“[ KANSAS GAS AND ELECTRIC COMPANY
THE ELECTRIC COMPANY

GLENN L KOESTER
VICE PRESIDENT NUCLEAR

February 18, 1985

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commissiocn
wWashington, D.C. 20555

KMLNRC 85-058

Re: Docket No. STN 50-482

Ref: (1) Letter KMLNRC 84-238, dated 12/31/84
from GLKoester, KG&E, to RCDeYoung, NRC
(2) Letter KMLNRC 85-037, dated 1/21/85 from
GLKoester, KG&E, to RCDeYoung, NRC

Subj: Supplemental Information on Structural Steel Welding

Dear Mr. Denton:

Questions raised concerning the structural steel welding at Wolf
Creek Generating Station resulted in an extensive evaluation of
the AWS welding program. This included an evaluation of the
relevant aspects of the various programs from the initiation of
purchase orders for procurement of the structural steel and
welding materials to final installation and acceptance. Upon
completion of this evaluation, KG&E concluded that the structural
steel welding at Wolf Creek Generating Station meets AWS D1.1
requirements and, most importantly, that the structural integrity
of the buildings has been assured. This evaluation was
documented in the report transmitted by References 1 and 2.

As a result of additional questions raised concerning the
validity of visual reinspections through paint and its impact on
compliance with the code, KGS&E initiated additional actions to
confirm the conclusions previously stated. These actions
included contacting the American Welding GSociety (AWS) and
retaining three independent leading authorities in the field of
structural steel welding to review the evaluation as documented
in References 1 and 2.

“§ Detailed justification for the reinspection of welds that had
B been painted subsequent to the initial inspection/acceptance was
provided in section VI.E of the evaluation report. In addition
ox KG&E had Roger Reedy of Reedy Associates (Engineering Management
Consultants), Doctors Slutter, Fisher, and Yen of ILehigh
University (Fritz Engineering Laboratory) and Dr. Geoffrey Egan
of APTECH, Inc. to review KG&E's justification for reinspection
through paint. The results of their reviews are included as
mo< Attachments A, B, C, and D to this letter. All three of these
same leading authorities independently came to the same @p\
conclusion as KG&E in that the important attributes of the welds
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can be reinspected through paint,

In addition to the issue of reinspection through paint, KG&E also
had the same three leading authorities independently review the
overall program associated with the welding verification effort
documented in References 1 and 2. Again all three concluded that
the structural steel welding at Wolf Creek meets or exceeds the
structural requirements.

In order to assure that the reinspection program documented in
References 1 and 2 does not conflict with the AWS Code, KG&E and
Daniel International Corporation (DIC) contacted the American
Welding Society (AWS) to discuss the applicability of the AWS
Code to reinspection efforts at Wolf Creek, Attachments E and F
document the results of these discussions and confirm that the
reinspections were not inconsistent with the AWS Code and in fact
the Secretary of the AWS Structural Welding Committee recognized
the zuthority of the Architect/Engineer acting as the owner's
representative to establish pertinent reinspection criteria.

In conclusion the structural steel welding at Wolf Creek meets
the requirements of AWS D1.1 and far more importantly the
structural integrity has been assured.

Yours very truly,

o) A e

Glenn L. Koester
Vice President - Nuclear

GIK:sim
Attach
xc: PO'Connor, w/o

HBundy, w/o
RDenise , w/a
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February 15, 1985

Glenn Koester

Vice President-Nuclear

Kansas Gas & Electric Company
P.0. Box 208

Wichitz, KS 67201

Dear Mr. Koester,

It is my opinion, based on the studies I have made on the Wolf Creek
site, that the structural welding meets the visual acceptance
criteria of AWS DI1.1.

BACKGROUND

One of the major reasons for the controversy concerning adequacy of
welding at the Wolf Creek site is directly related to the use of
two different welding inspection philosophies in two different time
frames at the site. In this regard, I am only referring to the visual
inspection of the physical attributes each weld after completion.

About mid-1981, even though structural welding was 99-100% com-
plete, a new inspection philosophy evolved for the re-inspection of
completed welds. This new philosophy, a "no tolerance" philosophy,
by its very nature, guaranteed that many welds which had previously
been accepted, would be considered to be "inadequate". The "no
tolerance" philosophy is contrary to what is taught by AWS (American
Welding Society) to candidates for their Certified Welder Inspector
(CWI) test. (If this "no tolerance" philosophy were applied to the
inspection of steel bridges and buildings welded in accordance with
the AWS D1.1 Structural Code, these structures would be found to
have many "inadequate" welds.)

The difference in inspection philosophies is as follows:

1. AWS philosophy -

Welds should be measured and evaluzted using good judgement.
Weld sizes are designated to the nearest 1/16 inch. Deviations
of 1/32 inch or less are irrelevant. Weld lengths are measured
with a tolerance of about 1/4 inch. Teclerances are allowed for
all evaluations of attributes, including undercut. Visually
detected cracks are not allowed, but it is recognized that not
all "crack-like" linear indications can be found by visual
examination. If the Engineer is concerned because of design
consideration about minute linear indications which can not
always be found by visurl examination, more critical
examination methods, such as magnetic particle (MT) or liguid
penetrant (PT) will be specified.




"No tolerance" philosophy-

All visual evaluations of welds will be made on strict (no
judgement allowed) literal interpretation of acceptance
criteria. That is, any weld which is undersized, even by less
than 1/64 inch 18 unacceptable. The most critical
interpretation is applied for each criteria. Each acceptance
is on a "go-no go"  basis, with no tolerance. This
philosophy is contrary to AWS requirements and will
automatically result in the rejection of AWS acceptable
welds. The advantage of this philosophy is that any weld
accepted this way will always be acceptable, no matter who
performs the inspection, and what the inspector's
quualifications are.

When inspecting any item, judgement must be used. For example,
the inspector must choose the proper measuring tools for the
condition to be examined, he must judge whether or not lighting
is adequate, determine areas most likely to cause concern, and
must judge how and where to make measurements. These judge-ments
are caught in AWS Inspector Trainiang courses.

Engineers design structural welds to the nearest 1/16 inch.
Therefore weld size measurements should be to the nearest 1/16
inch in accordance with "Rules for Rounding Off Numerical Values"
(ANSI 225.1). This standard provides that a weld 1/32 inch
undersized would be rounded off to the next 1/16 inch and therefore
accepted as adequate. As discussed above, the "no tolerance"
inspection philosophy which evolved at the Wolf Creek site in does
not allow rounding-off, and any deviation in size, no matter how
insignificant, is documented as inadequate.

The "no tolerance" philosophy was used on the site in order to
demonstrate that by "any criteria" the structural welds at Wolf
Creek are adequate.

INSPECTION OF PAINTED WELDS

At the time the '"no-tolecance" philosophy evolved almost
all structural welds had been completed, inspected, accepted and
painted. Because of an inspection record control problem (some
inspection records were lost or mis-placed), it was decided that a
large number of structural weld joints (each joint may contain a
number of welds) would be reviewed. This type of review is
consistent with the requirements of 10CFR50 Appendix B which
provides that the appliczat take measure "to provide adequate
confidence that a structure, system, or component will perform
satisfactorily in service." The question then becomes whether or
not painted welds can reviewed to provide adequate confideace.
This reinspection or review is a verification that inspections were
performed and not a first time acceptance inspection, and not a
requirement of AWS D1.1.




Mr. Moss V. Davis' letter of February 13, 1985 to Mr. John G. Berra
points out thezt secondary inspections of welds are outside the
scope of D1.1. The letter further states that secondary inspection
of welds should be agreed upon by the owner or the Engineer and the
contractor. Obviously the techniques used for the secondary
inspection techniques should not be more severe than the criginal
inspection teckniques.

It is known and understood in all welding Codes and Standards that
magnetic particle inspections are far more severe than visual
inspection. (The ASME and AWS Codes make this an obvious conclusion
by classification of inspection criteria.) The inspections required
of the structural welding in question on site are all visual
inspections.

VISUAL INSPECTION OF WELDS

The weld attributes usually required to be visually inspected are:
Weld location (including existence)
Length

Size

Undercut

Cracks

Cracers

Fusion

Concavity

Convexitv

Overlap

Porosity

Arc Strikes (with regard to cracks)
Slag and spatter

000000 ODOOQOOO

Obviously, some weld attributes are more iwportant than others.
The most important attributec are those related to weld strength or
loss of load carrying capability. In this category, I would place
the following attributes as most important.

Weld location (and existence)
Length

Size

Cracks

Craters

Undercut

Fusion

Concavity

oo oco0oo0co0o0oo0

The other attributes do not generally affect weld strength and are
therefore of less consequence.



With regard to painted welds, the only attributes which the paint
may mask are some tight cracks, some tight undercut (a rare
occurrence), fioe porosity, some arc strikes and some slag and
spatter, Arc strikes without cracks can be readily evaluated
through paint and slag and spatter on accepted welds is immaterial.
AWS D1.1 address slag and spatter as issue only with regard to weld
cleanliness in the chapter on Workmanship (paragraph 3.10).
Porosity less than 1/16 inch is not even considered relevant by ASME
Codes, and larger porosity can be evaiuvated through paint. If it
were ever considered necessary or desirabie. tight undercut and
cracks could readily be evaluated by a magnetic particle examina-
tion through the paint, but this is not a requirement of AWS D1.1.
The MT examination will find cracks which are undetectable by the
naked eye and is therefore a more severe inspection.

A demonstration was anade at the Wolf Creek site to assure that a
magnetic particle (MT) examination would detect cracks through a
painted weld surface. Even with a heavy paint layer of 10-11 mils,
all cracks visually detected in the weld sample prior to painting
were detected with MT after painting.

The NRC inspection team reviewed more than 70 random weld joints
using both visual and magnetic particle examination method; and
found no welds which did not meet the AWS DI.1 acceptance criteria.
This sample size, assures with at least a 95/95 confidence level
that the welds meet the AWS D1.1 acceptance criteria.

In summary, I feel that based on my review of welds, documentation
and reports, the reinspection programs used at the Wolf Creek site
adequately demonstrate that the structural welding meets the
acceptance criteria of AWS D1.] and provides adequate evidence that
the welds are structurally sound and meet the design parameters
specified.

Rogef F. Reedy, PE
Regfstered Structufal Engineer (Illinois)

Member AWS
Member ASCE
Fellow ASME




Attachment B to
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- nPTECH IS APPLIED TECHNOLOGY

February 17, 1985

Mr. John Bailey

Kansas Gas and Electric Company
Wolf Creek Generating Station
Post Office Box 309

Burlington, Kansas 66839

Dear Mr. Bailey:

RE: Evaluation of Structural Steel Welding at Wolf Creek - CAR No. 19

At your request I have reviewed the approach developed by KG&E and implemented
by Bechtel and DIC to evaluate welds on safety related structural steel at the
Wolf Creek Generating Station. This review has concentrated on KG&E's final
report on corrective action request (CAR) number 19 (1)* and documents (2)
th:ough (6).

My evaluation of the approach developed by KG&E was for convenience divided
into the following areas:

1) Impact on FSAR Commitment
2) Impact on Structural Integrity

Some specific comments arising out of my review, and relating to these areas
are summarized below:

Impact on the FSAR Commitment

In view of the FSAR commitment by KG&E to work to the requirements of AWS D1.1-
75 incorporating (2}, (3) and (5), it is entirely appropriate for KG&E as owner
to develop a reverification inspection program to provide assurance that the
provisions of AWS D1.]1 75 are met and to generate the documentation to support
that position. In addition, your review of related activities and their control
has shown that this is not a generic problem but is confined to the structural
“teel work, welded to AWS D1.1 and covered by the Miscellaneous Structural

Steel weld records. These related activities include:

1) Assurance that all welders and welding procedures were qualified to
AWS D1.1.

2) Determination that only acceptable filler metal (in this case E7018)
was used.

* Support References are included at the end of this ietter.

795 SAN ANTONIO ROAD 1) PALO ALTO C) CALIFORNIA 94303 ) (415) 858 — 2863 .
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3) Evaluation of DIC inspection criteria.
4) Validation of inspections performed with paint on the weld.
5) Qualification and training for reinspectioca personnel.

All of these contribute to the conclusion that poor original documentation
procedures do not lead to poor welds. This was also confirmed by my
examination of relevant welds in the Auxiliary Building and the Reactor
Building. I was able to examine both painted and unpainted welds and in all
cases the welds appear to be good with a generally uniform appearance,
indicative of skilled crafts people.

With regard to the ability to reinspect welds after painting, I have already
stated that this is the proper approach for KG&E to pursue for the following
reasons:

. The discontiauities that are being examined for (i.e. porosity, lack
of fusion, etc.) are rather gross imperfections and are readily
detected by visual examination. A coating of a few mils thick would
not obscure imperfections in the size ranges of 1/16 to 1/8 inch.
Even these imperfection sizes are small compared to the size that
would compromise structural integrity.

s Carbon manganese steel welded with E7018 weld rod is probably one of
the easiest combinations to produce high quality welds. Carbon
Manganese steels are readily weldable and do not harden significantly
with welding thermal cycles as would zlloy steels. With proper rod
control (which is demonstrated in your review) the likelihood of weld
cracking is low. This is confirmed by the results of the inspection
of the uncoated steel in which few cracks and lack of fusion imper-
fections were discovered.

e The detection of size variances (either over or under) will not be
impacted by the presence of paint or coatings.

. Missing weld elements would be rather obvious even where coatings are
present.

I understand from discussions with KG&E that USNRC Region 1 made a site visit and

performed a sampling inspection on more than 60 relevant joints. This

inspection included examination by UT and MT, before and after paint removal and

the results were positive. These data should be requested from Region 1 and
used to support your position.

In view >f the fact that we are now using twenty - twenty hindsight and are
sensitized to the need to perform detailed inspections the defect rates are
relatively low in those categories of attributes that were classed as defects
(about 3% on a joint basis which would be »uch less on a total weld basis).




J. A. Bailey
Page 3
2-17-85

Normal reinspection detection rates come in at around 2% on a weld basis. We
recently performed a review of previously accepted welds in Class I piping
and established 2 reinspection call rate at about 1%.

The focus of your program on structurally significant details has enabled you
to evaluate those situations that are most important. It is worth emphasizing
that the extent of CAR No. 19 is limited to about 21% of these structural
details. The other details are either shop welded or bolted.

I believe that with your re-examination program, the related activities
referred to earlier and the confirmation that examination under paint is
effective, you have met the extent of (4) and complied with your commitment in

(7).
Structural Integrity

Since we have concluded that defective paper work does not necessarily indicate
a defective weld, the real question is, "What is the impact on structural
integrity of the imperfections discovered in the reinspection?".

Bechtel has evaluated those situations where the stresses could exceed the
design stress because of geometry indications (missing welds, undersize,
underrun) and in all cases the calculated stress are less than those that would
be required to fail a weid (i.e. the weld capacities are in no way approached
under the design loads). I concur with Bechtel's approach, but would point out
that it is conservative (i.e. greater margins will be available in the actual
joint than indicated by the Bechtel analysis).

The first factor contributing to the conservatism is that for the governing
allowable stresses, the specified minimum properties are used whereas actual
properties of as deposited welds will usually run 20-25% higher than thé
specified minimums. This means that based on actual properties deviations from
allowable stresses at up to 20-25% would not violate design criteria based on
actual properties.

The second factor relates to the consequences of exceeding the design allowable
stress in one weld, or for that matter all welds, in a connection that contains
several welds as many of these joints do. There are of course none. In the
joint one weld may be overstressed, however, the structural integrity of the
joint is not impaired at all. It is important to re-emphasize this fact.

The integrity of a structural detail is not affected by the imperfections
detected in the reinspection program. If this was more generally recognized,
we would be faced with far fewer reverification exercises in nuclear facilities.

A further fact that contributes to the comnservatism in the Bechtel analysis is
that where undersize has been measured to be intermittent i. the actual detail,
in the analysis it has been attributed to the complete weld length.
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A question may arise about the integrity of those welds that are:
1) uninspectable (because of access) and
2) could not be evaluated for alternate load paths

There are 83 joints in this category and the approach chosen by Bechtel is to
demonstrate that the expectacion is that in only one joint would the design
stress be exceeded. This is derived from the frequency of those structural
joints that exceed the desigr stress. Remembering, as nc .ed above, that small
amounts of undersize are attributed to the complete weld it may be instructive
to consider this on a weld basis.

Assuming an average number of welds per joint of 4 and the same liklihood of
exceeding the design stress in a weld as in a joint, the followirg table
provides the probability that 1, 2, 3 and 4 welds would exceed the design
stress:

Number of Welds

In a 4 Weld Joint Probability
Detail That Exceed
Design Stress A B*
1 3.17X10-2  8.7X10-3
2 1.0X10-3  7.6X10-5
3 3.2 X 105 6.6X10-7
4 1.0X10-6  5.7X10-9 :
* This column is vased on a 0.87% rate whick excludes the polar crane

radial stops.

These numbers illustrate the very remote liklihood of all welds in a joint
exceeding the design allewable stress at the same time and further confirm that
structural integrity is assured. On this basis, I would expect a timely
closeout of CAR 19 because there is no safety impact and hence it is not
reportable under 10 CFR 50.55(e).

In the foregoing, I have tried to emphasize the important facts related to the
closeont or CAR 19. I think you would agree that there is no safety issue and
the documentation problem did not spill over to other related areas. Thece
are, however, a few points that may be worthwhile making, particularly if you
have to present all of the work that has been done to date, to the management
of KG&E.

First the question of cracks may be raised. What is the liklihood of having
cracks in uninspectable areas?

The only cracks that have oeen observed were from construction loading of beam
seats and not attributable to welding (1). The review of weld procedures,
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filler metal control, and welder records indicate that the welding was not out
of control. Usually when something goes wrong with the welding process to
cause cracking, the cracking is quite extensive and obvious at the toes of
welds. Moreover, the A36 structural steel and A516 embed plates are
easy-to-weld carbon manganese steels not prone to cracking. These steels are
widely used in other industries in which the rigorous quality assurance
requirements of our commercial nuclear program are not adopted. These
industries include bridges, multi-story buildings, offshore platforms and
pressure vessels. Our record in these industries would confirm that integrity
margins are available in welded structural steels. On this basis I would
conclude that there is no potential for structural degradation due to the
presence of cracks.

Further confirmation of this fact is provided by the good inherent toughness of
these materials at the minimum operating temperature of the steel. This would
preclude crack initiation and propagation from pre-existing cracks.

The thoroughness and detail of the reinspection program undertaken by KG&E
attests to the commitment that you have already made to safety at the Wolf
Creek Nuclear Generating Station.

In the rather shkort period that I have had to review your approach to the
resolution of CAR 19, I have probably not done justice to the extensive work
already done by KG&E, Bechtel, DIC and other consultants on this matter. I hope,
however, that I have been able to grasp the main points of this issue and if

you would like tc discuss any of the comments I have made, please feel free to
contact me.

Kind Regards,

e

Geoffrey R. Eg

GRE/nw
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LEHIGH UNIVERSITY
Bethlehem, Pennsylvania 18015
Fritz Engineering Laboratory
e February 14, 1985
Mr. John A. Bailey
Wolf Creek Generating Station

Kansas Gas and Electric Company
P. 0. Box 309
Burlington, Kansas 66839

Re: Visual Inspection of Painted Fillet Welds
Dear Mr. Bailey:

Dr. Fisher and I have reviewed the paper prepared by Bechtel Power
Corporation regarding their position vn the "Visual Inspection of Painted
Fillet Welds". Dr. Yen of our staff has also reviewed this and provided
comments on the paper. We all agree that the important characteristics
of the welds can be evaluated with the paint thickness of 14 mils (#) on

the members.

The evaluation must be made on the basis that certain problems
that could occur in welding can be ruled out because they do not exist
or are not important for the type of welds and materials involved. We
are concerned only about inspection items that might reduce the strength
of connections. Tests made on welds from the Hope Creek Plant (Fritz
Engineering Laboratory Report 200.81.240.3) revealed that even very large
amounts of porosity in the welds reduced the strength of connections by only
a small amount. Large porosity of the type present in welds from the
Hope Creek Plant could be detected through paint. Fine porosity of a size
that could not be observed through paint is of no importance in evaluating

the strength of these connections.

We feel confident that the inspection results to date demonstrate
that the quality of welding on the buildings was more than adequate to
provide the strength required in the building connections. If there are
inspection items such as fine porosity, minor undercucting or cracking in
welds produced by joint restraint that can not be deterted through paint,
these items are not apt to reduce the strength of connections sufficiently
to be of concern. The redundancy in the completed structure is also ‘vail-
able to provide alternate load paths if nececrary in the event that a
connection of lower than expected strength exists.

S .ty »
RGS/df l§:‘/ . glutter

cc: Richard Lvy  pocearch Eatntid Related Fi
John W. Fisher — -
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LEHIGH UNIVERSITY

Bethiehem, Pannsyivania 18015

Fritz Engineering Laboratory
Buiding 13

L

December 10, 1984

Mr. Richard Lvy

Kansas Gas and Electric Company
P.u. Box 208

Wichita, Kansas 67201 -

Dear Mr. Ivy:

Re: Structural Steel Welds at
Woli Creek Generating Station

We have reviewed the problems associated with the structural welds in the
Structures at the Wolf Creek Generating Station. Dr. Slutter was on the site
on November 1 and 2, 1984 to observe firsthand some of the weld deviations, the
method of inspection, inspection records, and problems encountered in completion
of the inspection program. The problems encountered at this site are not unlike
structural welding problems that we have seen at other nuclear power plants.
The problems at Wolf Creek are perhaps more frustrating but less serious than
similar problems at other sites. The approach being used by Bechtel as summa=-
rized in "Weld Deviation Evaluacion Methodology'" dated Novemoer 26, 1984 has
also been reviewed.

' The examination of the welds in this reinspection program is very thorough,
as evidenced by the documentation on every connection. The thoroughness of the
inspection has revealed some problems that require evaluation from a structural
analysis point of view and a much larger number of instances where deviations
from AWS D 1.1 - 1975 are reported that do not constitute structural deficien-
Cies. It appears from the latest summary of inspection and evaluation received

from Bechtel (dated November 27, 1984) that no significantly deficient joints
have been found,

We have the following comments on the various categories of problems that
have been found in the reinspection:

48 dissing Welds

Obviously the missing welds should be replaced if they are needed
Lo resist design loads. Some of these welds such as the beam to
beam seat welds may not he required, and replacement should not
be necessary. Where they are inaccessible and cannot be replaced,
an appropriate analysis of the other load paths should be
provided.

oo
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Mr. Richard Ivy -
December 10, 1984 )
Page 2

2.

Undersize, Unequal Leg, and Underlength Welds

The approach that is being used to evaluate these tvpes of condi-
tions using the smallest weld dimension is very conservative.
Welds that are no more than 1/16 in. undersize will have adequate
strength on the basis of the latest code recommendations. The
allowable stresses being used by Bechtel from the Seventh Edition
AISC provide a conservacive basis for evaluation.

Oversize and Overlength Welds

These deviations are not generally a problem to be concerned
about. There are some instances where the additional amount of
weld causes the connection to provide more restraint than in-
tended. The original design actually specified this additional
welding. In these structures the additional weld metal should
NOC cause problems. End rotation and the resulting connection
deformation can result in cracking of the welds if the additional
weld increases the bending stiffness of the connection and
decreases ductility.

Cracked Welds 3etween Beam and Beam Seat

These cracks resulted from rotation of the end of the beam as
concrete slabs were poured and additional dead load was placed.
The cracking does not indicare a deficiency in the connection
since the weld is not needed. The cracked welds that were
detected were probably undersize because of the rolled edges of
the members being joined.

Return Welds That Are Overleng:h But Undersize

The purpose of this weld is to produce a proper termination for
the vertical we'd. It is not necessary that it meets AWS 1.1 -
1975 size requirements, since it is not needed structurally. The
added length can increase Capacity in some instances. The pri-
mary objective of end returns is to minimize prying and distortion
at the root of the primary weld.

Lack of Fusion and Undercut

These problems are very few in number and are being satisfactorily
handled in the analysis.

o- SRR, R T N R "'*b
i .
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Mr. Richard Ivy

December 10, 1588 <~
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Beam Seat Hissing

These may not be needed but an analvsis of each one is being made.
It is assumed that seats will be provided if needed.

8. Fit-Up Gap with Undersize Weld

This is a rare occurrence considering structures involved. Proper
analysis of this is being made by Bechtel.

9. Inaccessible Welds

Since there are no significant structural deficiencies among the
exposed welds inspected, it is reasonable to assume tnat the inac-
cessible welds are similar.

The general problem of weld size should be considered in terms of the
expected statistical variation of weld dimensions in typical structural welding
where the AISC allowable stresses are applicable. Enclosed are Fig. a through
Fig. e showing the statiscical variation of the 1/4 in., 3/8 in., and 1/2 in.
welds used to develop the AWS and AISC specification provisions. These curves
show the deviation in weld sizes that are to be expected with production welds.
The variation of weld Capacity that resulted from the AWS-AISC fillet weld
study (n 1968 was in Part due to the variation in weld size that existed with
the test sample. These were aormal production welds, and similar deviations will
exist with all welds. Figure 19.3 in Structural Steel Design shows the shear

Strength based on nominal weld size. It is clear that part of the reason for
the variation in capacity is based on the weld size vc.iation.

When a weld is found to be undersize by measurement, it is not significant
unless it falls below the range indicated by the curves. The AWS Specification
does not address the problem of deviations, and disposition of undersize welds
must be done using the type of analysis that Bechtel has proposed. The fact
that they are using actual weld sizes in calculations is conservative, since
the specifications used the lower bound of the test data which included weld
undersize,

Weld size deviations on the return welds does not require analvsis. These
welds are not intended to increase the strength of the connection, although
some additional strength does result from the addition of these welds. The
main function of return welds is to increase the ultimate strength of the struc-
ture by delaying end tearing of the weld and improving the ductilicy of che
connecciion. These welds need not be held to exact dimensions but should be
large enough to provide a satisfactory weld termination.
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Mr. Richard Ivy
December 10, 133%
Page 4

The analysis work being done by Bechtel is based on elastic design with
reference to the Seventh Edition of the AISC Manual of Steel Construction.
This approach is conservative compared to the ultimate strenzth method avail-
able in the Eighth Edition and the current approach used in LRFD design as
given in Load and Resistance Factor Design Criteria for Connectors*. one of
the provisions of the earlier specification that is very conservative and not
applicable to weld capacity is the allowable stress for base metal in shear
zgiven as Fv = 0.4 Fy. This limit state was arbitrarily adopted in 1969 and is

not related in any way to weld capacity. This is only now being corrected in
the AISC Specifications. The attached copy of Table J2.3 shows the proper
limit state conditions that are used in the LRFD Specification. Steps are now
underway to change the allowable strass provisions for shear on the weld leg
to 0.3 Fu in place of the value 0.4 Fv. [ypical increases in allowable loads

for eccentric connections that one can expect to result from using the ultimate
strength analysis outlined in the Eighth Edition of the AISC Manual can be seen

by comparing the results 8iven in Table III on page 4-3l. With a weld length

of 11.5 in., the C-shaped weld and the outstanding angle vertical welds are

similar to the welded example shown on page 56l of the second edition of

Structural Steel Design. The ultizate strength analysis of the clip angle to "
plate welds provides an 8% increase in load. The C~-shaped welds of the clip

angles to beam web are permitted to carry 227% more load using the ultimate

strength method. This can also be seen by comparing the standard angle connec=-

tion loads in the Seventh and Eignth Editions of the AISC Manual.

The AISC provisions for the design of this type of connection are very
conservative even when one uses the ultimate strength method. The mininum
factor of safety for a conmection designed by the ultimate strength method is
8iven as 3.33 on page 4-74 of the Eighth Edition of the AISC Manual. The
usual factor of safety in weld design for single load vectors is 2.33. The
more conservative design for this type of connection recngnizes that minor
deviations such as found in the connections at Wolf Creek venerating Station
will occur. These deviations are not uncommon, and this i+ recognized by the
AISC provisions. 1In particular, the weid size variations are tvpical where
fillet welds are used. The higher factor of safety in use for eccentric joints
recognizes that other deviaticas are likely.

We do not believe that a structural problam exists with the Wolf Creek
welds once the obvious problem of missing welds has been corrected. Ia the
November 27, 1984 summary, Bechtel reports only 17 joints requiring rework due
to overstress of 1620 joints evaluaced. This is a very low percentage in
view of the conservative approach being used in the analysis. A less conserva=-
tive approach might resule in an even smaller number of joints requiring rework.

*Load and Resistance Factor Design Criteria for Connectors, by J. W. Fisher,
T. V. Galambos, G. L, Kulak, and M. K. Ravindra, Journal of the Structural

Division ASCE, vol. 104, No. ST9, September 1978.
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dr. Richard [vyse.
December 10, 1984
Page 5

In any event we feel that Bechtel's approach in considering the inspection re-
perts and their subsequent analysis is adequate and sufficiently conservative
for the type of structures and the type of connections invoived. The overall
quality of the welds based on the inspection data and observations that we have

made exceeds the requirements for structural welding for this type of
construction.

We would be pleased to examine other Bechtel dispositions when thev are
available. We agree with the proce lure being used.

Sincerely yows,\
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Sect. J2. welds

Tadle J2.2
Cesign Stremath or welds
. ypes of wWeld and == | Materiai = Resistance Neminal Requirea weid L
tress JFactor o | strengtn | strength "
i F5m13r oyl leve™ '~ ;
Compiete Penetration Groove weid
Tension normal to "Matching” welg oel
ffective area used "
’Compressuon normal to weld metal with 3
| effective area Base 0.30 F strength level
X = 4 equal to or less
Tension or compression than "matching”

"Parailel to axis of weld may be used
(O [Shear on effective area | Sase 0.90 0.680F

N weld elect. 0.80 0.80FY

A~ ;\Y

v
‘t Partial Penetration Groove Wweids

wCompression normal to weid metal with a

. effective area & strength level equal

ﬁr Bese 0.%0 F tc or less than

\:‘Tension or compression Y 1 "matching" weld ”
™ parallel to axis of weid metal may be used

)
. Shear parailel to axis Sase® ). 75 ). 80F
TP’ weld Wweld elect. 0.75 , fJ.éGFn(Y
|

_«|Tension normai to Base® 0.90 lf B :

Pl:ffectwe area weld Electrode 0.80 O.'GO‘EXX i
v Fillet weias

.

_'{' tress on effective area| Base® 0.75 O.SOFu weld metal with a3 :
S Weld elect. 0.75 0.80F_ strength ievel equal,
~> EXX |

= {0 or less than |
Tension or comoress:ond Base 0.90 F 'matching” weid :
para'lel to axis of weid 4 metal may be used
Plug or Siot welds j
Shear parallel to faying Base” 0.73 O.GOFu weld metal with 3
‘sur.‘accs (on effective weld elect. 0.75 O.SOFE“( strength level equal
area) £ to or less than
"matching” weld
| metal may be used

3zor cefinition of effective area, see Section J2.
For "matching” weld metal, see Table 4.1.1, AWS 01.1.
‘,wud metal one strength level stronger, than "matching” will be permitted.

. Fillet welds ang Partial penetration groove welds Ieining cemponent elements of buiit-up
members, such as flange to web connections, may be designed without regard 'o the
tensile or Compressive stress in these elements parallel to the axis of the weids.

The design of connected material is governed by J4,

.70- . L e
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LoAp anp RESISTANCE FACTOR Desicn
Curreria For CONNECTORS®
By Joba W. Fisher,' Theodore V. Galambos,’ Fellows, ASCE,
Geollrey L. Kulak,” snd Mayasandrs X, Ravindra,* g
Members, ASCE
Ixmooucnon

Design cntena based on the Load and Resistance Factor Design (LRFD)
spproach must wclude a treatment of connechions. This repont will focus on
development of the critena necessary for the principal fasteming elements (welds,
high-strcngth bolts, and ordinary bolis) and will include lustrations of the
apphcation of these elemenis in common types of yjouts. Comparnison will be
made with results achicved using working stress design

As developed i Ref 11, the LRFD method can be synihesized as

SR =5 v.0. I

— Y. O, (n
The left-hand side of Eq 1 1s the resistance of the membes or stiucture (K,
15 the nomnal resistance and @ 15 a “resistance factor’ ), while the nght hand
side gives the elfccts of the load on the member or stiucture Cunsideiing,
for example, only dead load and live load, Ey | would be writicn

" K.': yuQu— + 1 ()‘- ‘2,

n which Q,_ and Q,_ sre the mean dead and hive load effects, respechively;
and y, and vy, arc the corresponding load factors The principal purpose of
thus paper is to develop expressions for the paramciers ¢ and K, Eq |

Note — Discussion open unul Fehouary 1, 1979 Separate discussions should be submitied
fur the wdividual papers wa this symposium To exiend the closing date one month,
& wnlica request must be filed wih the Eduor of Techmical Publications, ASCE  Thus
Paper s part of the copynghied Journal of the Structural Division, Proceedings of the
Amencan Society of Civil Eagincers, Vol 104, No STV, September, 1978 Manuscipt
a3 submutted for review for possible publication on May 15, 1978

*To be prescated st the October 16 20, 1978, ASCE Annual Convention & Exposition,
held st Chicago, I8

‘Prof. of Civ Engrg . Fruz Engrg Lab , Lehigh Univ . Bethichem. Pa

:Pcof sad Chinn , Civ. Eogrg Dept . Washiagton 1inie S¢ §ovse 88
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1. Adequate Streagth— It is geocrally coansidered 800d practice that the
Connections be somewhat stronger than the parnts bewng joined Thus, if failure
should occur, it will take place in the members rather than in the conncctions

ihereby ensunng that ample warning (¢ g , large deflections) will precede fatlure

3. Economy—As for ail structural components, it is desirable that connections
be economical of material and be as simple as possiblc ia fabrication.

In working stress design, specifications (13) custiomanly specify allowable
stresses and give rules tegarding buckhing problems and the like. Although not
Becessanly obvious, most allowsble stresses for fs tenng clements and ost
rules for Proportioning coanections are, in fact, based on ultimate sticngih
conmderatioas “Tradutional’ design of connections is much closer 1o the L RFD
approach than most users of these specifications perhaps realize

Causaanon or Conmecion Deson Reaumenents

The load factors, v,, and the fesistance factor, ¢, in Eq | depend upon
8 “safcty wdex,” B, that is obtained by cabibiation 1o exising standard designs
(11). Thus, it 1s intended that successful past practice will be the starting point
for LRFD For beams sad columns, it has beea found that a value of g =
3 0 provides a good estimaic of the rehability inherent in Current design. Thas

i which R_ and Q_ are the mean values of the resistance and the Josd effect,
and ¥V, and ¥V arc the comrespondiag coelficients of vanation. Detailed defumons
of these quantities can be obisined from Ref I

L

»

\
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Welds.—The weld types used for structural purposes are primanly the groove
weld and the fillet weld In the case of groove welds, the forces acung are
usually teasile or compressive. Tests have showan that complete penctration
groove welds of the same thickness as the connected part are capable of developing
the full capacity of that part. Since it is normal 10 use weld metal (hat is
at least as strong as the base metal, this means that the propertics of the base
metal will govern the design. Thus, when complete penctration groove welds
arc used, design can be based on the properties and behavior of the member
w which the connection 1s being made

The ulumate strength of fillet welds subjected 1o shear (the usual case) is
dependent upon the strength of the weld metal and the direction of the gpplicd
load. The weld may be paralie! 10 the direction of the load (a “longiudinal™’
fillet weld), transverse 1o the direction of the load (a8 “transverse”’ fillet weld),
or 8t any angle in-between Regardless of the onentation, the welds fail 1o
shear, although the plane of fupture vanes. All experimental stvdies have shown
that longitudinal fillet welds provide lower strength but higher ductility than
iransverse fillet welds (1,2,7). Since in complex joints it is not always pussible
to define the direction of loading on the weld and since the longitudinal fillet
welds provide the lower bound 10 weld strength, they will be uscd bere to
provide the basis for design recommendations. The results can then be appuca
in general 1o fillet welds without reference 1o the direction of loading

Early tests on low carbon steels connected by manual arc longitudinal fillet
welds showed that the ultimate shear stiength on the minimum throat arca
was 65% 85% of the tcasile strength of the deposited matenial (4,6,12) These
carly studics also showed that shear yiclding was not critical w fillet welds
because the matenal strain-hardened withous large overall deformations occ wnng
Thus, the yield point of fillet welds is not considered & significant parameter

More receot tests ou a wide fange of sicels connected with “matching”’
clectrodes have provided data on streogth and its vartability (2,3,.8.9) (For many
of these tests, data were not obtained on the teasile strength of the deposited
weld metal, only the shear strengths were obtained ) Blodgen gives results for
127 samples of weld metal for which the minimum specified tensile strength
15 62 ki (unpublished) The mean tensile strength value, (1), was 66 0 ks,
the standard deviation, o, . was 2.56 ksi, and the coefficient of vanauon, ¥, |
was 0 039. For a sample of 138 specimens of E70 clectrode weld metal (mintnun
specified tensile strengih 72 ksi), Blodgen deternined (1)), = 749 ks, @,
= 267 ksi, and V.. = 0036 Unpublished studies by Nash and Holiz for the
same calegory gave (v ), = 86 8 ksi, o, = 988 ksi, and V., = 0247 vub
a sawple size of 40 Blodgeti also obtained data from tests on weld metal
made with E80, E9%, and E110 electrodes Table | summanzes all of the data
from Blodgeu's teport. It as worth noting that Blodgett also obtancd results
for E70 electrode weld ni.ctal that were higher than those histed and comparable
10 the values found by Nash and Holtz. For 8 sample of 128 specimens made
using E7024 and E7028 clectrodes (minunum specified tensile strength 72 ksi),
Blodgett obtained values (v )_ = 85 4 ksi, 0, = 477 ksi, and ¥V, = 0056

Until wore data arc available, it scems reasonable o use the lower bound
results listed in Tablc | as the basis of the formulation herein The value of
the ratio of the actusl tensile strength of weld metal 1o 1ts mimimum specified
teasile streugth will be taken as 1 05 with a coefficient of variation of 0 04,




3o

This will be considered 10 apply to all electrode classification

re, E6D through EN110.

Fig. | shows a distibution of the ratio of fillet w
slectrode teasile sirength for & sample of 13 s
.. 15 that for the appropriste matching
berein. These dsta provide the following
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SEPTEMBER 1978

TABLE 1 —Fillet Weld Strength

Minimum
speciication
tensile
stiess n
kips per Semple
squere inch e
B
62 127
n iis
~ 136
%0 16
e n
L D ¥ )
LT
o w0
j
¥
2
_._1,_,..:. LJ
’ ce or

Mean
tensile
strass

).

N

L
149
87y
100 2

He 9

Standard
Jeviation,

136
187
4
an
468

Costhicient
of
vanstion

U
00
003
049
o)

0 040

S8

s being considered,

eid shear strength 10 weld
pecimens. The weld shear streagth,
clectrode using the values described
results: (v_)_ = 0 84, o =009 and

Tensile
stress
/specilica-
hon ten-
sile stross

o

1 06
104
110
n
1 08

FIG. ) —Relationship of Wald Shear Strengih to Electrode Tensile Strength

The shear strength 10 tensile sirength ratio and s coefficient of vanation
will be used 10 evalusie the safcty wdex, i The mean shear sticagth of fillet
welds caa be expressed as

'.
e (2

).(=) - ommin,

®

2
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The coefficient of variation of the resistance, Va. required for the solution
of Eq 3 is defined as (11)

Al AT R e AT _ %)

w which the coefficients of variation on the right-hand side of the equation
represcat ihe uncertaintics in matenal strength, fabrication, and a “professional”
factor, respectively.

The vanation in the professional assumptions reflect the accuracy with which
the forces acting on the fasteners are estimated. The exact determination of
these forces is highly complex and they are usually assigned according to a
distnibution that fulfills the static equilibrium requirements only. Howevey, for
a ducule structure, the principles of the lower bound theorem of plasticify are
valid Thus, as no error is made in statics and weld material is provided to
resist the forces assigned, the joint will be safe. There is, therefore, no vanability
of the professicnal assumptions: the assigned, statically correct forces will be
resisted. Accordingly, the term V, in Eq. 5 is sct at zero

Vanation in fabrication reflects the vanation of the weld length and throat
thickness from those assumed in the design. At the present time, there are
not enough dats available to obtain ¥, quantitatively. A value V, = 015 will
be assumed for fillet welds. This implies that there is a 50% probability that
the actual shear area will be within £ 10% of the area assumed This is belicved
to be a conservalive assumption.

The coelficient of vanation of the matenal strength from the staustical data
avadable for fillet weld strength is

V) ["
Vo= =4 =" =010 + 004’ =00116 .. .. (6)
o, fax

Also needed for the calibration is the weld size required by the 1978 Amenican
lustitute of Sicel Construction (AISC) Specification (13) Using Pant 2 of the
Specification, the design criterion for a load combination of dead and live load
15

V1A %03 F, = 17¢(D, +L,) . (N

w which A4_ = the cross-sectional area through the throat of the weld, D,
= the code value of dead load; L, = code live-load value as reduced for
sica, sad ¢ s an nfluence coefficient transfoiming load itensity 1o member
force. [Note that the load factor (1.7) appears on both sides of Eq 7, the
fesult abtained bere using Part 2 of the Specification are identical to that which
would have been obtained using Part I, allowable siress design, of that same
speaification | The mean resisiance of a fillet weld designed according 1o the
1978 AISC Speaification is therefore

(D + L )v,),

Ro=A_(v),=————=""2293c(D.+ L) (8)
0 ]’Ill

and the corresponding cocfficieat of Janation 1s

Vo=V VL s Vi =V00116 + 00225 - 0 185 )
Substitution of R_ (Eq. 8), ¥, (Eq 9), Q_, and ¥, (Ref. 11) into the expression
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worf the safety index B (Eq. 3) can now be performed for a vanictly of deac  .d
and hve-load intensitics and for vanous values of the tnbulary arca. Table
2 hists values of 8 for the basic code live-load value of L, = 50 psl and for
dead losd intensitics of 50 psf, 75 psf, and 100 psf and for tnbutary arcas
ranging from 200 sq ft-1,000 sq ft. A plot of B versus inbutary area 1s shown
in Fig. 2 for D, = 50 psf. Examining the tabulated values, it is apparcot that
§§ for the whole domain of vanables does not change much, the range being
from § = 420 10 B = 491 |The safcty index has also been examined for
higher hive-load intensitics (75 psf and 100 psf). The minimum value for L,

SpslisPp=S5S10andfor L = 100psfstaspP =577}

Higk Streagth Bolts. — A relatively large amount of data concerning the strength
charactenstics of high-strength bolis are available. The results are scaticred
throughout a large number of references but these have been well summanzed
in a publication sponsored by the Rescarch Council on Bolied and Riveled
Stiuctural Jownts and this will be the pnncipal reference cited in this section

TABLE 2 —Selety Index j} tor High Strength Bolts and Fillet Welds

'llbutl'y
aree . -
A, m Al25 Ad490 AJ25 | A4S0 AJ2S A490

quere Fillet bols bolty bolts | bohs bolts bolts
feat welds | tension | tension | shear | shesr | frichion fricuhon

() (3) (4) (5) (6) {7 (8) (9)

14 S 8 s 2
] 6 )6 sn 44
) 630 s n
n 669 | 615 48 )

0 69 | o @) 58 Direct Tension — The mean resistance of a high-strength bolt 1a direct tension
62 661 603
M T é ol
o 688 639
41 1 675
2 TN 6 66
X9 15 mn
3 19 T
63 13 69
9% 19 1]

Salety index i

00 420 48
) 44 Sk
573 41 s
L) 45 358
o 40 b 3]
00 4% S 50
“n an 3%
120 4% 3
(R L a0 [
S
)
[
¢
©

$228%8

46 33
~

)
|

|

i

|

i

1% ’

N R ( ') AF, . (10)
145 F

: - A

]

!

i

i

..o

55
64 in which o_ = the ultimate tensile strength of the bolts, F, = the specified

53 miaimuia tensile strength, and A, = the teasile stress area of the bolt. The
42 following data are available (5): (o /F,). = 1.20 for A325 bolts and 1 07 for
5t A49% bolis, ¥V, /F_ = 607 for A325 bolts and 0 02 for A4%0 bolts

It will be sssumed that V, = 0 (as for fillet welds) and that V, 005
(reflecting the good control charactenstics of bolt manufactunag) In addinon,
the area of the bolt A,, corresponding to the nominal diameter will be vsed
This is about 75% of the tensile stress arca for bolt sizes commonly used n
structural work. Using these data, for A325 bolis

200 an
40 49
o0 an
150 408
I, 00 450

Ll Bl R
=

C B R R R BN RSN R
- e e e W e e e

3

*Live load s 50 psf for all cases

R.=0%A4F, V,=009 (lla)

for Ad¥O bolts: R_=0804_F,; V,=005 (1)

The tcrm A, cao be obtuined from the 1978 AISC Specilication where | 7(A4 F))
VL T7c(D,+ L, )ox

£

it which F, = the sllowsble teasile stress as given in the Specilication
I'he resistance terms of Eg. 1] can now be wnitten as, for A32S5 bolis

[ S SV —" — ——

N 300

F,
0% c(D,+ L,)
F

Tramtery Aves (A ) n?

F

fur A4%0 bolts: R_ = 080 c(D_+ L)
F

FIG. 2 —Salety Index lor Various Conneciorns

la geoeral terms, Eq. 13 can be expressed
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The safety wdex B (Eq )) can now be determined for high-strength boliy
Acting i teasion The values of Q_ and Vo are defined in Ref. 11, while R_
13 givea by Eq 13 or 14 and V. by Eq 11. The specified minimum tensile
streagth, F_, for AI25 bolts up 1o | in. in dsmeter is 120 ksi and 150 ksi
for A490 bolis up 10 1 1/2 in. in diameter. The allowable teasile stress, F,,
13 44 ksi for A32S bolis and 54 ksi for A490 bolts

Table 2 lists the values of f determined for this case and they are also shown
in Fig. 2 for the particular case of D, = L = 50 psf. For A325 bolts, the
safety index vanes from 4 81 10 - 42 and for A490 bo''s it ranges from 474
10 695

Shear —The mecan resistance of 8 lugh-strength bolt acting under a force
tending 1o shear i through & nght cross section is

ne (). () e

in which v, = the shear strength, o, = the tensile sirength of the bolt F,
= the specified minimum tensile strength of the bolt material; m = the number
of shear plancs ia the jont, and A4, = the cross-sectional area of the boit
The statisuical data svailsble for the ratio of bolt shear strength to bolt teasile
strength are (5): (v /o ). = 0625 and V. /o, = 005} These are spphicable
for both A32S and A4% bolis The data 10 be used for the ratio of bolt tensile
streagth 10 specified minimum (ensile strength arc the same as given previously
for bolts in teasion and are different for the two grades of fasteners Thus,
for A325 bolts.

R_-OGISXl!d,F,-:O'ISA,F.m. Vool . ... . .. ... (16a)
and for A490 bolis:
R.=065x 107X A Fm=0614,Fm, V,=007 . (16b)

la & fashion similar 10 the development of Eq. 12, the bolt shear area required
by the 1978 AISC Specification can be developed as

c
A, =——(D, + L)
- Fn‘

w which F_ = the allowable shear stress given w ithe Specification The resistance
terms of Eq 16 can now be written us. for A32S bolis:

....... . i . o DT

F
R_=015 ;1 b v L)
: . (%)
or for A4%0 bolis n_soﬂ;lcw, v L,

I gencral terms, Eq 18 can be expressed in the form

@
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(2).G).(:)
R_= ;:- YAV R Bl - v i s o ; - (19

As noted for the case of high-strength bolis in tension, the specified minimum
tensile strength will be taken as 120 ksi for A32S bolts and 150 ksi for A490
bolts. The permussible shear stresses according 10 the 1976 Rescaich Council
on Riveted and Bolied Structural Joints Specification and the 1978 AISC
Specification are 30 ksi and 21 ksi for A325 bolts (00 threads in a shear plane
and threads ntercepling a shear plane, respectively), with the corresponding
figures of 40 ksi and 28 ksi for A490 bolis. The ratios of these shear stresses
are spproximately the same as the ratio between the gross bolt area and one
taken through the root of the threaded portion of a bolt. Thus, the safejy index,
B, for the two cases will be ncarly the same ‘.,

The values of §§ for high-strength bolts loaded in shear are given in Table
2 and are shown in Fig. 2 for the case of D, = L, = 50 psf. Over the range
examined, B vanes from 586 to 7.58 for A32S bolis and from 5.23 10 7.21
for A490 bolts It is worth noling that the safety index for high-strength bolis
loaded in shear is significantly higher than that for fillet welds. -

Friction —High-strength bolts may be used in Joints where it is desirable
that ship not occur under the working loads. The contribution provided by one
bolt 1o the total shp resistance is

P=m)(T)e . .. ..... 2 DY "l e L. Q)

i which m = the number of slip plancs, k, is a shp coefficient reflecting the
type and condition of the faying surface; and T, = the clamping force provided
by the bolt. A good deal of information is known sbout the shp coefficient
and the clamping force and their distributions 5 :

The mean value of the clamping force and its distribution depend upon the
streigth of the bolt and upon the method used for instaliation (calibrated wrench
or turn-of-nut). In either method, the clamping force is to be a minimum of
0.70 tumes the specified minimum tensile strength of the bolt matensl, £_, vmes
the teasile arca of the bolt, 4, Using the data for bolts instalicd by the turn-or-nut
method (5)

120
(T). = |2oxo7or_xl~-) A, =098 A F, . . Q2
0

i which 120/103 is the ratio of the mean tensile strength of all A32S bolis
10 the mcan tensile sirength of the purticular lot of bolts used in these tests
(both as compaied 10 F_) The coelficient of variation corresponding to kg
21 s 012 which 1s oblained by using 0 08 as the vanstion  the ratio of the
sctusl clamping force 10 that specifizd (1 20). 007 as the vanaton in the ratio
1.20/1 .03, and U 05 as the assumed vanation due to fabrication uncertamntics

For A4%) bolts installed by the tum-of nut method, the expression equivalent
w meuming to Eq 21 s (5)

107
(F). =12 x0NF_ x ;—'0 A, =086 e : (22)

with a coclficient of vanation equal to 0 10
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The .. cocfficient obtained from a sample of 312 i
. S0t ' specimens of A7, Ade,
A440, and FE )7 and Fe 52 (European) steels is 0336 with a coefficient of
vanatioa of 007 (5) Swumilar data are available for o aumber of other cases
For example, got-blasted ASI4 steel bas a shp coefficient of 0331 wuh &
coefficient of vanstion of 0 04,
The value of the shp resistance expressed by E
: ] ; ‘q 20 can now be further
Quaniificd Considenng bolts installed by the tum-of-nut method and steels such
83 A36 with clean mill scale, for A*25 bolts:

P=0mAF,6 vV, =024

and for A490 bolis. BRIty V.=»0N ........... (23)

The 1978 AISC Specification preseats the requirements for friction-type
Connections i tenms of an sllowable shear stress (even though the bolts are
not actually acung in shear)

T R A (I . (29

Solving for m and using & value of 0.75 for the ratio of tensile stress arca
10 gross bolt arca, 4,/4,, the swrength terms i Eq. 23 become, for A32S

r.
P,-Olsrc(l). 8o )

G e I S g T T 0 e (25)
¥
of for A4%0 bolts: P, = 022 ;_lc(h, v i)
In general terms, Eq 25 can be wiitten as
R A
1 (,)_(,)_7;-‘-(0,01,“)4. R e AT S VR SRR g

. ¥
The specified minimum tensile sicengths, F_, are again 120 ksi, for A32S
bolts and 150 ksi for A4%) bolis The values given by the AISC Specification
for F, are 175 kst for A32S bolis and 22 ksi for A4% boli. The —slues of
the safety index, B, for joints of A6 (or similar) steel with clean mill scale
faying surfaces and using euher A325 or A49 bolts installed by the turm-of -nut
method are tabulated in Table 2. A plot of values for the case of D = [
= 350 psf s shown in Fig 2. Over the range cxamined, the safety index unc;
from 1 46 10 1.78 for A2 bolis and fiom | 32 10 | 64 for A4%0 bolts.

As expecied, the values of the safety index are low for bolted, friction-type
conncclions as compared to the other cases considercd. This is because the
coasequences of fadure of & fnction-type bolied conuection are less severe
..ﬂ the failure of hugh stcagih bolts i shear or tension or of filler welds
o shear, A scparaic value of the safely index should be established for cach
_d lbc serviceability mat states (bolts in Inction-type connections) and strengih
Limit states (bolts in tension or shear and fillet welds)

The valuc of B = 4.5 will be sclected for the strength himit state. This reflects
quite My the values obtamed for fillet welds, cxcept for some cases
of high live- to dead-load ratios, and will be conservative for high-strength
hhs.hvﬂhnam»muoﬂlﬂeﬂvm«o{pknmuvo

f .sn
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cases, fillet welds and hir'.-strength bolts. Although it would be more econ. _acal
in terms of matenal used, two values of §§ would increase the design complexity.

For the serviccability state, 8 = 1 $ will be used Based on the cases examined,
this represcals a reasonable value

Devencinanon of Ressrance Facron

The resistance factor, ¢ (Eq. 1), can be expressed as (1)

R
¢ = -:- RO . v r v b i s s ke s e A
n which R_ = the mean resistance, R, = the nominal resistance as expressed
by the design critena, snd o 1s 8 numernical factor equal to 055 (11) TEE terms
8 and ¥, have been defined previously. The sections following wiil establish
the values of the resistance factor for the vanous fastencr conditions.

Flllct Welds. - The nominal resistance of a fillet weld in shear is customanly
taken as 0 6 times the specified minimum tensile strength of the deposited weld
metal This is based on an assumption that the fillet weld is in purg shear
and that the distortion cncigy theory descnbes the condition of plasuc flow.
(The “exsct’ numberis | /V 3 0r0.577.) Calling the throst arca of the weld, A_.the
pominal resistance is then

T N L . (28)
1 he mean resistance of the weld s
e R S g e e R (29)

As descnbed in the development of the safety index for fillet welds, §} =
45, (v ). = 088 F,,., and V, = 019 Substitution of these values and the
cxpressions given by Egs. 28 and 29 wmto the expression lor the resistance
factor (Eq 27) gives a value ¢ = 093

Higi-Sweagto Bolts: Teasha. —The nominsl resistance of a high-strength bolt
w tension s (3)

R = AF, (30)

sad the mean resistance, as given earlier, 1s R_ = 120 A F_for A325 bolts
and R, = 107 A, F_for A490 boits. For these two fasteners, it was found
that ¥, = 009 for A325 bolts and V¥V, = 005 for A490 bolts. Agamn using
B = 45, u can be delermined from Eq. 27 that ¢ = 097 for A3I25 bolis
tension and ¢ = 0 94 for A4%0 bolts in tension

High Streagih Bolts: Shear.— The nominal resistance of a high-sirength bolt

i shear s (3)
I o v sk 3% % Ry A e e : an

and the mcan resistance, as developed in £q. 16, 1s R_ = 075 A, F m flor
A325 bolts and R_ = 067 A, F_m for A49) bolts The values of ¥V, were
found to be 0.10 for A325 bolts and 007 for A490 bolis. Using & value of
B = 45, the resistance factor (Eq. 27) 1s ¢ = 0.94 for A)25 bolis and ¢ =
0 89 for A4%0 bolis
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High Streagih Bolts: Comblaed Shear and Teoslon. - For & fastener subjected
10 voth tensivn and shear, the following relationship has been recommended
(5)

S's 61y - o4, ry 02)

w which § is the factored shear force; T is the factored tensile force. and
A, represenis cither the bolt arca through the shank or through the root of
the threads, depending upon the actual location of the failure surface.

The iesistance facton, ¢, can be established from

& b ;
R, R I.\F 7,

N, & e ,
and ¥V, = -..& + ’}_" A e B

in which R, /R_is the rstio of the expenimental sirength to the nominal strength
sccording 1o the iutcraction cquaiion (Eq. 32 with ¢ = 10). The statistical
data for the ratio are (R,/K)). = 105 and Ve. /R, = 0.10. Using thyse
daia and the previously developed information, ¥, = 0, ¥, = 005, (v, /F.)_
= 1.20 or 197 for A325 or A490 bolis, and (V. /F,) = 007 or 002 for A2S
O1 A490 bolts, ¢ can be determined using Eq. 27 as 0.91 for A325 bolts and
0 85 for A490 bolts.

High-Streagih Bolis: Fricton. — The nominal frictional resistance provided by
the clanping action of one high-strength bolt is

R, =mh(d, x07F)

and the mean resistances and cocfficients of vanation are as given by Eq
23. The value of ¥, was found to b= 024 for both fasteners Using these
data and the valuc B = 15, the resistance factor is found from Eq 27 1o
be & = 115 for A32S bolts «nd ¢ = 101l for A4%0 bolts. In both cases, it
has been assumed that the bolts are wstalicd by the turn-of-nut method and
that the faying surfaces are in the clean mill scale condition

Modificd Reslstance Factor. —The use of two different values of the safcty
index (B = 3 for members and B = 45 or 1.5 for fasicners) introduces some
operatiooal difficuliies that must be resolved Wnung Eq. 2 in terms of the
dead- and bive-load intensitics, D_ and [

SR =y, (coy, D+ v L)

in which y, = the load factor feprescnling uncertantics in the analysis From
Rel 11:

............. (3%5)

(36)

BRI o R e e e s e L e e 37
RSO U (38)
SRR R . i (39)

Ving the values ¥V, = 004, Veo=004, ¥, = 020, ¥, = 013, and V, =
0.05 (Ref. 5), the load factors y can be established for the threc values of
B. Thesc are tabulated 10 Table 3.

&

-
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For beams, columns, and other main structural components (B = _, the
use of y, = L1, vy, = L), and y, = | 4 has been recommended for use n
the LRFD format (11). While y, = vy, = 1.1 would sull be sppropiate for
both categonies of fasteners, a value of vy, = | 2 should probably be chosen
for fasteners w friction-type connections and Y. = 1.6 should be used for all
other fasiencrs. However, rather than usiog different load factors for these
cascs, the effect of the different B factors can be imposed on the value of
¢ to be used. For the category descrnibed in Table 3 as “*Connections —All
Others,” this means that

1O, D_+13¢,L,)

"L M, D+ 1.59¢, 1)

[

The ratio on the lefti-hand side of this inequality varies only fram 0 86 o

0.90 as the live-load to dead-losd effect (¢, L_/c, D_) goes from 2 10 025

The corresponding vanation for the category “Connections — Friction®' is from

118 to L.12 over the same range. Since the variation is not large i1n cither

casec, it is recommended that the resistance !-clot. ¢. be modified for connections
asfollows: ¢ =088 $ when P =4 5and b = 115 ¢ when 8 = 1.5

ST9

= 11 (lle,D_+14¢,D,) (40)

TABLE 3 —Load Factore for Various Safety Index Velues

Load Factors

Salety index Ye Yo Y.

i S RIS S NS a5 4
B =~ 30 (mewbers) 19 1 139
B = 13 (conncciions -friction) 104 103 120
1) 114 159

P = 45 (connections - all others)

Tue modificd tesistance factors for the vanious cases considered are therefore,
for illet welds: ¢ = 0 88 x 093 = 0 82 For high-strength bolts

I Tension: A325 ¢ = 088 x 097 = 085 and A490 ¢ = 048 x 094 =
083

2 Shear A3254 ~ 088 x 094 =08 and A490 ¢ = 088 x 089 = 0 78

3 Teasion and shear. AJ25 ¢ = 088 x 091 = 080 and A4%0 & = 088
x 045 =075

4 Friction jowts: A325 & = 115 x 115 = 132 and A4% & = | 15 x
101 = 116

Clearly, w15 desuabie 10 reduce the number of values to be u ed for the
resistance factor to @ minimum. It is recommended that ¢ = 0 80 be used
for all cases mvolving the strength liniit state, i ¢, fillet welds, and high-strengih
bolts i tcasion, shear, or combined tension and shear and that ¢ = | 15 be
used for the serviceability imut state, 1 ¢ , ship-resisiant joints using high strength
bolts. The valuc sclected for the strength limit state is somewhat uinconservative
for A490 high-sirength bolts in shear and for A490 bolts 1n combined teasion
and shear. It should be recalled, however, that the value of the safety index
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B = 4. e conservative for all cases mvolvy i

. ing high-strength bolts The value
¢ = LIS selected for the serviceability limit slate 1s conservative, refllecuing
the fact that bolts will not always be wstalied by the turn-of -nut method.

Rewareo Conmecron Prosiens

Ordisary I‘s ~ It has been Customary 1 the past 10 apply the same design
fules 10 ordinary bolis [Amencan Society for Testing and Materials (ASTM)
AJ07] as those specified for high surength bolts (ASTM A325 and A490) Very
butle data about the strength of ordiaary bolts are available and it is therefore
fecommended that the same procedure be followed. ic., the LRFD procedures
developed for high strength bolts be considered valid also for ordinary bolis.
Q( course, ordinary bqiu should sot be prescribed for Inction-type conaections
uu!kkvdolthuch-quomummumwmnd

R.-clf,slclf_. Al (41)

in which ¥ -thlpcd'odmleuukmc
-™ ugth of the plate matenal,
d-llebohdu-ccu.c-lhcudduumo‘lhchn;andlslk;ovcmw

nch'.: ply in a bunt joint) Eq 41 s appliceble as long as e/d is not less
1"h following statistical data relate 1o Eq 41 (5) Number of tests = 27,

;0:7 o'l:u test 10 :ud::lc? values = 099 and coclficient of vanation
1. W respect 10 F_, the wllowing data ase available (11): Ratio of mean

to specified ulumaie tensile strength = 1 10 and coefficicat of vanation = 0 |}

From these data, Ve = 016 Using Eq 27 and the value § =~ 45, ¢ = 0%

X 1LWexp(-055x45x0 1) = 073
wyi.ﬁhwumulauemdlh i safety i =

B g bigher safety index, ¢ = 0 48

&

®
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information necessary for the development is also presented. The wors shows
that current design values for different connectors provide subsiantially different
levels of schiability
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cig. 19.3 Shear strength of longitudinal fillee welds with matched base
metal

less than 45° 1o the plane of a leg. Thus, use of the minimum throat thick-
ness is conservative

Since weld metal may be deposited on base metal with different mechan:cal
properties, combinations of strong base metal with weaker weld metals and
vice-versa were also evaluated.'”* The resuits are summanized in Fig. [9.4
This revealed that the effect of dilution upon weld strength was not great
Where plate bending is not a probiem, tests of welds Subjected to combined
oending and shear have indicated a + Irying factor of safety against weld

failure. The results of tests on vertical weld groups are plotted in Fig. 19.5
As the ratio of eccentrici Y 10 weid length (¢/L) varies from 0.06 ‘o 2.4, the
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DANIEL INTERNATIONAL CORPORATION
DANIEL BUILDING
GREENVILLE. SOUTH CAROLINA 29602

803) 298.2%00

February 13, 1985

Dr. Moss V. Davis
American Welding Society
550 N. W. LeJeune Road
Miami, FL 33126

Subject: Secondary Inspection in Accordance with
AWS D1.1-75 and Subsequent Issues

Dear Sir:

Daniel International recognizes that AWS D1.1-75 and subsequent re-
visions require that ''welded joints shall not be painted until after
the work has been completed and accepted'' (3.10.1). Further, it is

our understanding that D1.1 is applicable to inspections performed
during the fabrication and erection process and does not address sub-
sequent, secondary inspections over the life of the structure. There-
fore, when it is desired to perform secondary inspections of structures,
it is necessary to develop Inspection procedures, and results evalua-
tion criteria specific to that structure.

In light of the above, we submit the following inquiries:

1. Does AWS D1.1 address secondary inspections over the life
of the structure?

If AWS D1.1 does not address such secondary inspections,
what parties are recommended to develop parameters for
such inspections?

hn G. Berra
ice President - Operations




Attachment F to
KMLNRC 85-058

AlS> AMERICAN WELDING SOCIETY

Founaed in 1919 to Advance the Science and Technology of Welding
February 13, 1985

Mr. John G. Berra

Vice President - Operations
DANIEL INTERNATIONAL CORPORATION
Daniel Building

Greenville, SC 29602

Subject: Secondary Inspections in Accordance with
AWS D1.1-75 and Subsequent Issues

Reference: Daniel International Corporation Inquiry
Dated February 13, 1985

Dear Mr. Berra:

This is in response to your inquiry concerning secondary inspections in
accordance with AWS D1.1-75 and subsequent issues.

INQUIRY 1: Does AWS D1.1 address secondary inspections over
the life of the structure?

INQUIRY 2: If AWS D1.1 does not address such secondary in-
spections, what parties are recommended to develop
parameters for such inspections.

REPLY 1: No. Inspection (secondary inspection) of welded
joints that have been accepted after fabrication
or erection, or both, is not covered by AWS D1.1.

REPLY 2: Inspection (secondary inspection) of accepted welds
subsequent to the fabrication and erection is not
covered by Code provisions and such inspections
and criteria for acceptance would have to be as
agreed upon by the owner or the Engineer (the owner's
representative) and the contractor.

We trust this answears your questions regarding this matter. Should you
have any further questions, please do not hesitate to contact me.

Sincerely yours,

"l 9/ Ay

Moss V. Davis, Secretary
MVD: jw AWS Structural Welding Committee
File: D1-30.1
Dle/SC5

550 N.W. LeJeune Road - Miami, Florida 33126 . Telephone (305) 443-WELD
(P.O. Box 351040, Miami, Florida 33135) - Telex: AMWELD SOC. No. 51-9245



