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AMERICAN INSTITUTE OF STEEL CONSTRUCTION, INC.

The Wrigley Building / 400 North Michigan Avenue / Chicago, Winois 60611-4185 / 312 ¢ 670-2400

August 8, 1983

Prof. Pedro Albrecht

Dept of Civil Engineering
University of Maryland
College Park, MD 20742

Dear Professor Albrecht:

Thank you for your letter of July 7, 1983, to W. A. Milek, transmitting
a copy of the report entitled "Load and Resistance Factor Design of Steel
Structures for Fatigue". Mr. Milek has retired from AISC and I have assumed
his position. As you may know, the LRFD Tentative Specification will be made
available to the profession for a one year period of review and trial use
beginning September 1, 1983. During this period your suggestions regarding
the fatigue provision will be considered by the Specification Committee.

In the interim, I have quickly reviewed your report and offer the follow-
ing prelimipary comments. First, I believe that we should attempt to harmonize
the AISC Specification with international recommendations. We are participating
in developing the recommendation of the European Convention for Constructional
Steelwork (ECCS). The current draft of ECCS adopts a slope of m = 3 for pre-
senting fatigue data in lieu of m = 3.2 derived in your study. The basic fatigue
strength curves of ECCS are based on a survival probability of 97.3% (mean minus
two standard deviations). The detail classifications are indentified by the
fatigue strength at 2 million cycles in lieu of the letter designation in U.S.
specification. The above survival probability corresponds to a safety index
Bp=2.0. Vhen different safely indices are desired, the following resistance
factors ym are recommended. (ECCS defines resistance factors for design strength
as the inverse of our factors)

B 2.0 2.5 3.0 3.5

yinn 1 .32 1.73 2.3
ymo 1 1,10 1.20 1.30

ymn resistance factor applied to fatigue life.

]

ymo = resistance factor applied to fatigue design strength.

For high safety "requirements ECCS recommends improving fabrication in-
spection and monitoring service performance instead of further increasing
the resistance factors:

Ve would appreciate your views on the merits of the ECCS approach. 1
believe it is very important that future specifications make the design criteria
transparent to the designer. Instead of using a load factor of 1.6 for live
load, vhich implies safety for static loading conditions, fatigue design

Stesl STAINDES for the future
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Professor Albrecht
August 8, 1983
Page two

should be based on service loads. Fatigue service loads should preferably be
based on the expected load spectrum. Required life should be expressed in
years based on anticipated frequency of load applications. Clearly, the
Specification Committee will have to give some serious thought to the philosphy
to be used in developing an improved approach to fatigue design that will help
designers in recognizing the effects these important parameters.

Sincerely,

.

v

///, . q ajjer
Vice President

GH/cd

cc: John A. Edinger ”///

A. P. Arndt

11ENG-Q1-3
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ABSTRACT

Fatigue design provisions, based on LRFD, are proposed in a form that
could be directly incorporated in the AISC "Tentative Specification for Load
and Resistance Factor Design, Fabrication and Erection of Structural Steel for
Buildings." They would replace the fatigue design provisions of the latter
which still employ an allowable stress method. The target reliability for
fatigue design, B = 4.0, was determined by calibration. The resistance factor,
y = 1.6, and load factor, ¢ = 0.66, account for the variabilities in fatigue
test data, fabrication, modeling and load. In addition to having an LRFD for-
mat, the fatigue specifications proposed herein features continuous analytical
definition of resistance and more realistic variable amplitude loading. In
contrast, the present AISC version employs a tabular step-wise definition of
allowable stress range ill suited for computer aided design, is limited to
constant amplitude loading, and accounts only for the variability in fatigue
test data. The proposed LRFD specifications are recommended for adoption by

AISC. They could also be used, without changes, for highway bridges.
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CHAPTER 1

INTRODUCTION

1.1 General Statement

Traditionally, design specifications have been based on deterministic
approaches utilizing allowable stresses and safety factors. Recently, how-
ever, there has been a shift toward the use of probability based design.

In 1976, Galambos proposed criteria for Load and Resistance Factor De-

(14)

sign (LRFD) of steel structures. This method is based upon first-order

probability theory and utilizes a limit states approach to design. In addi-
tion, the Committee on LRFD, American Society of Civil Engineers (ASCE),
published eight papers in the Journal of the Structural Division that pre-
sented data in support of the previous work.(lﬁ) In these studies, the only
major area that eluded LRFD treatment was fatigue design, Galambos stated
that "the provisions of Section 1.7 in the AISC Specification shall apply for

fatigue.“(14’15J

The American Institute of Steel Construction (AISC) formed a LRFD Com-
mittee for the purpose of developing a new AISC LRFD Specification for steel
buildings.(g) This proposed specification now exists in draft form and is
intended as an alternate to the current AISC Specification.(ls) The provi-
sions for fatigue in this draft are taken directly from the present Speci-

fication with only a few revisions. They are not based on LRFD concepts.

1.2 Present Fatigue Specifications

The present AISC fatigue specification establishes a design S-N line to be
the mean line minus two standard deviations.(ls) The equation is given by:
log Nd = (b -2s) - m log Fsr (1.1)

where




F__ = allowable stress range (ksi)

ST
Ny = number of design cycles
b = intercept of mean line
m = slope of mean line

s = standard deviation of log of
cycle life

This method is a simplified probabilistic approach based solely on the
variation of fatigue test data. Other sources of variation, such as fabrica-
tion and workmanship, errors in the fatigue model, use of Miner's linear
damage rule, and errors in the stress analysis procedure, are not considered.
Also, load is considered to be deterministic, meaning that it is assumed not
to vary. The specification also utilizes a step function approach when defin-
ing allowable stresses. Because of this step function approach, the intended
reliabilities are only achieved at 100,000, 500,000, and 2,000,000 cycles.
Between any two such points, the reliability increases as one moves away from
the design point. Fig. 1.1 illustrates the effect of the step function ap-
proach on Category A, C and E details. The shaded areas are the differences
between the continuous design lines and the stepped design lines. For Cate-
gory A, the AISC step function extends below the continuous Category B design
line. This is typical for all design categories.

The failure to include additional sources of variation in resistance and
the assumption that there is no variation in load are non-conservative. On
the other hand, details are designed for the actual number of cycles and the
maximum stress range, as if every load cycle produces the maximum stress
range. This is overly conservative. These two facts, coupled with the ef-
fects of the step function approach, result in extreme variations in the

reliability index, B.
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1.3 Objective

The objective of this work is to develop a fatigue specification that is
based on uniform reliability and is compatible with the AISC LRFD Specifica-
tion. The AISC LRFD Specification utilizes a live load factor of 1.6 follow-
ing the recommendations of the American National Standard Institute's AS8.1-
1982 Standard.(ls) The same is done herein.

The proposed fatigue specification accounts for the effects of all
sources of variation, not just the variation in fatigue test data. The cur-
rent step functions are replaced with continuous design lines. In addition,
the design is based on an equivalent stress range, rather than the maximum
stress range, so that variable amplitude load histories can be considered.

Emphasis is placed on developing a fatigue specification that can be

easily and efficiently used in the design process.




CHAPTER 2

BASIC CONCEPTS OF LOAD AND RESISTANCE
FACTOR DESIGN

2.1 Basic Concepts

The general load and resistance factor design equation is given by:

¢R > L Yy Qk (2.1)
In this equation, R = resistance and ¢ = resistance factor, always less than
unity. On the right side of the equation, Qk = load effect due to a par-
ticular type of loading, i.e., wind, live or dead loads. The term, Yi o is
the corresponding load factor, usually greater than unity. The load and
resistance factors represent the uncertainties associated with Q and R,

respectively.

2.2 LRFD Format for Fatigue

The LRFD format must be able to handle the large variances that are found
in fatigue design. Wirsching has developed such a format, and a brief account
of his derivation follows.(ly)

Assuming that R and Q have lognormal distributions, the probability of

failure is given by
Pe= P(R < Q = P[In (R/Q) < 0] (2.2)

The reliability index, B, is defined as

In_(R/Q)

1

= — (2.3)
Jin (@ + v (V)

B

In Eq. 2.3, V, and V, are the coefficients of variation of resistance and load,

R Q

N Y
respectively. Also, R is the median value of resistance, and Q is the median

value of load. The median values are used to account for the possibility of

|



large variances. For random variables having large variances, the median is
generally considered to be a more meaningful measure of central tendency than
the mean.

Eq. 2.3, expressed in terms of K/a. becomes

il

R/Q

exp [8JIn ((1+ VR + V)] (2.4)

If the effects of load and resistance in Eq. 2.4 were separable, the resis-
tance factors could be determined independently of the loading, and vice versa.

To achieve this separation, one expresses the radical in the form

\/;; (1 + Vi)(l - Vé) = q (VR +V

Q) (2.5)

The parameter a in Eq. 2.5 is called the splitting factor. Values of a for
coefficients of variations, VR and V., typical of those encountered in fatigue
are shown in Fig. 5.1

After o has been estimated, one can express Eq. 2.4 as
m‘b = exp (aBVR] exp (uBVQ) (2.6)
The final form of the LRFD equation then becomes
4" )
exp (~aBVR) R = exp (uBVR) R = exp (aBVQ) Q (2.7)

By comparing Eqs. 2.1 and 2.7 one can see that the load and resistance factors

are, respectively:

=
n

exp (aBVQ) (2.8)

<
n

exp (-aBVy) (2.9)
The general LRFD design criterion for fatigue is, therefore

oR > y Q (2.10)



CHAPTER 3

RESISTANCE DATA

3.1 Analysis Procedures

The mean regression line for each set of fatigue test data was calculated
by the least-square method of analysis. The line that best fits the data on a
log-log plot of the stress range, fr’ versus the number of cycles to failure,

N, is given by (2,3)

log N=Db - m log fr (3,33

in which the regression coefficients, b and m, determine the intercept and
slope, respectively. As part of the analysis, the standard deviation, o, of
the logarithm of cycles to failure was also computed.

To ensure a consistent analysis of the 70 sets of data from 2,502 fatigue

tests examined herein, the following guidelines were followed:

1. All runouts were excluded from the regression analysis.

2. The stress ranges used in the analysis were taken at the points in
the specimens where the fatigue cracks initiated.

3. 1If the data tended to "run out" at the low levels of stress range,
all data points at that stress range level were excluded from the
regression analysis. The runout trend reflects the nonlinear effect
of the fatigue limit and would bias the log-log linear regression
model given by Eq. 3.1,

4. All other data points were included in the regression analysis. Any
test specimens that exhibited unusually long or short cycle lives,
but showed no signs of damage or inconsistencies in the testing pro-

cedure, were included in the analysis. This was done to ensure that

7 NI



the best estimate for the variation of test data was obtained.

One typical S-N plot of fatigue test data is shown in Fig. 3.1. All
others are included in Appendix A. Each S-N plot contains the data points,
the mean regression line and, in most cases, the upper and lower confidence
limits at two standard deviations from the mean., The present AISC fatigue
specifications are based on the lower confidence limits of the applicable

test data.(z’s)

3.2 Eguations

The least-squares line is given by:

Y=B+mX (3.2)
and " : g

ey M8 . s TR el (3.3)

beV-nX (3.4)

i igl [y - ®+m X)) (3.5)

where b, m and s are the least square estimates of the intercept, b, the slope,
m, and the standard deviation, o.
Other useful equations involve the properties of logarithms and the log-

normal probability distribution. The following equations are utilized through-

out this report.(17)
Base-e lognormal:
Y =]n X (3.6)
0
— "
Y. =IniX (3.7)
o
o = 1n (14V2) (3.8)
y X
0
2
YV = -1 (3.9)
= (exp oyo)
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Base-10 lognormal:

Y = 1log X = ch = 0,434 In X (3,10)
— n

Y = log X (3.11)
o =co, =0.434 ¢ 3.12
y " oy ) (3.12)
of, = 0.434 log (1 + vi) (3.13)

02/.434
v, = (oY - 1) (3.14)

where o is the standard deviation and Vx is the coefficient of variation of X.

Also, the tilde indicates the median, and the bar indicates the mean value,

3.3 Fatigue Notch Factor

The fatigue notch factor, or fatigue strength reduction factor, is defined
as the ratio of the fatigue strength of a specimen with no stress concentration
to the fatigue strength of a specimen with a stress concentration.(s) To apply
this concept to the analysis of fatigue test data, a reference line must be
chosen for a detail that has no stress concentration. It seems plausible to
select the mean fatigue strength of the Category A plain rolled beams as the
reference line for which the fatigue notch factor is defined as unity, Kf g ™1
The fatigue notch factor for any other Category X detail, at a fixed number of

cycles, is then given by the vertical distance between the solid and open cir-

cular symbols in Fig. 3.2.

® i (3.15)
S

The values of fr A and fr x are calculated by substituting into Eq. 3.1 the
» »
fixed number of cycles and the regression coefficients, b and m, given in

Tables 3.1 and A.1l.

A larger fatigue notch factor indicates a more severe, or critical detail.

10
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Indeed, as shown in Table 3.1, the fatigue notch factors for the data appli-
cable to the AISC design categories increase from Kf = 1.0 for rolled beams
to Kf * 4.19 for cover plates on thick flanges.

As was stated previously, Kf is calculated at a fixed number of cycles.
Its value changes slightly, depending on which number of cycles is used, when
the slopes of the two mean regression lines are not equal. The effect of
slope on the fatigue notch factor is shown in Table 3.2, For values of slope
less than m < 3.18 (slope of Category A line), the fatigue notch factor is
larger at 2,000,000 cycles than at 500,000 cycles. For values of slope
greater than 3.18, Kf is smaller at 2,000,000 cycles than at 500,000 cycles.

For the data base of the AISC fatigue specifications, listed in Table
. T Kf changes less than *3 % at 2,000,000 cycles as compared to the value
at 500,000 cycles. The latter, calculated near the center of gravity of the
data, is more accurate. The former is used herein because past American
studies and the new European specifications give values of fatigue strength
at 2,000,000 cycles.

The values of Kf at 500,000 and 2,000,000 cycles are listed in Table A.2

of the Appendix for all 70 sets of fatigue data,and in Table 3.1 for the

Category A through E' data.

3.4 Summary of Data

The results of the regression analyses are summarized in Table A.1 of
Appendix A which lists the regression coefficients and standard deviation for
each of the 70 data sets. The accompanying S-N plots are given in Plots 1-1

to 7-22 of Appendix A.

3.5 Uncertainty of Resistance - Coefficient of Variation

Reliable determination of the uncertainty in resistance is important in

12



TABLE 3.1 Regression Coefficients and Fatigue Notch Factors
for Stress Categories

Category Type Intercept Slope Standard Kf at Kf at
of Deviation 500,000 2,000,000
Detail b m S cycles cycles
A Rolled beam 11,321 -~ 3138 0,221 1,00 1,00
B Welded beam 10,870 -S3372: " 9147 1.49 1.45
¢’ Stiffener 10.085 3,097 0.158 1.95 1.97
& 2-in, 10.0384 3,25 0,0628 2+35 2,33
attachment
D 4-in. 9.605. 3.071. 0.308 2512 2.76
attachment
E Cover plate 9.,2916 3,095 0.1006 3.51 3.55
end
E' Cover plate 9.1664 3,2 0.1943 4.19 4.18

(or G) end t>0.8 in.

TABLE 3.2 Effect of Slope on Percent Change in K, at 2,000,000
Cycles as Compared with Kf at 500,000 Eycles

Slope Change in
Fatigue Notch Factor
(Percent)
2.00 29
2:25 20
2,50 12
2.75 7
3.00 3
3.18 0
3.25 -1
3.50 -4
3.75 -6
4.00 -9
4,25 -11

13



LRFD, because the resistance factor, ¢, is a direct function of this un-

certainty.

Several factors may contribute to the total uncertainty in fatigue 1life,

such as:

¥s

S.

Fabrication and workmanship, including assembly and installation
procedures.

Use of Miner's linear damage rule.

Errors in the assumed fatigue model,

Scatter of fatigue life data.

Errors in the stress analysis, including impact effects.

Ang and Munse have developed a means for combining the variations re-

sulting from these factors using a first order analysis.

(10,12) The total

coefficient of variation of fatigue life, VRN’ is given by Eq. 3.16. The

notation has been changed to ensure consistency.

where

PRSP W 2
VRN = VN + VF + Vc + (mvs) (3.16)
VRN = total uncertainty in fatigue life, i.e., the coeffi-
cient of variation of resistance in terms of cycle life.
VN = coefficient of variation of fatigue data life about the

S-N regression line.

V. = variation due to errors in the fatigue model and use of

§ Miner's rule.
Vc = yariation due to uncertainty in mean intercept of the
- regression line; includes effects of fabrication and
workmanship; also includes the effect of the uncertainty
in slope.

Vs = variation due to uncertainty in mean stress range; in-
cludes effects of error in stress analysis and choice
of impact factor.

m = slope of S-N regression line

14



In Bq. 3.16, Vs is a variation on stress range and, therefore, must be
converted to a variation on life. The conversion, mVs, is an approximate
conversion. The actual conversion makes use of Eqs. 3.13 and 3.14 and the
relationship between the standard deviation on log of cycle life and the

standard deviation on log of stress range.

%log N = ™ %10p £ (3.17)

The difference between the approximate and actual conversion is, in most
cases, about 3 to 5 percent. Therefore, the approximation is accepted be-
cause of its simplicity.

To compute the total coefficient of variation of resistance, one must
know the values of the terms in Eq. 3.16, The term, VN’ can be found di-
rectly from the regression analysis by converting the standard deviation of
log of cycle life to coefficient of variation of fatigue life using Eq. 3.14.
Ang and Munse proposed values of 0.15, 0.40 and 0.10 for V., Vc and VS,
respectively. These numbers were found to be quite reasonable and will be
used herein.

The total coefficient of variation, VRN’ was computed for all sets of

test data. The results are given in Appendix A, Table A.2,

3.6 Resistance Curve

One must establish a means for determining the coefficient of variation
of resistance to be used in design, As can be seen from Table A.2, Ven
varies for each set of test data, It was thought that a relationship may
exist between fatigue strength and coefficient of variation.

A plot of coefficient of variation, Vpy» versus fatigue notch factor at
2,000,000 cycles is given in Fig. 3.3 for all 70 data sets. The numbers

beside the points identify the corresponding data set in Table A.2.

15




91
Coefflclent of Varlation of Resistance, VRN

a8
e
3
19 &% A0
po VRN = 1'3'O'qu’ 1.0£Kf<1.5
N, 5 Vey =1:0-0.2Ks; 1.5<K.<2.0
2, \\4
K s 42
20,46 4\ Vey = 0.60; K > 2,0
N 46
21, 4 A A
B 11
26"?267‘ 54‘10 ‘45
15 .‘163328 l 41‘ 44
o 8 5g17 3 1 39 A
£4n 2
29. 9! est 377340 3
1 a35 A32
| . ] 1 | 1 | 1
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Fatigue Notch Factor at 2,000,000 Cycles, Kf

Fig. 3.3 Relationship Between Coefficient of Variation of Resistance on Life
and Fatigue Notch Factor




It can be seen from this plot that VRN drops as Kf increases to 2.0 and
remains about constant for Kf > 2.0. A curve must now be established that
gives a good representation of all the data points. It should be noted that
the points labeled 5 through 10 and 19 through 26 include data from differ-
ent fabricators. Therefore, the scatter of the fatigue life data already
included some effects of fabrication. Consequently, these points may have
been twice penalized for variations due to fabrication techniques. The
points labeled 5, 8, 10, 19, 22 and 23 are probably artificially high due to
this fact. Points 42 and 47, which also fall high in Fig. 3.3, represent
details altered in an attempt to increase their fatigue strengths. The mean
fatigue life was increased for both cases (lower Kf), but so did the corre-
sponding coefficient of variation. Taking these factors into account, it
was decided to assume about average values of VRN and to tolerate the high
points. The choice of three linear curves in Fig. 3.3, as opposed to one

nonlinear curve, was made for the sake of simplicity. The equations defining

V., are given by:

RN
Vey = 1.3 - 0.4 K 5 1.0 < K. < 1.5 (3.18a)
Vpy = 1.0 = 0.2 K. 5 1.5 < K. < 2.0 (3.18b)
Vpy = 0.60 5 K¢ > 2.0 (3.18¢)
17



Chapter 4

LOAD DATA

4.1 Presentation of Data

The purpose for examining load data is to determine the load history and
the variations that can be expected for different service conditions. The
establishment of representative coefficients of variation of load, VQ’ is cri-
tical to the development of LRFD specifications. The most common type of
fatigue critical structures designed in accordance with the AISC fatigue pro-
visions are cranes and their supports. The lack of available load data for
cranes makes the selection of average loads and coefficients of variation of
load difficult. However, plausible values can be estimated from load data
for other types of structures and from descriptions of crane usage.

For example, much load data are available for highway bridges. Albrecht

(18)

and Duerling analyzed 106 load histograms from 29 bridges located in 8
states. They determined that the equivalent stress ranges for the histograms,

calculated as the root-mean-cube stress range with m = 3,

't Mg 1/m
i,
fre S . - n (4.1)

were lognormally distributed. This reinforces the assumption, made in Chap-
ter 2, that load is lognormally distributed. The corresponding coefficient
of variation was found to be 12 percent on stress range.

For light-usage cranes that may lift, on average, an equivalent load
of 40 percent of capacity, one can expect larger variations in equivalent
load from one plant to another. Heavy-usage cranes mostly lifting an equi-
valent load of 90 percent of capacity are likely to have smaller variations

in load.

18




A closer look at crane structures and their usages will help to select

plausible coefficients of variation.

4.2 Crane Service Classifications

-

The Crane Manufacturers Association of America {(CMAA) has developed

: ot " 19
service classifications for cranes.( )

These classifications indicate the
number of load applications as well as the types of loads to be expected.
They are used herein to determine the coefficients of variation for crane
structures and the equivalent stress ranges for fatigue design. The service

classes are as follows:

Class Al (Standby Service): This service class covers cranes used in

installations such as: power houses, public utilities, turbine rooms, nu-
clear reactor buildings, motor rooms, nuclear fuel handling, and transformer
stations where precise handling of valuable machinery at slow speeds with
long idle periods between 1lifts is required. Rated loads may be handled for
initial installation of machinery and for infrequent maintenance.

Class A2 (Infrequent Use): These cranes are used in installations such

as: small maintenance shops, pump rooms, testing laboratories, and similar
operations where the loads are relatively light, the speeds are slow, and a
low degree of control accuracy is required. The loads may vary anywhere from

no load to full rated load with a frequency of a few lifts per day or month.

Class B (Light Service): This service covers cranes used in repair shops,
light assembly operations, service buildings, light warehousing, etc., where
service requirements are light and the speed is slow. The loads may vary from
no load to full rated load with an average load of 50 % of rated load, with
2 to 5 lifts per hour averaging 15 feet; not over 50 % of the lifts are at

the rated load.

19




Class C (Moderate Service): This service covers cranes such as those

used in machine shops, paper mill machine rooms, etc., where the service re-
quirements are moderate. The cranes handle loads which average 50 % of the
rated load, with 5 to 10 lifts per hour averaging 15 feet; not over 50 % of
the lifts are at the rated load.

Class D (Heavy Duty): This service covers cranes, usually cab operated,

that are used in heavy machine shops, foundries, fabricating plants, steel
warehouses, lumber mills, etc. It also covers standard duty bucket and magnet
operation where heavy duty production is required, but with no specific cycle
of operation. Loads approaching 50 % of the rated load are handled constantly
during the working period. High speeds are desirable for this type of ser-
vice, with 10 to 20 lifts per hour averaging 15 feet; not over 65 % of the

lifts are at the rated load.

Class E (Severe Duty Cycle Service): This type of service requires a
heavy duty crane capable of continuously handling the rated load at high speed,
in repetition throughout a stated period per day, and in a predetermined cycle
of operation. Applications include magnet, bucket, magnet-bucket combinations
of cranes for scrap yards, cement mills, lumber mills, fertilizer plants, etc,,
with 20 or more lifts per hour at rated load. The complete cycle of operation
should be specified.

Class F (Steel Mill AISE Specification): Cranes in this class are cov-

ered by the current issue of the Association of Iron and Steel Engineers'
Standard No. 6-1969, Specification for Electric Overhead Traveling Cranes for

Steel Mill Service.

4.3 Coefficient of Variation of Load

The coefficient of variation is taken on the equivalent load or, since
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loads can be assumed to be proportional to stresses,on the equivalent stress
range. It indicates the variability of the average (equivalent) load within
a class of structures with similar usages. It is not the variability of all
loads applied to one specific structure.

It can be seen from the crane service classifications that the loading
is better defined the heavier the usage. Classes Al and A2 cranes for stand-
by or infrequent use may have large plant-to-plant load variabilities and co-
efficients of variation. But, because the number of cycles expected at the
Al and A2 levels are small (<20,000 cycles), these cranes are not normally
fatigue critical. The design would normally be governed by maximum stress,
not stress range.

Classes B to F cranes, however, experience enough cycles of load to make
fatigue govern the design of the supporting structure. For Class B cranes,
the cycle of operation is not specified but the average load and the range of
loading are given. Since the range is wide--from no load to full rated load
with a 50 % average--one can expect large plant-to-plant variations with type
of usage. The choice of high 15-percent coefficient of variation of load
seems appropriate. It means that, in 95 % of the cases, the average load
lifted by such cranes would roughly vary, from one plant to another, between
35 % and 65 % of the rated load,

At the other extreme, Class E cranes for severe duty service are expected
to 1lift the rated load during each cycle of operation. Since the average load
lifted by such cranes is already close to or at maximum, a much smaller coef-
ficient of variation, say, 6 % can be assumed.

In summary, Table 4.1 summarizes the recommended coefficients of varia-

tion of load, V., for each crane service class. They decrease with increasing

Q’

severity of service usage, from 0.18 for Class A to 0.06 for Classes E and F.
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This range of VQ values is probably typical of the coefficient of load varia-

tion for most structures of interest. They will be used to derive load fac-

tors.

4.4 Equivalent Stress Range

The present AISC fatigue specifications conservatively assume that each
cycle of loading induces the maximum stress range. The variable amplitude
nature of the load history is not considered. 1In LRFD, which already ac-
counts for most likely sources of variation, it would be inordinately conser-
vative to assume maximum loading all the time. The designer must, instead,
estimate the average (equivalent) load based on a careful analysis of the ex-
pected loading history. Uncertainties in the estimate of average load can be
accounted for by an appropriate choice of coefficient of load variation. The
selection of average load and variation is the designer's responsibility.
AISC does not specify loads.

The following example illustrates, for crane runways, some of the factors
that need to be considered in determining the average load. The equivalent

stress range can be calculated with the following equation:

fre =TL fr,nax (4.2)

The term fr,max is the maximum stress range due to the rated load and impact.
The trolley is positioned against the bumper of the crane bridge. The bridge
wheels are located along the runway at the critical influence points for the
runway detail being designed.

In reality, the trolley is seldom positioned against the bumper. It is,
on average, near the center of bridge. One needs to allow, however, for

plants with layouts that mostly require load lifting and moving along one half

of the bridge. In this case, the trolley would be positioned, on average, at
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the quarter-point of the bridge. The corresponding trolley position factor
for simple span bridges is therefore T = 0.75.

Finally, the lift factor, L, in Eq. 4.2 accounts for the average load
handled by the crane, expressed as a percentage of the rated load. It varies
from L = 0.50 for Class B to L = 1,0 for Class F, in accordance with the crane
service classifications described in Section 4.2.

Table 4.1 summarizes the suggested equivalent stress ranges and the co-
efficients of variation of load for the CMAA crane service classifications.
The values range from fre = 0.38 fr, and V, = 0.15 for light service Class

Q

B cranes to f__ = 0.75 f and V. = 0.06 for heavy duty Class F cranes.
re T,max

Q
The equivalent stress range for other types of structures should be de-
termined in accordance with the expected loading pattern. For example, high-
way bridges are, in fact, designed for fatigue assuming single trucks weighing

50 % of the HS20 design truck.(zo)
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TABLE 4.1 Suggested Equivalent Stress Ranges and
Coefficients of Variation of
Load for CMAA Crane Service
Classifications

CMAA Service Equivalent Stress Range Coefficient of

Class Variation of
fre=TL fr,max Load
'
Q
Al, A2 . 0.18
B (-75) (.50)f . =0.38 fr,max 0.15
C ('75)(‘50)fr,max=0'38 fr,max 0.12
D ('75)('83)fr,max=0'62 fr,max 0.09
E ('75)(1'0)fr,max=0'75 fr,max 0.06
F ('75)(1'0)fr,max=0'75 fr,max 0,06
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CHAPTER 5

PROPOSED LOAD AND RESISTANCE FACTORS

$.1 Choice of Splitting Factor

To determine the load and resistance factors, one must select a value of
the splitting factor, a, defined by Eq. 2.5. Both y and ¢ are functions of a.
See Eqs. 2.8 and 2.9.

Fig. 5.1 shows how the splitting factor, a, varies with the coefficients

of variation of resistance, VR’ and load, V Assuming all coefficients of

Q"
variation are taken on stress range, the expected range of the coefficient of
variation of resistance is approximately 0.15 to 0.25. For the coefficient of
variation of load, V., the likely range is 0.06 to 0.18. Within those limits,
and to avoid having to calculate a different splitting factor for each combin-
ation of the coefficients of variation, VQ and VR’ a single, slightly conser-
vative value of a should be chosen. A larger value of a gives more conserva-
tive load and resistance factors as is apparent from Eqs. 2.8 and 2.9. This

study assumes a constant splitting factor, a = 0.75, shown with a dashed line

in Fig. 5.1.

5.2 Choice of Reliability Index

Ellingwood, et al., investigated the selection of an acceptable reli-

(12) In their analysis,

ability index, B, for various structural elements.
values of B were calculated based on the current AISC specifications and the
available load data. Table 5.1 gives some examples of representative B val-
ves for different types of members and load combinations. From these values,
target reliabilities were selected for use in LRFD specifications. This pro-

cess of using present specifications as a basis for establishing acceptable

reliabilities is known as calibration. For example, the target reliability
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TABLE 5.1 Representative Values of Reliability

Index Based on Current Design Specifi-
cations (Adapted from Table C.8 of

Reference 12

Member or Element L/D 8/D W/D B
Tension Member, Yield 2 0 0 25
Tension Member, Ultimate 2 0 0 3.4
Compact Simple Beam,A;=1000 ft° - vy 0t
Compact Simple Beam, A;=1000 ft° g Tme. My L2.8
Compact Simple Beam, Ag=1000 ft° oY 0 2. 2.k
Column, Ay=2500 £t°, 1=0.5 2 o laan
Column, Ay=2500 ££2, 1=0.7 bt 0D BB
Column, Ag=2500 ftZ, A=0.7 10 9% e
Fillet Welds 2 0 0 3.9
A325 Bolts, Tension 2 0 0 4.0
A325 Bolts, Shear 2 0 0 b4
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is B = 3.0 for members under gravity loading, and B = 3.9 to 4.4 for connec-
tors. The AISC has also endorsed these target reliabilities for use in their
LRFD specifications.

Similarly, one can match the target reliability for fatigue design with
the value of the reliability index inherent in designs to the current AISC
specification requirements, This will be done in the following for the case
of structures supporting cranes. Past satisfactory performance of these
structures suggests that the so found target reliability would be adequate.

The reliability index, B, given by Eq. 2.3, is a function of the resis-
tance, the load, and the coefficient of variation of both. In the current
AISC specification, the allowable S-N lines for maximum stress range are lo-
cated two standard deviations on log of cycle life, s, to the left of the
mean regression line (resistance curve). The allowable S-N lines for equiva-
lent stress range are shifted downwards by an additional factor on stress
range of TL = fre/fr,nax (load curve). The mean resistance-to-load ratio,
in terms of stress range is, therefore:

10Zs/m 1025/m

"
%-‘: T e—
Q fre/fr,max LS

(5.1)

in which s and m are the standard deviation and the slope of the mean regres-
sion lines for the stress categories, given in Table 3.1; and TL are the
trolley position and load factors for crane classes, given in Table 4.1.

The coefficients of variation of resistance on cycle life are given for
all categories by Eq. 3.18 and plotted in Fig. 3.3. Entering these equations
with the corresponding fatigue notch factors at 2,000,000 cycles yields VRN
for each category. Since the calculations are being performed in terms of
stress range, by choice and without changing the results, the coefficient of

variation on cycle life must be converted to the coefficient of variation of
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resistance on stress range, denoted herein VR' The following calculations

will accomplish this conversion:

Opy = J0.434 log (1 + viN) (5.2)

o = GRN/m (5.3)
{ci/.de)

Vp =4/ 10 o) (5.4)

In the above equations, the subscript RN denotes a value for resistance
on cycle life, N, while the subscript R indicates a value on stfess range.
In addition, m is taken as the average slope of all the data sets presented
in the Appendix, m = 3.19. For example, substituting Kf = 1.0 for Category A
in Eq. 3.18 gives VRN = 0.90. Proceeding to Eqs. 5.2 to 5.4 one obtains

Opy = 0.3344, op = 0.1048, and VR = 00,2450, The values of VR for all catego-

R
ries, calculated in like manner, are summarized in Table 5.2.

The coefficients of variation of load (equivalent stress range), V., are

Q’
listed in Table 4.1 for class of crane.

Substituting the values of H/B, VR and VQ in Eq. 2.3 yields the reliabil-
ity indicies, B, for all combinations of crane classes and AISC design cate-
gories. The results, plotted in Fig. 5.2, show that B varies from 2.15 to
5.64, with a mean of about 4.0. Furthermore, designs for Class E and F crane
loadings, which are potentially the most fatigue critical, have the lowest £
values, This is just the opposite of what one would like to have, when B is
not constant.

Structures designed to the AISC fatigue specification requirements have
performed well in the past. Therefore, it seems reasonable to choose a target
reliability index of 4.0 for use in calculations of load and resistance fac-

tors for fatigue.
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Fig. 5.2 Reliability Index for present AISC Fatigue Design
Categories and CMAA Crane Classes
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TABLE 5.2 Resistance Factors for AISC Design Categories

Category Fatigue Notch Factor VRN VR ¢
at 2,000,000 Cycles
(Eq. 3.15) (Eq. 3.18) (Eq. 5.4) €Eq. 2.9)
A 1.00 0.90 0.245 0.48
B 1.45 0.72 0.205 0.54
c* 1.97 0.61 0.178 0.59
C 2.3 0.60 0.175 0.59
D 2.76 0.60 0.3Y75 0.59
E 3.55 0.60 0.175 0.59
E' 4.18 0.60 0.175 0.59

Table 5.3 Load Factors for the Expected Range of V

Q
Coefficient of Variation Load Factor
of Load
L ; Y
Q (Eq. 2.8)
0.06 1.20
0.09 1.31
0.12 1.43
0.15 ST
0.18 b ([P
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5.3 Approach No. 1: Actual Load and Resistance Factors

The direct approach to calculating the actual load and resistance factors
is to substitute in Eqs. 2.8 and 2.9 the following values: a = 0.75, g = 4.0,
Vh from Table 5.3 and VR from Table 5.2. The resulting load and resistance
factors are listed in the last columns of Tables 5.3 and 5.2, respectively.
The former is a constant value for each of five assumed coefficients of varia-
tion of load. The latter is a constant for each of the three coefficients of
variation of resistance. The splitting factor is kept constant, although it
varies slightly with VQ and VR.

A fatigue specification that is based on Approach No. 1 would ensure an
uniform reliability index, B = 4.0, for all classes of usage and design cate-
gories, as shown in Fig. 5.3. But, it would require a table of 15 pairs of
load and resistance factors for the 5 classes of usage (VQ) and the three
groups of categories (VR). Table 5.4 lists the values of the design paramem-
eters that would have to be specified. Table 5.7 summarizes the number of

design parameters needed in Approach No. 1. This approach is too cumbersome

to be incorporated in a design specification.

5.4 Approach No. 2: Constant Load Factor

One possible simplification would be to set one of the factors equal to
a constant. Choosing a constant load factor, y, follows the ANSI and AISC
recomnmended practice. Both of these code writing bodies have chosen a live
load factor of_y = 1.6 for gravity loadings, A single value of y still allows
"material specification writing groups some leeway to adjust ¢ for different
quality control procedures, minor changes in target reliability, etc."(lzJ

It seems, therefore, advisable to also assume y = 1.6 for fatigue loading.

To achieve an uniform load factor, the actual load factors listed in
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Reliability Index, B

TABLE 5.4 Approach No. 1 - Actual Load

and Resistance Factors

Stress Category

Q A B c*,C,D,E,E’
0.18 p =1.72 1.72 1T
° —0n48 0.54 0- 59
0.15 p =1,57 1.57 1.57
¢ =0.48 0.54 0.59
0.12 p =1,43 1.43 1,43
® =0,48 0.54 0.59
0.09 p =1,31 L0 i 5k 5
¢ =0,48 0.54 0.59
0.06 p =1,20 1.20 1.20
® =0,48 0.54 0.59
] 1 | ] | 1 1
anl
B = 4,0 for all values of V
» o i 7 SO .,
- G S T
-
1 1 1 i 1 1 1
A B c C D E B
Stress Category
Fig. 5.3 Reliability Index for Approach No. 1 -

Actual Load and Resistance Factors
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Table 5.4 must be multiplied by the ratio (1.6/y

). The reliability

actual

index can be kept constant if the resistance factors are accordingly multi-

plied by the same ratio (1.6/y ). The results are given in Table 5.5.

actual
A fatigue specification that is based on Approach No. 2 would still en-
sure an uniform reliability index, B = 4,0, for all classes of usage and all
design categories, as shown in Fig. 5.3. While the number of load factors
is reduced to one, there are now 15 resistance factors for the five classes
of usage (VQ) and the three groups of categories (VR). The value of ¢ now
depends on both VR and Vq. Table 5.5 for Approach No. 2 is not significantly
simpler than Table 5.4 for Approach No. 1. The designer would still be faced

with 15 pairs of y and ¢ values.

5.5 Approach No. 3: Constant Load and Resistance Factors

From a design point of view the simplest approach would be to have only
one pair of load and resistance factors for all classes of usage and design
categories. One must pay two prices for such a sweeping simplification.
First, all classes of usage have a single coefficient of variation of load,
VQ' Secondly, the reliability index is no longer uniform.

After several trials, the following values were chosen: a = 0.75, for
reasons explained previously; y = 1.6, as recommended by ANSI and ASCE; an
average usage class with VQ = 0.12; and a target reliability, B = 4.0, for
the average usage class and design categories C to E', that is, VR = 0,175.
See the horizontal line at B = 4,0 in Fig. 5.5,

Substituting the values of a, B and V., in Eqs. 2.8 and 2.9 gives y =

Q
1.43 and ¢ = 0.59. Multiplying both by the ratio (1.60/1.43) yields the
desired single pair of load and resistance factors, y = 1.6 and ¢ = 0.66.

The reliability indices for all other combinations of classes of usage and



TABLE 5.5 Approach No. 2 - Constant Load Factor

Reliability Index, g

Vv Stress Category
Q A B C*,C,D,E,E'
0.18 P =1,6 1.6 1.6

® =0,45 0.50 0.55
0.15 p =1.6 1.6 1.6

® =0.49 0.55 0.60
0.12 P =1,6 1.6 1.6

® =0,54 0.60 0.66
0.09 P =1,6 1.6 1.6

® =0,59 0.66 0.72
0.06 P =1.6 1.6 1.6

® =0.64 0.72 0.79

] 1 ] L ] L 1

—

g = 4,0 for all values of Vq
= ) {1 -} —{—

1 1 4Ji 1 1 1

B C C D B B!
Stress Category

Fig 5.4 Reliability Index for Approach No, 2 -
Constant Load Factor
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Reliability Index, B

. TABLE 5.6 Approach No 3 - Constant Load and

Resistance Factors

v Stress Category
Q .
A B € ,C,D.E.E!
0.18
0.15
y=1,6 and ¢ = 0.66
0.12 " :
for all combinations
0.09
0.06
6 T T T T T I T
5-
4Pr
3—
2-
1 1 1 1 1 1 1 1
A B £ C D I E'

Stress Category

Fig.5.5 Reliability Index for Approach No, 3 -
Constant Load and Resistance Factors
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design categories can be calculated by rewriting Eq. 2.3 in the form

= [ An(y/¢)
sy )

Substituting y/¢ = 1.6/0.66, a = 0.75, and the applicable values of VR and
VQ gives the reliability indices plotted in Fig, 5.5. The values are no
longer constant, They vary from a minimum of B = 2,8 for light usage struc-

tures with Category A details to B = 5.0 for heavy usage structures with

Category C to E' details. The mean value of B remains near the target reli-

ability, 8 = 4.0. The fluctuations are smaller than those reported in Sec-
tion 5.2 for crane supports designed to the current AISC specifications
(2.15< B < 5,64). Furthermore, in contrast to Fig. 5.2, the reliability
indices in Approach No. 3 are higher for structures with heavy usage

(V, = 0.06) than for structures with light usage [VQ = 0,.18)., This is what

Q
one would like to have, when B is allowed to vary because of other considera-
tions.

A fatigue specification that is based on Approach No. 3 would require
only one pair of load and resistance factors. The achieved simplicity is
well worth the moderate loss in uniformity of reliability. Table 5.6 for
Approach No. 3 is much simpler than Tables No. 5.4 and 5.5 for Approaches
No. 1 and 2, respectively. Table 5.7 summarizes the main features of the
three approaches.

It is recommended that Approach No. 3 be chosen for a LRFD fatigue spe-

cification.
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TABLE 5.7 Summary of Design Parameters

for Approaches No.

1,2 and 3

Design No, of No. of No, of No. of Pairs
Approach Load Resistance Coefficients of yand ¢ Reliability
No. Factors Factors of Variation Values Index
1 5 3 5 15 4,0
2 1 15 5 15 4.0
3 1 1 1 1 varies
(2.8 - 5.0)




CHAPTER 6
RECOMMENDED FATIGUE SPECIFICATIONS

As discussed in Chapter 1, the present AISC fatigue specifications uti-
lize a step function approach to define allowable stress ranges., It would
be more advantageous to use continuous S-N lines in a LRFD specification,

In addition, the assumption of a constant slope for all design categories,
and the classification of categories by fatigue notch factors would greatly

simplify the specification.

6.1 Constant Slope Design Categories

The average value of slope for the present AISC mean lines, shown in
Table 3.1 is approximately 3.2. This value was also nearly equal to the
m = 3.19 mean value of all the data sets presented in Appendix A. Therefore,
m= 3.2 will be used as the constant slope value.

The assumption of a constant slope is not enough to define the adjusted
regression lines. Therefore, it is additionally assumed that the adjusted
regression lines pass through the same point as the actual regression lines
at 2,000,000 cycles. These assumptions are conservative and do not alter
the fatigue notch factors at 2,000,000 cycles. The regression coefficients
for the adjusted mean lines were calculated, and the results are given in

Table 6.1.

6.2 Fatigue Notch Factor Approach

The combined use of the fatigue notch factor and the constant slope
lines, allows one to derive a single design equation for all categories.
Substituting the new regression coefficients for Category A (Table 6.1)

and solving Eq. 3.1 for the stress range gives
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TABLE 6.1 Regression Coefficients for Adjusted
Constant Slope Mean Lines

Category Intercept Slope Fatigue
Notch

Factor

A 11,154 3.2 1.00

B 10.637 3.2 1.45

c* 10,211 3.2 1.97

C 9.981 3.2 2.326

D 9.742 5.2 2.76

E 9.393 3.2 3.55

B! 9.166 3.2 4.18

(or G)
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1/3.2

£ = (1011-154,y (6.1)

r,A

After substituting fr A into Eq. 3.15 and solving for fr x one obtains a
» »

single resistance curve for any Category X with fatigue notch factor, K

£
3060

f B (6.2)

T,X K N(I/S.Z)

f

The term fr is the nominal fatigue strength.

X
»
Eq. 6.2 can now be incorporated into a design specification, thus elimin-

ating the previous step function approach.

6.3 Proposed LRFD Specifications for Fatigue

It is recommended that "Appendix G Fatigue" of AISC's Tentative Specifi-
cations for Load and Resistance Factor Design, Fabrication and Erection of
Structural Steel for Buildings(g) be replaced by Appendix G of the »resent
study.,

6.4 Description of Design Procedure

Given below is a step-by-step procedure for fatigue design to the pro-
posed LRFD fatigue specifications listed in Section 6.3.

1. Based on the expected usage of the structure, develop a histogram of
nominal stress ranges versus the number of occurrence of each stress
range.

2. Determine the applicable stress category from Table G-2.

3. If the maximum nominal stress range in histogram is less than or
equal to the fatigue limit listed in Table G-1, no fatigue design
is necessary.

4, Calculate the equivalent nominal stress range for the histogram

1/m
: in T
£ - 1 Ti
Te N




where- fre = nominal equivalent stress range
fri = nominal stress range for i-th
n, = number of nominal stress ranges fri
N=1L n,
m= 3,2

Calculate the factored equivalent stress range, y fre’ where:
¥y = 1.6 live load factor

Obtain the fatigue notch factor, K., from Table G-1.

f!

Calculate the nominal fatigue strength.

.5 3060
r - 1/3.2
Kf N
where
fr = nominal fatigue strength
Kf = fatigue notch factor

-
n

number of stress cycles

Calculate the factored fatigue strength, ¢e fr’ where:

¢f = 0.66, fatigue resistance factor
I1f the factored equivalent stress range is less than or equal to the
factored fatigue strength, the fatigue design is satisfactory.

Otherwise, the member must be redesigned.
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CHAPTER 7
CONCLUSIONS

Both, the current AISC specifications(ls) and the tentative AISC speci-
(9)

fications for load and resistance factor design of structural steel for
buildings have fatigue provisions that are based on allowable stress design.
An LRFD formulation has so far eluded specification writers. The present
study closes this gap.

Section 6.3 outlines a proposed LRFD specification for fatigue in a
form that could be directly incorporated in Appendix G of Ref. 9. The taget
reliability, B = 4.0, was determined by calibration against current specifi-
cations. This seems reasonable since crane supporting structures designed
for fatigue to the provisions of the current specifications have performed
well in the past. A singie equation gives the continuous resistance curves
for all stress categories. The load factor is y = 1.6, and the resistance
factor is ¢ = 0.66 for all loadings and stress categories. They account for
the variabilities in fatigue test data, fabrication, modeling and load.

In addition to having an LRFD format, the specification proposed herein
features continuous analytical definition of resistance and more realistic
variable amplitude loading. In contrast, the present and tentative specifi-
cations employ a tabular step-wise definition of allowable stress range ill
suited for computer aided design, are based on constant amplitude loading,
and account only for the variability in fatigue test data, The provisions
for the design of bolts were not changed herein.

It is recommended that the AISC consider the proposed LRFD fatigue
specification for adoption in Ref. 9. The proposed specifications could

also be used, without changes, for the fatigue design of highway steel

bridges.
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APPENDIX A. ANALYSIS AND PLOTS OF FATIGUE TEST DATA

Table A.1 summarizes the results of the regression analysis, in SI
units, of all 70 data sets. To convert the intercept to U.S. customary
units subtract (slope) x (log 6.8947) from the intercept. Table A.2 gives
the coefficient of variation of resistance and the fatigue notch factors
which are used in Fig. 3.3. The tables are followed by the S-N plots for

all 70 data sets.
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TABLE A.1l Summary of Results from Regression Analysis

S5-N Ref. Type of Detaill Type No. of Data Points Regression Coefficient Standard Coefficient
Plot of - Deviation of
= Steel Included Excluded Intercept Slope Correlation
Base Metal-Plain Rolled and Plain Plate
2-5 2 Rolled Beam A36 7 3 10.6521 1.930 .0941 .756
2-6 2 Rolled Beam ALl 12 0 12.8893 2.816 .2613 .503
3-1 3 Rolled Beam AS514 23 5 11.7225 2.313 .3382 574
3-5 23 Rolled Beam A36,AUL], 42 8 11.3111 2.158 .2842 570
A514
7-1 T Plain Plate SMAS50 54 19 13.8677 3.176 .3141 -
Weathered 0-Yrs SMAS58
7-1 7 Plain Plate SMAS50 Lo 17 15.1199 3.833 L2167 -
Weathered 2-Yrs SMASB
7-3 7 Plain Plate SMAS0
Weathered U-Yrs SMAS8 61 e2 15.2587 3.874 -2385 5
7-4 7 Plain Plate SM50
Weathered 0-Yrs SM58 s 18 10.9809 2.067 -4029 =
7-4 7 Plain Plate SM50
Weathered 2-Yrs SM58 57 12 14.7022 3.693 .2523 e
7= Plain Plate SM50 4
2 Weathered U-Yrs GMEE 62 23 13.1205 3.063 -3083 =
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TABLE A.1 Summary of Results from Regression Analysis
(Continued)
S=-N Ref. Type of Detail Type No. of Data Points Regression Coefficient Standard Coefficient
Plot of Deviation of
iy Steel Included Excluded Intercept Slope Correlstion
Butt Weld/Flange Splice
2-8 2 Splice-Straight A36 17 9 13.5380 3.248 .1721 .BU5
Transition
2-9 2 Splice Straight AlY] 23 2 11.6766 2.u498 .2010 672
Transition
2-10 2 Splice-Straight A514 24 3 11.6329 2.525 .1825 .791
Transition
2-11 Splice-Str ht A36,A4L]
3 Tgansitionaig 3A§1u ] 64 14 12.3964 2.811 .2093 743
2-12 2 Splice-Radiused A36 19 8 12.4520 2.764 L1734 .788
Transition
2-13 2 Splice-Radiused All4Y 24 3 12.4768 2.809 .1585 .B12
Transition
2-14 2 Splice-Radiused AS14 24 3 10.5061 1.979 .1782 .624
Transition
2-15 2 Splice-Radiused A36,ALUY
Tratn S Tom A1l 67 14 12.0490 2.621 1781 752
7-6 2 Butt Weld SMAS0
Weathered 0-Yrs SMASS 45 19 17.4371 4.551 .2860 =
7-6 2 Butt Weld SMAS50 e
Weathered 2-Yrs SMASB = e 16.375% o A XD
7-7 2 Butt Weld SMAS50
Weathered U-Yrs SMASB 63 19 15.0050 3.808 .1752 =
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TABLE A.1 Summary of Results from Regression Analysis

(Continued)

S=N Ref. Type of Detail Type No. of Data Points Regression Coefficient Standard Coefficient
Plot of " Deviation of
-y Steel Included Excluded Intercept Slope Cortelatdon
Butt Weld/Flange Splice (Cont'd)
7-8 7 Butt Weld SM50 .
Yesthared Dates SM58 36 14 16.1164 b.071 3451
7-8 T Butt Weld SM50 2
Weathered 2-Yrs SM58 56 15 14.6795 3.689 +2756
7-9 T Butt Weld SM50 N
Weathered U-Yrs SM58 69 13 15.1260 3.893 -1903
7-10 7 Butt Weld L
Weathered 0-Yrs SM 30 11 15.3963 3.933 .2373 -
7-10 7 Butt Weld &
Weathered 3-Trs SM V! 4 12.4359 2.754 .1803
FPlain Welded Beams
2-1 2 Welded Beam A36 15 1 15.5871 4,239 .1207 .967
2-2 2 Welded Beam Alb] 20 0 13.3538 3.260 .1396 .931
2-3 2 Welded Beam A514 20 0 11.7066 2.547 .0992 . 937
2= 2 Welded Beam A3§§§ﬂhl, 55 1 13.3706 3.271 .1351 .929
Cover Plate Ends
2-16 2 End Welded A36 34 0 11.3876 2.877 .0682 .985
2=-17 2 End Welded Alil] 34 0 11.3257 2.846 .0563 .991
2-18 2 End Welded AS51A4 35 11.3700 2.804 .0904 .973
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TABLE A.1l Summary of Results from Regression Analysis
( Continued)
5-N Ref. Type of Detail Type No. of Data Points Regression Coefficient Standard Coefficient
Plot of " Deviation of
No. Steel Included Excluded Intercept Slope Correlation
Cover Plate Ends (Cont'd)
2-19 2 End Unwelded A36 34 0 11.3801 2.807 .1057 .963
2-20 2 End Unwelded Allb1 31 2 11.1062 2.663 .0659 .987
2-21 2 End Unwelded A514 3 1 10.5543 2.362 .1204 936
2-22 2 Multiple C.P, A36 30 0 12.3073 2.292 0839 .988
End Welded
2-23 2 Thick C.P. A36 30 0 12,4426 3.369 .0896 .982
End Welded
2-24 2 Wide C.P. A36 30 0 12,7446 3.508 .0963 .981
End Welded
2-25 2 Wide C.P. A36 30 0 10.8962 2.735 .1o081 . 964
End Unwelded
-1 b Ground Endweld A36 B 0 14.0188 h,ol1 .0888 .99
b-2 i Shot-Peened A36 16 0 14,2443 b.o6l .23040 .90
Endweld
b-3 u Remelted Endweld A36 16 0 13.1277 3.374 .1129 .96
b-b i Ends Welded and A36 27 0 11.6368 2.983 .1lo00 .98
Unwelded AS514
Constant Amplitude
h-5 4 Ends Welded and A36 39 6 10.6526 2.460 .1826 .94
Unwelded A51H4

Variable Amplitude




TABLE A.1 Summary of Results from Regression Analysis

6

(Continued)
5=N Ref. Type of Detall Type No. of Data Points Regression Coefficlent Standard Coefficlent
Plot of " Deviation of
iy Steel Included Excluded Intercept Slope Correlation
Cover Plate Ends (Cont'd)
4-6 i Full Size C.P. A36,A514 ,A588 18 20 11.8496 3.200 .1943 -
5-1 b 1:3 Tapered A36 11 7 15.9126 4,523 .230 .Bl1
Transition
1-1 1 Retrofitted C.P. A588 14 0 13.5216 3.261 .1393 .911
1-2 1 Retrofitted C.P. A588 24 0 15.8328 4,384 .1456 .929
Plate Failures
1-3 1 Retrofitted C.P. A588 15 1 15.7334 4,259 .08138 .978
Flange Failures
Stiffeners
3-6 3 Type 1 Stiffeners ALL1,AS1Y u6 6 13.7406 3.490 L1492 .89
3-7 3 Type 2 Stiffeners AlL1,AS51H 22 ] 13.1063 3.330 \0B74 .95
3-8 3 Type 3 Stiffeners AlU1,A51H b1 3 13.5342 3.5053 .1024 .95
3-9 3 Type 1,2, and 3 AlL1 AS14 109 8 12.6821 3.097 .1581 .86
Stiffeners
6-1 6 Automatically A588 12 1 13.1998 3.23 .1360 -
Welded Stiffeners
6-2 6 Manually A588 21 [ 12.5159 3.04 .1073 -
Welded Stiffeners
7-11 7 Stirfeners A588 24 5 12.4209 3.007 <1172 .97
Weathered 0-Yrs
7-12 7 Weathered 2-Yrs AS5B88 15 5 11.6900 2.717 .1008 97

Continuously
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TABLE A.1l Summary of Results from Regression Analysis

(Cont inued)

Alternately

S=-N Ref. Type of Detaill Type No. of Data Points Regression Coefficient Standard Coefficient

Plot of " Deviation of

Ro. Steel Included Excluded Intercept Slope Correlation

Stiffeners (Continued)

T-13 T Weathered 2-Yrs A588 12 ] 11.9734 2.794 .0885 .98
Alternately

7-14 T Weathered 4-Yrs A588 15 5 11.2695 2.529 1172 .95
Cont inuously

7-15 7 Weather U-Yrs A588 12 ] 11.8110 2.762 0737 .98
Alternately

7-16 7 Weathered 0-Yrs A5B88 12 0 13.2698 3.230 .1693 -

T=17 7 Weathered 3-Yrs A588 16 0 14.6166 3.918 .1211 -

Attachments

3-2 3 9132 in. Attach. ALl 14 5 13.8619 3.593 .0805 .976

3-3 3 2 in. Attach. AlN] 14 0 12.7626 3.2l6 .0627 .989

7-18 7 Attachments A588 17 T 13.3987 3.416 .0939 .98
Weathered 0-Yrs |

7-19 7 Weathered 2-Yrs A588 15 0 13.3419 3.398 .0905 .98
Continuously

7-20 : 4 Weathered 2-Yrs AGB8B 8 0 11.6714 2.597 .1962 .74
Alternately

T1-21 Y Weathered U-Yrs AGB8 20 0 12.9336 3.234 .0976 .99
Continuously "

Qa3 7 Veathered b-Yrs A588 8 0 12.4304 2,982 1725 .82




1S

TABLE A.2 Fatigue Notch Factor and Coefficient of
Variation of Data Presented in Table A.l

S=N Symbol Standard Coefficient of mVs Total Coefficlient Fatigue Notch Factor
Plot in Deviation Variation of of Variation VRN at

No. Fig.3.3 Test Data (E 3.16) 500,000 2,000,000

(Eq. 3.14) M 2e

2=5 1 .0941 .2194 .1930 .5176 0.95 1.26
2-6 2 .2613 .6608 .2816 .8357 0.98 1.04
3-1 3 .3382 .9136 .2313 1.0347 0.87 1.03
3=-5 4y L2842 .7313 .2158 .B740 1.08 1.08
7-1 5 .3141 .8293 .3176 .9854 0.94 0.94
7-2 6 2167 .5319 .3833 .7825 122 1.13
{23 1 .2385 .5935 .3874 .8275 1.19 1.10
T=4 8 .4029 1.16 .2067 1.253 0.98 1.23
7-4 9 .2523 .6338 .3693 .8U89 1.28 1.20
7-5 10 .3083 .8098 .3063 .9654 1.32 1.35
2-8 11 1721 4122 .3248 6767 1.35 1.34
2~9 12 .2010 .4886 .2498 .6954 1.42 1.60
2-10 13 .1825 4394 .2525 .6628 1.57 1.75
2-11 14 .2093 .5114 .2811 .7232 1.45 1.54
2-12 15 L1734 .4158 .2764 .6571 1.26 1.35
2-13 16 .1585 .3775 .2809 .6355 1.36 1.43
2-14 17 .1782 . .4283 .1979 .6365 1.30 1.70
2-15 18 L1741 4177 .2621 6521 1.32 1.43
7-6 19 .2860 +T373 L4551 .9659 0.92 0.81
7-6 20 .1915 L4634 4311 .7636 1.10
-7 21 .1752 4206 .3808 .7102 1.19 1.18
7-8 22 .3451 .9384 L4071 1.1088 0.97 0.88
7-8 23 .2756 L7045 .3689 .9027 1.29 1.21




TABLE A.2 Fatigue Notch Factor and Coefficient of
Variation of Data Presented in Table A.1l

Zs

(Continued)

S-N Symbol Standard Coefficient of mVS Total Coefficlent Fatigue Notch Factor
Plot in Deviation Variation of of Variation VRN at

No. Fig.3.3 Test Data (Eq. 3.16) 500,000 2,000,000

(Eq. 3.14) A4

7-9 24 .1903 .4603 .3893 .7389 1.33 1
7-10 25 .2373 .5901 . 3933 .8279 0.88 1
7-10 26 .1803 .4339 .2754 .6683 1.25 1
2-1 27 .1207 .2833 4239 .6652 1.63 it
2-2 28 .1396 .3299 . 3260 .6306 1.57 1
2-3 29 .0992 .2315 2547 .5486 153 1
2-4 30 .1351 .3186 ek g | .6253 1.58 1
2-16 31 .0682 .1580 2877 .5387 3.69 3
2=-17 32 .0563 .1302 .2846 .5295 3.69 3
2-18 33 .0904 .2104 .2804 .5526 3.33 3
2-19 34 + LOST 2470 .2807 5677 i A 3
2=-20 35 .0659 .1526 .2663 .5260 327 3
2=-21 36 .1204 .2826 .2362 .5642 3.08 3
2=-22 37 .0839 .1950 . 3292 5735 3.45 3
2-23 38 .0896 .2086 .3369 .5826 3.49 3
2-24 39 .0963 .2245 .3508 .5966 3.44 3
2-25 4o .1041 .2433 .2735 .5626 4,41 b
41 41 .0888 .2067 L4041 .6233 3.06 2
b-2 42 .2340 .5806 L4064 .8275 271 2
4-3 43 .1129 .2645 .3374 .6052 2.20 2
4y 4y .1400 3310 .2983 .6173 3.58 3
4-5 45 .1826 .4399 .2460 .6607 3.40 3
h-6 46 .1943 L4709 .320 .T118 bh.19 I
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TABLE A.2 Fatigue Notch Factor and Coefficient of
Variation of Data Presented in Table A.1l

(Continued)
S-N Symbol Standard Coefficient of mVS Total Coefficlent Fatigue Notch Factor
Plot in Deviation Variation of of Variation VRN at
No. Fig.3.3 Test Data (Eq. 3.16) 500,000 2,000,000
(Eq. 3.14) P\l
5-1 47 .230 .5692 L4523 L8432 1.93 1.70
1-1 48 .1393 .3292 .3261 .6302 1.40 1.58
1-2 L9 .1456 .3449 .438Y4 .7026 Ty b | 1.52
1-3 50 .0838 .1948 4259 .6339 1.54 1438
3-6 51 .1492 .3541 .3490 .6555 1.74 1.67
3-7 52 .0874 .2034 .3330 .5786 2.09 2.05
3-8 53 .1024 .2392 .3505 .6022 2.04 1.96
3-9 54 .1581 .3766 .3097 6483 1.95 1.97
6-1 55 .1360 3293 LA 6244 1.67 1.66
6-2 56 .1073 .2510 .304 .5813 2.00 2.05
7-11 5T 1172 L2749 .3007 .5903 2.04 2.09
7-12 58 .1008 .2353 2717 .5583 2.18 2.35
7-13 59 .0885 .2060 .2797 .5506 2.00 2.12
7-14 60 I 7 .2749 .2529 .5675 2.19 2.46
7-15 61 .0737 .1710 2762 .5367 2.15 2.29
7-16 62 .1693 .4053 .3230 6746 1.59 1.58
7=17 63 .1211 .2345 .3918 L6457 1.85 1.4
3-2 64 .0865 L1671 .3593 .5887 1.87 1.78
3-3 65 .0627 L1451 .3246 .5558 2.34 2.32
7-18 66 .0939 .2188 .3416 .5801 1.95 1.89
7-19 67 .0965 .2107 .3398 .5851 1.98 1.92
T7-20 68 .1962 4760 .2597 .6903 1.75 1.94
7-21 69 .0976 2277 .3234 .5822 2.03 2.02 |
7-22 70 .1725 4135 .2982 .6651 1.94 1.99




The 70 S-N plots No. 1-1

to 7-22 are available upon request.
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PLOT 2-16 CR AND CH COVER PLATED REAM DATA FNR R3G STEEL - WOLDFD END.
DATA FRMOM NCHAP 102,
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CYCLES TO FRILURE

PLOT 2-22 MULTIPLE COVER PLATCD BCAM ODRTA FOR 936 STECL-WEIDED END.
DATA FROM NCHRP 102,
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CYCLES TO FRILURE

PLOT 2-23 THICK COVER PLATE DRTA FOR A3h STECL -HELOED FND.
DATS FANM NCHAP 102,



"Z1 &HHIN HWGH4 Bid0
"ONJ 0J013M- 11316 Yeb dod sid0 3id1d 63A00 600N N2 -2 10d

JUnN1igd 04 S31243

U R R ol 6 e . B £ Z 01
e ..Cm m mllh_. % s SH m -.-Im oy e B ..m .». < .m o v Mo G rd il
- .
-
LN~
O -
ON3 03013M-53UN1Ted bl v
1 W
- .nlm.
\1;... i m.__
3 - E 2
5 Q 2
5 ~
& -
# 3
- g2
(¥} ]
= -
=N
El
= -
- W
-




08

53 RANGE 1MPA

3TRE

[l

s CBA FAILURES -UNWCLOED ENO
& r ¥rr- Ea r r ¥ I T r
0’ 2 3 040 5 678940 2

CYCLES 7O FARILURE

PLOT 2-2% WIDER COVER PLATE DATA FNR 9136 STEFL-UNWCLDED END.

DATA FRAOM NCHRP 102,
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CYCLES T0 FRILURE

PLOT 3-1 PLRIN AOLLED BESM DATA rOAR 251U STCCL.
DRTS FANM NCHRP 147,
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CYCLES T FAlLURE

PLOT 3-2 HELDED DFEAM HWITH 97722 [N, QTTACHMENTS.
DATA FROM NTHRP 147,
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CYCLES TD FAILURE
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Stress Range (ksi)
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Cycles to Faillure

Plot 3-6 Type 1 Stiffeners - Welded to Web Alone in a Constant Moment Region
(Taken from Fig. 25 of Ref. 3)
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Cycles to Failure

Plot 3-7 Type 2 Stiffeners - Welded to Web Alone in a Constant Moment Region
(Taken from Fig. 29 of Ref. 3)
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Cycles to Failure

Plot 3-8 Type 3 Stiffeners - Welded to the Flange and Web (Taken from Fig. 29 of Ref. 3)
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Cycles to Failure

Plot 4~4 Cover Plates Series B and C, Constant Amplitude(Adapted from Ref.

4, Fig. 2.10)
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Cycles to Failure

Plot 4-5 Cover Plates Series B and C, Variable Amplitude(Adapted from Ref. 4, Fig.2.10)

Stress Range (ksi)
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Cycles to Fallure

Plot 4-6 Full Size Cover Plated Beams(Adapted from Ref. 4, Fig. 2.13)

Stress Range (ksi)
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CYCLES 70 FAILURE

PLOT S-1 COVER PLRTE ENDWELD WITH 1-3 TAPERED TRANSJTION
(REF. 5).
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CYCLES TO FAILURE

Plot 6-1 Automatically Welded Stiffeners (Taken from Fig. 5 of Ref. 6)
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CYCLES TO FAILURE

Plot 6-2 Manually Welded Stiffeners (taken from Fig. 9 of Ref. 6)
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CYCLES TO FAILURE

Plot 7-1 Plain Plate Specimens Weathered 0O-Years and 2-Years, SMA 50 and SMA 58 Steels
(Taken from Fig. 2 of Ref. 7)
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CYCLES TO FAILURE

Plot 7-3 Plain Plate Specimens Weathered 4-Years, SMA 50 and SMA 58 Steels

(Taken from Fig. 3 of Ref. 7)

STRESS RANGE (Ksi)
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CYCLES TO FAILURE

Plot 7-5 Plain Plate Specimens Weathered 4-Years, SM 50 and SM 58 Steels
(Taken from Fig. 8 of Ref. 7)
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CYCLES TO FAILURE

Plot 7-6 Butt Welded Specimens Weathered 0-Years and 2-Years, SMA 50 and SMA 58 Steels
(Taken from Fig. 4 of Ref. 7)
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CYCLES TO FAILURE

Plot 7-7 Butt Welded Specimens Weathered 4-Years, SMA 50 and SMA 58 Steels
(Taken from Fig. 5 of Ref. 7)
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CYCLES TO FAILURE

Plot 7~8 Butt Welded Specimens Weathered 0-Years and 2-Years, SM 50 and SM 58 Steels

(Taken from Fig. 9 of Ref.

7)

STRESS RANGE (Ksi)
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CYCLES TO FAILURE

Plot 7-9 Butt Welded Specimens Weathered 4-Years, SM 50 and SM 58 steels
(Taken from Fig. 10 of Ref. 7)




LOT

~ 600
&
Z4
w -
O
EE
< 200}~
(7]
g}
x 100
©« 0 0-YEAR
60} ® 3-YEAR ’$ 7 3
- W RUNOUT —./ eds .
40} ———— CAT. A MEAN s o
- :
1 -y t 1l 1 S S avh o g ul 1 . po e a-s aul
103 2 5 108 2 5 107 2 5 108 2

CYCLES TO FAILURE

Plot 7-10 Butt Welded Specimens Weathered 0-Years and 3-Years, SM 50 A Steel
(Taken from Fig. 14 of Ref. 7)
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CYCLES TO FAILURE

Plot 7-11 Transverse Stiffeners Weathered 0-Years, A588 Steel
(Taken from Fig. 26 of Ref. 7)
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Plot 7-12 Transverse Stiffeners after 2-Year Continuous Weathering, A588 Steel
(Taken from Fig. 28 of Ref. 7)
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CYCLES TO FAILURE

Plot 7-13 Transverse Stiffeners after 2-Year Alternate Weathering, A588 Steel
(Taken from Fig. 29 of Ref. 7)
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CYCLES TO FAILURE

Plot 7-14 Transverse Stiffeners after 4-Year Continuous Weathering, AS588 Steel
(Taken from Fig. 30 of Ref. 7)

STRESS RANGE (Ksi)
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CYCLES TO FAILURE

Plot 7-15 Transverse Stiffeners after 4-Year Alternate Weathering, A588 Steel
(Taken from Fig. 31 of Ref. 7)
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Plot 7-16 Transverse Stiffeners Weathered 0-Years, A588 Steel(Taken from Fig. 6 of Ref. 7)
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from Fig. 6 of Ref. 7)

STRESS RANGE (Ksi)
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Plot 7-19 Specimens with Attachments after 2-Year Continuous Weathering, A588 Steel
(Taken from Fig. 39 of Ref. 7)
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Plot 7-20 Specimens with Attachments after 2-Year Alternate Weathering, A588 Steel
(Taken from Fig. 40 of Ref. 7)
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APPENDIX G, FATIGUE

Gl. Scoge

Members and connections subjected to fatigue loading shall be propor-
tioned in accordance with the provisions of this Appendix.

Fatigue is defined as the damage that may result in fracture after a suf-
ficient number of fluctuations of stress. Stress range is defined as the
magnitude of these fluctuations. In the case of a stress reversal, the stress
range shall be computed as the numerical sum of maximum repeated tensile and
compressive stresses or the sum of maximum shearing stresses of opposite

direction at a given point, resulting from differing arrangement of live load.

G2. Loading Conditions; Type and Location of Detail

In the design of members and connections subject to repeated variation
of live load, consideration shall be given to the number of load cycles, the

expected equivalent stress range, and type and location of member or detail.

The number of stress cycles shall be equal to the number of times the
live load is applied during the service life of the structure.
The equivalent stress range for fatigue design shall be calculated from

the expected load history with the equation

5“1 fiiz 1/3.2
fre *| —In. (G-1)
i
where:
fre = equivalent constant amplitude stress range
ri = Stress range due to i-th loading
n. = number of occurrence of i-th stress range

1

When reliable information on the load history is not available, the equivalent
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stress range shall be conservatively set equal to the maximum stress range
produced by the most severe loading.
The type and location of material shall be categorized-as in Table G-2.

G3. Nominal Fatigue Strength

The nominal fatigue strength of a member or connection shall be deter-

mined from

3060

Sy yord)
K. N
f

where:

fr = nominal fatigue strength

Kf = fatigue notch factor for applicable stress category
given in Table G-1

N = number of stress cycles

G4, Des%gn Criteria

If the maximum stress range of the histogram is smaller or equal to the
fatigue limit, Fo for the applicable category given in Table G-1, the
detail need not be designed for fatigue.

If the maximum stress range is greater than the fatigue limit, the fac-
tored equivalent stress range shall be smaller or equal to the factored

fatigue strength.

0, £ >y £, (G-3)

where:
0f = 0.66, resistance factor for fatigue
vy = 1.6, live load factor

G5. Design Strength of Bolts

When subject to tensile fatigue loading, bolts shall be designed for the
combined tensile design strength due to external and prying forces within the

limits given in Table G-3.
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TABLE G-1 Fatigue Notch Factors

Category Fatigue Notch Factor Fatigue Limit
Ke Frl (ksi)
A 1.00 24
B 1.45 16
c* 1.97 12
C 233 10
D 2.76 7
E 3.55 5
E? 4.18 Lad
(or G)

TABLE G-3 Design Strength of Bolts

Number of Cycles

Design Strength

Not more than 20,000

From 20,000 to 500,000

More than 500,000

As specified in Sec-
tion 4.3.4.1

0.30 A Fua

0.25 A, Fu“

8at service loads
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Table G-2
Type and Location of Material

(Taken from AISC LRFD Draft-Ref. 9)

Gemural
Condi
"Liun

Sitwation

Kind of
Stresa

Stress
Cale-
gury.
‘Sot
Table
G.1)

IHluetire-
Live

Bismpla
Now.
(See

rig. 6-1)*

Flain
satlerinl
Ballt-up
mrmbore

Bass selnl wilh relled or closnsd
surinves.

T or Rav.

\2

mes meinl snd veld setal in som-
bars, wilkoul slischasnis, Mill
wp of platus or shapes commecied
by conlinuvous (wll- ar parilal-

penstlinlion groeve welds or con-
Linwons (lllal welds parallel lo
the direcilion of applied sirees.

T or Bav.

J.5.6

Bane seinl sl loe of welde on
girder webs or flanges od jacent
lo welded tranaverse stiffensre.

T or Rev.

s
Base malal al ond of partial-

lengih wolded covar plates having
square or Lapered ands, wilk or
wilhoul welde scress Lhe sads.
Tlange thichkmess ( 0.8 in.

Flange thichkawae > 0.8 in.

T or Bav.
T or Rev.

Rachani -
cally
(netloned
Cuonnhet -
Lions

Baes selal sl gross seclion of
high-strengih -bolled frictien-
type conneclions, sscepl commec-
tions subject lu slress reversal
and snlully losded Joints which
Iinduce vul -of plans bending In
conascled malerinl.

T or Rev.

Bewe suinl sl nel seciion of

wiber sechanically lssloned jJointls.

T er Bav.

Base seial sl wet section of
high slrenglh bulled banring
connecllons.

T or Rev.

alguillen range

o, T signifies remge In lensile sliress only; “Nev.” signifiss & renge lavalving
reversal of leswile or compressive siress; 3%

Including shear slress reversel.
b. These sinapiee sis previded as guidelines snd are sel Intended Lo ssclede

slher reassuvasbhly similer slluations.

In wshesr
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Table 0-2 (Conlinued)

Canarsl
Comi) -
Lium

Sltuslion

Kind of
Strese®

Strese
Cate-
qory .
(See
Table
G=i)

Illwstre-
Live
Banaple
LT
(See

rig. a-1)*

Aitlech-
ssule
(ComL"4d)

Bawe melal sl dotall loss Lhan
I Inch Lhick sllacked by groowe
wolds wr fillat walds oubject Lo
longitwdinal loading, wilh
transition rediue, V[ any, less
than 2 Inches 1 i
20m. Cm €120 or 4 In.
) Ik or 4 in.

Buss meinl al delnll grealar Lhan
I imch and & > 4 Inches

where

s = delall diwension parallel
te the dirvciion of siress

b= delail disonsion mormal Lo
the dirsation of slress
and Lhe surface of Lhe
baoe mulanl

T or Bev.
T or Bev.

T or Bav.

15
15,23, 24,
25,26

15,2324,
25,26

Bnse melal sl & delall of any
lungih stlached by (1llel welde or
partial-pemeirstion groove welde
In tha direciion parallel Lo Lhe
wiress, vhen Ihe dolnl]l sabodies
s transilion redive B, 2 inches
or gresler, wilh wald Learminalion
gronnd ssoulh |

LRI LH

24 1m. > R D) 6 I

6 in. 2B 2 0m.

T or Bav.
T or Bav.
T or Bav.

vOw

"
19
"

Buse selal ol & dotail atlocked
by grouve welde or fillet welde,
where (he delall disvasion
peraliel Lo the direciiva of
slrese o, Io loes Lhen 2 in.

T or Rav.

23, 24,25

Bame melel atl & slud-Lype shear
connsclor altacked by Tllletl wald.

T or Bav.

22

Shear slrese oa nominal ares of

slud-Lype shear comneclors.

a2
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Table 0-2 (Conlinued)

I eE———

full -ponetration grovve welded
epllces al lramsitions In widih
or Lthichness, wilh welda ground
o provide slopes mo slswper Lhan
I o 2-1/2, with grindiag in the
direction of spplied stiress, and
wilh weld soundnaen entablished
by radiographic or wllrasonlo
Inapeciion Ia sccordance wilh Lhe
requirrseatls of Table 9.25.) of
AVS Bi. 1 B0,

Siress Illustire-
Cale- Live
Genersl Kind of gory. Erample
Cund | - Sltuwstion Straes® (See ow .
tion Table (See
c-1) rig. 6-1)°*

Fillet Buwe melnl atl Intermitieoat Fillet T or Bev. E
we ldud walds.
lone Bese melnl al Jwnction of sxlally T or Rav. E 17.10,20

losded members wilh filletl welded

ond comnecliona. Welde shall be

dieposwd aboul Lhe axie of the

svaber so as (o baience weid

siresses .

Veld melal of contimuous or 8 r 5.17.18. 20

Inlermitlent loaglludinal er

Lransverse [l)lel welde.
Urvove Mmase melnl and wald malal ot T or Rev. ] LI
welde full -penelration groove welded

eplicen wf paris of similar cross

seclion ground flush, wilh grimd-

lag Im Lhe direclion of spplied

alress and wilh weld soundnues

sulabliivhed by radlographlo or

wilrasonic Inspeciion Ia sccord-

smce wilh Lha requlremenis of

Table 9.25.% of A¥Y D1.1-AO.

Base molnl and weld melal it T or Nuv. ] 12,13
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Table 0-2 (Continued)

Geneinl
Comad |
tiva

Sllualios

Kind of
11 rcn.

Stress
Cale-
gory.
(S-O
Table

e-1)

Iluslis-
Live

Evsmple
Mow .
(Gaw

rig. o-1)*

Urvuve
welds
(Cout'd)

Bss sulal snd weld satal ot
full-punetrslivn greove welded
aplices, wilh or withoul Lrensit-
lons baving slopes me greater lhan
1 te 2 1/2, when reinfercesssl is
nol removed and/or weld souadness
ile mal eolablioked by radlugraphie
or wilrasonic imspeciion In
sccordance with Lhe requirvseats
of Table 9.25.% of WS B .1-80.

T or Rev,

10,00,02,1)

Weld selal of partinl-pensirstion
iransverse groove welds, basad on
eifeciive Lhroal ares of Lhe weld
or walda.

T or Rev.

Fiug or
Slal
Velde

Base mailnl al plug or slel walde.

T or Rav.

21

Jhear om plug or slol welde.

21

Mlach-
meule

Bane selnl sl delaill of asay
lenglh silsched by groove welds
wub ject le traneversw and/or
longitwlinal loading, whea iLhe
detlail smbudies & transitios
radiue B, 2 Imches or grealer,
wilh Lhe wold laruinaslioa grousd
smoolh 1

R 24 im.

24 lu. 2 N 2 6 Inm.

6 lm. > B 2 m,

T or Bev.

T or Bev,

T or Rev.

"
L]
"
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s 54

LZ1

Groove or fillet weld

(
Q ZE ? R22"
_—

= 20

7 Fig. G.1 Illustrative Examples 27
(Taken from AISC LRFD Draft-Ref. 9)
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