration, Washington 25, D.C.
Kinzern, A. B., Chief Metallurgist, Union Carbide & Carbon Re-
search Laboratories, 30 E. 42nd Street, New York City, N.Y.
Macger, G. M., Research Engineer, Association of American Rail-
roads, 59 1. Van Buren Street, Chicago 5, Il

Morean, N. W., Principal Highway Bridge Engineer, Public Roads
Administration, Washington 25, D.C,

Mogrris, C. T., Professor of Civil Engineering, Ohio State Univer-
sity, Columbus, Ohio.

ReiNuArDT, G. D., Director, Metallurgy and Research, Youngstown
Sheet & Tube Co., Youngstown, Ohio.

SanpBERG, C. H., Assistant Bridge Engineer System, Atchison, To-
peka & Santa Fe Railway, 80 K. Jackson Blvd., Chicago 4, Il

SpauLpiNG, R. E., President, Aetna Steel Co., P.O. Box 3386, Jack-
sonville, Fla.
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TemprLIN, R. L., Chief Engineer of Tests, Aluminum Company of
America, New Kensington, Pa.

Wavrron, J. P., Engineer, Bridges and Buildings, Pennsylvania Rail-
road, Union Station, Chicago, Ill.

WiLson, W. M., Research Professor of Struetural Engineering, Civil
Engineering Department, 119 Talbot Laboratory, University of
Illinois, Urbana, I11.

Worrg, George F., Welding Consultant, Dravo Corporation, Neville
Island, Pittsburgh 25, Pa.

SpRARAGEN, WM., Secretary, Director, Welding Research Couneil,
29 West 39th Street, New York City 18, N.Y.
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II. ResvLrs or TEsTs

3. Description of Tests.—The specimens included both rolled and
fabricated beams. The dimensions of the specimens are given on the
sketches at the head of Tables 3-17. The chemical composition and
the mechanieal properties of the steel from which the specimens were
fabricated are given in Table 1. Specimens of series 44A, 44Ba,
44Bb, 44Ca, 44Ce and 44Cd, and specimens 3 and 4 of series 44Cb,
were welded with 3{g-in. A.W.S. 6012 electrodes with normal po-
larity at 24 volts and 200 amperes. Specimens of series 44Ce, 44.Ja,
44Jb and 44Je¢, and specimens 1 and 2 of series 44Ch, were welded
with 34s-in. A.W.8. 6010 electrodes with normal polarity at 25 volts
and 150 amperes.

The essential features of the machine used in making the fatigue
tests are shown in Fig. 1. The load was derived from an adjustable-
throw cam that raised and lowered the outer end of the overhead
I-beam, thereby subjecting the flanges of the specimen to eycles of
flexural stress. The load was measured with the open-loop dynamome-
ter. The machines were cranked by hand while the cam was being
adjusted to give the desired load. From time to time they were
stopped and the load was adjusted as needed in order to keep it
constant during the test. The stresses were computed from the load
indicated by the dynamometer, using the flexural formula commonly
used in structural design.

The loading and supporting rollers rested in cylindrical grooves
in the loading and supporting blocks. The grooves were somewhat
larger in diameter than the rollers, to prevent the rollers from intro-
ducing a horizontal restraint. All tests were made on a eyele in which

TasLe 1

CuemicaL CoMPOSITION AND MECHANICAL PROPERTIES OF STEEL IN
FrExvraL Faticue SpEciMENS  (FroM Minn Tests)

; Chemical Composition [ Mechanical Properties
Se\‘_ries Seection ! | | Yield Ultimate | Elongation
IO, | ¢ Mn i P 8 Point Strength in 8 in.
| | p.s.i. p.s.i. per cent
1 | |
| - | __! | | -
All 12-in. 12-in., 31.8-lb. | 0.25 | 0.64 | 0,015 | 0.030 43 350 70 530 26.25
I-Beams I-Beams |
44G 7" x %" and I 0.24 | 0.49 | 0,011 | 0.027 39 070 |
| |

| 63 080 | 25.75
| "1 %3 | | |
| plates |

448 6" x 34" plates | 0.22 | 0.48 | 0.016 | 0.030 40 200 | 68 870 'l 25.00
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the stress in the bottom flange varied from a very small tension to
a maximum tension. Some tests were designed to give the fatigue
strength corresponding to failure at 100,000 eyeles, designated as
Fig00; others to give the fatigue strength corresponding to failure
at 2,000,000 cycles, designated as Fs ,00. The machine was operated
at a speed of approximately 150 rev. per min.

The values of Fip0 and Fa 00 were computed from the results
of the tests by means of the empirical equation* F,=S(N/n)%, in
which S, numerically, is the maximum stress in the stress cycle, N
the number of cycles for failure, K an experimental constant whose
value depends upon the geometrical characteristics of the specimen
and the mechanical properties of the metal, and F, the fatigue
strength corresponding to failure at » number of cyeles. The value
of K for each series was determined from the slope of the S-N diagram
for the series in question, and had different values for different types
of specimens. The error in F, resulting from the use of an inaccurate
value of K depends upon the amount by which the ratio N/n differs
from unity. The following arbitrary rule was followed in deciding
whether the results of a particular test were to be used to determine
Frooo0 or Fagooeo. Values of Fig o were determined from tests for
which n was less than 600,000. Values of Fa g0 were determined
from tests for which n was greater than 300,000, and values of both

* 8ee Univ. of Ill. Eng. Exp. Sta. Bul. 302, p. 111. 1938
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Fioo.000 and Fy 0,000 were determined from tests for which n was more
than 300,000 and less than 600,000. If the number of cycles for failure
exceeded 2,000,000, the value of the maximum stress in the stress -
cycle was taken as the value of Fsgp.00. A plus-sign (4) was placed
after this value to indicate that the value of Fs 000 was somewhat
greater than that reported.

Because of the small number of tests available and the extrapola-
tion necessary to obtain the values of Fig e and Fa 000 reported,
these values must be considered as more or less approximate. It is
believed, however, that they are sufficiently accurate to indicate the
relative fatigue strengths of the various beams tested, which was the
primary purpose of the investigation.

A static test was made on each of most types of specimens, which
were identical with the fatigue specimens of the corresponding series.
The specimen was loaded and supported in the same manner for the
static tests as for the fatigue tests. The compression flange had no
lateral support exeept that afforded by the loading head of the testing
machine. The ultimate strength and, where evident, the yield point
are reported with the fatigue strength in Tables 3-17. The stresses
reported are those at the load points computed from the maximum
load which the specimen would carry, using the flexural formula com-
monly used in engineering design.* Plastic flow was limited to a rela-
tively short length of flange, and the yield point was not so apparent
as for the same steel under a static tension test. For some specimens
there was a definite drop in the beam; for others there was none, but
there was a definite slowing down in the rate of loading with the
testing machine running at a uniform speed. The corresponding loads
have been reported as the yield point. For other specimens, no yield
point was detected with the method of testing used.

4. Results of Tests.—The results of the static tests are summarized
in Table 2; the results of the fatigue tests, set forth in Tables 3-17,
are summarized in Table 18. The details of the specimen and the
location of the fracture are given in the sketch at the top of the
table for each series. Only the maximum stress in the stress cycle is
reported. The minimum load was just sufficient to keep the specimen
and the parts of the machine in place, the minimum stress in the
flange being of the order of 1000 to 1500 p.s.i. The values of F 1,00
and F g00,000 Teported are based upon the maximum stress, on the
assumption that the minimum stress was zero. For this reason the

* It is realized that this is not the true stress, inasmuch as the stress-strain relation changes
at the proportional limit.
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TABLE 2
Static FLEXURAL STRENGTH oF FATIGUE TYPE SPECIMENS

For all specimens: Compression flange supported at load points only.

|
| Strength, p.s.i.
Specimen

Niamber Description of Specimen
Yield Point Ultimate*

44 A4 Plain rolled beamt 35 900 | 43 800

44 Ba-4 Rolled beam with full-length cover plates attached 42 200 | 59 300
with eontinuous fillet welds |

44 Bb-4 Rolled beam with full-length cover plates attached 37 500 49 200
with intermittent fillet welds

44 Ca-4 Rolled beam with partial-length cover plates at- 37 500 45 800
tached with continuous fillet welds

44 Cb-4 Rolled beam with partial-length cover plates at- Not 30 300
tached with intermittent fillet welds | apparent

44 Ce-4 Rolled beam with partial-length cover plates at- |32 900 44 800
tached with intermittent fillet welds

44 Cd-5 Rolled beam with partial-length cover plates at- Not 38 900
tached with intermittent fillet welds apparent

44 E-4 Rolled beam with partial-length cover plates at- 38 500 46 500
tached with rivetst

44 Ga-4 Fabricated beam. Flange plates attached with Not 55 000
continuous Y-in. fillet welds apparent

44 Gb-5 Fabricated beam. Flange plates attached with Not 54 800
continuous ¥s-in. fillet welds apparent

44 Ha-4 16-in., 36-1b., wide-flange rolled beam. Stiffeners 42 300 47 200
attached with welds 5

44 Me-4 Rolled beam with lateral plates attached with Not 45 700
rivets.} apparent

* See footnote, page 11.
t All beams are 12-in., 31.8-1b. I-beams unless otherwise noted.
1 Stress based on gross section.

true zero-to-maximum fatigue values would be of the order of from
500 to 750 p.s.i. less than the values listed.*

For specimens which were designed to fail in tension but actually
failed in the compression flange, the stress reported is designated as
a tension, on the basis that the tension flange had been subjected to
the same number of cycles as the compression flange. Actually, for
these tests, the fatigue strength in tension was somewhat greater than
the values reported. Likewise, for specimens which were designed to
fail in compression but which actually failed in tension, the stress
reported is designated as a compression, on the basis that the com-
pression flange had been subjected to the same number of cycles as
the tension flange. This policy was followed because the averaging

* A cycle, Smax to Smin, is approximately equivalent to a cyele (Sm,—s;‘h) to 0.
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of tension stresses with compression stresses seemed incongruous.
Actually the true average stresses would be slightly greater than the
values reported.

The failure in the compression flange of specimen 44A-3, Table 3,
is attributed to the influence of the loading block at A. This block
was machined on all surfaces, and the friction resulting from the
pressure of the block on the flange of the beam may have caused the
two to act as a unit to a certain extent, thereby having the effect of
a geometrical stress-raiser. After this test the bottom surface of each
loading block was eased off a few thousandths of an inch near the
outer end. No subsequent tests resulted in failure at the edge of the
loading block.

The results of the individual tests are given in Tables 3-17, and
the average values of Fiyow and Faopo for the various series are
given in Table 18.

TasLe 3
12-In., 31.8-Li. [-Beayms WitHoUT REINFORCEMENT: SERIES 44A

ks

3 H H
° o

18-ir2., 31616, T

1 r
v P i
+5'4~ 4%3" @ 1, p 2-3" % 9"
o-0
Fatigue
Max. Stress Number of Strength .
Specimen in Cycle at A, Cyeles for in 1000°s of Section at Which
Number 1000's of 1b. Failure, Ib. per sq. in.* | Fracture Occurred
per sq. in. in 1000's §
Fz00,0m |
44A-1 +30.5 2 001.0 30.5 ‘ Did not fail
44A-2 +35.0 719.2 29.1 | 1
44A-3 +34.0 3 255.5 34.04 | 2
B | erewmmy | s 31.2 |

* Based on a value of K of 0.158.

Resvrnrs or Static Tests

Stresses at A-A

44A-4 Yield Point = 35 900 Ib. per sq. in.
Ultimate = 43 800 Ib. per sq. in.
Top flange supported at load points only.
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TABLE 4

12-In., 31.8-Lp. I-Beams with Furr-Lexcra Cover PLATES ATTACHED WITH

ContiNnvous FiLLer WELDSs:

Cover Flartes —

Top, 4w ivsty _’;7_
—_—

21, 3816 T
Bottorm, 6 X3 191"~

SERrIES 44Ba

?Caw'f Plates Aftached

with 3" Continvous
Fillet Welds;

a
.Fs”il P 7537 sﬁi
Fatigue Strength in e
Max. Stress Number of D : Section at
Specimen in Cycle at A, Cyeles for 1000%s of 1b. per 2. in.* Which
Number 1000's nf_ 1h. Failure, Fracture
per sq. in. in 1000's Oecurred
Fo0,000 Fa 00,000
44Ba-1 +35.0 237.5 41.2 N 1
14Ba-2 +26.0 734.7 21.5 2
44Ba-3 +25.0 1 246.4 22.9 3
44Ba-5 +34.3 225.7 40.0 Cee 2
44Ba-6 +34.2 301.7 42.2 23.9 1
44Ba-T +27.0 854 .8 - 23.0 4
Ave. | ... 41.1 22.8

* Based on a value of K of 0.19.

Resvnrs or Static Tests

Stresses at A-A

44Ba-4

Yield Point = 42 200 lb. per sq. in.

Ultimate

= 59 300 lb. per sq. in.

Top flange supported at load points only.
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TaBLE 5

12-In., 31.8-LB. I-Beams wrthH FuLL-Lexeti CovER PLATES ATTACHED WITH

IntErRMITTENT FILLET WELDS: SErIES 44Bh

Cover P!m‘es” = i S_ w,
Top, 4wE X915 66y
J2-ir.,, 3/.8-b. T
Bottom, 6 ¥ x¥9 1"

| ?Cower Plates Attackea With
|| E Intermyttent Fillet Welds
i b 2" Llong, 6"¢c to c

D 10%0
y . Fatigue Strength in
Max. Stress Number of : in *
Specimen in Cyele at A, Cyeles for 1000's of Ib. per sq. in. Section at Which
Number 1000s of Failure, - - Fracture Ocenrred
Ib. per sq. in. in 1000's | | ;
| Fioo,00 Fa,000,000
= e
44Bb-1 +20.0 1 051.9 16.5 Execept for 44b-7,
44Bb-2 +19.0 1 270.1 — | 16.6 failure was at end of
44Bb-3 +18.0 1 494.9 | | 16.5 a weld bead and near
44Bb-5 +30.0 278.7 -10 8 | Tt mid-length of bottom
44Bb-6 +32.0 278.0 43.5 | flange.
44Bb-7 +31.0 203.6 42.8
Ave: | wasassns | s ‘ 42.4 16.5

* Based upon a value of K of 0,30,

Resvrrs or Startic TesTs

Stresses at A-A4

44Bh-4 Yield Point = 37 500 Ib. per sq. in.
Ultimate = 49 200 Ib. per sq. in.

Top flange supported at load points only.
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TasLE 6

12-Ix., 31.8-Lp. I-BEams witH Partiar-LexctH CovVER PLATES ATTACHED WITH
Coxtinvovs FinLer WELps; Specian Exps: Series 44Bd

A Fillet Weld Across £Erdsy
= |

| i ; Bl z - n %‘( B A__-I

Top Plate P4

Cover Px’czfes’ S
Top, 4 1,;’3 x -0

"

/Z~ir., 3L8-/b. T |

Plates Attached with i Contin-
Ko
Bottom, 6% § x40

wous Filler Weld Along fdges

i Fractvre ‘
[ ’ Y T ¥
t_g "_.'P__.._z“g”_..}.._ 330”_.5.:._:_3’.0“'—44—3_3"—4-9L
f0-0 ® !
o
2 Fiver Wefcr'\ Bottom Platey -/ " Without Weld
T :
Freem e T D ] e
| . . | . | Fatigue Strength in
Max. Stress in Number of D .
Specimen ! Cyele at B, Cyeles for | 1000's of Ib. per sq. in.
Number | 1000's of Failure,
| Ib. per sq. in. in 1000°s F | P
| 100,000 I 2,000, 00
— | _ | —| _—
44Bd-1 | +12.0 ! 1159.3 i 10.4
| | |
44Bd-2 | +10.0 | 1923.2 9.6
44Bd-3 | +14.0 : 543.3 22.1 9.9
| |
Ave. | L. | ssssem 22.1 10.0

* Based on a value of K of 0.27

The stress computed by the simple theory of flexure was the same between the load points as at
the ends of the cover plate,
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TasLE 7

12-In., 31.8-LB. I-BeEams wiTtH Parmian-LExaTH CovEr PLATES ATTACHED WITH
Coxtinvovs FiLLer WeLps: Series 44Ca

» o o
Top Cover Flate 4},-:,(4{:(?”5 Iﬁ:Ega

12-in., 31.6-tb. T & |
Bottom Cover FPlate 6 :’(j' 3"?'!35 ! ; & Fractore .
g 22t é 20" 7 23" —1‘ 9%
10-0

Cover Plates Attached with F-in Comtinuous Fillet Welds Along
£Lalges, Arounda Corners, and Across £Fnds, fxcept for Specimens
FLCa~8, -3 arnd -0 whichH Pod ro Welds Across £ndls.

. i = Fatigue Strength in
Max. Stress in Number of ' e TR
Specimen Cycle at B, Cycles for 1000:s. 01 1b. par:ad:.10:
Number 1000"s of Failure, - -
1b. per sq. in. in 1000's : | >
Fioo,om | F2 000,0m
44Ca-1 +21.5 67.0 19.6 |
44Ca-2 +18.4 118.0 19.1 i
44Ca-3 +11.3 =063 | 9.2
44Ca-5 + 8.9 2 326.8 : 8.94
+4Ca-6 +9.2 2 380.9 9.24
44Ca-7 +9.8 2 293.6 9.84
44Ca-8 +9.2 1 968.6 9.2
44Ca-9 +10.3 8RO 4 | 8.5
44Ca-10 +9.2 { 1 825.7 | 9.0
Ave. | L. J 19.4 | 9.14
* Based on a value of K of 0.23.
All failures were at end of cover plate.
Resvrrs or Staric Tests
Stresses at -4
HCa-1 Yield Point = 37 500 lb. per sq. in.

Ultimate = 45 800 lb. per sq. in.
Top flange supported at load points only.

The stress computed by the simple theory of flexure was the same between the load points as at
the ends of the cover plate,
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TABLE 8

12-Ix., 31.8-Lp. I-BEams with Parriar-LENeTH CovER PLATES ATTACHED WITH

InTERMITTENT FiLLETr WELDS: SErIEs 44Ch

gy &
Top Cover Flare 41514@; £5'L5§ ?

12-in, 31.8-16. T Z | ,
L L 3 :
Bottom Cover Plate 6¥§ x40l | | i fractare ,
IPER ST LA VA0 D 25— gt
’ @ @ l
100

Cover Plates Attached with ji-in Intermitrent Fillet Welds Along Edges
and Fin. Continvous Fillet Welds Across £nals.

) Fatigue Strength in
Max. Stress in Number of ’ i
Specimen Cycle at B, Cyeles for 1000 of Ib. per sq. in.
Number 1000's of Failure,
1b. per sq. in. in 1000's .
Fo0,000 Fa,000,000
44Cb-1 +14.3 205.6 19.0
44Cb-2 +11.2 741.7 8.7
44Cb-3 +9.2 1 210.5 8.1
Ave. 19.0 8.4

* Based upon a value of K of 0.26.

All specimens failed at the end of the cover plate of the tension flange.

ResvLnTs oF Static Tests

Stresses at A-4

44Cb-4

!

Yield Point = Not detected by drop of beam.
Ultimate = 39 300 lb. per sq. in.
Top flange supported at load points only.

The stress computed by the simple theory of flexure was the same between the load points as at
the ends of the cover plate.
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TaBLE 9

12-In., 31.8-L. I-BEams witH PArTIAL-LENGTH COVER PLATES ATTACHED WITH

IntermiTTENT FiLner WeLps; Born Cover Prates 4 IN. By
Art WeLps Lamp v Frar Posirion: Series 44Ce

Top ang Bortom

Cover Plates 4"k 3!4' o %) g

%g IN. AND

f2-irm, 3.8-tb. T |
| | glfracture
: s

L

T8

-._gt.F_z.f_g" sl 2Lol

‘é&’a” }6— 2’3

10-0

1

Cover Pfafes Attacked with “in. Intermittent Fillet Weldls Along Lages

arnd Zn Continvous Fillet Welds Across Ends.

]
. . Fatigue Strength in
Max. Stress in Number of ' o
Specimen Cycle at B, Cyecles for 1000's of 1b. per-ag. tn.
Number 1000's of Failure,
1b. per sq. in. in 1000's =
Fio,000 F2 000,000
44Ce-1 “+14.3 450.0 21.8 9.4
44Ce-2 +11.3 1 141.2 9.6
44Ce-3 +9.2 3 261.0¢% 9.2+
A b smaessr 0 b s 21.8 9.44
* Based upon a value of K of 0.28,
1 Did not fail.
All failures were at the end of cover plates.
Resuvrrs oF Stratic Tests
Stresses at A-A
44Cec-4 1 Yield Point = 32 900 lb. per sq. in.
| Ultimate = 44 800 lb. per sq. in.
' Top flange supported at load points only.

The stress computed by the simple theory of flexure was the same between the load points as at

the ends of the cover plate.
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TaeLe 10

12-In., 31.8-L. I-Beams wiTH ParTiar-LExeTH CovER PLATES ATTACHED WITH
14-In. InteErMiTTENT FiLier Werps; Borrom Prate LoNgeEr THAN
Top Prate; Fainvre v CompressioNn France: Series 44Cd

Cover Flafes— ;o » o
Top 4 WG NGO~ [ /6 FeTEY—/6

(2-in., 31.8-16. 1 F | | ®
L ’
Bottom 643 %565 | D

I.Lg” .;e i ] DL T e é 29" @[ ! Ifig'A_T»’ a2
10°0"

Cover Plates Abfached with F-in intermittent Filler Welds Along Falges
grd G in. Comiinuous Fillet Welds Across EFrds.

i Fatigue Strength in | [
Max. Stress Number of 1000's of AT | Section
Specimen in Cycles at B, Cyecles for w0k 1b; peragon; at Which
Number 1000's of Failure, Fracture
Ib. per sq. in. in 1004's i % Oceurred
Froomoo F2 000,00
44Cd-1 —14.8 716.2 | ..., —-12.9f | 1
44Cd-2 -13.0 665.2 | ..., -11.1 | 2
44Cd-3 -11.1 1.206:8 | asoesss =10.4 2
44Cd-4 -14.8 215.1 -16.8 | @ ...... 2
Ave: | ameews —16.5 =11.5

* Based on a value of K of 0.14.
t Did not fail in compression flange.

Resvrrs oF Startic TEsTs

Stresses at A-A

44Cd-5 _ Yield Point—Not detected by drop of beam.
Ultimate = 38 900 lb. per sq. in.
Top fAange supported at load points only.
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TaBLE 11

12-Ix., 31.8-Li. [-Beams witn Partiar-LExeTtH CovEr PLATES ATTACHED WITH

InrteErMITTENT FiLLeET WELDS; FAILURE 1IN COMPRESSION
France: SeEries 44Ce

Cover Pfc}a;fc’.g i . w o
Top- Fugfaalo\ 6 F6Te
Eirz., 3.8-1b. T @ ;“hFrarrurr?
Bottom 643k 70 : ’
q-,g”-F-gta-Lﬁ_._._._._._-i‘/_;:g" S SE——P 9"«175”—.
f‘?.’_olf @

Cover Flates Atfachea with _;3'1 “in. Intermittent Fillet Walds, Fach 2_;*
long, 6'c.fo c, Along Edges and with Z-in Comiinwvows Frlier
Welds Across £rnads.

i % Fatigue Strength in
Max. Stress in Number of g I iH
Specimen Cyele at B, Cycles for 1000:s of bz pet a1
Number 1000°s of Failure,
Ib. per sq. in. - in 1000's :
Fio0.000 Fa oo 000
44Ce 1 -16.8 233.5 =22.0 || e
4+4Ce-2 -=11.1 6728 | 0 i -7.8
44Ce-3 —8.4 2285.8 | 0 ... —3.44
. R e — —22.0 —8.24

* Based upon a value of K of 0.32.

All specimens failed in the compression flange on section B-H.
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TagLE 12

12-Ix., 31.8-Li. I-BEams witH ParTiai-LENGTH CoVER PLATES ATTACHED WITH
CoxTinvovs Finuer WeLDs; Various Enp CoNpITIONS:
SErIES 44Ja, 44Jb, axp 44.Je

L4
7op Cover Platey o6

[2+ir., 381k, T

Bortom Cover Flate-

3 for 44da-l, 2,53
x!" for 44Ja-4,-5,& -6

w
o

3
7
4

gl 213" 2t —e— 20" 255" Ao

- —— fa-g

For All Specimers: Top and Bottom Cover Flafes & },5 wa'o”

= 2 b B o [ M
T 7 o I_r‘“T!?—'T‘—f‘ 3 Tgper —3; T
‘_.| o =3

— g™ 4 ‘Iz Cover Feather fdge !
Series ddJb Flate Weld

Serves F4/c
Top ana’ boffom cover polates
Papered i Mickress oy,

Cover Plates Aftachea with f-in Contimous Fitltet Weld All Around,

Lxceo! as Noted.
@ ; @

Top ana borfom cover plales
rfopered in wiarh only

i {
5 — 3 i e
3 1 T
Series ddda & F4/6 Series FdJc
Locatiors of Fractuvres
Fatigue Strength in 5
Max. Stress Number of i n* Section
Specimen in Cyecle at B, Cyecles for 100¢'s ot Jb. per g in. at Which
umber 1000°s of ) ilun? Fractrlg_f
lb. per sq. in. in 1000's Froon Faomo Occurredt
44Ja-11 +18.0 281.2 22.8 2
44]Ja-2 +14.0 TO6.6 e 11.3 1
44Ja-3 +12.0 1 303.4 ’ 10.9 2
44Ja-51 +14.0 1 173.8 i 12.4 i b
44Ja-6 =+14.0 1 444 .4 . 13.0 1
44Ja-7 +13.0 1 575.6 2 12.3 2
Ave, | . desees | anasien 22.8 12.0
44Jb-1 +18.0 235.7 20.0 1
44Jb-2 +11.0 878.5 10.0 2
44Jb-3 + 9.0 3 178.8 9.0+ 1
Ave. | ... —— 20.0 9.5+
44Je-1 =+18.0 997.8 14.3 2
44Je-2 +16.0 1 386.5 14.2 2
44Je-3 +14.0 2 189.1 14.0+4 2
Ave. | ... 14.24

*Kjo=0.23, Kb = 0.12, Kj. = 0.33.

1 Section 1—outer edge of weld; section 2—at end of plate.

1 End fillet welds 2g in. by 3¢ in. for specimens 44Ja-1, 2, 3; and 34 in. by 1 in. for specimens
44Ja-5, 6, 7.



BUL. 377. FLEXURAL FATIGUE STRENGTH OF STEEL BEAMS

TaBLE 13
12-In., 31.8-Le. I-Beams with FuLi-Lenceta Cover PrLaTes
ATTacHED WITH 34-IN. RIvETsS: SEriEs 44EA

[?311‘1

"

3

23

Fatigue Strength in e
Max. Stress Number of i T Section

Specimen in Cycle at A, Cycles for 1000’50k Ib. 8. in. at Which
Number 1000's of Failure, - Fracture

Ib. per sq. in. in 1000's P . Oceurred

100, 000 F!.m.m
44IEA-1 +18.0 953.4 16.0 g
44I5A-2 +16.0 1 715.4 15.6 2
44EA-3 +17.0 1 327.1 15.9 2
75 A AR e B (- e e 15.81

* Based on a value of K of 0.16.

t Based on gross section.

Corresponding value based on net section is 21.6.
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TasLE 14

12-Ix., 31.8-Ls. I-Beams witH Parmian-LENGeTH CovER PLATES ATTACHED WITH
34-In. RiveETrs: SeEries 43E axp 44E

Top arna Sottom
Cover P{w‘eﬁ‘,
6xi x4 4z

Cover Flales
Attachea with
Z-in. Rivets

/8-in., 3.8-1b. T

i <
B r o
L g” 2-zg” @ft xx@éj?;’% SLsF e 223 4-1-—9’—’-
100" s
| Fatigue Strength in )
3  Max. Stress Number of | 1000's of Ib. per‘;q. in.* Section
Specimen in Cyele at B, Cyecles for | at Which
Number 1000°s of Failure, Fracture
Ib. per sq. in. in 1000's P Fiiaiune Oceurred
44E-1 +11.1 3 620.3 11.1+4 Did not fail
44E-2 +14.9 998.5 12.4 1
44E-3 +15.8 0992.7 13.1 2
43E-1 +23.5 218.6 29.1 1
43E-2 +-32.3 23.9 21.9 s
43E-3 +17.6 666 1 20.5 13.1 1
Ave: | wmewss ] dsa 26.8F | 12. 441

* Based upon a value of K of 0.27.

Also based upon the gross section of the beam.

t Based on gross seetion. The corresponding values based on the net sections are 36.5 and 16.9,

respectively.

ResvLTs oF Staric TEsTs

Stresses at A-A

44FE-4

Yield Point = 38 500 lb. per sq. in.

Ultimate

= 46 500 lb. per sq. in.
Top flange supported at load points only.
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TasLe 15

Fapricatep BEams with FLaNGE PraTes Artacuep To Wer Prate witn
CoxTivvovs FiLLET WELDs: SErIEs 44Ga axp 44Gh

N - . ,‘___.,,4
F i H o i Stiffener
Flarge Plates 75 ¥56" Plates,
& (3hgxrio”

1 Web Plate,
/2% f 2 5 6 "

Continvous g-in. Fillet Weids rbr GG
Continvous Z-in Fillet Welds for 4466

Numb i Pu}.igue strength in
Specinisn Max. Stress in C;:lle:rft;;' | 1000's of Ib. per sq. in.*
Number | Cycle, 1000°s of Failure
1b. per sq. in. in 1000%
| Fio0,000 F'2 o00,008
1
44Ga-1 +20.0 946.2 15.6
44Ga-2 +18.0 1 783.1 17.3
44Ga-3 | +28.0 a63.9 49.8 18.6
Ave. P [ 19.8 17.2
44Gh-1 | +26.0 586.1 | 46.9 17.3
44Gh-2 | “+24.0 a04.7 43.5 16.0
44Gb-3 i +19.0 1 335.0 I s 16.6
Ave. T I i 45.2 16.6

* Based upon a value of K of 0.33.
All specimens failed in the bottom flange at or near an intermediate stiffener.

Resvrts oF Static TEsTs

44Ga-4 Ultimate = 55 000 lb. per sq. in.
44Gh-4 Ultimate = 54 800 lb. per sq. in.
Top flange supported at load points only.
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TaBLE 16

16-In., 36-LB. WipE FLANGE BEAMS; STIFFENERS ATTACHED WITH
WeLps: Series 44Ha, 44Hb, axp 44He

6, 36-16., WFE Beam

i Stifreners 3'x 3’

2 Clipped fo Clear

i Fillets

L 9" ? 35" 0% 39” I 9
e
AE Her HdHb dgHe

S
¥
[

Intermeadiare stifr-
eners welded ro com-
préssion flarnge and
7o wpper /2. of web.

lntermediate St
erners welded fo web
and roo flange only.

Intermedizte st/ff-
erers welaea’ ro web
and Fo borh flanges.

Max. Stress in Number of Fatigue Strength in
Specimen Cycle at A, Cyeles for 1000 of Ib. per sq. in.
Number 1000's of Failure, ———
1b. per sq. in. in 1000's Pios.ost P oiioco
Series 44Ha. Stiffeners Welded to Web and Both Flanges
|
44Ha-1 <+20.0 ! 1 287.7 x 19.1
44Ha-2 +19.0 1 285.0 . 18.1
44Ha-3 +18.0 3 244 .31 x 18.0+
44Ha-31 +20.0 2 339.2 % . a0
Ave. | wwmmmes o e 18.44
Series 44Hb. Stiffeners Welded to Web and Compression Flange
44Hb-1 +26.0 2 444.0 26.04
44Hb-2 +30.0 956.5 27.9
44Hb-3 +28.0 BE6.0O 25.8
Avee | sasmes | smaeees 26.6 4
Series 44He. Stiffeners Welded to Compression Flange and to Top 12 In. of Web
44He-1 +32.0 2 364.01 32.04
44He-2 +34.0 1 146.4 32.1
44He-3 +34.0 2 204.7 3404
e N 32.7+

* Based on a value of K of 0.10,

All failures were at intermediate stiffeners.

t Specimen did not fail. .
1 Specimen 44Ha-3 was subjected to 3,244,300 cycles at 1,000 to 18,000 lb. per sq. in. and then
tested on a cycle 1,000 to 20,000 1b. per sq. in., and failed at 2,339,200 additional eycles.

Resvrrs oF Static TesTs

Yield Point = 42 300 lb. per sq. in.
Ultimate Strength = 47 200 lb. per =q. in.

44Ha-4
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TasLe 17

12-Ix., 31.8-LB. I-Beams with Laterar Prates Arracuep to Texsion

FranGe: SeriEs 44Ma, 44Mb, axp 44Me

Number of

Fatigue Strength in

Specimen Max, Stress in = 1000's of Ib. per sq. in.*
Number Cyele, 1000's of Cly:;‘llﬁrtf:r —
Ib. per sq. in. in 10007 > :
Fiwoom Fz 00,000
Series 44Ma.  Plates Attached with Transverse Fillet Welds
44Ma-1 1 =+20.0 52.1 19.2
44 Ma-2 | +16.0 928.8 i 13.4
44 Ma-3 | +11.0 3 442.9 11.04
Ave. | ............. 19.2 12.24
Series 44Mb.  Plates Attached with Longitudinal Fillet Welds
+4Mb-1 | +20.0 272.5 | 24 4 Ce
44 Mb-2 | +16.0 1039.7 14.0
44 Mb-3 | +14.0 1 471.1 13.2
Ave, | aieaen o | e 24 4 14.6
Series 44Me,  Plates Attached with Rivetst
44 Me-1 +20.0 400.0 26.4 14.5
+4Me-2 +18.0 T45.0 14.8
44 Me-3 “+16.0 1 224.1 14.5
Ava, | gl oo 26.4 14.6
! —_—- -

" Based upon a value of K of 0.20. Welded specimens failed at or in the weld; riveted specimens
failed through the rivet hole. .
t Stress based on gross section,

Resuvrrs orF Staric TesTs

44 Me-4

Yield Point—Not detected.
Ultimate Strength = 48 700 lb. per sq. in.
Based on gross section.

The figure accompanying this table is on page 28,
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a4 r +g-.-<i‘|-.¢”\“ i Fillet Weids
12-in, 31.8-1b. 1 | Top and Bottom Flates
Fajlare— Zxgx2”
9"-}- 349~ e ,:?f't' 39" i 9 “
< 100" e

a—Series d4Ma

S T 7T Firter welals

d-l-ir(-g
/2=t 3.8-lb. T A ‘ Top ara Botiom Flates
Failvre | z P i
: \ FXEXT?
| . S T R ' n
~9 ﬁL 39 ) 3’9 RSy
r0-0" J

b—Series 44Mb

6"1;4—61%/ "Rivers

12-im., 31.8-1b. 7 327" Topona Bottor Flates
Fa!}?/f’é'& ‘ 6% -
: e

r ’ 3 r " ”
ot 529" T/ 79 fr*
j /00"
c=Series FLNMc

12-Ix., 318-Ls. [-BeaMs witTH LATERAL PLates ArracHep To TExsioN FLANGE:
SErIES 44Ma, 44Mb, axp 44Mec
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TasLe 18

FLEXURAL FATIGUE STRENGTH OF VArIoUs Tyres orF BeEawms:

SuMMARY oF REsvuLTts

29

Series
Number

44A

44Ba

14Bb

44Bd

44Ca

44Ch

44Ce

44Cd

H4Ce

44Ja
44Jb
44]Je

H4EA

43E
44K

44Ga
44Ghb

44Ha
44Hb
44He

44Ma
44Mb
44Me

Table Containing
Details of Tests

Table
No.

Page
No.

Deseription of Specimen

Average Value of Fatigue
Strength, 1000's of

1b. per sq. in.

Fuoopn

Fa 00 s

=1

10

13

14

15

16

17

18

20

12-in., 31.8 Lb. I-Beams Without
Reinforcement

12-In., 31.8-Lb. I-Beams with
Full-Length Cover Plates At-
tached with Continuous Fillet
Welds

12-In., 31.8-Lb. I-Beams with
Full-Length Cover Plates At-
tached with Intermittent Fillet
Welds

12-In., 31.8-Lb. I-Beams with
Partial- Length Cover Plates At-
tached with Continuous Fillet
Welds; Special Ends

12-In., 31.8-Lb. I-Beams with
Partial-Length Cover Plates At-
tached with Continuous Fillet
Welds

12-In., 31.8-Lb. I-Beams with
Partial-Length Cover Plates At-
tached with Intermittent Fillet
Welds

12-In., 31.5-Lb. I-Beams with
Partial-Length Cover Plates At-
tached with Intermittent Fillet
Welds; Both Cover Plates 4 In.
by %6 In. and All Welds Laid in
Flat Position

12-In., 31.8-Lb. I-Beams with
Partial-Length Cover Plates At-
tached with l!4-In. Intermittent
Fillet Welds; Bottom Plate
Longer than Top Plate; Failure
in Compression Flange

12-In., 31.8-Lb. I-Beams with
Partial-Length Cover Plates At-
tached with %e-In. Intermittent
Fillet Welds; Failure in Compres-
sion Flange

12-In., 31.8-Lb. I-Beams with
Partial-Length Cover Plates At-
tached with Continuous Fillet
Welds; Various End Conditions

12-In., 31.8-Lb. I-Beams with
Full-Length Cover Plates At-
tached with 34-In. Rivets

12-In,, 31.8-Lb. I-Beams with
Partial-Length Cover Plates At-
tached with 3{-In. Rivets

Fabricated Beams with Flange
Plates Attached to Web Plate
with Continuous Fillet Welds
16-In., 36-Lb. Wide Flange
Beams; Stiffeners Attached with
Welds

12-In., 31.8-Lb. I-Beams with
Lateral Plates Attached to Ten-
sion Flange

41.1

[
L

19.4

19.0

—16.

(=1}

22.8*
20.0

49.8
45.2

12
-
WD - o

31.1

10.

—8.Z

17

16.

18,
26.
32,

12,
14.

:-‘ﬂ‘-ld e -4 4

L

L1%, 12,61
i

* For 44Ja-1, 2, and 3.
t For 44Ja-5, 6, and 7 (see Table 12).
{ Based on gross area.
¥ Based on net area.
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ITI. SUMMARY

The average values of the fatigue strength are given in Table 18.
For all specimens the fatigue strength is for a eyele in which the
flexural stress in the flanges varies from near zero* to a maximum.
The results may be summarized as follows.

(1) The outstanding feature of the results is the very large reduc-
tion in the fatigue strength due to abrupt changes in section at the
ends of partial-length cover plates. Whereas the fatigue strength cor-
responding to failure at 2,000,000 repetitions of a eyele in which the
flexural stress varied from near zero to a maximum tension was of
the order of 31,000 p.s.i. for 12-in., 31.8-1b. I-beams without holes or
attachments (Series 44A), the corresponding fatigue strength for
similar beams with partial-length cover plates attached with longi-
tudinal fillet welds (Series 44Bd, 44Ca, 44Ch, 44Ce, and 44Ja)
was of the order of 8,000 to 11,000 p.s.i. Moreover, for beams rein-
foreed with full-length cover plates attached with continuous fillet
welds (Series 44Ba) and for beams fabricated by connecting flange
plates to cover plates with continuous fillet welds (Series 44Ga and
44Gb), the fatigue strength was much less than for beams as rolled.
Likewise, for rolled beams reinforced with full-length cover plates at-
tached with fillet welds, the fatigue strength was less for those with
intermittent welds (Series 44Bb) than for those with continuous fillet
welds (Series 44Ba).

(2) The average value of I3 gg9,000 for 12-in., 31.8-1b. I-beams in the
as-rolled condition was 31,200 p.s.i. For 16-in., 36-1b. wide-flange
beams the corresponding value was 32,700 p.s.i. For both sizes of
rolled beams the fatigue strength corresponding to failure at 100,000
cycles evidently exceeded the yield point of the steel.f

(3) Beams fabricated by attaching flange plates to a web plate
with continuous fillet welds had a much lower fatigue strength than
rolled beams, the average value of Fy00 being 16,900 p.s.i. for
fabricated beams:; whereas for the rolled beams Fs jo00m had values
of 31,200 p.s.i. and 32,700 p.s.i. for 12-in.-31.8-1b. and 16-in.—-36-1b.
beams, respectively. The rolled 12-in. beams used in this eomparison
had no intermediate stiffeners, whereas the 16-in. rolled beams and
the fabricated beams had intermediate stiffeners welded to the com-
pression portion only.

* 1000 to 1500 p.s.i.

1 The value of K for Series 44 A is given in the footnote to Table 3 az 0.1%, and for Series 44He
2,000,000y, oy

100,000

is, Fuogon = 31,200 X (20)015 = 53,500 p.s.i. for Series 44A. Similarly, Fuoomo = 32,700 X (20)01 = 44,200
p.s.d. for Series 44He,

it is given in the footnote to Table 16 as 0.10. Moreover, Fiomo = Fg o000 X
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(4) The reduction in the fatigue strength due to intermediate
stiffeners welded to beams depended upon the portion of the beam
to which the stiffeners were welded. For 16-in., 36-1b. wide-flange
beams, the value of Fag.om was 18,800 p.s.i. for beams with inter-
mediate stiffeners welded to the web and both flanges (Series 44Ha);
26,600 p.s.i. for beams with intermediate stiffeners welded to the
compression flange and the full depth of the web (Series 44Hb); and
32,700 p.s.i. for beams with intermediate stiffeners welded to the
compression flange and to the compression portion of the web only.

(5) Rolled beams reinforced with full-length cover plates attached
with continuous fillet welds had values for Figoum and Fs goo.000 of 41,100
p.s.i. and 22,800 p.s.i., respeetively. The value for Fyg o0 is somewhat
less, and for Fu .00 somewhat greater, than the ecorresponding values
for beams fabricated by welding flange plates to a web plate, and
they are eonsiderably less than the corresponding values for I-beams
in the as-rolled condition.

(6) The values of Fipen were very nearly the same for I-beams
reinforeced with full-length cover plates attached with intermittent
fillet welds as for similar beams and similar plates attached with
continuous fillet welds. The value of s 40,000, however, was very much
less for beams with reinforeing plates attached with intermittent
welds than for similar beams and similar plates attached with con-
tinuous “’['l{lH.

(7) The fatigue strength was very mueh less for rolled beams with
partial-length fillet-welded cover plates than for similar rolled beams
with full-length fillet-welded cover plates. Average values of Fiy
for beams with full-length cover plates were 41,100 p.s.i. and 42,400
p.s.i. for continuous and intermittent welds, respectively. The cor-
responding values for beams reinforced with partial-length cover
plates were 22,100 p.s.i. and 19,400 p.s.i., respectively. Average values
of Fs po0.000 for beams with full-length eover plates were 22,800 p.s.i.
and 16,500 p.s.i. for continuous and intermittent welds, respectively.
The corresponding values for beams reinforced with partial-length
cover plates were 10,000 and 9,100 p.s.i. for continuous fillet welds;
and 8,400 and 9,400 p.s.i. for intermittent fillet welds. Of the rolled
beams reinforced with partial-length eover plates attached with inter-
mittent fillet welds, those with tension plates 4 in. by %{g in. were
somewhat stronger than those with tension plates 6 in. by 2% in.

(8) Beams with welded partial-length cover plates with ends
tapered by reducing the thickness had a somewhat greater fatigue
strength than beams with partial-length cover plates with ends not
tapered at all or tapered by reduecing the width.
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(9) The fatigue strength of beams reinforced with full-length
cover plates attached with rivets was less than the fatigue strength
of beams reinforced with similar plates attached with continuous
fillet welds, the unit strength being based on the gross section for
both types of beams. However, for beams with partial-length cover
plates, those having cover plates attached with rivets had a fatigue
strength as great as similar beams and plates attached with welds,
or possibly a little greater, the unit stress being based on the gross
section for both types of beams.

(10) Lateral plates attached to the tension flange of beams reduced
greatly the fatigue strength of the beam. This was true whether the
attachment was by longitudinal fillet welds, transverse fillet welds, or
rivets. The reduction was not greater, however, than is occasioned by
any of the tested methods of applying cover plates of partial length.
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