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VICEPRESIDENT
ENGINEERING AND HESEARCH
Mr. A. Schwencer, Chief Docket Nos.: 50-352
Licensing Branch No. 2 50-353
Division of Licensing
U. S. Nuclear Regulatory Commission
wWashington, D.C. 20555

Subject: Limerick Generating Station, Units 1 and 2
Structural Steel Fire Resistance

References: (1) Limerick Safety Evaluation Report (NUREG-0991)
(2) NRC Chemical Engineering Branch Meeting, Held

Decemper 13, 1983
(3) L. S. Kintner to Applicant (PECO) Letter Dated

December 23, 1983

File: GOVT 1-1 (NRC)

Dear Mr. Schwencer:

Reference (1) requires that the applicant provide fire protection for
exposed structural steel supporting the floors of safe shutdown areas.

The Reference (2) meeting was held to describe the means for assuring
equivalent protection for structural steel in lieu of strict application
of protective coating.

The attachments provide the information requested in Reference (2)
and documented in Reference (3), to support the program we preseited to
close out SER Open Item #14, Structural Steel Protection.

: 4 The followirg information was requested by Mr. C. P. Tan at the
Reference (2) meeting:

A. Mechanical Properties of Steel at Elevated Temperatures

The curves contained in Attachment I were published by the U. S.
Steel Corporation and illustrate the effect of temperature on
yield strength, tensile strength and modulus of elasticity.
Similar curves published by the American Iron and Steel
Institute (AISI) are contained in Attachment II. The structural
steel used at Limerick conforms to ASTM Specification A36.
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The steel behavior predicted by these curves is based on tension
tests of small uniformly heated test specimens. While the
curves provide an indication «f the effect of temperature on the
properties of steel, they are not considered to accurately
represent the totally different stress condition existing in
flexural members that are both end restrained and constructed
compositely with the concrete slab. In the reference material
submitted with the structural steel methodology, the behavior of
structural members subjected to elevated temperatures is
discussed in greater detail.

Typical Construction Details

Floor framing systems are typically composite construction
utiiizing steel studs to resist shear between the cteel beam and
the concrete slab. In many cases, the top flange of the beam is
encased in concrete with the steel deck being supported by ledge
angles welded to the web of the beam. In all cases the Jack is
welded to the supporting member, a type of construction that has
been verified by testing to provide a degree of composite
action.

In accordance with standard structural theory, the effect of
constructing the steel beam integrally with rhe concrete slab is
to increase the section modulus of the assembly and thus
increase its load-carrying capacity. When subjected to elevated
temperatures, a composite beam/slab assembly can withstand
higher temperatures than a non-composite member of the same size
prior to reaching the point at which the assembly can no longer
support the applied loading. Loading considered in the design
of the steel framing is contained in Section 3.0 of the Limerick
FSAR.

The primary concern is with floor support beams since exposed
steel columns occur in few fire areas. Column members are
typically W14 rolled sections or built-up members consisting of
a W14 section with flange plates. Exposed columns in identified
problem areas will be evaluated similarly to the beam/slab
assemblies. Typical framing details are contained in
Attachment III.



Acceptance Criteria

The structural steel acceptance temperatures presented in the
analysis methodology are specified by ASTM as end-point criteria
for determining a fire endurance rating. Therefore, if the
actual steel temperatures do not exceed the criteria during a
defined fire in the area, the steel is acceptable as a fire
barrier having a fire rating equal to the fire resistance
required of the barrier.

The conservatism inherent in the ASTM end-point temperaturecs for
beams is that these acceptance temperatures are applied
uniformly to beams that are:

28 both end-restrained and free to move

2. individually acting versus one memuer of a multi-member
floor system.

it is stated by AISI in Attachment II that test experience and
research clearly show a significant improvement in fire
endurance when the ends of a test specimen are restrained
against expansion and that even minimal restraint will improve
fire endurance. It is therefore conservative to apply end-point
temperature criteria for an unrestrained beam to a restrained
beam. Similarly, a beam that is constructed so as to act
integrally with the concrete slab has greater load carrying
capacity than an individual, non-composite beam of the same
size. In additicn to greater load carrying capacity, composite
beams have continuous lateral support of the top flange which,
according to Appendix X4 of ASTM E119, provides substantial
restraint against thermal expansion. This is neglected in the
end-point temperature criteria.

Finally, the steel temperature of 1100°F can be correlated to
the temperature vs. strength curves given in
Attachments I and II. It is commonly accepted that, at 1100°F,
the yield stress of steel has decreased to approximately 60% of
the room temperature value which is the normal design stress
level. This criteria is reiterated in the NRC Generic Letter
83-33 dated October 19, 1983. As previously discussed, the
application cf this criteria to restrained, composite beams is,
if anything, conservative. Therefore, by adhering tc the ASTM
criteria, the structural integrity of the structural steel is
assured.
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