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Dear Mr. Noonan:

Attached please find our preliminary Trip Report for our visit to EBASCO's
New Wrk Office to audit TUGC0's presentation of the "Senderness Ratio
Limitations for Cable Tray Hanger Type Supports."

If you have any questions please do not hesitate to contact me.
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TELEDYNE ENGINEERING SERVICES

O
Donald F. Landers
Executive Vice President
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Project 6410-

Trip Report No. 2185

EBASCO's New York Office to Audit TUGC0's Presentation of the
"Senderness Ratio Limitations for Cable Tray Sanger Type Supports"

November 26, 1985

'

The purpose of this trip was to audit the above titled presentation by
TUGC0(EbascoandImpell). The objective of this presentation was to outline
the preliminary engineering evaluation to justify that vertical members of
hanger-type cable tray supports which have Kl/r values greater than 200 are in
compliance with the existing licensing comitment of Comanche Peak, specifi-
cally the AISC 7th Edition.

Mr. Harrison gave a brief sumary and status of the cable tray supports
program at Comanche Peak.

o Ebasco and Impell performing design verificatio' of all cable tray
supports, Unit 1 and Unit 2.

o Construction complete on Unit 1.

o Construction not yet complete for Unit 2.

o 28% of the cable tray supports in Unit 2 require modification.
'

\

o 14% of these modifications due to UJ$cr type supports with Kl/r
greater than 200.

Mr. Wheaton ,Impell) outlined the TUGC0 presentation of the " Slenderness
'

Ratio Limitations for Hanger-Type Supoorts." This presentation is outlined ;,

in Attachment II.
I

The basic issue of this presentation was should the AISC Code limitations
on Kl/r values be applied to hanger-type cable tray supports which do not have
any static compression loads? See pages 1 and 2 of Attachment II. Also at

]issue is if the Kl/r limitations in the AISC Code are not met are these cable
tray support members in compliance with the Comanche Peak licensing comit-
ments. The licensing commitment in this case is to apply the 7th Edition of
the AISC Code in a proper manner. The real issue is whether the AISC Code
intended members similar to the vertical members of the hanger type' supports
to be treated as compression members.

,

Mr. Wheaton pointed out that the maximum Psl/r value in the AISC Code is
arbitrary. TUGC0 has been unable to find the basis for the maximum value of
200. The codes of other countries allow higher values of Kl/r (see page 9 of

I

-



,
. _.

f eu.

Trip Report No. 2185 "RTA PTT(NE*
. .

November 26, 1985 ENGINEERING SERVICES
Page Two

Attachment II). The Column Research Council does not recomend a maximum
value. One theory Mr. Wheaton gave as to the origin of the 200 limit was that
it was based on the buckling equations in the 1923 and 1936 AISC Codes. As the
slenderness ratio increased the factor of safety decreased and the limit of
200 was imposed to assure that the factor of safety was greater than 1.0 (see
page 7 of Attachment II).

The position outlined in this presentation is that these hanger support
members which only see a dynamic compression load are not true compression
members (see page 10 of Attachment II). The AISC 8th Edition commentary
states that " Impact Loads" (the dynamic portion of traveling wheel loads) have
too short a duration to have an effect on column buckling. As stated on page
11 of Attachment II seismic loads have a shorter duration than traveling wheel
loads. Also noted during this presentation was that piles see dynamic com-
pression loads larger than their allowable static buckling load and the pile
does not buckle due to the short duration of this dynamic load (see page 14 of
Attachment II).

A dynamic analysis was performed on a section of an existing cable tray
system. Five hanger type trays were analyzed using the maximum input spectra
from the top of the reactor building. Kl/r assumed as high as 394 (see pages
15 and 16 of Attachment II). The results suggest that the members saw no
appreciable buckling. The results are shown on pages 18, 19, 20 and 21 of
Attachment II.

Mr. Wheaton discussed dynamic instability, pages 22 and 23 of Attachment
II, and stated briefly that the load amplitude and duration was too short for
dynamic instability to be a problem.

The conclusion of this presentation was that the Kl/r limits are irrele-
vant. This conclusion is based on the following.

o The results. of the dynamic analysis performed on a portion of an
existing system.

o The short duration of seismic loads have little effect on the buck-
ling of members (Section 5.1 of the Column Research Council's Guide
to Stability Design Criteria for Metal Structures) which deals with
dynamic load effects states that seismic and blast loads as well as
pile driving loads are of too short a duration to have a significant
effect on buckling.

o The 200 limit for Kl/r is arbitrary and AISC intended this limit
only for true columns not the members in question.

It is TUGC0's position that the Kl/r limit should not apply to members
which do not experience static compression loads but that the allowable com-
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pressive stresses for all members experience "ANY" type of compressive load
shall be determined in accordance with Section 1.5.1.3 of the 7th Edition of
the AISC Code.

As part of this presentation a video was shown of the testing done at '

ANCO of Seabrook cable tray supports. The supports are similar in configura-
tion to the Comanche Peak supports but were constructed from Unistrut members
not structural shapes as are the Comanche Peak supports. The input spectra
for these tests (0BE and SSE) was 20% higher than the maximum Seabrook spectra
(3 directions) which is higher than the Comanche Peak spectra. There did not
appear to be any member damage to the supports tested. There was some damage
to cable tray clips and a large number of the cable ties broke. There was no
way to determine if there is sufficient slack in the cables to accomodate the
large cable movements indicated in the tests due to the damaged tray clips and
broken cable ties.

" " J.J. Rivard

JJR/khc
Attachments (2)

cc: Trip Report File
R.D. Ciatto
J.A. Flaherty
D.F. Landers
E.A. Solla
Vince Noonan, NRC

,
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ATTACHMENT I

Inspection Report List of Attendees

1. Title: Audit of TUGCO's Presentation of the " Slenderness Ratio Limi-
tation for Cable Tray Hanger Type Supports"

2. NRC Consultants:

J.J. Rivard, TES
P.C. Wang, BNL
M. Reich, BNL
P. Bezler, BNL

3. TUGC0/CPRT Staff:.

H.A. Harrison, TUGC0
C.R. Hooton, TUGC0
R.C. Iotti, Ebasco
F. Hettinger, Ebasco
S.J. Chen, Ebasco
R. Sullivan, Ebasco'
J. Padalino, Ebasco
R. Alexandru, Ebasco
R.D. Wheaton, Impell
K.C. Warayius, Impell
J.L. McLean, R.L. Cloud
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3.

SLENDERNESS RATIO LIMITATIONS

FOR

HANGER-TYPE SUPPORTS

4

PRESENTED T0:
,

U.S. NUCLEAR REGULATORY COMMISSION

h

| PRESENTED BY:

TEXAS UTILITIES GENERATING COMPANY

NOVEMBER 15, 1985
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BASIC ISSUE

SHOULD AISC CODE LIMITATIONS ON KUR VALUES-

BE APPLIED TO HANGER-TYPE RACEWAY SUPPORTS?

CASE 1:
/ / ///// / / /////
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MAJOR CONSIDERATIONS

1. LICENSING COMMITMENTS

2. AISC CODE COMPLIANCE
*

1

3. ENGINEERING EVALUATION )
'

)

;

. _ -- - - - -- -- .
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1. LICENSING COMMITMENTS

o FSAR SECTIONS 3.7B AND 3.10B:

QUALIFICATION BY TEST OR ANALYSIS-

- DEMONSTRATE STRUCTURAL AND FUNCTIONAL INTEGRITY

o FSAR APPENDIX 17: AISC CODE DEFINES ACCEPTANCE

CRITERIA FOR ANALYTICAL QUALIFICATION

0 APPLICABILITY OF ANY GIVEN CRITERION DEPENDENT UPON

SITUATION AT HAND
.

CONCLUSIONS:

o LICENSING COMMITMENT IS TO APPLY CODES AND STANDARDS IN

A RATIONAL MANNER TO ALL ELECTRICAL SYSTEMS AND

SUPPORTS

- -
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2. AISC CODE COMPLIANCE

o AISC SPECIFIES KL/R 5 200 FOR COMPRESSION MEMBERS

~

o TUGC0 DOES NOT CHALLENGE LIMITATION - 0NLY ISSUE IS

WHEN TO APPLY IT

t

o APPLICABILITY CAN BE EVALUATED BY CONSIDERING THREE

MAIN FACTORS

BACKGROUND OF KL/R LIMITS- -

TENSION OR COMPRESSION MEMBER-

STATIC OR DYNAMIC LOAD-

- -- --_ _ - _ _ _ -
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[ 2. AISC CODE COMPLIANCE (CONT.)
'

BACKGROUND

I
o KL/R LIMIT OF 200 UNCHANGED SINCE EARLIEST EDITIONS

o LIMIT APPEARS TO HAVE BEEN BASED ON DECREASING FACTOR |

OF SAFETY IN BUCKLING EQUATION FOR HIGH KL/R RATIOS

o SAFETY FACTOR N0W HELD AT 1.92 FOR ALL KL/R GREATER

THAN 126

0 CURRENT BUCKLING EQUATIONS MORE ACCURATE FOR HIGH KL/R

THAN FOR LOW - EXTENSIVE EXPERIMENTAL VERIFICATION

o LIMIT OF 200 NOW APPEARS TO BE ARBITRARY - 0THER CODES

VARY LIMIT FROM 180 TO 260 - COLUMN RESEARCH COUNCIL DOEST 0T

RECOMMEND ANY KL/R LIMITS

o WORLDWIDE, ALL CODES DISCUSS KL/R ONLY IN RELATION T0

"TRUE COLUMNS"

STATIC COMPRESSION AND BENDING LOADS-

- ALL PRIMARY LOADS

N0 LOAD REDISTRIBUTION-

UNSTABLE BUCKLING FAILURES-

o HANGER-TYPE SUPPORTS DO NOT MEET ANY OF THE CRITERIA

FOR A TRUE COLUMN

CONCLUSION:

MAXIMUM KL/R VALUE IS ARBITRARY - SOME LIMIT MAY BE

(ADVISABLEFORTRUECOLUMNSBUTRELEVANCETOHANGER-TYPECOMPONENTS IS QUESTIONABLE
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FACTORS OF SAFETY IN AISC BUCKLING EQUATIONS
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2. AISC CODE COMPLIANCE (CONT.)

TENSION vs. COMPRESSION MEMBERS

0 AISC CODE PROVIDES NO DEFINITIONS - INTERPRETATION

REQUIRED

0 CODE DISCUSSES KL/R ISSUE FOR BOTH TENSION AND

COMPRESSION MEMBERS - NOT ALL MEMBERS FALL INTO

COMPRESSION CATEGORY

0 ANY MEMBER CAN SEE AN INCIDENTAL DYNAMIC COMPRESSION

DURING AN EARTHQUAKE

o ONLY CODE REFERENCE TO DYNAMIC LOADS ALLOWS THEM TO BE

NEGLECTED IN COLUMN BUCKLING oR0BLEMS

0 DYNAMIC COMPRESSION ALONE MUST NOT BE A SUFFICIENT

BASIS FOR CLASSIFICATION

o ENGINEERING EVALUATION MUST BE PERFORMED TO ASSESS
,

STRUCTURAL FUNCTION, NATURE OF LOADS AND CONSEQUENCES

OF POSSIBLE OVERLOADS

|
CONCLUSIONS:

0 NO RIG 0ROUS OR GENERALIZED CLASSIFICATION POSSIBLE

o CODE TREATMENT OF DYNAMIC COLUMN LOADS SUGGESTS THAT

HANGER-TYPE SUPPORTS WOULD FALL INTO TENSION MEMBER

CATEGORY

.
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2. AISC CODE COMPLIANCE (CONT.)

S'TATIC vs. DYNAMIC LOADS

o AISC CODE SPECIFICALLY ALLOWS " IMPACT" LOADS TO BE

DISREGARDED IN COLUMN BUCKLING PROBLEMS

" IMPACT" LOAD IS DYNAMIC PORTION OF TRAVELING WHEEL-

LOAD

DURATION OF DYNAMIC LOAD T00 SHORT FOR COLUMN-

BUCKLING TO OCCUR

0 DYNAMIC LOAD EFFECTS IN TUGC0 HANGER-TYPE SUPPORTS ARE

LESS SIGNIFICANT IN EVERY RESPECT THAN " IMPACT" LOADS

iEISMIC LOADS ARE OF SHORTER DURATION THAN WHEEL-

LJADS

SEISMIC LOAD IS DYNAMIC ' COMPRESSION SUPERIMPOSED-

ON STATIC TENSION

MAXIMUM COMPRESSIVE LOAD IS FAR LESS THAN PCR
-

DYNAMIC INSTABILITY IS NOT A CREDIBLE PHENOMENON-

TRUE BUCKLING IS NOT A CREDIBLE PHENOMENON-

CONCLUSION:

WITHIN THE CONTEXT OF THE AISC CODE, SHORT DURATION

COMPRESSIVE LUADS ARE NEGLIGIBLE WITH REGARD T0 " COLUMN

ACTION" IN HANGER-TYPE SUPPORTS - ONLY STATIC TENSION LOADS

REMAIN - KL/R LIMITS NEED NOT BE APPLIED

o
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p, . n EI = 273.5 KIPS

2L

REFERENCE: CLOUGI & PENZIEN.
DYNAMICS OF STRUCTURES

1

I

DYNAMIC PILE-DRIVING. COMPRESSION FORCES-

i
.

4

.
1

f

f

_ -. _ _ _ _ _ _ _ .



.-

.

-15-,

.

.

2. AISC CODE COMPLIANCE (CONT.)
'

o CODE RECOMMENDATION FOR TENSION MEMBERS:

L/R < 240 FOR MAIN MEMBERS-

L/R < 300 FOR BRACING AND OTHER SECONDARY MEMBERS-

o CODE COMMENTARY DISCUSSES AB0VE RECOMMENDATION:

"THE SLENDERNESS LIMITATIONS RECOMMENDED FOR TENSION

MEMBERS ARE NOT ESSENTIAL TO THE STRUCTURAL INTEGRITY

OF SUCH MEMBERS. THEY MERELY AFFORD A DEGREE OF

STIFFNESS SUCH THAT UNDESIRABLE LATERAL MOVEMENT WILL ,

BE AVOIDED. THESE LIMITS ARE NOT MANDATORY."

o BOTH TEST AND ANALYSIS DEMONSTRATE THAT HANGER-SUPPORT

TRANSVERSE DISPLACEMENTS..ARE HEGLIGIBLE.

O LONGITUDINAL DISPLACEMENTS ARE PROBABLY SMALL AS WELL

AND ARE NOT A CONCERN IN ANY CASE
|
|

CONCLUSION:

L/R RECOMMENDATIONS FOR TENSION MEMBERS ARE NOT

APPLICABLE.
.

.

.

I.

!

|
i
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_
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3. ENGINEERING EVALUATION-

o FSAR COMMITMENTS AND CODE REQUIREMENTS ASIDE, REAL

ISSUE IS STRUCTURAL INTEGRITY AND DEFLECTIONS OF

HANGER-TYPE SUPPORTS

o EXPLICIT DYNAMIC ANALYSES PERFORMED TO EVALUATE WORST

CASE BEHAVIOR

KL/R ASSUMED AS HIGH AS 3914-

MAXIMUM INPUT SPECTRA FROM TOP 0F REACTOR BLDG.-

FIVE TRAPEZE HANGERS IN A R0W (REAL SYSTEM)-

RESULTS WITH AND WITHOUT ACTIVE CLIPS-

RIGOROUS FAILURE ENVELOPES-

o RESULTS SHOW STRUCTURAL INTEGRITY IS INSENSITIVETO KL/R

ISSUE

WORST CASE RESULTS WELL WITHIN WORST CASE FAILURE-

ENVELOPES

INTERACTION CHECK UNAFFECTED BY COMPRESSIVE LOADS-

CAPACITY OF SUPPORTS DEPENDENT UPON CANTILEVER-

ACTION - NOT COLUMN ACTION

0 TRANSVERSE DISPLACEME iS ARE NEGLIGIBLE FOR ALL KL/R

-

-
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3.0 ENGINEERING EVALLMTION (CONT.)

.

DYNAMIC INSTABILITY

P = Po + PtCOS nt
ee

!M
/ \'

\ Po = STATIC LOAD (TENSION OR C0tPRESSION)/ g

I .I Pt = HARTM IC AXIAL LOAD
'
i= ;j Il = LOAD FREnUENCY
I l /3 = DA* PING RATIOg f '

,/ Pe = EVER BUCKLING LOAD\

,L

0 LNSTABE GROWTH OF TRANSVERSE WDAL DISPLACEENTS POSSIBE IF:

- Pt A 4g (Po + Pe)
- n WITHIN CRITICAL RANGE

0 INNAMIC INSTABILITY ISStE NOT REALLY APPLICABE TO HANGER-TYPE-

SUPPORTS:

- LOAD AFPLITUDE T00 SMALL

- LDAD IS RANDOM NOT HARE NIC

- LOAD DURATION T00 SHORT

- STRUCTLRE T00 C0FPLEX

.

4
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DYNAMIC INSTABILITY

INSTABILITY REGION

\
14se g

g

| 8 I '
2 a JEM"

DEME '' a ,,.

g'" metMg g
CA

FutMM
.

08 -q g -q
,,

o I o
0.6

O.6
_.

h 0.4 D 04
g

g
0.2

9 | = i
G O.2 g

1 1
g

o c.: o.2 c.3 04 0.5 0 0.1 m u 04 M*

LOAD RATIO, p. LOAD RATIO, A

DATING = 4% D# PING = 7%

FOR HANGER-TYPE SUPPORTS, DYNAMIC INSTABILITY WILL NOT OCCUR

LNLESS Pt? p (Po + Pe) :

OBE LOAD CASE

Pt 2 0.16 (Po + Pe)

|

_SSE LOAD CASE

Pt 2 0.28 (Po + Pe)

!

EXPLICIT ANALYSIS SHOWS THAT WORST CASE LDADS LESS THAN CRITICAL

( VALUE OF Pt j
V

l
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3,0 ENGINEERING EVALUATION (CONT,) l

o UNLIKE TRUE COLUMNS, THE PRACTICAL CONSEQUENCES OF

" BUCKLING" IN HANGER-TYPE SUPPORTS ARE NEGLIGIBLE

50% DROP IN STIFFNESS :-

30% DROP IN FREQUENCY-

SMALL INCREASE IN DISPLACEMENTS-

NO LOSS OF LATERAL / TENSILE STRENGTH-

o FLEXIBLE STEEL STRUCTURES, SUCH AS HANGER-TYPE

SUPPORTS, ARE THE LEAST VULNERABLE TO EARTHQUAKES OF

ANY TYPE OF STRUCTURE - WITH OR WITHOUT KL/R LIMITS

CONCLUSION:

KL/R LIMITS ARE IRRELEVANT TO THE STRUCTURAL INTEGRITY OF
HANGER-TYPE SUPPORTS

.

.

- - --. - , - , - - - . . - . , . - . . _ . _ . _ - - _ . _ - . - _ . , . . . . . , _ _ , , . . _ , , , _ . . , _ _ _ _. -._. -,__ .-__ . - - - _ . _ . . __.
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SUMMARY OF TUGC0 POSITION

i

o AISC CODE REQUIREMENTS NOT EXPLICIT BUT SUGGEST THAT |

KL/R ISSUE NOT APPLICABLE TO HANGER-TYPE SUPPORTS

- SUPPORTS SHOULD BE CLASSIFIED AS TENSION MEMBERS

SHORT DURATION COMPRESSION NEGLIGIBLE IN COLUMN-

BUCKLING PROBLEMS

ONLY STATIC LOAD IS TENSION - KL/R LIMITS NOT-

REQUIRED

o ENGINEERING EVALUATION VERIFIES THAT KL/R LIMITS NOT

IMPORTANT

NEGLIGIBLE COMPRESSIVE LOADS-

N0 DYNAMIC INSTABILITY-

STRUCTURAL BEHAVIOR IS CANTILEVER ACTION - NOT-

COLUMN ACTION

STRUCTURAL INTEGRITY NOT DEPENDENT.UPON KL/R LIMIT-

DEFLECTIONS NEGLIGIBl.E FOR ALL KL/R-

CONCLUSION:

KL/R LIMITATIONS SHOULD NOT BE APPLIED TO STRUCTURAL

ME*BERS WHICH DO NOT EXPERIENCE STATIC COMPRESSION LOADS

KL/R LIMITATIONS WILL BE APPLIED TO MEMBERS WHICH EXPERIENCE
STATIC AXIAL COMPRESSION

- - - - - - _.


