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) FOREWORD
L

,

This Technical Evaluation Report was prepared by Franklin Research Center
under a contract with the U.S. Nuclear Regulatory Commission (Office of,

Nuclear Reactor Regulation, Division of Operating Reactors) for technical

assistance in support of NRC operating reactor licensing actions. The

f
technical evaluation was conducted in accordance with criteria established by

4 the NRC.
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1. INTRODUCTION ,

1.1 PURPOSE OF REVIEN

A study of the Oyster Creek Nuclear Generatic.g Station was undertaken by

Jersey Central Power and Light Company (JCP&L) to examine the ability of the
plant's civil engineering structures to resist a windatpra or i tornado

M strike. The purpose of this review is to provide a technical evaluation of

the approach, analysis, and conclusions of the JCP&L study. '

-

1

%

[ 1.2 GENERIC ISSUE BACEGROUND

1 .

4 The current design criteria for nuclear powe.e plant structures contaia
1
3 provisions for protection ag&itist vindstorms and tornadoes. Tnese

'
requirements were not in of fect at the time that some of the older mielear

plants were designed and licensed. Due to concerns regarding the extent to

!! which these older plants can sat.isfy the currant wind loading licensing
't

] criteria, the Nuclear Regulatory Commission (NhC), at part of the Systematic

l Evaluation Program (SEP), irtitiated Topic III *., "Nind and Tornedo Loadings,"

to investigate and assess the structural safety of existing designs.

1
q The SEP encompasses a broad range of safety-related issues, many of which
o

I are concerned with the integrity of plant structores. The frantlin Research

Center (FRC) provided technical assistance to the NRC An the review of several

j SEP tcpics and was responsible for technical etaluctions for Topic III-2 under

j Assignment 17 of NRC Contract No. NPC-03-Al-130.

j 1.3 PIANT-SPECIFIC BACKGROUND

1 1.3.1 Oyster Creek structural Devieseg

h In a previous Technical Evaluation Report (TEE) [1] , the FRC staf f
r

examined a sample of the structures at the Cyster Creek plant for resistance
b to high wind and tornado loadings. This effort determined that, although most

of the designs had adequate strengtn, some of the structural coeponents were
not designed to meet the provisions of current licensing criteria. The NRC

included the findings of the FRC study in the Integrated Plant Safety

Assessment 12] and also reported the safety-related concerns directly to JCP&L

-1-
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t
a

',f in as evaluation lettes (3) of a previously issued SEP Topic III-2 Safety
3
i Analysis Report (SAR) [4I a

,

4

$ In response to the safety assues raised by the NhC, JCP&L issued a letter

J and support doententg, her, min referred to as the oyster Creek Structural
Raylew (OCSS) [hl, optablishing the basis of the position taken in the SAR

O [concerning th6 adequacy of the structural systems. These documents included -

engineering calculat. ice.m that wees useo to establish the windspeed strength *

*

retings of structures. A seabsequent letter (6) included information and
G r

calculatior.s on a ternaio analysis of the diesel generator building.

FFC was then charged with raking a technical evaluation of the OCSR

q documents. The approach to thiw task was threefold
*

>4;,-

% 1 teview the procadares, criteria, and conclusions of the OCSR. ;

|
?.i

ci
,

audit the ensi.7eering calculaticas. |'f 2.

n 3. seek to resolve outstanding safeti issues through independent .

?j
analysis (subject to the limite of the resources assigned to this ,

'| task).
.

The particul.ar review itenes are identified and discussed in Section 3 of [
,, -

this reports the conclusions are summtirized in Secticr. 4.
u
j 1.3.2 Turbine Buildine Structural Review ;

IJ !

? A draft TER '7] seporting the review of the CCSR documents was issued on
U ;
" November 30, 1983. Subsequent to that date, the NRC requested FRC to examine

q' an additional tcznado analysis [31 rerformed by JC7&L for the Oyster Creek

turbine building. The purpose of the Turbine au11 ding Tornado Evaluation

[1 (T373) was identical to that of the OCSR, and the findings of the review of
9 ,

] the TNTE documents hsve teen incluced in the final version of this report.

J
*

;

i

,

t

, .

1 -

.

2- ;

;
-

_ . _ _ _ . _ _ - _ . _ _ _ . _ . __ -_ _ __-



, . .. .. -. . ., - .

.j .

M
'

]s s

i ;"

'i
,1

I TER-C5506-iL28 i

f

] '

a 2. REV12W CRITEUIA
h

The inter.t of code regulaticms is to ensure thti safety of systems vital

i to the safe shutdown of a resctor. The General Design Criteria (GbC) of

10CTR50, Appendix A (9) regulate the dssigns of these safety systess; in

particular, CDC 2 require 3 that structures housing safety-related equipment be

able to tvithstand the effects of natural poenomena such as tornadoes. The

$ design basis must costsider the most severe postulated tornado as well as the

k combined effects of tornado, normal, and accident conditiens.
)
d The Nuclear Regulatory Guide 1.76 (10) defines the design basis tornado
l

d (DST) in terms of siit descriptive parameterst the anzimus wipd speed, the ;

) rotational speed, the translation.nl speed, the maxieum atmospheric preestara

drop, the rate of pressura drop, and the core radius. The specified
.t .

;{ magnitudes of tnese ragional parameters (listed with respect to geographical

[ location) are the acceptable regulation levels: however, where appropriate, ,
.:
; additional meteorological analysis may be performed to jiastify the selection

j of a less cooservative D8". In P.eference 11, the NRC establishod tha torna.do

parameters to be used in the SES study of the Oyster Creek plant.
9

l Regulatory Guide 1.117 (12] identifies tha structures and systetes that
i
j should be protected from the effects of a D87. This information is elaborated

,

] on in Branch Technical Position AAB 3-2 found in the Standard Review Plan

,' (SRP) , Section 3.5.1.4 (HUREG-0600) (13]. The OC3R analysis reviewed in this

j report included Jacst of the safety-related structural systems of the oyster

Creek plant.

j A velocity pressure model of a windstorm can be constructed from the

/ p: essure and air flow assumptiona stated in Sectior; 3.3.1 of tbe .SRP (14] and 1
-f

i the American National Standards Institute (ANSI) design loading guide Il$1 A
t 4

| velocity pressure model of a tornado strike can be constructed from the DET

chara::teristics based on the guidar.cs of Section 2.3.2 of the SEP (16) and the )

engineeritig literature (17,18) . The actual loads acting on a structure are ,

,1

L calculated from these models through the use of experimentally determined

1
i

-3- i
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,

b
g pressore cuefficients '15, 191. The loads act on the structural surfaces as

pcsttive and r.egative pressures induced by the cnenge .in morcentum cf the wind
and in the atticaphoric pressore.

k
An additional tornado load is the impact of windborne missiles assinst

{ structtares, The potential missiles are listad in the nissile spectrum of

| Section 3.5.1.4 of the SRP (13], and the particular rissiles e.o be included in

U this study were identified by the NRC as part of the SEP assignment (11).
4
is Referencea 20 and 21 apsint it. the determination of the structural effects of

misails iispect, whereas the guidelines of the SEP (M) indicat@ acceptable

/ combinatiens of impace effects with the loads resulting from wind and
differential pressures,

d Sirice the DST. is considered an extreine environmental event, tornado-
q
q induced loads ate part of the loading combinations to be used in extreme
"

environmental design (see Article CC-3000 in the AEMg Boiler and Pressure

vessel Code (22] and Section 3.8.4 of the 537 (231). The structural effects
of these loading combinations are deterrined by analysist stresses are

a calculated either by a working strass or an ultimate strength merbod,
t

j whichever is appropriate for the struct.ure under consideration. 'The ASME Code
:>
'; specifications ter an extreme environmental event permit the application of

U reserve strength factors to allowable working stress design 11: nits. The

specificational also permit local nerength capacities to be exceeded by missile

d 1cadings (ccccentrated loads) provided that this causes r.o Icss of function in

any safety-relatad systems.

The sources of cciteria described above and other source documents used
i

in the evaluation are listed belows

HRC Re:gulatory Guide 1.76, " Design Basis Tornado for Nuclear Power
lj, Plants" (10]

Nhc R69ulatory Guide 1.117, " Tornado Design Classification" (12}

NURG-08f)9, Standard P.eview Flan

Section 3.3.1, "Nind Loadings" (14]'

5ection 3 3 2, " Tornado Loadings" [16]<

g Section 3.f.1.4, 'Missilts Generated by Natural Phenomena" (13]

2

h e4-

k

i
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1
1 Sectton 3.5.3, 'Eargier Design Procedures" (24)
:1 Section 3.8.1, " Concrete Containment" (25]
3 Section 3.8.4, "other seismic Category I Structures" [231
.

Section 3.8.0, ' Foundations" (26]

1 MSC Specificatiors for Design, Fabrication, and Erecticn of Structuralr

Steel fcr Buildings, sighth Edition (27)

ACI-318-77, "JBuilding Code Requirements fox Reinforced Concrete' [28]

ASME Boiler and Pressure vessel Code, Section III, Division 2 (ACI-359),

. "Ste.odard Code for Concrete Reactor Vesseis and Cantainments" (22]
'

FRC/SES, ' Criteria for Safety-Related Masonry Wall Evaluation,"
] Structural Engineering Branch (1581) (29]

ACI-307-79, "Specificaticn for the Design and Construction of Peinforced
Concrete Chimneys" (30).T

l
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'
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f 3. TECHNICAL EVALUATION

y .

.

3.1 GENERAL INFORMATION

f' Based on a meteorological study of the Oyster Creek region, the NRC

f established the following site-specific DBT characteristics:

Maximum wind speed 250 mph'

.

1 Maximum pressure drop 1.5 psi

h Rate of pressure drop 0.6 psi /sec

g Core radius 150 ft

n

These characteristics correspond to a tornado with a probability of occurrence*

~

of 10 per year (as required by current licensing criteria). The charac-

teristics were used to calculate the structural loadings of the initial review

[1, 11] and are used as the basis of computations in the present review.

The following subsections review the approaches, analysis, and conclu-

, sions of the OCSR that are used by JCPEL to support the conclusions of the

j Oyster Creek SAR. Important steps of the analysis are examined, and an
i
j evaluation of the adequacy of the steps are made. Audit calculations are
il

] performed to check the analysis. Where necessary, calculations supporting,

1 refuting, or correcting the JCP&L position were made and are included in the
appendices of this report.

1

The major structures of the Oyster Creek plant are the reactor building,

the control room, the intake structure, the diesel generator building, the
t

2 radwaste building, the turbine building, the ventilation stack, and various

exposed mechanical components. All of these structures, except for the

f radwaste and turbine buildings, have been included in the OCSR. The TBTE

g specifically addresses the turbine building structure alone. As an aid in

interpreting the structural review, a site plot plan is shown in Figure 1.

e
n
h
,

i

f'
:
1

-6-
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3.2 EFFECTIVE TORNADO LOADINGS
b

3.2.1 Atmospheric Pressure Change

::i

d Evaluation

? Given the translational core speed and the windspeed distribution of a
1
g tornado, there is a well-defined procedure for calculating the magnitude of

the atmospheric pressure change (APC) that occurs at any given point in a
- tornado [18]. The maximum APC occurs in the center of the tornado cure.

- Since the intent of the calculations of the OCSR was to support the load <

resistance ratings of the SAR, the wind speeds corresponding to the maximum
T APC were never calculated.

:

Conclusion

For structures that resist the full structural loadings resulting from a

tornado strike, it is unnecessary to find the limiting windspeed rating. For,

] those structural components that are being qualified for reduced loadings, the

d limiting windspeed rating corresponding to the APC will be calculated in
M
, Appendix A of this report.*

,

:1

J

!] 3.2.2 Wind Velocity Pressure

ii
;" Evaluation
a

The methods used in the OCSR to calculate wind velocity pressures for
,

2 windstorms and tornado strikes follow the procedures delineated in Sections

s, 3.3.1 and 3.3.2 of the SRP (14, 16] and ANSI A58.1-1982 (15].

i
d
d Conclusion

}# The wind velocity pressures were calculated in accordance with the
-

-j applicable criteria.

* Note that this calculation merely expresses the APC windspeed rating of the
I components based on the strength reported in the OCSR. The adequacy of the
? reported APC resistance is subject to the validity of the structural review
Ik criteria (see Section 3.5) .
l
e
: -8-

I
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1

f 3.2.3 Windborne Missiles

Evaluation

- In evaluating the structural effects of missile impacts, the OCSR bases
its conclusions on equations and procedures provided in the engineering

) literature [20, 31]. These procedures are consistent with the intent of
I Section 3.5.3 of the SRP (24], which requires missile impacts to be modeled as*

concentrated loads acting in conoination with other applied loadings. The
overall response of the structure to such loadings was then examined.

! The missiles used in analysis were the steel rod, telephone pole, and

f automobile of the missile spectrum (13) . Therefore, the missile specifications
! of Reference 11 were satisfied.
,

!
j conclusion
i
j The global structural effects of missile impact were examined in

.

accordance with the applicable criteria (the components examined were limited

j to those which satisfy the requirements of the othe' tornado loadings).
,

|

{ 3.3 STRUCTURAL LOADINGS

! 3.3.1 Differential Pressure Load

i Evaluation
*

f The atmospheric pressu're change of a tornado leads to a lowering of the

h amoient pressure outside of a structure. For an unvented structure, this

change results in differential pressure loadings acting outwardly on the

building surfaces. In the tornado strike analysis, the OCSR included the

differential pressure as a bas:c loading condition. For structural components
'

being qualified to resist the full effects of a tornedo, the correct maximum

value of the differential pressure loading was examined. For those components

with limiting strength, loadings were examined that were more conservative

f than the differential pressure loads.
!

i

O O
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Conclusion

The differential pressure load was applied to the structures in accor-.
O

t dance with the applicable criteria (16].

.

( 3.3.2 Effective Structural Pressures

e

{. Evaluation

- The wind velocity pressure is converted to actual structural loadings
through the use of pressure coefficients and gust factors. These coefficients'

vary for the direction of wind flow and for the section of the structure under

consideration. The OCSR analysis draws from the appropriate reference sources
(14, 15, 16, 18] for the values of these coefficients.

I The applicable criteria (16, 17] recognize that the peak wind velocity
u

pressure occurs in a limited region and that this pressure rapidly decays away

;: from this region. The overall structural pressure acting on a building
il
'.j surface is therefore greatly reduced from a uniform pressure based on the peak

..I wind velocity. However, individual components on the building exterior must

|-} still be qualified for the local application of the peak pressure. In the

h OCSR, all of the components were examined for the peak pressure value.
d
M

Conclusion

5 The calculations for converting wind velocity pressures to effective

structural pressures are in accordance with the applicable criteria. The

,
local effect of the application of the peak pressure to exterior structural

components was examined.

(
. 3.3.3 Design Loads

Evaluation

# The design loads that are to be considered acting in combinatioo withf

tornado loads and wind loads are dead, live, thermal, and pipe reaction loads

(23]. The analysis in the OCSR has included these additional loadings where
Et

| applicable. The magnitude of these loads while acting in combination with the

. .

. j -10-

.
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differential pressure load was not always computed correctly; however, the

combinations formed were usually conservative.'
,

Conclusion

. The design loads were identified and included in the analysis in
4,

j accordance with the applicable criteria. Cases where the magnitude of the

design loads were incorrectly and unconservatively computed will be identified

in Section 3.6, Structural Systems, of this report.
,

P

l 3.3.4 Shielding
l
} Evaluation

The term " shielding" refers to the reduction or elimination of wind loads
e

on a structure from the blockage of wind flow by an upstream obstruction
.

(another structure, physical formation, etc.) . The provisions of the4

I

] applicable standard prohibit the reliance on shielding for the reduction of

j wind loads. The OCSR does not rely on shielding for the qualification of
e

structural compor.ents and, where applicable, accounts for the transmission of'

lateral forces through structures.-

>

| , Conclusion
!

|
Shielding and the transmission of lateral forces were treated in accor-

! dance with the applicable criteria and good engineering judgment.

3.3.5 Load combinations

Evaluation

The correct load combinationc for severe and extreme environmental events
are specified in various sections of the SRP (23, 25]. Specific load

( combinations of the basic tornado-related loadings are given in Section 3.3.2

of the SRP (16]. In establishing the capacity of structural components, the

L
u

-11-

!
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i OCSR formed load combinations that are equal to or more conservative * than

those specified for combinations involving effective structural pressures and

differential pressures. Although missile loads were considered in proper load

combinations for the reactor building, the combination was not properly,

k considered for the control room, ventilation stack, and the diesel generator

building.
,

Conclusion
1

For some structural components, the missile load combinations were not

formed in accordance with the applicable criteria.'

h
3.4 STRUCTURAL ANALYSIS AND MODELING

The review items included in this section (main structural frame,

sequence of failure, secondary members, roof decking, etc.) are either not

applicable to the OCSR or are addressed elsewhere in this report.

3.5 STRUCTURAL ACCEPTANCE CRITERIA,

3.5.1 Steel components

1

.' d
Evaluation

. The extreme environmental structural acceptance criteria specified by the
'

SRP (23] recognized the severity of the loadings presented in the rare

f occurrence of a tornado and, as such, permitted stress levels in steel

l components to approach yield conditions. This allowance may result in large

q deflections but will still guard against instabilities so that a failure

mechanism will not occur. In the review of steel components, the OCSR

acceptance criterion is based on the tensile strength of steel.** Suchy i

&

*In many cases, the load combination formed in the qualification of components
whose strength was found to be limiting was excessively conservative. The
chief conservative measure was combining dynamic pressures and differential

H pressures whose magnitude did not correspond to the same wind speed

%' **That is, for components subjected to bending loads, the stress levels were
compared with the tensile strength of steel. Compression members (columns)
were not examined in the OCSR but were reviewed in an earlier study [1] .

-12-
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$
a criterion results in larger deflections than are permitted in the SRP and

does not ensure structural stability.

3

Conclutiion
a

The structural acceptance criterion for steel components employed in the

f
OCSR is not in con.Crmance with the applicable criteria. It is also not

ri recommended on the basis of accepted engineering practice.
[
>

3.5.2 concrete Components

l
;) Evaluation
i
i As with steel components, the SRP recognises a tornado strike as a

special event and permits levels of stress to occur that are above the

j established code allowables. The strength of concrete components is therefore

j based on the ultimate capacity of sections, which allows the stress in the

|
reinforcing bars to reach yield val.as and the stress in the concrete to

|{ approach the ultimate compressive Strength. In conducting the review of

i concrete components,* the analysis of the OCSR adhered to these increased
,1

.j upper limits.

a

Conclusion

| The structural acceptance criterion for concrete components employed in
1

i the OCSR is in conformance with the applicable criteria.

4

) 3.5.3 Masonry Block walls

D
Evaluation

j The NRC/SEB has established masonry block wall structural acceptance

I criteria (23, 29] for stresses due to extreme environmental events. These

*In the ventilation stack analysis, the stresses in the steel rebar were found
"

to be slightly above yield values for the stated windspeed capacity. This
is considered acceptable in light of the analysis presented in Section 3.6.9

: of this report.

|
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h criteria permit overload factors for all basic stress levels including tensile

masonry stresses for unreinforced blocks. In Reference 32, NRC asked if any

d of the Oyster Creek masonry walls will be affected by tornado loads. JCP&L

3 responded that there are no masonry walls in the Category I areas of the

o$ plant's structures (Reference 5, page 9, of " Responses to NRC Questions").
#
G

-

i Conclusion
e

This review item is not applicable for the structures at the Oyster Creek

2 plant.
1

; .

3.5.4 connections

Evaluation

M Steel connections are permitted the same overstress factor for extreme
Q

environmental loadings as steel members. This factor is applied to the

allowable stresses as specified in the steel code [27]. The OCSR does not

} state the criteria used to examine steel connections and does not indicate if
these components were examined. However, in typical engineering designs, of
which the structures of the Oyster Creek plant are representative, connectionsa

are designed to meet the limiting allowable capacity of members. In this

case, given the manner in which loads are resisted in the Oyster Creek steel
,

[ structures, it is concluded that the connections will not be the limiting

components of the steel frames if they were sized in accordance with good
,

,

a
g engineering practice.

Conclusion

This item is not critical for the structures at the Oyster Creek plant.

3.5.5 Roof Decks
7
N Evaluation

y Roof decks are typically constructed of light gage steel sheets. Under

b extreme loadings, the bending compression zones of the decks will be suscep-
, tible to local buckling failures. In establishing the capacity of the roof

i

-14-
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,

! decks, the OCSR used beam bending formulas without any consideration of
reducing stresses for the buckling of local compression elements.

I

Conclus h
k Roof decks were not analyzed in accordance with accepted practice. Thei

ilimiting failure mechanism of these components was not found.

3.5.6 Architectural Components.

N

! Evaluation
}
1 Large-scale architectural components such as structural siding and

4

{ roll-up doors must be reviewed for tornado resistance, and the consequences to
j the mein structure caused by their failure must be examined. No architectural

) details were included in the analysis of the OCSR.
't

!
: Conclusion
!

) verification of the lack of architectural components in critical struc-
tures is recommended. If these components are present, they should be

i included in the wind and tornado loading review.
!
:

f 3.6 STRUCTt7RAL SYSTEMS
b

| 3.6.1 Concrete Components of the Reactor Building
1

Evaluetion |

For effective structural pressure and differential pressure loadings, the
analysis presented in the OCSR uses a working stress design method fer the |,

! review of concrete components. Although this procedure is not in s cordance
f
"

with the accepted criteria [23], the conclusions formed are valid since they

f are in agreement with a previous study (1) and since the members in question
,

inherently have a high capacity against these loadings (Attachment 1 of
; Reference 5, . pp. 6-11) .
l

. Missile loadings acting in conjunction with other loads are reviewed
through the accepted review procedure, and the conclusions formed are based on
the appropriatw criteria (Attachment 1 of Reference 5, p. 45).

! -15-
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Conclusion

The SAR windspeed strength ratings for the reacs '.11 ding concrete

components are valid and are based on the accepted criteria.

E

( 3.6.2 Steel Components of the Reactor Building

(
' Evaluation
|

The steel components of the reactor building were not reviewed with

3 respect to the standard structural acceptance criteria. Furthermore, not all
y

of the important load-resisting members were included in the review of tornado,

loadings (see Attachments 1 and 5 of Reference 5). The stated capacities of

f
'

some elements (girts, purlins, etc.) were based on procedures not consistent

with good engineering practice (member capacities based on material tensile

strength, see section 3.5.1) .

Conclusion

: The SAR windspeed strength ratings for the reactor building steel

f components are invalid and are based on criteria not in conformance with the

i accepted criteria.

. .i
'

3.6.3 Metal Siding Systems of the Reactor Building

Evaluation

The analysis used to qualify the insulated metal siding of the reactor
building neither accounts for the possibility of buckling of local compression

components nor examines the capacity of the underlying connections. Neverthe-g
I less, the windepeed rating established for these components is of the level

: predicted by an experimental procedure performed elsewhere (33). Based on the,

g experimental results and assuming that the connections of the siding systems
are comparable, the capacity of the Oyster Creek siding system has been

( overestimated by approximately 15 to 204.

4

i

k

I
; -16-
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conclusion

If a safety-related concern arises that involves the metal siding

systems, then their stated capacity should be reexamined.

3.6.4 Control Room

Evaluation

h The concrete walls and panels of the control room were examined in a
Y manner similar to that used to review the concrete components of the reactor
i

building (Attachment 1 of Reference 5, pp.19-24) . The capacity of the panel

connections to resist differential pressure loadings was esamined in an
,

'
appropriate manner.

Conclusion
|

I The windspeed ratings that are listed in the SAR for the control room are

valid and are based on the accepted criteria. Note that the OCSR concludes

that the control room walls will not be able to resist load combinations

involving missile impacts.

i

3.6.5 Intake structure

Evaluation

The components of this structure were examined in accordance with the
,

accepted criteria.
e

Conclusion ;

The windepeed ratings listed in the SAR for the intake structure are'

[ valid and are based on the accepted criteria.

d
J

3.6.6 Diesel Generator Building
i

,

Evaluation

h The concrete walls and roof slab of the diesel generator building were

k esamined in a manner similar to that used to review the concrete components of

-17-(
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4
F the reactor building (6]. I,oad combinations involving the impact of tornado

missiles were not reported.

Conclusion

f The windspeed ratings reported in the SAR for the diesel generator

- building are valid and are based on accepted criteria. This structure's

{ resistance to missile impacts was not examined in the OCSR.
*
.

'
3.6.7 Radweste Building

Evaluation '

L

I The radwaste building is a structure whose failure may have significant

safety consequences. This building was not included in the tornado loading

f review of the OCSR. Justification for excluding this structure from the study

was not presented.

h

$ Conclusion

The NRC has stated that it does not consider this structure to be an*

essential review ites.,

I

i 3.6.8 Exposed Mechanical Components

l
Evaluation

The Integrated Plant Safety Assessment Report identifies the safety-

related mechanical components that are not housed in qualified structures.

| The majority of these components are reported to be enclosed in other
>

structures with adequate protection or are identified as being of insigni-

ficant safety-related concern. Some structures (condensate storage tank,

y condensate storage pumps, and service water pumps) are to be reviewed under
SEP Topic III-4.A, " Tornado Missiles." The three remaining components to be

reviewed for resistance to a tornado strike are the service water pump, the

emergency service water pump, and the start-up transformer.

)
,

1
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l The calculations used to qualify these components study the capacity of
$ the supports and the structural base to resist lateral loads and overturningo

moments. In addition, depressutization loads (due to the APC) on the
component housing were addressed. The adequacy of the component structure was4

h therefore established. However, no attempt was made to qualify the mechanical

} components' ability t<: remain functional af ter the application of tornado
I loadings.

Conclusion

5 The conclusions on the adequacy of the structural support and housing of

f the mechanical components are, valid and based on the accepted criteria. The
functional ability of the mechanical components to resist tornado loadings was
not examined.

$
j 3.6.9 Ventilation Stack

Evaluation
I

The OCSR examined the ventilation stack through an approach based on

maximum stress design (MSD). This technique relies on working stress design

formulas [30] but allows the stress in the steel rebar to reach yield stress

and the stress in concrete to approach its ultimate compressive strength.

f Although such a procedure is sound and in conformance with engineering

! practice (34], the structural acceptance criteria for extreme environmental
;

I events permit reinforced concrete structures to be reviewed only through
t

ultimate strength design techniques (USD) . However, USD is not an accepted

L dasign theory for stack structures (but there is a current movement working
towards the acceptability of such a practice) . To resolve this dilemma, it is
meaningful to examine the ventilation stack through USD to see if the results
corroborate the conclusions formed from the MSD study.

,,,

The reviewers constructed a USD model of the chimney based on the

h geometry, service loads, and material property information provided in the
| OCSR documents. In addition, the following assumptions were included in the

modelt

i -19- -
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1. The longitudinal steel is placed towards the outside face of the
stack, and there is a 2-in cover over the circumferential
reinforcement.

h 2. Thermal effects do not influence the strength conclusions for an
'

extreme environmental event. (This assumption is supported by the
acceptable stress criteria for working stress designs. See

; attachment i of Reference 5.)

g Wind flowing past a stack gives rise to the regular shedding of
'

vortices. These vortices cause a pressure drop across the cylinder which
, gives rise to lateral forces. If the shedding frequency of the vortices

matches a natural frequency of the stack (resonance), then significant dynamic,

effects can result. Based on the natural frequencies of the vertical stack,

(351, the wind speeds at which resonance is likely to occur were calculated.

Another dynamic effect due to wind flowing past a stack is ring vibration
(in the sectional plane) . Wind speeds at which this phenomenon is likely to

] occur were also estimated.
:

] Conclusion

The results of the USD study corroborated the static strength conclusions
| of the OCSR. However, the stack was found to have a limiting resonant wind

speed of 133 mph. Specific details of the analysis can be found in Appendix B.

3.6.10 Turbine Ruilding

Evaluation
;

The turbine building is not seismically classified as a Category I type
<

structure. However, the turbine building is adjacent to the control room so,

that its resistance against collapse during an extreme environmental event is
essential. Therefore, the purpose of the TBTE was to examine the ability of.

the turbine building to remain stable with increasing windspeeds and,

successive component failure.

The TDTE modeled the turbine building structural systems as two- and
'

three-dimensienal frames which were analyzed through the use of a standard

computer code. The TDTE document includes the results of this analysis and

a -20-
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|
the design review of the critical components. It also includes the rationale

and procedure for iterating the level of loading vs. component failure to find

] the windspeed level where the turbine building steel begins to impinge on the
I control room structure. The conclusions of the TBTE are as follows:

[ 1. At a windspeed of 107 aph, the anchor bolts of some frames will be
overstressed. Bowever, the structure will remain stable.'

f 2. At a windepeed of 139 aph, all of the anchor bolts will have
s yielded. Bowever, stability will still be maintained.
L

] 3. At a windspeed of 154 uph, the turbi'ne building frames will have
deflected to the point where they will be in contact with the roof ofj

. the control room structure,

4. At a windepeed of 212 aph, the anchor bolts will reach ultimate
j]| strength and fail. This will result in the collapse of the
'i structure. In the pre-collapse state, the reactions acting on the
! control room structure from the deflected turbine building frames are

i less than the level of lateral loading that is expected to occur

! during an operating basis earthquake (033) .

} The computer program inputs, the tornado loading conditions, and the
I design review of some structural components were not included in the T3TE
I

documents.

To judge the validity of the turbine building analysis, FRC studied the
structure, reviewed the TBTE documents, and performed checks on critical

,

4

j structural members. Because the T3TE documents did not provide a

j comprehensive report on all of the analytical procedures, FDC's conclusions
I rely heavily on a subjective study of the structure (backed up by spot-check

p calculations) and on the assumptions that the procedures found in the OCan
documents are indicative of what was done in the TBTR (i.e., pressure

I
calculations, load combinations, component reviews, etc.)

|'

The structural system of the turbine building was found to be well

designed so that this structure would be capable of resisting levels of

loading well above the norest operating loads. some design features that

enhance the strength of this structure are as follows:

1. The lateral load-resisting members of the roof steel are structurally
separated from the purlins. Thus, the number of components subject
to both axial loads and transverse loads is minimised.

n

-21-
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f 2. Morisontal roof trusses provide strong load paths for transmitting

f the load on intermediate well columns to the vertically braced
lateral column lines.

3. The roof steel sway bracing members are oversised and formed into

)4
strong truss subsystems. Thus, the sway bracing can assist in
resisting lateral loads by distributing these loads throughout the

% entire structure.

$

) 4. The secondary bracing and axial load resisting members are oversized.
I
) .

5. The truss arrangements and fastened cross braces reduce the component
j unbraced lengths.

$ In the structural review, FRC found components whose strengths were more

f limiting than those reported in the TETE. However, the failure of these

[
'

components would not endanger the control room structure.

.

$ Conclusion
i
i The conclusion that a collapse of the turbine building will not occur

before windspeeds reach 212 mph is supported by the TBTE documents and a
partial study of the structure but is contingent on the following

'

clarifications:

) 1. on the turbine building design drawings [36], a note indicates that
the connections in the structure are to be designed to at least 50%
of the capacity of sections. This implies that the structural design
is limited by the capacity of the connections and not the capacity of
the members. Since the TME did not address member connections, an
investigation into their adequacy is recommended.

[
2. In the TWTE, the reactions between the turbine building and the

control room structure are qualified by comparison to the OBE
loadings. Bowever, these two types of loadings are fundamentally
different because the tornado-related load is a highly localised,

1 applied loading, whereas the earthquake load is a distributed type

J load. Although both loadings may lead to the same conclusion on the
|j overall structural strength, it is recommended that The local effects

of the contact loading be examined in detail.

I
1,.
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4. CONCLUSIONS

The conclusions from the review of the OCSR windstorm and tornado strike

] analysis are summarized in Tables 1 and 2.

:)

Table 1. OCSR Load and Review Criteria Summary
L

'Review Ites Status
1 2 3 4s

b
'

Effective Tornado Loadings
l,
( Atmospheric Pressure Change X

4 Wind Velocity Pressure X

Windborne Missiles X

f Structural Loadings

f Differential Pressure Load X
'

Effective Structural Pressure X

Design Loads X

Shielding X

Load Combinations X(b)

j Structural Acceptance criteria

! Steel Components X
,1

? Concrete Components X

j Masonry Block Walls X

X *IIj connections

| Roof Decks X
|1

Architectural Components X
:

a. The status of each item is defined as 1, 2, 3, or 4, as follows:
1 1 = The review item is in conformance with or more conservative than the
! accepted criteria.

,1 2 = The review item is not in conformance with the accepted criteria.
'

3 = The review item was not addressed in the OCSR and remains an open issue.
4 = The review item is not applicable.

..{ b. Nonconformance for this item stems from examining the missile loads' acting
alone and not in conjunction with the wind-related loadings.

c. The connections are assumed to have been sized in accordance with good
i

engineering practice.

-23-
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h' Table 2. OCSR Structures and Components Summary
s

Review. It;te Status *
1 2 3

,

concrete components of Reactor Building X

IDI! Steel Components of Reactor Building X

IMetal Siding System X

Control Room X ("I

Intake Structure ?*.
*

X *IIDiesel Generator Suilding

Radweste Suilding X

IIExposed Mechanical Components X

X *IIVentilation Stack

,.

[ a. The status of each item is defined as 1, 2, or 3, as follows:
4 1 = The strength conclusions reported in the SAR (4] are adequately

supported by the OCSR documents.
2 = The strength conclusions reported in the SAR are not adequately

q supported by the OCSR documents. Where applicable, the strength
ratings are limited to the findings of the TER [1].

3 = The structure or component was not adequately addressed in the SAR and
OCSR, and its qualification remains an open issue.

b. If destruction of the steel portions of the reactor building does not
cause significant safety-related concerns, then these items can be removed
from the OCSR review.

c. Note that the OCSR concludes that this structure will not be able to
jg resist load combintions involving missile impacts. Missile impacts were
d not examined acting in conjunction with other wind-related loadings. For
? the diesel generator building, missile impacts were not examined at all.

d. The ability of the mechanical support structure to resist tornado loadings
was established. The functional ability of the equipment to survive a
tornado strike was not examined.

I
: In addition, the results of the USD study of the ventilation stack are
..

susunarised in Table 3: Table 4 lists the results of the structural vibration
Pc study.

4
1.%
|1 ,

ai

0
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1 Table 3. Strength Summary of Ventilation Stack

h

i Stress Type Review Procedure Wind Speed (moh)

3

Longitudinal Stresses Maximum Stress Design ISO'

Ultiaste Strength Design 196

Circumferential Stresses (a) Maximum Stress Design 145
Ultioste Strength Design 153

,

h
Foundation Stresses Working Stress Design (b) ISO

i

Ultimate Strength Design >180*

.

So11-Bearing Stresses Working 5tross(c) 191

1
.

I The circumferential stress windepeed rating is that level of loading ata.
which longitudinal cracks on the outside surface will occur. Note that

j this loading does not result in stack collapse.

1 b. In the OCSR, the foundation and soil stresses are qualifled on the basis

1 of comparison to the earthquake loading (see p. 27, Attachment 3 of
j Reference 5).
j c. This result of the OCSR it: based on a soil pressure in escess of 18 ksf.

It is not clear whether 18 ksf is the allowable or ultimate soil capacity.
,

e

Table 4. Wind-Induced Structural Vibration

Resonant;

| Vibration Concern Mode Wind Speed (sch)

Vortes Shedding 3 133(*)

; Vortex Shedding 4 197

ovalling Fundamental 286

r

a. Because this resonant wind speed is close to the longitudinal strength
windspeed rating (see page B-22), it is the recommended limiting windspeed
rating for the stack. It is recognised that the third mode may not lead
to critical base moments but will cause high bending moments throughout
the middle and upper regions or the stack where this particular chimney is
week. Note that if large damping values are allowed then these moments
will be substantially reduced.

-25-
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The conclusions of the TBTE are justified subject to the clarifications
of Section 3.6.10 of this report. The results of the turbine building study
are summarized in Table 5.

i

J

:
,

Table 5. Strength Summary of Turbine Building |
,

Component Loading Type Wind Si ted (mph)

Column 10 Da Differential Pressure 50
Dynamic Pressure 76

Edge Lateral Strut Dynamic Pressure 165
W10 x33 (a)

l (El.101 f t 10 in)
!

Although not t.ormally designed as such, the sway bracing members at thisa.
elevation are stocky and can help resist lateral loads. Therefore, the
actual total structural resistance will be greater than 165 mph.

9

(

:

.

-26-
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D OYSTFR CREEK NilCLEAR GENERATING STATION fg

8 [I SEP TOPIC III-2,'HIGH WINp AND TOHNADO LOADS' 6

CONCRETF VENTILATION STACK kf C
I

w r>a .

$ $
*** B A S IC GEoHETRY T A B L E 81 *** b 5E '

A ga ,

ELEVATION OUTSIDE WALL CONCHETE AREA 0F REINFORCEMENT STEEL STEEL

#g . $
DIAMETER THICKHESS AREA INERTIA t/BAR s/BAR AREA RATIO 4

in

(FT) (FT) (IN) (FT**2) (FT**4) (IN#42)
$ f5r?278.00 15.87 6.0 23.86 713.7 34/ 7 33/ 7 40.27 .01172

248.00 17.57 7.0 31.13 1124.1 h ;E8QI 8k 3218.00 19.26 8.0 38.72 1685.0 37/ 6 36/ 6 32.27 .00579
188.00 20.95 9.0 47.60 2430.9 ,k 4
158.00 22.64 10.0 56.89 3398.4 46/ 5 46/ 5 28.24 .00345
113.00 25.18 12.0 75.76 5561.2 18/ 5 47/ 5 29.17 .00267
75.00 27.33 13.0 88.94 7705.2 53/ 7 53/ 6 55.28 .00432 '

68.00 27.72 19.0 130.01 11142.3 k? g
o0.00 28.17 2b.0 170.74 14616.2 A o. 3
23.00 30.26 15.0 113.47 12006.6 54/ 7 54/ 7 b4.91 .00397 { h
23.00 30.26 21.0 156.29 15985.4 54/ 7 54/ 7 64.91 ,00268 x
23.00 30.26 21.0 156.29 15985.4 54/ 7 54/ 7 64.91 .00288 C\ 1
-3.00 31.73 18.0 141.23 16313.0 84/11 76/ 7 176.88 00870 O i

6 !
IIEIGHT AHOVE BASE 394.00 (FT) h b h

'

TOP ELEVATION 391.00 (FT) Q'

GRADE ELEVATION 23.00 (FT) wy
h h0.D. AT CHIMNEY TOP 9.50 (FT)

1.D. AT CHIMdEY TOP 6.50 (FT) d

P
-

4 e
g ;a

FLUE OPENINGS A

\ f j
{t.

ELEVATION 4 HETA GAMhA
(FT) (DEG) (DEG) h
23.00 1 4.94 0.00 8

W23.00 1 4.94 0.00 g ,

s

.
- -
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j OYSTER CREEK NilCLEAR GFNEit ATING ST ATION

$y
SEP TUPIC III-2,'IIIGH WIND AND TORNADO LOADS *

CONCRETE VENTILATION STACK
II

-

'

-

*** BASIC G E O !i FTRY TABLE #2 ***y -

i ELEVATICN SECTION EXPOSURE SECTTON M OM E'!T
VOLU2.!E AREA ARM APEA

(FT) (FT**2) (FT**2) (FT) (FT**3)
278.00 2162.84 1433.41 51.77 74209.17!, 248.00 826.98 501.60 14.75 124607.82

; 218.00 1048.97 552.45 14.77 190817.97
180.00 1295.95 603.15 14.79 274362.12
150.00 1568.17 653.85 14.81 376761.27>

;; 113.00 2984.38 1075.95 22.10 569042.00
J}

75.00 3137.11 997.69 18.74 770914.79
[ 68.00 767.88 192.68 3.49 812314.23
d 60.00 1203.09 223.56 3.99 861292.23
1 23.00 5313.38 1080.96 18.28 1111721.70'i 23.00 0.00 0.00 0.00 1111721.701 23.00 0.00 0.00 0.00 1111721.70d -3.00 3895.42 205.37 12.90 1312312.60

CONCRETE
COMPRESSIVE STREffGTH 5000. (PSI)

~

h]@
MODULUS OF ELASTICITY 4287. (KSI)
STRESS BLOCK PARA;4ETER .800

*
UNIT WEIGHT 150 (PCF)

..-
V

STEEL
YIELD STRENGTH 60000 (PSI),

MODULUS OF ELASTICITY 29000 (ASI),

4 YIELD STRATu 00207
$ MODULAR RATIO 6.76

STRENGTH RATIO 12.00
:i

,

- FORM CS-FRC 41
*

__
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E OYSTER CREEK NHCLEAR GENERATING STATION I

SEP TOPIC III-2,'HIGH WIND AND TORNADO LOADS * (' c_3
CONCHETE VENTILATION STACK g cgs

;& ?@> S
!n

r [*** BASIC LUADING T A B L E *** $ gg:j{ [

fE IELEVATION DEAD SERVICE TOTAL WIND'4 WIND MOMENT SHEAR SHEAR I

f[g$
-

iLOAD t.0 ADS LOAD PRESSURE LOAD FORCE STRESS
I(FT) (KIPS) (KIPS) (KIPS) (PSF 1 (KIPS) (K*FT) (KIPS) (PSI) Og

k a
278.00 324.43 13.00 337.43 82.9 83.22 4308.6 83.22 24.22 Q f3 !

7{#
'

248.00 124.05 0.00 461.47 82.9 29.12 7234.8 112.35 25.06 %

218.00 157.35 8.00 626.82 82.9 32.00 11079.0 144.42 25.90 gs je!?
KR I188.00 194.39 0.00 821.21 82.9 35.02 15929.7 179.44 26.18 (

158.00 235.23 6.00 1062.44 82.9 37.96 21875.1 217.41 26.54 J- 4'

113.00 447.66 6.00 1516.09 82.9 62.47 33039.0 279.88 25.65 f :

75.00 470.57 5.00 1991.66 82.9 57.93 44759.9 337.80 26.37 % !

68.00 115.18 0.00 2106.84 82.9 11.19 47163.6 348.99 18.64 ' '

60.00 180.46 0.00 2287.30 82.9 12.98 50007.3 361.97 14.72 QI J
23.00 797.01 77.00 3161.31 82.9 62.76 64547.4 424.73 25.99 k\ Q. I

k23.00 0.00 0.00 3161.31 82.9 0.00 64547.4 424.73 18.07 h
23.00 0.00 0.00 3161.31 82.9 0.00 64547.4 424.73 18.87 o .s
-3.00 584.31 174.00 3919.62 0.0 0.00 75590.5 424.73 20.8b ') i'

\ vg
% a

(0 SMEO o.J Uso mfh usuoseaxo h y,

! $ i
8 0 tj

C!
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5.7.3 stack

) '

q
O Asgted half-space daJaping ratios were used for the two stack SSI

analyses. Case 51 used a shear modulus of 1500 ksf and a stiffness

j| comprising the half-space stiffness plus the stiffness due to embed:sent,

N as calculated by Novak's method. Case $2 used the Fork River shear

[ modulus G and as-computed : nodal danping ratios.

Computed values of natural periods and associated composite modal
- damping ratios for Cases 31 and $2 are shown in Table 14.
,

n

: 'mBLE 14. Ventilation stack natural frequencies and modal damping values.
a

j Case 51 Case S2 4

! Mode Period Composite modal Period Composite modalj number (s) damping ratio (s) damping catio
.{ -

| 1 1.791 5 *.n~3 0.094 1.791 0.094
I 2 0.586 o 4 3 a.7c6 .097 0.586 .0972
1

3 .264 h * L75~1 .110 .256 .110

4 .180 /4 e f.iisi. 472 .179 .472

[ 5 .155 fev4.f72 .150 .155 .150
j 6 .112 47, .204 .112 .204

7 .035 .133 .085 .134

6 .0 80 .157 .080 .157

9 .063 .106 .062 .106-

q
; 10 .048 .101 .048 .101

'4

j 11 .043 .112 .043 .112

c) 12 .038 .100 .038 .100

13 .031 .100 .031 .100

{ 14 0.029 0.105 0.029 0.105
i

-
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Strouhal Number
TNE of the Strouhai Number with Reynolds Num-
ber and surface roughness (1,2)is shownin figure 1. Depen-

g
ding on surface roughness. regular shedding can occur over g g #"'#d'. g 4 d n D3

j

a, ,

'' ' virtumly au Reynolds Numbers although for smooth cylin-

}, ders there is a range in which the snedding is aceriodic and

b
its lefluence very minor. If toaghness is to be %nored the # d ##'d ## 4
Strouhal Number can be apprommated as bemg 0.19 foei

k 'Ae < 10' W 0.25 for Me > 30*. ,,
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CRACKED RING NODEL OF R.C.CHINNEYS. USED TO STUDY
THE STRESS RESULTANTS OF 2HE SECTION DUE TD RADIAL

[ PRES 8URE LOADS. THE PRESSURE DISTRIBUTION IS BASED
t ON A NIGN RETNOLD'S NUMBER WIND FLOW (10ee7,R08HKO) |

'

KEY TO VARIABLES:
' ' * *

Ps STACNATION PRES 8URE-
i

Se HOOP REth. SFACING.

IRe CHIMNEY RADIUS-

> w s,.,,oua ,,r autae se so *w |
*

*PRES 8URE LOADING TABLE

4 PNT , ANGLE HORIZ VERT FORCE FH FV
(DEG) (R) (R) (P*B8R) (PSB*R) (P8ReR)'

1 5.00 0.0872 0.9962 0.16493 =0.01437 =0.16431
2 15.00 0.2988 0.9659 0.12828 =0.03320 =0.12391

j 3 25.00 0.4226 0.'9 63 0.06196 =0.02619 =0.05615
# 4 35.00 0.5736 0.8192 =0.02007 0.01151 0.01644
$; 5 45.00 0.7071 0.7071 =0.12479 0.0RR24 0.08924

6 55.00 0.8192 0.5734 =0.23300 0.19086 0.13364
) 7 65.00 0.9063 0.4226 =0.31416 0.28472 0.13277
| 8 75.00 0.9659 0.2598 =0.34558 0.33380 0.08944
'| 9 *5.00 0.9167 0.ge72 =0.31416 0.31296 0.02738

10 9b.00 0.9967 =v.od72 =0.*e3998 0.23907 =0.02092
0 11 105.00 0.9659 =0.2588 =0.17017 0.16437 =0.04404

12 115.00 0.9063 =0.4226 =0.14661 0.13287 =0.06196
13 125.00 0.8192 =0.5736 =0.14661 0.12009 =0.08409
14 135.00 0.7071 =0.7071 =0.14661 0.10367 =0.10367
15 145.00 0.5736 =0.8192 =0.14661 0.08409 =0.12009
16 155.00 0.4226 =0.9063 =0.14661 0.06196 =0.13287
17 165.00 0.2588 =0.9659 =0.14661 0.03794 =0.14161
18 175.00 0.0872 =0.9962 =0.14661 0.01278 =0.14405

L

CUT LOCATION TARLC
m to77 4.at411t39 614M.f ja *

CUT ANGLM NORIZ VERT
(DEG) (R) (RJ

1 10.00 0.1736 0.9348
2- 20.00 0.3420 0.0397 '

3 30.00 0.5400 0.8669 -

,

i 4 40.00 0.642F 0.7660
5 50.00 0.7660 0.6428
6 60.00 0.8660 0.5000'

7 70.00 0.9397 0.3420
8 80.00 0.9R48 0.1736 . < '
9 90.00 1.0000 0.0000 ..

10 100.00 0.9848 =0.1736 i
11 110.00 0.9397 =0.3420 -

j 12 120.00 0.8660 -0.5000 ,

13 130.00 0.7660 -0.6428 -

14 140.00 0.6428 =0.7660 .

15 150.00 0.5000 =0.8660
16 160.00 0.3420 -0.9397>'
17 170.00 0.1736 =0.9848 J

'

I18 100.00 0.0000 -1.0000 *

h Poma8 CMaC8'
_
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64 w 4,t.aar.4
FREE-FIXED MODEL .,f m, ,

/
b >

CUT MOMENT AXIAL SHEAR TOTFH TOTFV ANGLE
(P*88R**2) (P*B*R) (PSB*R) (PSB*R) (P*B*R) (DEG)

'

1 -0.01437 0.00000 -0.16493 =0.01437 -0.16431 10.00000
2 -0.05387 0.02228 =0.29127 =0.04758 -0.28822 20.00000

! 3 -0.10831 0.04347 -0.34949 =0.07376 -0.34437 30.00000
4 =0.16310 0.03343 =0.33211 -0.06225 -0.32793 40.00000

- 5 -0.20032 =0.04678 =0.23651 0.02599 =0.23969 50.00000
Il 6 -0.20026 -0.22527 =0.08674 0.21685 =0.10604 60.00000
.j 7 =0.14644 =0.49734 0.07034 0.50158 0.02672 70.00000

8 -0.03066 -0.d2208 0.18853 0.83538 0.11617 80.00000
9 0.14355 -1.13146 0.24309 1.14834 0.14355 90.00000,

10 0.36169 -1.37145 0.24309 1.38741 0.12263 100.00000
11 0.60459 =1.53903 0.21354 1.55178 0.07859 110.00000
12 0.85673 -1.67680 0.16339 1.68466 0.01663 120.00000
13 1.10839 -1.80376 0.09009 1.80475 -0,06746 130.00000
14 1.35193 -1.91607 =0.00415 1.90842 -0.17113 140.00000
15 1.57995 -2.01031 -0.11646 1.99251 -0.29122 150.00000
16 1.78552 -2.08361 =0.24342 2.05447 -0.42409 160.00000

- 17 1.96239 -2.13375 -0.38119 2.09241 -0.56571 170.00000
18 2.10519 -2.15921 -0.52557 2.10519 -0.71176 100.00000
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DEFLECTION YABLE
{ FOR h ;i-;

| K4 a - r k . o N ao a .- % yW
3 a

s ,

Ph? DELXN DELYN DLLhA CHORD CUTX CUTY DEBUG E i

(K) (K) (L) (R) (K) (K) (R4) f
U

N i
1 -0.02250 -0.25s05 -0.32924 0.00724 -0.02303 -0.20675 1.57050 s
2 -0.05196 -0.19391 -0.25219 0.26105 -0.06055 -0.25910 1.56490 y f$'

I
3 -0.04043 -0.00671 -0.11011 0.43200 -0.05150 -0.13663 1.34414 s R4 0.01727 0.02467 0.03o51 0.o0141 0.02300 0.04561 1.50029 S f Q.5 0.12602 0.12602 0.21303 0.76537 0.10041 0.27645 1.42010 Eyg g6 0.25304 0.17710 0.36665 0.92350 0.40930 0.47752 1.32575 y je * :

,

7 0.34027 0.15067 0.44e9J 1.07460 0.59832 0.56372 1.19500 8 ?.
0 0.34759 0.09314 0.43502 1.21752 0.67001 0.51333 1.04130 g 4 '

9 0.27304 0.02309 0.34154 1.35110 0.50402 0.36413 0.07244 5
10 0.16495 -0.01461 3.21907 1.47455 0.40511 0.20363 0.69835 '{ !

,

i 11 0.00703 -0.02332 0.12613 1.50671 0.24500 0.09051 0.52950 a
s *,. ,y12 0.04992 -0.02320 0.00465 1.60670 0.17035 ,0.05 44 0.37572 h a

l. ;13 0.02943 -0.02061 0.06252 1.77402 0.12700 0.03061 0.24504 4
* '

14 0.01479 -0.01479 0.04294 1.04776 0.00010 0.01557 0.14270 g,
15 0.00593 -0.00047 0.02651 1.90743 0.05416 0.00674 0.07051
16 0.00165 -0.00351 0.01374 1.95259 0.02704 0.00226 0.02666 [ f,p

s

i17 0.00022 -0.00004 0.00500 1.90209 0.01004 0.00046 0.00590 g q
10 0.00000 -0.00003 0.00056 1.99010 0.00112 0.00002 0.00022 (3 k

TOTAL DEFLECTION AT CUT o do
X-DIRECTION 3.46926*(A) ( i 0

"Y-DIRECTION 1. 96903 s (g() g
9

kap *B8R**4/EI

| LaPSB*R**3/EI D
'

k E
i A. 4 g -

,
sm.wrx. Ase.ccmwr Ar Amr 4 ou ra /*Ao| = <trX ' y | |

y c
|

N*
D<

| |'
i

<1rn* ~ ~uxnue s
-

,
,e e s y

j# e t

i

_ .__i



- _ - - - - - - - - - - - - - - - - _ - - - - - - _ - _ - - - _ - - - - - - - _ - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ - - - - - - - - _ ,

.

. ..

.

$

l Project Page

d c; - G~a; - u; 5'- 4.s
0 'l Franklin Research Centerl ,, o ,,, cy , ., o,,, , , , , o ,,

A DMason of The FranWin Insttute , - . , ,,

n s.w= r, a p m. ea oos 5. -

T.tte
~ fELd?'/GA) bNdLyf/f rG4 fM42"= *-YXt*f) NW.37 &A,el f f $**at*,, $'%.fie M Ai dd

p

N
| 1% A<sz - f)xa-d Nooa7s

Nf \ Y* $fg11,. YfAef/J^}~

L -W
? *e / \\
h h Gs 7
fq f, ~7/*- fr///N 84 er.7. = NL die
+ s ,o = =-c.

n'g*1 ,/|
~

-
t V was.-rg6-w)

,
;

.: v. r r#x 6-uose ws7)nz 8
, ,x

.,

.

7'x' (a -zsme +2 * !sW9
"-

j zer z. + o
'!
.:

YE . I |-f'>[Re

''zeT -

d

k na amw,+vo's %, .XT , - k = six57
.o 27 24"I

6

I*dAT $ 7* 47[*

L
14"I

L:
.c

kl

1

,

li

4

,o. me.
<

___ _ _ _ _ _ _ _ _ . _ - _ _ _ _ . _ _ _ _ . - - _ _ , - - _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ d



. . . . .- . . ....

., . .
I

*

t
'

ah '"''*' c .; m ; - x ; '"*G 'i
I [ J Franklin Research Center ,, o. . env. o. . n. o. .

.

^ "*,.*"rL*?.l.*'L"I"?E kJ6.

F Titi.

$a w now rs' //ncs S ke~d // ads L

F Z a y 6 * p* a rJig s |r v ,
A 14 M x .c//nsN4 krord he Sr. ira M i?2:4~ ns.i"'~ x A .,

w! _

_

_i |
, - 7

-

f Ch u Czaresf fee" TO N W 5 7et'? Ta noftJ N w d y-

' d4t.x .s/rsand D&d"-ra Destox^enen of' aw ft,r.s,, t .o
,

a
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43 *' j 77 7A' I
'3 . 4 Cg

44d J% etr~~ 4g2 43 9 7"= & f88
i

/.~1" 77'

MOMENT RESULTANT TABLE
' ' Gr= die 7~ Nient 47 4 fee m d FOR

.

HINGE = FIXED MODEL

N7N #~#* ~

ANGLE dET M0HENT
(DEG) (P*899**2)'

**d4*fWN**[i.D~hid)) "'i> 10.00000 =0.02556
w

/.s"/r 20.00000 -0.09427
30.00000 -0.20694
10.00000 -0.33534
$0.00000 -0.46330

. M rta~ &w TNr~ R tt*****dAf*0 W it f &;

60,00000 =0,ssg36
'

c(4xf # d'/La~N W MF 70.00000 =0.63064
80.00000 =0.63902
90.00000 -0.59265

100.00000 =0.50235.
'

110.00000 -0.383404 120.00000 -0.247b7
1 130.00000 -0.10103j 140.00000 0.05177

150.00000 0.20614.' 160.00000 0.35752'

170.00000 0.50117
180.00000 0.63279

lj ronu co ences
L
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HINGE-HINGC MODEL,

:i He u a y 3' 74 4 x 4.vaa.;~ 7'd.ftert/W .f.o TNAf TN."
L ANGLE NET MOMENT

ft;Ytw mar,s= or 7kr tWsM4sc'5/ N' M 4Mdds'* (DEC) (FSB4R**2)
D, / 10.00000 -0.0J037
C 20.00000 -0.11735
}| N taymcstnN (Av47' C/4tM'Artar/AL,. 97Vesks). 3n,onnnn .o,y4a33

40.00000 -0.40936'<

50.00000 -0.57632
' 60.00000 -0.72656

70.00000 -0.83902
80.00000 -0.90047
90.00000 -0.90905

100.00000 =0.87369
110.00000 -0.80801
120.00000 =0.72216
130.00000 -0.62000
140.00000 -0.50700 '

150.00000 -0.39422
: 160.00000 -0.25619

170.00000 =0.12681y

180.00000 0.000u0g
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