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JOHN A. BLUME
J. P. NICOLETT!
H. J. SEXTON

JOHN ‘A. BLUME & ASSOCIATES, ENGINEERS R L SHARPE

512 HOWARD STREET o SAN FRANCISCO, CALIFORNIA 94105 (418) 397-2525

D. M. TEIXEIRA

July 15, 1966

General Electric Company
175 Curtner Street
San Jose, California

Attention: Mr. R. B. Gile
Subject: Earthquake Design Criteria
for the Monticello Nuclear
Generation Plant

Gentlemen:

Transmitted herewith is our recommended earthquake design
criteria for the subject project.

Since not all field data have yet been made available it will

be necessary that we review the findings presented herein, We do not
however, expect drastic changes in these criteria.

Very truly yours,

H. ,J Sexton,
Vice President and Chief Engineer

-

JOHN A. BLU% ASSOCIATES, ENGINEERS
’
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. JOHN A, BLIME

J. P ISICOLETTE

H. J..SEXTOMN
COHMO A dLUMT § ASSOCIATES, ENGINEERS PoL SHaseR
JHOY D STREET = Lt - T30 CALIFON A §4:05 e (415) 397.25.5 D. M TEixuEa

February 6, 1967

General Electric Company
Atomic Power Equipment Dept.
175 Curtner Street

San Jose, California 95103

Attention: Mr. R. B. Gile
MC-750

SUBJECT: Monticello Nuclear Plant

Gentlemen:

" The following telegram was sent to Northern States Power Company
this date: .

MR. A. V. DIENHART
NORTHERN STATES POWER CO.
414 NICOLLET AVENUE
- MINNEAPOLIS, MINNESOTA

SUBJECT: MONTICELLO NUCLEAR PLANT

REFERENCE OUR LETTER TO GENERAL ELECTRIC DATED
SEPTEMBER 30, 1966. WHEN LETTER WAS WRITTEN WE WERE
AWARE THAT THE CLAY LAYER WAS TO BE REMOVED AND
REPLACED WITH A COMPACTED GRANULAR FILL. 1IT IS OUR
OPINION THAT THE GROUND ACCELERATION AND RESPONSE
SPECTRA DATA PRESENTED IN OUR REPORT OF JUly 15, 1966
ARE STILL VALID.

Reference is made to our letter of September 30, 1966. At the time
of this letter we were aware that the clay layer assumed to underlie the
reactor building foundation was to be removed and replaced with a compacted
granular f£ill. Since this layer is assumed to be only about 15 feet in
depth, it is our opinion that changing the clay layer to a granular fill
layer will have no effect on the earthquake criteria.

A.1-iii
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General Electric Co. -2- February 6, 1967

Your attention is invited to the end of the first sentence of the
above-referenced letter. The date of the dynamic response report was
listed as July 17, 1966. This should be revised to July 7, 1966. For
your information we are transmitting herewith two (2) copies of the
Dynamic-Response Data Investigation.

Very truly yours,
JOHN A. BLUME & ASSOCIATES, ENGINEERS
. /3
< f/uc/( {
- /

E. J. Keith
Assistant Vice President

Enclosures '
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JOHN A. BLUME

J. P. NICOLETTI

H., J4. .SExTOnN

JOHit A, KIUME & ASSOCIATES, ENGINEERS R L SHereE

alT mOVCARL © BT e SAN FRANCISCO, CALIEDRNIA 94125 « (215) 397.2525 0. M. TEIFEIRA

September 30, 1966

Tenerzl Zlectric Company

Atociz Power Zquipment Department
75 Curtner

San Jose, California

ATTENTION: Mr. R. B, Gile, MC-T50

SUBJECT: Earthquake Design Criteria for the
Monticello Nuclear Generation Plant

Gentlemen:

We have reviewed the Dames & Moore Report of Foundation Investiga-
tion, Proposed Nulcear Power Plant - Unit Number 1 for the Northern States
Power Company dated July 27, 1966 and the report on the Dynamic Response
Data Investigation, Proposed Nuclear Power Plant, Monticello, Minnesoto
Tor Northern States Power Company dated July 17, 1966. The data pro-
vided therein have no effect on .the results of the report to you dated
July 15, 1966 and the findings therein are sound.

Very truly yours,

JOHN A. BLUME & ASSOCTATES, ENGINEERS
/ lg&

. .--Sexton
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PRELIMINARY EARTHQUAKE DESIGN CRITERIA

FOR THE

MONTICELLO NUCLEAR GENERATION PLANT

NEAR

MONTICELLO, MINNESOTA

This report is based on preliminary geologic and soil data
furnished by Dames and Moore, foundation engineers, and the assump-
tion that the reactor-building is founded in.a 15-foot layer of stiff clay
immediately above sandstone. When final earth science reports are
available this report will be reviewed and revised if necessary.

The proposed site is located near the right bank of the Mississippi

River in Wright County, Minnesota at about latitude 45° 20' North and
Longitude 93° 50' West, approximately 30 miles northwest of Minneapolis.

JOHN A BLUME & ASSOCIATES. ENGINEE RS
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GEOLOGY

Regional Geology - The basement rocks of Minnesota, some as old
as Precambrian, generally are covered by Pleistocene glacial debris
and younger alluvial deposits, Volcanic rocks occur in some areas,
Sediments of these types rest on glacially-carved bedrock of sandstone
and shale in turn underlain by weathered granite rocks. The bedrock
surface slopes east to southeast.

The Minnesota area here discussed is part of a deep, southerly-
trending trough in which were deposited sediments and volcanics dur-
ing later Precambrian and Paleozoic time. Paleozoic rocks are
exposed in the southern part of the trough and, in the Minneapolis-St.
Paul area, form an artesian basin.

Regional Faulting - The results of regional geophysical surveys indi-
cate that a major fault system of Precambrian age may be present in
the region. Displacements of thousands of feet are believed to have
occurred on the faults in Precambrian time and displacements of
lesser magnitude in Paleozoic time. There is no evidence of faulting
in the last few million years.

Two lobes of ice, both of the Wisconsin glacial stage, advanced
across the region, the older from the Lake Superior area and the other
from the southwest. Both left terminal moraines, the moraines of the
older of the lobes being immediately south of the present-day Mississ-
ippi River.

The depths of stream channels cut in the area in pre-glaciation
time not only may be greater than that of the Mississippi River, but
they also bear no directional relationship to present-day channel.
The locating of these old channels is hindered by lack of bore-hole
information.

Site Geology - Decomposed igneous rocks of Precambrian age lie at

a depth of about 70 feet at the site. These rocks are overlain by 10 to

15 feet of sandstone which, although in places weathered and friable,

is in general moderately well cemented. The sandstone is in turn over-
lain by approximately 50 feet of glacial and alluvial debris consisting of
sands and gravels. In the reactor-building area, the sandstone is over-
lain by clay of variable thickness. It is not presently known whether or not
the building will be founded in this clay.

Borings and well information in the vicinity of Monticello - about
2-3/4 miles east of the site - indicate that that locality is underlain by
150 to 200 feet of unconsolidated alluvium and glacial drift which in turn

JOHN A, BLUME & ASSOCIATES, ENGINEERS
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. overlie sandstone and shale; granite at that locality lies at a depth
greater than 500 feet. The indication is therefore, that the rock
and soil units at the site slope eastward toward the sedimentary
basin and its artesian ground-water aquifers

PN

o
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SEISMOLOGY

Seismic History - Table A numerically lists the earthquakes in the
general region in and around Minnesota. Those more applicable to
the site are plotted on Plate I. The earliest earthquake on record oc-
curred in 1860 in central Minnesota, thus the record here is for only
some ninety years., During that period the historical earthquakes have
had little effect at the proposed site.

Faulting in Area - The nearest known or inferred fault - the Douglas
Fault - is 23 miles southeast of the site (Plate 2). According to
referenced geological information, there is no indication that faulting
has affected the area of the site in the last few million years. The
major fault system of Precambrian age, which is associated with the
Precambrian structural trough, is also seen on Plate 2. Major move-
ments of thousands of feet along this system appear to have been
restricted to Precambrian time, with minor displacements having oc-
curred during the Paleozoic. Faulting within recent geologic time is
not in evidence,

Richter's Seismic Regionalization Map (Plate A, Appendix)
shows the area of the site in a probable maximum intensity of VII, -4~
Modified Mercalli, This intensity has been based on the area's rela-
tionship to the Canadian shield. Stable shields in other continents are
usually fringed by belts of moderate seismicity, with occasionally large
earthquakes. Historically, this area is too young to prove or disprove
such seismic activity.

The Coast and Geodetic Survey's Seismic Probability Map of the
United States (Plate B in Appendix) assigns the area to Zone 0 - no dam-
age.

It is our opinion that neither the regionalization nor the probability
map is satisfactory in determining a proper seismic factor if considered
alone., Each, however, is based on judgment and fact which, when
weighed with other data, become more meaningful. In the case at hand,
the assignment of an VIII as the largest probable intensity for general
area must be tempered by the fact that the intensity at or near the sand-
stone will be much less than that experienced in areas of less competent
material, where invariably the maximum damage is sustained.

Earthquakes can and do occur in this region away from faults, and
probably result from residual stresses due to recent glaciers. A quake
similar to Nos, 12 and 24 was postulated near the site and using the
dynamic response data obtained insitu, the Taft earthquake of July 21,1952

JOHN A. BLUME & ASSOCIATES. ENGINEERS



North 69 West component with an applied factor of 0.33 was selected
as best representative for the design earthquake. FPlate 3 shows
single-mass spectra when averaged. Recommended design criteria
follow which utilize this earthquake record.

A.1-5
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RECOMMENDED EARTHQUAKE DESIGN PROCEDURES

For purposes of design, structures (buildings or equipment) are
divided into two classes:

Type I. Those structures whose failure may damage vital equipment and
thus might cause a nuclear incident.

Type II. Those structures whose failure could cause no nuclear incident.

Recommended Procedures for Type I Structures and Equipment

1. For structures or equipment founded directly on soil, a struc-
tural design shall first be executed based on estimated seismic shears,
moments, and displacements, The structures thus designed shall then
be subjected to a dynamic analysis using the spectra on Plate 3 and damp-
ing values from Table 1. Sufficient modes shall be included to assure
participation of all modes having a period greater than 0,08 second. A
vertical ground acceleration of two-thirds the horizontal ground accelera-
tion shall be applied to the structure and resulting stresses due to hori-
zontal and vertical accelerations shall be considered to act simultaneously -6~
and shall be added directly. When combined with stresses from operating
conditions, the resulting stresses shall comply with applicable codes
without the usual fractional increase for short-term loading. The final
design shall be reviewed for compliance with local requirements. If com-
puterized methods of dynamic analysis are used, the mathematical model
may be subjected to an excursion through the Taft earthquake of July 21,
1952 North 69 West component with an applied factor of 0. 33. After this
has been satisfied, the structure shall be examined under values of twice
those given in Plate 3 or a dynamic excursion through the Taft earthquake
of July 21, 1952 North 69 West component, with an applied factor of 0. 66,
As before, horizontal and vertical seismic components shall be considered
with other appropriate loads, but in this case vertical ground accelerations
shall be 0.08g. Under this loading condition there shall be no failure that
could cause injury or prevent a safe shutdown during or after the earth-
quake.

2. Structures or equipment supported in or on other structures or
equipment are placed into three categories based on their natural frequency
and the predominant frequency of the supporting structure:

(1) Rigid category: -i—'fnl - 2.0

(2) Resonance category: 0.7 < fm . 2.0

(3) Flexible category: i;.’l < 0.7

JOHN A. BLUME & ASSOCIATES, ENGINEERS




A.1-7

Where:

fm is the natural frequency of the mechanical structure
or equipment, and f is a predomninant frequency of sup-
porting structure at the location of installation.

(1) For Rigid Category: Because of the high frequency,
the design shall be based on an acceleration corresponding to the maxi-
mum acceleration experienced by the supporting structure at the loca-
tion of equipment support,

(2) For Resonance Category: Elimination of resonance
phenomena is one of the principles of the design. In order to eliminate
resonance vibration some modification of the natural frequency of the
supporting structure may be required. In case the resonance vibration
cannot be avoided, prevention of large amplitudes by means of damping
devicesis requiredor dynamic design considering resonance vibration
is required. In case the mass of the object is such as to produce an
""Appendage'' condition with large deflections and accelerations, a thorough
dynamic study will be performed. Should the restriction of vibration be
enough to make the object rigid, examination for rigid category is also
required, -7-

(3) For Flexible Category: Those items which are desig-
nated as flexible will be designed using induced accelerations correspond-
ing with their frequencies. Careful examinations will be made concerning
objects coming into contact because of excessive displacements,

3. - For structures and equipment too complex for direct anaiytical

procedures, vibration tests should be performed to establish the earth-
quake-resistant capabilities.

JOHN A, BLUME & ASSOCIATES, ENGINEERS




TABLE 1

A.1-8

RECOMMENDED DAMPING VALUES

Item

Reactor-building (massive construc-
tion with many cross walls and
equipment and providing only
secondary containment

Thin-shell and prestressed concrete
structures

Steel structures

Vital piping systems

Ground rocking modes of vibration

Percent Critical Damping

5.0

oon
o un o

Recommended Procedures For Type I Structures and Equipment

It is recommended that Type II structures and equipment be de- -8-
signed on basis of a minimum seismic horizontal coefficient of 0. 10 L
with a one-third allowable increase in basic stress. Allowable in- .
crease in soil stresses if any, must be taken from recommendations
of the Soils Engineer. All equipment should be so bolted or fastened
that-its displacement will not occur if friction is non existent,

JOHN A. BLUME & ASSOCIATES, ENGINEERS
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TABLE A

SEISMIC HISTORY OF THE REGION

Intensity

Place

(MM.)

Remarks

1860

Central Minn. -

Unknown

* Indicates epicenter
not plotted on map

10/9/1872

Sioux City, L2 .7
Jowa

\

Felt over
miles.

3,000 square

11/15/1877

Bast Neb. k1.0

Felt over

140,000 square

7/28/1902

East Neb. k2.5

Felt over
miles.

35,000 square

7/26/1905

Calumet, Mich. k7.3

Felt over
miles.

16,000 square

5/9/1906

Washabaugh
County, S. D.

L3.0

Felt over
miles.

8,000 square

5/26/1906

Keewenaw Peninsula,
Michigan 47.3

Felt over
miles.

1,000 square

5/15/1909

Carada, felt to 50.0
South

Felt over
miles.

500,000 square

5/26 /1909

Dixon, Ill. 42.5

Felt over
miles.

40,000 square

10/22/1909

Sterling, Ill. 41.6

6/2/1911

- South Dak.

Lh .2

Felt over
miles.

40,000 square

9/3/19/1

L6.3

Minnesota

Felt over
miles.

10,000 square

2/38/1925

Canada L8.2

Felt over
miles.

2,000,000 square

10/6/1929

Yankton, S.D. 42.8

1/17/1931

White Lake, S.D. u43.8

11/12/1934

Rock Island & b1,k

Moline, Il11l.
Davenport, Iowa

3/1/1935

Eastern Neb. 40.3

Felt over
miles.

50,000 square

11/1/1935

Canada 46.8

Felt over 1,000,000 square
miles, felt in Minn.

JOHN A. BLUME & ASSOCIATES, ENGINEERS
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Location Intensity
No. Date Place N.Lat W.Long (M.M.) Remarks
19  11/1/1935 Egan, S.D. Lh,0  96.6 v (est.)
20 10/1/1938 Siox Falls, 4L3.5  96.6 '/ Felt over 3,000 square
. S.D. miles. :
21 1/28/1939 Detroit Lake, 46.9  95.5 V (est.)
. Minn.
22 6/10/1939 Fairfax, S.D. 43,1 98.8 VI (est.)
23 7/23/1946 Wessington, S.D. Lk.5 98.7 VI (est.)
2k 5/6/1947 Milwaukee Area k2.9 87.9 ViI Felt Sheboygon to
. Kenosha.
25 2/15/1950 Alexandria, Minn. 45.7  94.8 V-VI{est.)
26 1/6/1955  Hancock, Mich. 47.3 884 V¥
27 12/3/1957 Mitchell, S.D. 43.8 98.0 v
- 28 1/12/1959 Doland, S.D. Lh.9  98.0 v
29 12/31/1961 W.Pierre, S.D. L.,k 100.5 VI

JCHN A, BLUME & ASSOCIATES, ENGINEEZRS
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1v.

V.

VIL

VIIL

1X.

XL

XIL

TABLE 2

MODIFIED MERCALLI INTENSITY SCALE OF 1931

. (Abridged)

Not felt except by a very few under especially favorable circumstances.

Felt only by a few persons at rest, especially on upper floors of buildings. Delicately suspended
objects may swing.

Felt quite noticeably indoors, especially on upper floors of buildings, but many people do not
recognize it as an earthquake. Standing motor cars may rock slightly.  Vibration like passing
of truck. Duration estimated.

During the day felt indoors by many, outdoors by few. At night some awakened. Dishes, windows,
doors disturbed, walls make creaking sound. Sensation like heavy truck striking building. Standing
motor cars rocked noticeably.

Felt by nearly everyone, many awakened. Some dishes, windows, etc., broken; a few instances
of cracked plaster; unstable objects overturned. Disturbance of trees, poles, and other tall objects
sometimes noticed. Pendulum clocks may stop.

Felt by all, many frightened and run outdoors. Some heavy fumniture moved; a few instances of
fallen plaster or damaged chimneys. Damage slight.

Everybody runs outdoors. Damage negligitle in buildings of good design and construction; slight to
moderate in well-built ordinary structures; considerable in poorly built or badly designed structures;
some chimneys broken. Noticed by persons driving motor cars.

Damage slight in specially designed structures; considerabie in ordinary substantial buildings with
pamtial collapse; great in poorly built structures. Panel walls thrown out of frame structures.

Fall of chimneys, factory stacks, columns, monuments, walls. Heavy furniture overtumed.
Sand and mud ejected in small amounts. Changes in well water. Disturbs persons driving motor
cars.

Damage considerable in specially designed structures; well-designed frame structures thrown out of
plumb; great in substantial buildings, with partial collapse. Buildings shifted off foundations.
Ground cracked conspicuously. Underground pipes broken.

Some well-built wooden structures destroyed; most masonry and frame structures destroved with

foundations; ground badly cracked. Rails bent. Landslides considerable from river banks and
steep slopes.  Shifted sand and mud. Water splashed (slopped) over banks.

Few, if any (masonfy), structures remain standing. Bridges destroyed. Broad fissures in ground.
Underground pipe lines completely out of service. Earth slumps and land slips in soft ground.
Rails bent greatly.

Damage total. Waves seen on ground surfaces. Lines of sight and level distorted. Objects
thrown upward into the air.

JOHN A. BLUME & ASSOCIATES. ENGINEZ
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MONTICELLO NUCLEAR GENERATION PLANT

EARTHQUAKE ANALYSIS:
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JOHN A BLUME

f. | JOKN A BLUME & ASSOCIATES, ENGINEERS oo
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General Electric Company

Atomic Power Equipment Department
175 Curtner Street

San Jose, California

ATTENTION: Mr. R. B. Gile
SUBJECT: Monticello Nuclear Generation Plant
Earthquake Analysis of the
Reactor Building
\ Gentlemen:
. ~ Transmitted herein 1s the subject report based on the

information furnished us by General Electric Company, and as
listed in the references.

The analysis consists of an investigation of the coupled
flexural dynamic response and the rocking dynamic response of
the subject building including appendage, the results of which
are presented in the report. This analysis is based upon the
preliminary building drawings listed in the reference which
were furnished to facilitate the preparation of the subject
earthquake report. The results presented herein should be used
in producing the final building design drawings, and these fi-
nal drawings should then be reviewed to determine if any changes
in the buillding's structural properties warrant a further earth-
Qquake analysis.

Very truly yours,
JOHN A. BLUME & ASSOCIATES, ENGINEERS

Z. ¢ -Kecth

E. J. Keith
Assistant Vice President
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MONTICELIQO NUCLEAR GENERATION PLANT

REACTOR BUILDING

SEISMIC ANALYSIS

INTRODUCTION

The purpose of this report is to summarize the results of the seis-
mic investigation of the Monticello Nuclear Generation Plant Reactor Build-
ing. Based upon the recommended earthquake design criteria established
for the Plant, design envelopes of maximum acceleration, displacement,
shear, and overturning moment versus height of the bullding have been de-

veloped for both directions and are herein presented.

DESIGN CRITERIA

Based upon data developed by John A. Blume & Associates, Engineers
(Reference 6), the design earthquake established for this analysis is the
North'69O West Component of the 1952 Taft earthquake, normalized to a max-
imum ground acceleration of 0.06 gravity.

BUILDING DESCRIPTION

The reactor building is a reinforced concrete structure from its
foundation at elevation 890'-3" to elevation 1027'-8". (See Sheets 10
through 15 & 18). At this level a steel framed top story has been
placed.

The arrangement of the framing of this top story is indicated on
Sheet SK-CL1D of the Bechtel drawings. (See Reference 1 and also Sheets
16 through 18). The lateral bracing elements at the top story are as
shown on Sheet 17.

JOHN A, BLUME & ASSOCIATES. ENGINEER
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The reactor building is founded on medium sand with some gravel at
an elevation of 890'-3". The foundation of this building is of reinforced
concrete having plan dimensions of 143'-6" by 1L40'-6". At elevation 935'-
0", the building has plan dimensions of 137'=6" by 137'-6" with an appen-
dage of 57'-0" by 28'=-6". This configuration of concrete building is main-
tained to elevation 1001'-2" where the dimensions of the structure diminish
to 137'-6" by 105'-3".

METHOD OF ANALYSIS

For the dynamic response analysis, the equivalent mass system shown

on Sheet 1 was selected to approximate the reactor building. Masses were
lumped at each floor level except that the top story steel frame was ap-
proximated by an equivalent two-mass system. ‘
Tach story level mass represents the mass of the concrete and equip-
ment at each floor and the tributary mass of the concrete walls and equip-
ment tetween adjacent floors. The top story masses are similarly deve-
loped but include the tributary mass of the walls, frame, bridge crane, -
and the mechanical equipment of the top story. .
The average area and moment of inertia of the concrete walls between
floors was used to determine the stiffness characteristics between masses.
The steel framed top story, however, was investigated separately. For
this story an equivalent frame stiffness was developed for each direction.
. A value of 3,000,000 psi was assigned as the Elastic Modulus of the con-
crete.
The natural frequencies and mode shapes and the dynamic response of
the equivalent lumped mass system were determined with the aid of an IRM
TO9L digital computer. Three modes were considered with the damping value
assigned as 5 percent for all modes.
The ground motion utilized in determining the dynamic response of the
reactor building has a maximum base acceleration of 0.06 gravity and corre-

sponds to the response spectrum set forth in Reference 6.

L
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ELASTIC SPRINGS
REPRESENTING SOIL CONDITION

References 2 and 12 present the data associated with the granular
material which supports the reactor building. These values are as fol-
lows:

Edyn = 78,500 pounds per square inch.

G = 29,500 pounds per square inch.
" = 0.33 (dimensionless).
p = 135 pounds per cubic foot.

Using these given field determined values the rotational
and lateral foundation spring supports were determined using the following
equations (References 3 and 4):

E
K§= -_—_QXE——"_E = 90.58 ~ kips per cublc foot cweca--- (1)
mVA ( 1-p%)

Tor earthquake in N-S direction:
Kot = 3,299,934,382 kip - feet per radian.

For earthquake in E-W direction:
Koot = L,234,677,410 kip - feet per radian

‘mm'G JFK_

K, = ————— =1,581,549 kips per foOt =m=seecemenaea- (3)
1-p
where: A = Area of foundation base = 21,786.25 square feet

m

0.95
mm'= 0,845 (Table I - 11 of Ref. k)
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ANALYTICAL PROCEDURE

Periods and Mode Shapes

The natural periods of vibration and mode shapes of the mathemati-
cal model are given by Equation (4).

. 2.,
- i P& =
L_E wn -}-i _ =n 9 ------------------ (ll-)
where:
K = ©5tiffness matrix (see Remarks on the Computer Program)
Wn = Natural circular frequencies for the n‘Ell mode
M = Mass matrix
- th .
2 = Mode shape matrix for the n= mode
O = Zero matrix

By use of a computer program the Wn value and the gn matrix for the nzg

mode are obtained.

Generalized Displacement Response

The generalized displacement response of the structure, once the
period and mode shapes have been determined, is given by the following
equation:

?fn(t) AN in (t) + W Y () = Mn'l R (t) 'tfg(t) ----- (5)

where:

Yn(t) = Generalized coordinate matrix

Br, ry s AW (t-T) L. B
=ngv: j6 Ug (t) e"n n( T) sin [Wn (t-w}J 4T -=== (6)

e
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Jn = (Ceneralized mass matrix
R
-1
En = Inverse of the Generalized mass matrix
U_(t) = Earthquake imput ground motion
An = Damping for each mode - taken as 5 percent for all modes
ar = Integration interval used in the step by step solution

of the Duhamel Integral - 0.010 second. (Experience has
shown that excellent accuracy is obtained if the inte-
gration interval 1is less than one tenth of the first mode
period of vibration of the building).

From the Generalized Coordinate matrix the time history of displacements

is found according to Equation (7).

w(t) =2 ¥ (8) e €))
where:
:- [él LY em]
m = Number of modes considered.
Y, (t)
Y, (t)

1) -

poo = =

)

vft! = Displacement = time history matrix

Inertia Forces

The time history of the inertia forces 1s then determined according
to Equation (8).
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a(t)

where:

o)

0 S ————— (8)

[

Matrix of inertia forces for each time increment for

each mass.

Once displacement and inertia force - time histories have been es-
tablished, the time histories of shears, moments, and accelerations are
determined. These records are then enveloped to determine the maximum
values which are then graphically presented in the report and used by the
designer.

Remarks on the Computer Program

1) The computer program used in this analysis was specially designed o
to solve the dynamic response of structures subjected to arbitrary ground ‘
motions. Since the program was written to cover as many structural con-
figurations as possible, the structural member input data for the program,
except for the foundation springs, 1s in the form of member moments of in-
ertias, areas, and effective shear areas. The effects of axial deforma-
tions and shear déformations are included in the calculation of the stiff-

ness matrix.

2) The computer retains the response of each mass for each indivi-
dual mode at each increment of time, and the total response for each incre-
ment of time is obtained by adding together the responses of each mass point
for each mode at a particular instant of time. This results in an exact
combination of mode participation without the necessity of using approxi-

mate methods such as the root-mean-square method.

3) Individual elements in the stiffness matrix are designated Kij and
are stored in the computer such that the i1 value designates the row number
and the j value the column number. Kij is determined by applying a unit

th

displacement at the j ~ point while restraining the other points against

P
‘.

-G

JOHN A. BLUME & ASSOCIATES, ENGINEERS




ith

displacement, and finding the corresponding reaction at the point. In
this ﬁanner the foundatlon spring constants are included in the stiffness
matrix. This procedure couples the foundation springs and elastic springs
of the structural system.

L) The general computer techniques used in this analysis are taken
from References 7, 8, 9, 10 and 11. A simplified block diagram of the
computer program, and the input and output data are shown on Plate A, and

Tables A and B respectively.

A.2-7

JOHN A. BLUME & ASSOCIATES. ENGINEERS




START

READ
INPUT
DATA

MODE

SHAPES

AND
FREQUENCIES
CALCUTLATED

RESPONSE |

PRINT
OUTPUT
DATA

A.2-8

SEE TABLE A
FOR INPUT DATA

(a) STIFFNESS MATRIX, K]
CALCULATED INCLUDING
THE EFFECT OF SPRINGS,

< KG’ and K.«

(b) FIRST THREE NATURAL
PERICDS AND MODE
L SHAPES CALCULATED

TIME HISTORY OF DISPLACEMENTS,
ACCELERATIONS, SHEARS, AND
MOMENTS CALCULATED INCLUDING
FIRST THREE MODES. EXACT
RESPONSE CAICULATED.

SEE TABIE B FOR OUTPUT
DATA PRINTED

SIMPLIFIED BLOCK DIAGRAM

OF DYNAMIC COMPUTER PROGRAM

PLATE A

~8=
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Geometry of Model
a) Vertical distances between mass points
b) Mass point identification
ie: Mass 1

Mass 2

Etc.

2. Cross Section Properties and Poundation Stiffnesses
a) Moments of inertia of columns
o t) Areas of cclumns
. ¢) Shear areas of columns
d) Foundation spring constants Ko K

3. Weights and Masses
a) Weight of each mass point
bh) Mass of each mass point

4, Input Earthquake Data _
a) Input earthquake - time in seconds and acceleration in gravity

units.
| b) ' Time length of earthquake record used - 9.6 seconds of earth-

quake,.
c) Integration interval to be used in step by step solution of
Duhamel Integral (0.010 second).

JOHN A. BLUME & ASSOCIATES, ENGINEERS
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TABLE B

OQUTPUT DATA

Maximum displacement of each mass point.

Maximum absolute accelerations of each mass point.
Maximum shears at each mass point.

Maximum overturning moments at each mass point.

Natural circular frequency of vibration of each mode calculated.

-10-
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DISCUSSION OF RESULTS

Absolute Accelerations

The curves shown on Sheets 2 and 6 gilve an envelope of the maximum
atsolute accelerations with respect to height. These curves can be
used for the seismic design of equipment elements rigidly attached to

hie reactor building, but since the curves given are for absolute accel-
erations the moment, shear and displacement curves presented should he
used in the design of the building. Critical pieces of equipment which
cannot ve definitely assumed as rigid (period greater than 0.05 seccnd)
chall not be designed on the basis of the curves presented, but should
be dynamically investigated, individually, to detérmine the effect of
the interaction of the equipment and buildiné. .

Shears, Moments and Displacements

The maximum envelopes of building design shears, moments and dis-
placements are presented graphically on Sheets 3, 4, 5, 7, 8 and 9.

These curves should be used in the seismic design of the reactor building.

Periods of Vibration

irection of Earthquake First Mode Second Mode Third Mode
(Seconds ) (Seconds) (Seconds)
~ North-South 0. 596 0.211 0.183
East-West 0.549 0.221 0.186
Recommendations

It is recormended that the subject structure be designed to recsist the
seismic shears and moments presented herein without the usual increase in
stress for short term loadings. In addition, the structure should de re-
viewed to assure that it can resist twice the seismic shears and moments
presented herein without hindering the ability of the plant to safely shut
down. In addition to the horizontal accelerations, a vertical building
(and equipment) acceleration of 0.0k gravity, acting simultaneously with

the horizontal accelerations is recommended for design.
-11-
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A.2-33

JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR BUILDING
SEISMIC _ANALYSIS

LUMPED WEIGHTS

WEIGHT | (e€EL.1073'-2")
ROOF = /8 PSF

= 0.0/8x/37.5 x /05.3 = 260.62 K
WALLS = /2 PSF
=0.0/2x(137.5+/05.3)x /4.9 x7 = 86.87
% BRIDGE CRANE = [y (200+57) = /78.50
7 CRANE RAIL = g x134.5 x0 x
x (24224 0./194 +0.,058) = 38.33
SNOW LOAD = /5 PSF
= 0.0/15x(I137.5x105.3) = 217.13
VENT STACK =3.75 x Z& = 4.58
WEIGHT / = 735.98K
WEIGHT 7 (@ EL./045'-8")
WALLS = /2 PSF
= 0.0/2x(1375 +105.3)x 2R.75x2 = [32.5G6K
VENT STACK = 22.75 x & - 7.58

WEIGHT 2 = 140./14 K

SHEET NO. /9




JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR BUILDING
SEISMIC  _ANALYS/S

WEIGHT 3(@ EL./027'-8")
VOLUME OF CONCRETE:

WALLS & COLUMNS RELOW :
/2 x26.50x 2,255.58

Staks @ eL./oe7-8":
C.00 x 8720.49

2.00 x 9,090.]/

. BEAMS !
3.00 x @.00x 756.75
3,00 x '7.05 x [14.00
3.00 x 5.00 x 90.75
2.00 x 4.00x/0.00
SHIELD:

ZR.R25 x 40.8G
TOTAL VOLUME OF CONCRETE

A.2-34

29,886.44 ot°

4,922.94
18,182.27%

4,672!.50
2,394.00
1,3G/.25

800.00

G09.:4

G3,075.49 77}

SHEET NO 22
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A.2-35
JOHN A BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR BUILDING
SEISMIC ANALYS/S

WEIGHT 3 (CONT.)
TOTAL WEIGHT CF CONCRETE =0./15x63075.49 =9,45! .32 K

WALLS AROVE = 0.0/1% x(137.5+/05.3)x9x7 = 572.44
Y BRIDGE CRANE = [78.50
1 CRANE RAIL = 28.353
CRANE COLUMNS = [4x0.074 x25.25 = 16./6
VENT STACK = 22.25 x %% = 7.4
Yo PDRYwWeLL = [20.00
Ys HOIST & SUPPORT STEEL (ASSUMED) = 4 .00
Vs VENTILATION EQUIPMENT (ASSUMER) =  20.00
LINER, POOLS & REACTOR WELL = [/3£.02
V1o ELEVATOR (ASSUMED) = 472.00
Vs MISC. BLECT EQUIPMENT = 50.00
5 MISC. RIRING =  50.00
STUD TENS/IONERS = 1G. 20
JI3 CRANE = 3.00
MISC. LIFTING SLINGS | = [4.00
SHIELDING PLUG OVER VESSEL (@ PCS) = 4000
REFUELING RRIIGE & SERV. PLATFORM = 50.00
Ya WATER IN FUEL STORAGE ROOL = 827.00
WATER -PDRYER & SERLARATOR PooL = 638.00
NEW FUEL STORAGE VAULT

(.5 x@x7) = 108.00

WEIGHT 3 = 17,786./7K

SHEET NO. <2/




JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR BUILDING
SE/ISMIC _ANALYS/IS

WEIGHT 4 (@ EL.100!"-2")
VOLUME OF CONCRETE :

WALLS & COLUMNS AROVE !

Y x 76.50 x 2,255.58
WALLS & COLUMNS RELOW:

72 x15.67x 3,393.69
SLARS @ &L./00/-2":

4.00x /98.00

7.50x 220.00

2.00 x 840.00

.00 x 8,071.19

2.00 xé/o.oo
REAMS !

R.00x4.00x7235.50
SHIELD:

2/.08 x 40.86

TOTAL VOLUME OF CONCRETE

u

A.2-36

729.88G.44¢ 58
6,589.59
797.00
550.00
/,©80.00
8,071/.19
&720.00

1,8684.00

8&%!.53

70,734.55 24°

SHEET NO <0
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR BUILDING
. SEISMIC ANALYSIS

WEIGHT 4 (CONT)

T

TOTAL WEIGHT OF CONCRETE =0./5 x 70,734.55 =10,6.0./3 K

VENT STACK = /3.25 = = 4.4%

PDECK ROOF = 0.005x (32.25x//3.50) = /8.30

/s PDRY WELL = 740.00

Vs HOIST & SUPPORT STEEL (Assufme.o) = 4.00

Y VENTILATION EQUIPMENT (45SuMED) = 2000

/s REPV. WATER & FUEL = G0C.00

/s ELEVATOR (AS5UMED) = 84.00
. | /5 MISC. ELECT. EQUIPMENT = 50.00
Vs MISC. RIRING =  50.00

SK/MMER SURGE TANKS = 14.00

STEAM PRYER = 5/.90

STEAM SERARATOR | = 8700

;/)2 WATER /N FUEL STORAGE RPOOL

,233.29
/2 WATER-DRYER & SERARATOR POOL = 633.00
STAND=BY LIQUID CONTROL SYSTEM TANK =  76.00

STAND=-AY LIQUID CONTROL SYSTEM RPUAMPS = SO

STAND=-BY LIQUIQD CONTROL SYSTEM TEST TANK = 7.092
o HOLRD LR RPUMPRS = 1.00
' WEIGHT 4 = /3,743.90K

SHEET NO [:




JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR BUILDING
SEISM/IC  _ANALYS/S

WEIGHT 5 (@EL.985"-G")
VOLUME OF CONCRETE :
WALLS & COLLUMNS AROVE ;|
, Vg x /5.7 x 3,365.,9
WALLS - § COLUMNS RELOW:

Yo x 23.00 x % 834¢.069
SLABS @ EL.985'-G" !

4,00 x 598.00

3.0C x 880.00

2.00 x ©35.50

/.50 x72/09.42

5.50x /,040.00

00 x 90665.19

BEAMS |
2.5C x .00 x /.00
3.0C x G.OC x ©4.50
3.00 x 8,00 x ©&.75
.00 x4 00 x55./3
300 x 700 x48.00
SHIELRD!
19.33 x 40.8&%
TOTAL VOLUME CF CONCRETE

A.2-38
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR _BUILDING

SEISMIC _ANALYS/IS
WEIGHT 5 (CONT)

TOTAL WEIGHT OF CONCRETE =0.15 x 89,770.34
MASONRY WALLS =0O.15 x 1,39/.53
V5 QRY WELL
/5 HOIST § SURPORT STEEL (ASSUMED)
Ys VENT/LATION EQUIPMENT
Ys R.LY. WATER &€ FUEL
Ve ELEVATOR (ASSUMED)
Vs MISC. ELECT. EQUIPMENT
Ve MISC. RIRING
SHIRPRING CASK
Ve WATER IN FUEL STORAGE RPOOL
FUEL & EQUIPMENT IN RooLlL

(4.4 x40x2C - 2465 )
FUEL POCL COOLING HEAT EXCH. & PUMRS
FILTERS
COOLING WATER HEAT EXCHANGER
COOLING WATER RPUMPS
COOLING WATER SURGE TANK
COLLECTOR TANKS
CHEMICAL WASTE TANK

WEIGKT 5

S—
—

1]

208.73
240.00
4.00
20.00
/,200.00
&4.00

= £0.00

)

L}

50.00
/50.00
&4/1 .00

7,1!2.00
.00
= 4£7.00
= [/720.00

"
w
o

= 47 .00
= 76 .00
= 187.00
&0.00

A.2-39

13,465.55 K

= /18,£86.28 K
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR BUILDING

SEISMIC  _ANALYS/S

WEIGHT & (@EL.962'-G")

VOLUME OF CONCRETE .

WALLS & COLUMNS AROVE :

WALLS & COLUMNS BELOW :

A.2-40

7ex3.14x115x[8x (6x48)+(¢4xG0)-(32x48)] = 9,966.3G 47

Jhx23.00x2,050.63

950x2.50x/8

(,/4)( 3.14x 7ozx /375)
-t x 314 x13.75 48"+ G0 (48xG0)
% x7.50x1,741.27

SLARS @ €L.9GR"-G""

SLAR @ &eL.977'-0":

4.00x 770.00

2.00 x /,05G.00"

2.50x ,877.00

3.50 x42@./4¢
3.00 x §00.00

.00 x 8,/05.75

7.0 x /0/.50

=173,5872.24
= ¢77.50

=21,285.77
=23,942.50

7,680.00

2,112 .00

4,692.50

1,49 1 .49

= /,600.00

]

8,/05.25

75375

SHEET NO. 24



A.2-41

( JOHN A. BLUME AND ASSOCIATES, ENGINEERS

. MONTICELLO REACTOR BUILDING
SEISMIC _ANALYS/S

WEIGHT G (CONT.)

BREAMS !
3.00x 6.00x77.25 = 1,390.50 ¢¢?
1.00 x 3.00 x32.00 = 384.00
3.00x8.00 x90.75 z 7,178.00
2.00x5.00x196.75 = 1,967.50
3.00x7.00x88.75 = /,8@3.75
3.50x8.00x30.00 z /,008.00
\‘. 2.00x4.00x45.25 = 367.00
3.50x06.50x38.00 = 864.50
4.50x 8.25 x30.00 > 1,113 .60
3.00x5.00x44,50 = ©67.50
3.00x5.50 x42.00 = ©93.00
SHIELD :
56.25 x40.8G = 1,031,772

TOTAL VOLUME OF CONCRETE 113,7672.93 p43

SHEET NO. 77




JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR BUILDING
SEISMIC _ANALYS/S
WEIGHT & (CONT)

TOTAL WE/GHT OF CONCRETE =0./5x113,762.93
MASONRY WALLS = 0./5x /158/.53

STEEL FLOOR FRAMING =0.02x32/&2.00
Vo PRYWELL

Vg RECIRCULATION PRIRING,
WATER,VALVES & PUMPS
/5 HOIST & SUPRPORT STEEL (ASSUMED,

Us VENTILATION EQUIRMENT (ASSUMED

% R.PV. WATER & FUEL

Ve ELEVATOR (ASSUMED)

MOTOR GENERATORS

Ys MISC. ELECT. EQUIPMENT

Y5 MISC. PIRING

SLUPGE STORAGE TANKS

DECANTE RIPES

WASTE SLUDGE TANK

CONDENSATE SLUDGE TANK

SLUPGE RECE/VER TANKS

NON -REGEN. HEAT EXCHANGER

REGEN. HEAT EXCHANGER

RECIRCULATION SURGE TANK

REC/IRCULATION PUMPS |
WEIGHT &

A.2-42

17,064.44 K
747.73
©4.372
300.00

74.00
£.00
0.090
/,702.00
/05.00
290.00
50.00
50.00
140.00
/.00
92.00
37t!.00
0.00
57.00
38.00
£.00
&4+ .00
70,306.97 K

SHEET NO. 23
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A.2-43

JOHN A. BLUME AND ASSOC/IATES, ENGINEERS

MONTICELLO REACTOR BUILDING
SEISMIC  ANALYS/IS

WEIGHT 7 (@ EL.935°-0")

VOLUME OF CONCRETE!

'ALLS & COLUMNS AROVE !

Y x 27.50 x 1,532.55

- ! =
2/) 372.:3 f"‘;-.‘

/13.00 x 2072.00 = 2,62%.20
WALLS & COLUMNS RELOW .

lax3.14 x GG? x»/¢1.37)

- [Vax 5.14 x 19.37 % x (3x31-19.37)

#(Va x 3.4 x 40%x 5)

[ (3x2) x 3.14 x 52 = 43,/10.23

(3x7)x3.14xC8 = 4,483.97

19.37 x (/134.00x 3.5 x4 = 36,338./%

550 x17.38x | (2x28)+57]

G,873.79

/’ ’

SLARS @ L. 935'-0

750 x 3,238.50 = 8,095.25

3.00 x 6,020.24 = 18,060.72

2.00 x &,233.35 = I7,466.70
SHIELPD:

27.00x 203.7@ = 7,172!.372
TOTAL VOLUME OF CONCRETE : 160,249.75 =7

SHEET NO T+




A.2-44
JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR _BUILDING
SEISMIC _ANALYSIS (]

WEIGHT 7 (CONT.)
TOTAL WEIGHT OF CONCRETE =0./5 x160,249.75 = 14,037.450k

MASONRY WALLS = 0.15 x 8,044.17 = 1,206.%3

Vs DRY WELL =  400.50

fn SURPRESSION CHAMBER & VENTS = £50.00

2 WATER IN SUPRPRESSION CHAMBE.R = 2,257.00

/2 RECIRCULATION PRIRPING,

WATER, VALVE & RUMPS. = 2R4.00

Vs HOIST & SUPRORT STEEL (ASSUMED. = &.00

V5 VENTILATION EQUIPMENT (4SSUMED)=  70.00
ISOLATION VALVES = /00.00 -
CORE SPRRAY PUMPRS =  70.00 ’
REACTOR EQUIR'T, DRAIN TANK £ PUMP =  47.00

FLUX MON/TOR EQUIPMENT = /0.00

GAMMA MON)TORING = 15.00
INSTRUMENTS & AIR LINES = 12500

Vo ELEVATOR (ASSUMED) = /05.00
SHUT-DOWN HEAT EXCHANGER = ©2.00
JHUT=-RPOWN RPUMPS = ©0.00

Vs MISC. ELECT. EQUIPMENT = 50.00

Ve MISC. RIRING = 50.00
CONTROL ROD PRRIVE EQUIPMENT =__ 127,00

WEIGHT 7 =729782.09%

l.
B

SHEET NO 2O




A.2-45
JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR BUILDING
SEISMIC ANALYSIS

WEIGHT & (@ eL.896'-3")
VOLUME OF CONCRETE ;

'\/"Zg,x5./4,\'66?)(/0)'[-(5.’25,15)+(5x7>:i x(15x8) = 27,603.55 ¢
G x3.14x9[C0%+84% (G6x84)] - (24x9x8) = 38,203.28
3x[(140.54140.5)+ (3 x83;-(24x) ] =G/, 2¢2.00
19.37x (134.00x3.50) x 400 = 36,333.7
[(25x3) 7 (20x3)] x £ - 9/0.00
19.37x (52 x3 jx ¢ = 172,08G.33
19.37x2.5x[(2.28)+ 57|+ (8x3.14x57)  =_122,004.5¢
TOTAL VOLUME OF CONCRETE =298,810.77 2%F

TQTAL WE/!GHT OF CONCRETE =0,/5x298,8!/077 = ¢4,82/.617 X

Vo SURRPRESSION CHAMRER & VENTS 850.00

2,367.00

Up WATER IN SUPPRESSION CHAMABER

WEIGHT & = 438038.6% K

SHEET NO. =/




JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR BUILDING

SEISMIC _ANALYS/S

A.2-46

SECTION PROPERTIES

a. EARTHQUAKE IN N-5 RIRECT/ION (E-W AXIS)

EL. /ORT7'-Q"TO &L.10C/'-27

b o L A=bo To: pAdt AL?

£+ F+. £+ £4.2 4’#-4 ££4
Ix1,00 |106.256 | /®.]3 1/10.50 | |943/8.86| 5475.79

.OO | 74.00| 0.00 24.00 | 1,152.00 o
©.00 | /4.00| /8.00 &84.00 | 1,372.00| 27,2/6.00
G.00 | /4.00| /8.00 84.00 1,372.00| 27,2{0.00
5.00 | 50.50| ©0.25 | 7562.50 53,64/.5/ /5.'5
/.oo /5.00!| 28.50 /5.00 28/25| /2,/83.75
/.00 /3.00]30.00 /3.00 /83.08 /1,700.00
/35.50;, /.00|3.00| /35.50 11.29 | 175,008.00
/35.60 /.00 8.25 | /35.50 11.29 | ©31,1@7./3
2000 5.50|122.75 | /43.00 360.47| 74,0!1.08
2@.00| 5.00| 27.50 | /130.00 770.83 | 5,8/7.50
Ix47.001 .50 | 10.75 | Z35.00 122.39 17,15G.0
11.00 2.00 | ?4.50 22.00 | 7.33 13,205.50
57.50 /.00 | 36580 : 4K£7.50 4.79 | 77,46438
9.00 /.00 | 57.50 9.00 0.75 | 249,756.725
7x2.00 | /.50 | 34.75 ©.00 /.12 7,745.36
5§x3.00 /.50 | 34.756 .50 4.2] 27,]70.10
21x?2.00 /.50 | 44.50 @.00 /.17 /1,88(.50
4x3.00 | (.50 | 44.50 /8.0 3.37| 35,64450
2x2.00 /.50 | ©7.00 .00 117 | 16,934.00
5x3.00 /.50 | ©7.00 R2.50 472/ | 101,00?2.50
4.00 2.00 | 24.00 8.00 2.66 4,608.00
Ix2.00 | ©.00 | 272.24 74.00 72.00| 1!,68(.44

. 7.00 3.00| 0©.00 .00 4.50 o)
1,6&69.50 | 753,174.15 | ,448,644.73

IRCULAR PART:

A==

Dy +D)

¢t > 3/4 x 4%.3

A

3+3%2.3%3 500 :586.08 fL°

e (Dtr0;t) = 882084238 30.33¢) = 103,90/ 14 £+

SA=: 1669.50 + 586.08 =

SI=253224.15 +/448,644.93+/03,92/./4+/805,790.12 {£¥ '

2755.58 £+ ¢

SHEET NO. 37




JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR BUILOING

SEISMIC ANALYSIS

EL.IOO!'-2" TO BL.985-%"

b
- fr

=

.

L
£F.

Abd
X

A%,
L4

AL*
144

| 7x1.00
.00
©.00
.00
s.50
.0
3e2r4
/.00
26.00
.50
[.OO
.00
.00
1x1.00
0.50
1.50+72.50
/358.50
4/.00
G*3+/0
/.07
/122.50
2x76.00
2x/C2.00
16.00
/1.00
3.00
27.00
4.00
].00
/14,00
4.2.00
45.00

Q.00
0.00
720.00
720.00
.00
54,50
28.00
51.00
32.50
47.00
329.00
38.50
45,00
53.50
5/1.50
©3.50
56.00
&8.00
©7.75
50.50
44,00
85.75
2?2.5
75.00
73.50
£3.50
36.50
45.50
45.50
48.00
45.00
&45.”R5
58.00

75.00
57.00
©0.00
&0.00

286.00
38.40

45.00
30.75
/04.00
9.80
4.00
/.00
/18.00
172.00
&.00
44 .00
9.00
7203.25
20.50
/9.00
/1<.0/
/98.75
3/72.00
30.00
/O0&4.00
/1] .00
©.00
33.00
1.00
3.50
28.00
/05.00
/12.50

433,268.27
2,929.33
500.00
500.00
04, 44533
1,84320
93,758
2,427499
/38.67
7285.79
5.33
36.00
120.50
36.00
170.6@
134.606
4,608.00
38./0
0.41
/.58
3.56
37.27
936.00
5.2
138.66
0.92
2.00
&./8.
9,00
3$.57
8.33
54.65
58.59

SHEET NO 52

O

o
74,00C.00
74.000.00

o

114.057.20

© 35,780.00

79,982.75
109,850.00
10,985.50
©,084.00
17,787.00
30,450.00
34,347.00
21,7218.00
177,4/9.00
30/.056.00
939,828.20
G¢.096.23
48,45475
36,803.36
154,0/4.972
15 7,950.00
/8,750.00
57.434.00
3/,484.75
7,993.50
@8,3/4.75
74,843.00
8,064.00
56,700.00
7214,993:80
378,430.00




A.2-48

JOHN A. BLUME AND ASSOC/IATES, ENGINEERS

MONTICELLO REACTOR BUILDING
SEISMIC _ANALYS/IS

EL.1001'-2" TO EL. 985'- 0" (CONTINUEN)

b d L 4 AoV 17 AL?

L _AF £, P, £4.2 4 £2.%
45.50 /.00 | @725 45.50 3.79 | 2105,770.45
42.00 | o0.50 | @750 /.00 0.43 | 95,68/.25

/35.50| /.00 | 68.00 | /35.50 11.29 | ©26552.00
9.00 /.00 | §8.00 9.00 0.78 | 30,270.20
Ix2.00| (.00 | 34.75 | 4.00 0.33 4.830.24
5x32,00| [00 | 34.75 /5.00 /.25 ¢ 18,1340
1x3.00| 3.00 | /0.75 /8.00 13.50 | 7,080.05
3.00| 42.50 | 35.00 7.50 390 9,/87.50
3.00+2.00| 4.50 | 44.50 12.50 @50 | 14.753.13
300+2.00 /.50 | @7.00 7.50 [.40 33,667.50
1x2.00 | 5.00 | 22.75 70.00 ¢/. 60 990!.20
7.00 | 2.50 0.00 5.00 7.60 o
/.00 | 4.00 | 56.00 4.00 5.33 | /?2,544.00
7.00 /.50 | 39.50 10.50 1.97| 16,382.63
/.50 ] 3.00 | 37.00 4.50 3.38 6,/60.50
261960 |513,043.00|449%,559.372
C/IRCULAR PART .
=34 28202350 5 50 = 73,53 447
I = —-——67255 x (44.50%+33.50%) = /30,60/.67 %

SA=26/9.66+673.53 = 3,365./9 £+°
SI =5/3,043.00+449%,559.32+/30,60/.67=5,/40,203.99 ;H#*

SHEET NO 34




JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR BUILDING

SEISMIC _ANALYS/IS

A.2-49

EL. 985" &" TO EL. 96R'-&"
o o L d=hbo Aol 12 ALT
£+ L+, £+, L2 4 I ¢
2x1.00 |/37.50| ©O0O | 775.00 | 4331768.27 0
.00 | 726.00| 0.00 52.00 79729.33 o
1x2.00 | 10.00 | @!.00 40.00 333,33 | /48,84000
[.O0 | 73.00 | 45.00 23.00 o139/ | 46,575.00°
.75 j0.00| 22.50 27.50 A1 | R 4255
.50 5.00| 15.00 7.50 /5.672 ] ©8&T.5D.
.50 8.00 | 20.00 12.00 ©4,00| 4 800.00:
3008 | l0.00| 71.00 45.00 375,00 19,845.00
/.sox;’__-g 3.50| 49.50 /13.50 13.78& [,218.37
275 /2,00 | /13.00 35.75 503.47 G,04/.75 .
275x § 5.00| 22.00 2.00 4583 10,642.00
775x ¢ 4.00 | 70.00 33.00 44.00| 3,200.00:
1.0 | §2.00| 0.00 52.00 [1,717.33 o
.50 | 47.50 | 45.00 7/.25 13390.48 |4428/.75
400-% | 200| 2550| 724.00 8.00: 15,606.00
4.00 | /9.00| 37.00 70.00 |, 17280633 104044.00)]
|275+250| /7.00| §5.50 | &9.25 | 4,/49.43 | 774 9!2.31 |
1x7.00 | 5.50} ©5.00 77.00 ; £5.45 1 gr950.90
.75 | 24.00| 56.00 GO0 ! 316800 206,976.00
74.00 /.00 G&.CO 74600 : 2.00: 110,976.00
/11:.50 /.50 @778 | |©7.25 3/.358 1 7067 58753
8.00 | 72.75!726.00| 722.00 /3.861 14,872.00
/0.50 .00 56.00 71,00 | 7.00§ ©5.856.00
a5.00 /.00 | 3.00 9500 | 2.9/ [73,/20.00
7¢.00 0.50| 35.25 |2.00 0”51 149/0.7¢
[1+9 +o+4 2.00| 34.50 772.00 72400 &5 698.00
200700 2.75 | 20.00 2475 [6.59| [&,73/.00
19.00 .50 | 11.50 28.50 5.34| 376713
75.00 /.50 0.75 37.60 7.03 21.00
[1.00 4,00 13.50 44, 00 §8.66 14799.00
6.50 .75 | 74.00 /17.88° 11.26| 10,298.85
26.00 3.25 | 4450 84.50 74.3G | /07,33../3
35.00 R.75 | 4425 96.25 GO.03| 1 868,463.73

SHEET NO &=




A.2-50

JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR BUILDING
SEISMIC ANALYSIS

EL.985°-G" TO EL. 962'- &" (CONTINUER)

k = L Azbd Ad Y12 AL?
£ £+, £+ - 2 £ré i 4
2.15+1.50] .50 3.00 27.63 97.26 748,63
16.00 .50 | &7.50 ©5.00 33 .85 196.156.75
54.00 /.50 | 6&.00 &1.00 /5.18 | 374,544.00
48.00 /.00 | ©8.75 48.00 4.00| 123,586.86
. 9.00 /.00 | 5§8.00 q.00 075 | 30776.00
2x11.00 [.00 | 726.00 22.00 /.83 | [4,677.00
2.00#300{ 3.00 | 35.25 i5.00 /2.00| 18,638.40
2.00 2.00 | 22.25 4.00 /.33 1,980.2¢
7.00 3.00 | 35.00 .00 4.50 7,350.00
3+3+2 3.00 | 44.50 74.00 /8.00| 47,570.00
2.5 +3.0 /.50 | @8.00 8.75 1.54| 38,/48.00
3+3+2 2.00 | ©8.25 /6.00 533 | 74,5289G
2<2.50 | K.00| 72275 15.00 57.08| 12,3750
7.50 .50 0.00 ©.25 3.25 o
' 2,090.51 | 477,184.8/ |3839,8/7.59
CIRCULAR PART :
A= 374 x 45'502* 33.50 L ¢.00 =744 /847
[- 12418 (4550%+ 33.50%) = 148,487/ {4

SA=7,090.51 +744.18 = 2,834.69 442

SI=-472,184.81 + 3839,8/2.59 +/48,487./64460,484.56%

SHEET NO. Fs



JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR BUILDING

SEISMIC ANALYS/IS

EL. QCR'-" TO EL.935'-0"

b o L A=bo Ad?% 12 AL
£t £+ L% 42 L4 i 4

1x1.00 | /37.60| 0.00 | 275.00 | 43320827 o

2.00 | 2600 | ©0.00 52.00 2,929.33 o
/.00 | 36.00 | 5/.00 3@.00 3,888.00 | 93,636.00
4.00 | 7900 | 49.00 | //&.00 8,/29.66 | 178,5/6.00
4.00 | 33.50 | 5§/.00 | /34.00 12,531,79 | 348,534.00
300x¥ 8.00 | 4500 | 33.00 170.00 | 66,8725.00
2.50x3%¢ | 2/.00 | 30.50 75.00 | 2,75025| 09,768.75
134.50 /.00 | @825 | /34.50 11.20| 626,50907
73.00 /.00 | @125 23.00 1.91 | /104,0/8.85
372+59 2.00| 67.25 | /168&.00 56.00| 759,790,058
8.00 /.00 | 56.00 &.00 0.6G| 725,088.00
26.00 | 7.50 | 48.50 ©5.00 33.85 | 157,896.25
7.00 .00 | 35.00 [4.00 4.0 17,150.20
9.00 /.00 | 58.00 Q.00 0.75 | 30,276.00
34,00 0.5 | @8.00 17.00 0.35 | 78,608.00
[1G.50 /.00 ©8.25 | I1&.50 9.70 | 542,663.99
2x?2.00 2.50 | 44.50 /10.00 £.20) 19,807.50
72x3.50 3.50 | 44.50 74.50 5.0/ 48.516.i3
12x2+3x3.| .50 | &7.00 )9.50 3.65| 87,535.50
7x3.00 /.00 | ©&.75 &.00 0.50| 126,533.50
7x2.50 ©.00 | 723.00 30.00 90.00| /5,870.00

.50 3.00| 0.00 7.50 5.6% o
/1.00 /.50 | §9.00 /6.50 3.09 | 57,436.50
18.00 /.00 | §1.00 /8.00 .80 | 46,8/8.00
13.00 /.00 | 46.50 /3.00 ].0O8 | 728,/109.25
2x1.00 3.00 | 48.75 G.00 4,80 /4,259.38
/.50 5.00 | &4.50 7.50 /15.63| 31,201.88
150225 | 9.00 | 58.00 20.25 136.69| ©8,/2!/.00
L5O0x322| 3.00 | §4.00 5.25 3.94| /5,309.c0
37.50 2.00 | 54.50 75.00 25.00| 222,768.75
2.00 | [2.00 | 49.00 24.00 288.00| 57,624.00
2.00 8.00 | 45,00 /.00 85.33 37,400.00
2.00:%22| &850 | 50.00 724.00 144.49 | 5989437
1,559.00 |464,637.56 |4,026,584.78

SHEET NO. 37




A.2-52
JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR BUILDING
SEISMIC ANALYSIS

EL. 902'-0" TO EL. 935"-0" (CONTINUED)

CIRCULAR FPART .

7?.002»'- C2O0  500-5.00x(9.00+/0.00, =

A= 3/4,

= /,051.90 - (46.00+50.00) = 956.90 &%

. 105/.90 2 7). 500° .. z2). 750° . -2\
7 —---/é——-x(77.00 *©2.00%)-#5.00x(=7 +53.5) 50.00x(/€ »23.50% )=

593 534.57-(50594.85 + 2784650 )= 5/5 093.22 £+*

SHIELD: A=lyx3.14x (25+17)x4 = RG7.7G £+°
SA = 1559.00 +956.90+267.76 = 2783.66 /¢
S1 = 46403756+ 4026,584.78+5/5,093.22 = 5006,3/5.56 £

SHEET NO FZ




A.2-53

PR

¢ \
- Ia

JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR BUILDING
SEISMIC ANALYS/IS

EL.935'-0" To EL.89&'-3"

A= 314 x

CIRCULAR PRPARTS:

C8.00+54.00

b o L d=bd | AdVi2 AL?
24, £ £+, Iy £4% £ 4
350+350| 137.50 | ©.00 | 9@72.50 |/,5/0438.80 o
3.00 | 2500 | o0.00 75.00 3,906.25 c
«B3.00<32]| 25.00 | ¢7.00 | 470.00 21,875.00 | 927,780.c0
4x5.00 | 7.50 | 32.60 | /50.00 703./% | 153.500.00
1/30.00| 3.50 | ©7.00 | 9/0.00 | 989583 |40848%0.00
4000 | 3.00 | 7025 | /20.00 90.00 | 592,207.20
5x 4.00 .00 | 65.00 | 70.00 .6 | 8¢500.00
2x1.00 | 400 | 4.50 &.00 /0.6 722.90
) 4x7.50 | 5.00 | ©2.00 | 150.00 3/2.50 | §76,600.00
(2 4{¢.00-%]| 700 | 2l.00| [728.00 51266 | 56483.00
@ 4(00x4]| 300 | .00 | /28.00 96.00 | 10,303.00
28.00 | 350 | ¢1.00| 98.00 100.04 | 432,927.00
28.00 | 350 | 13.50 | 98.00 100.04 | 17,86050
350 | 57.00 | 40.25 | /199.50 540/4.63 | 323,202.37
3407.00 | ,69/,007.19 | 7168,240.07

x7.00 = 1340.78 [i ¢

2
[- 422278 1 (68.00%+ 54.00%) = G3(642.57 f#
A -*-34’4 x38% =//33.54 £

7= AL%’-_S_“X 38% = /02,301.98 4%

SA=3467.00+1,340.78+/(/33.54 = 5,94/ 324"

>I =/69/,00719 *1,208,240.07 + @3/, 842.57 +/02,301.98 =
29 093,45/.8/ {7F

SHEET NO. 27




A.2-54

JOHN A. BLUME AND ASSOCIATES, ENGINEERS o

MONTICELLO REACTOR BUILDING ®
SE/SMIC ANALYSIS

b. EARTHQUAKE IN E-W DIRECTION (N-5 AXI5)
EL. 1027'-0" TO EL./100/'-7"

e | o L A=bd | A% P ALZT
L PP Ar. £r.? £r.é . #eeE =
11x/05.25| 1.00 | @B.%5 | 7/0.50 /754 980,577 .
24.00 /.00 | @7.25 74.00 .00 108,54/ |
/4.00 .00 | /7.50 84.00 252.00° 75,725
/4.00 &.Co0 | /7.50 84.00 252.00 23,775 |
£050 | 5.00 | 4950 | 252.50 52604 (I8,638 |
/5.00 /.00 o /5.00 /.25 o
/3.00 .00 | 58.00 /3.00 108 43,737
/.00 | /35.50| © /35.50 | 207317.8% O
/.00 |/346.50 o /3§.50 | 707317.87 0
550 | 26.00| 34.00 | 143.00 8055067 105,308 . _
5.00 | 200 | 34.00| /30.00 73723.33 150,780 i 4
2x2.50 | 47.00 | 45.00 | 735.00 | 4325958 475,875 .
2.00 | [1.00 | &l.OO 2R.00 772/.83 8,867 .
1.00 | 5780 | 29.00 57.50 | 1584745 . 48,358
.00 Q.00 | 6400 . §.00 Go.75 30,804
7x1.50 | .00 | G725 ©.00 2.00 7,/35
4x1.50 3.00 | 3400 /8.00 17.00 : 20,608 ;
2x/.50 7.00 | ©7.25 .00 7.20 27,35 .
4x/.80 | 3.00 | 34.00 18.00 12.00; 70,808 !
2x1.50 .00 | @7.25 ©.00 7.00 27,/35
4x/.50 3.00 | 2400 /6.00 17.00 70508
2.00 4.00 ©C.00 8.00 /10.67 786 3500
7x6.00 | 2.00 | 6G.75 724.00 8.00 /0,433
3.00 2.00 | G&75 | .00 2.00 2,733
4905/2.63 | 3,007,775

CIRCULAR PART .
I=103,92/./4 fr*

SI=/039%2/14 +490,5/3.83 » 3,067,775.00 3,662 209.97 /%%

SHEET NO &0




o

A.2-55
JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR BUILDING
SEISMIC ANALYS/IS

EL./0C!-2" TO EL.985'-G"”

b o L A=ba | A&y | ALT |
£ 7+ 7t 24.7 £4 L
2:!371.50| /.00 | G325 | 7275.00 22.9; ] 1,780,967
. 7600 | 17.00 | ©G.75 52.00 /17.33 3..659
/0.00 ©.00 | [/7.50 ©0.00 180.00 /8,375
/10.00 .00 | /7.50 G0.00 /80.00 /6,378
52.00 5.50 | 49.00 2872.00 7.0.87 &7 7.08%
24.00 1.6O | 44.50 38.40 &.:9 76 .0+ |
£.00 3.00| @7.50 /15.00 11.25 68,344 |
£.00 2.00 | £6.00 /0.00 3.33, 3,368
30.75 1.00 | 26.50 30.75 2.50] 21,594
5.00 | 4.00| 43.00 20.00 26.67| 25,230
4.00 | 26.00 | 54.00 104.00 | 5858.67! 303754
1.c0! 6.00| 46.00 .00 ! /8.00 1695
/19.00 . 0.50 | &7.50 9.50 | 0./9: 43,754,
4.00 | .00 | 56.00 4.00 | 0.33:  /2.,5&w
6.00 . 200 | 2750 /2.00 ! 4.00 . !©. 375"
9.00 i 72.00 | 47.00 16.00 | .00 ! 3/,7572 !
- €.00C ‘ [.QO 5/.50 .00 | 0.50 /8,9/& .
@00 : [O0 | 59.00 .00 0.50: 70.58GCi
/6.00 | 050 | 73.50 8.00 0./¢ Gl B
80C | /.00 | 6745 8.00 0.67. 36,/80,
g.00 | /.50 | 56.00 12.00 275 37,237
§c0 |, /.30, #5.00 17.00 745" 24 320:
8oc + /.50 3400 /2.00 s /8,374
7400 | £00 . 27.00 96.00 /28.00° 4050w
/.30 |/35.50 | ©O 20375 |3/0970.73" S
0.5C | /.00 | 47.50 7o0.50 ! 2,87/.70: £G. 252
/.00 | 3.00 | 3850 3.00 - 2.25 4,447
/.50 | 12.7 | 38.00 19.01 | 254./9 27,459
/.50 {/35.50| O R03.25 3/0,976.73 0
2x&.CO| 26.00 | 34,00 | 3/2.00 | 17,576.00 | &.925

SHEET NO. &




A.2-56
JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR BUILDING 6
SEISMIC _ANALYS/S

EL./100/'-"T0O EL. 985"-&" (CONTINUED

C/IRCULAR PART.

I=/30,601.67 {t*
SI:/30,60/.67+904983.2/+4,/66,684 = 5,202,208 .88 {.*

b | d L A=bd Ad Y ALY
Lk f4 L+, J+2 Li¢ Jt4
x1.50 | /c.CC | @l.OO 23.00 775.00 I%2.793
/.00 |10.00 | 29.00 10.00 83.33 &,4/0
?2.00 3,00 | 40.00 G.00 4.350 4,000
.80 | 22.00 | &57.50 33.00 /531,00 /09,006
3.00 4.00 | 45.50 /.00 /1&.00 ¢ 8343
/.00 | /]1.00 | 38.50 /1.00 110.97 /6,305
72.00 | 14.00 | 3!/.00 28.00 45732 26,905
250 | 4%”.00 o) /08.00 | 15,435.00 O
2.50 | 45.00 | 46.00 /12.50 18.984.37 738 080
/.00 | 45.50 | 45.50 4£5.50 7,844.¢4 4|3
0.50 | 42.00 o 72/.00 3.087.00 o) )
/.00 |/35.50 o /35.50 [207,3/7.87 o Py
/.00 Q.00 | ©4.00 49.00 60.75 3G, Bxosr . .
2x1.00 .00 | ©G.75 4.00 /.33 17.822
4x/.00 3.00 | 34.00 /5.00 ' 1.75 17,340
7x 3.00 3.00 | 44.50 /18.00 /13.50 35 o5
7.50 3.00 o 7.50 5.67 D!
2.50*+1.50) 5.00 | 56.00 20.00 4/.66 @72 720
2x8.00| 2.00 | 66.75 20.00 ©.00 891!
.50 2.00 | @@.75 5.00 /.0 27277
3.50 /.00 | 37.50 3.50 0.29 4,922
4.00 /.00 | 34¢.00 &4.00 0.33 4.674
/.50 7.00 | 6250 /0.50 47.88 41,0/
3.00 /.50 | 60.00 4.50 0.84 16,200
904983.2! | 4,160,084

@

SHEET NO «£7Z



{
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR BUILDING

SEISMIC ANALYS/S

EL.985-6" 7O EL.9062'-6"

L b o | L Azbd | do%yy AL?

22, £+, %, L v ¥ ¢
12x13750 ).0C - G8.Z&5 | 175.0C . 22.9! 1,280,967
| 2600 . 2.00 . GL.75 | 57.00 17.33 23!, 029
I 10,001 200 ; 41.00 0.00 : ©2.067 | 33.5720
| 1000 . 200 | 2850 2000 @ GG.GT (B, 043
. 23.00 /.00 | 28001 23.00 Lo /8,030
10,00 275 | 4300 27.50 200.05 £5 582

5.00 , (.50 | 34.0C | 7.50 /.60 8572,
- 8400 ° /50 ' e9.50 | @ /2.00 .25 ;O ew3 ]
. 3x% 1 /0.00 i 2/.00 45.00 375.00 /19, 83
i /.5x% | 8.00 | ”4.00 /3.50 72.00 7.7 7Gi
. /3.00 1 275 . 45.50 335.75 72.52 740! |
2.75<% = 5.00 ' 43.00 22.00 45.83 40673
1275 F 1 4,00  20.00 22,00 44,00 /3,200 :
| 5200 ;. 1.00 ; 54.50 52.00 4.33 /54 2355

4750 /50 | @7.00 70.25 [3.35 39,34/
4x% | 2001 85300 24.00 800!  ©74/%

/9.00 | 4.00  5/.00 7¢.00 /00.33 § 197075
l /7.001 275 ' 22.50 30.75 73./5 | /8,605
. /7.00: 72.50 | 45.00 472.50 2.3 86,063 .
| 5.50! 2oo ' 2850 /1.00 3.36 8932
'+ 5.50: 200 39.50 /1.00 3.66 " 17,03 |

74¢.00: 275 @ /5.00 &&.00 /.58 i 14850 |

/.OC = R4.oc = 358.00 74.00 /,/52.00 | 50.73G |

1.5C 1 /11.50 200 | /1G7.25 |173,274.48 | 14.03+

.75 | &.0C0 36.00 772 .00 11728 28,511 |

2.00: /0.50  35.00 (.00 19223 157725 1
. L0011 95.00 ! Zo.00 G5.00 | 71,4479] ! 38,000
. 050 724.00 . © /2.00 576.00 o
| 2.00 | 17.00 ! 72100 34.00 818.83 14,994 |
| 2.00 | 12.00 | /8.00 24.00 288.00 7,776 |

SHEET NO «Z




A.2-58
JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR _BUILDING ®
SEISMIC _ANALYSIS |

EL.985'-G" TO EL. 702" @° (CONTINUED)

b o L A=bol | Ad Yy AL7
R Lt £t 22 £ LE
7.00 3.00 | 4&4.50 6.00 4.50 | 1,887%
7.00 2.00 | 06.75 4.00 /.33 17,827
.75 q9.00 | 30.00 24.75 | /&7.00 77 775
/.50 | /9.00 | 38.00 78.50 857.37 41.!5¢
.50 | 75.00 | 34.50 37.50 . [953.11 Gt o3
4.00 | 11.00 | &!.00 44.00 | = 443.60| w3774
.75 ©.50 | 78.00 17.88 G2.95 (&,0!8
3.25 | 26.00 | 36.50 84.50 4.760./¢ 112,575
2.75 | 35.00 | 4.00 96.25 2,875.52 /, 5%
.50 1.50 | 34.00 9.75 1.83 11,270
.50 | 2.00 | 53.50 65.00 3,66/.66| /80 04G
/.50 | 54.00 | 17.00 &1.90 | /9,643.00 1],604
.00 | 48.00 | 45.00 | 48.00 | 97/eoo| Q7200 ¢
/.00 9.00 | @400 9.00 ¢0.75 30,804
2x1.00 | 11.00 | 60.50 272.00 2721.83 80 572G
2.00 3.00 | 44.50 Q.00 G.75 17,822
3.00 2.00 | ©&.75 G.00 7.00 20733
200 | 2.00 | 22.25 4.00 1.33 /, %480
3.00 .00 o ©.00 R.00 o
5.00 8.00 | 44.50 40.00 713.33 79.2:C
/.50 2.50 o B8.25 &4.29 o)
2x5.00 | R.50 | 6@.50 | 725.00 /13.07 /10,556
Z.50 760 | ©&.50 ©.25 3.25 27 3%
300,194.52| 4032.376
CIRCULAR PART.: Aol

I=148487.10 fi¥

S51=/48 48716 +300,/94.52 + 4 032,826.00 =4 48/,507.08 %4

o
oy

SHEET NO &4




JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR BUILDING

SEISMIC _ANALYSIS

EL.90R'-G" TO EL. 935'-0"

A.2-59

PR, L d=bd Ad%, 1 AL
£+ i+ £+ £ 2 [44 £r4 j
2x137.50| 1.00 |@&.25 | 275.00 22.9/ | 1,280,967
26.00 | 2.00 |¢®.75 572.00 /7.33 1 231,689
36.00 1.00 |@7.25 3G.00 3.00 1028:7
29.00 | 400 | /4.0 | /! .00 /|54.66 27,735
33.50 | 4.00 | /4.00 | /34,00 [78 .06 26264
Ix 4 8.00 |45.00 33.00 i76.00! 66875
25x32 | 21,00 |4/7.00| 75.00| 2,756.25| /2,075
/.00 |134.50 o /34.50 |202,75/.55 o
/.00 | 23.00 |66.00| 723.00 1,0/3.92 | 72,728
2.00 | 32.00 | 28.00 ©4.00 | 5,46/33  50,iT@
2.00 | 52.00 |42.00 | /04.00 | 73,434.67 | /83.45%
/.00 | 8.00 [|20.00 .00 +2.67 5.200
2.50 | 26.00 | 33.00| ©5.00| 3,66!.67 70,755
2.00 7.00 | @3.00 /4,00 57./7 55,500
1.00 | 9.00 | @4.00 9.00 ©0.75 36,804
0.50 | 34¢.00 | /0.00 / 7.00 ,27.67 1,700
/.00 |11@.50 | © /1 .50 |322,552.09 | o
x250 | 2.00 | ©c@.75 /O.00 3.33 4350
7x3.50 | 3.50 | 5/.00| 724.50 Z5.0! ©3,725
2x/.50 | 2.00 | ©%.75 &.00 2.00 26,733
2x1.50 | 3.00 |44.50 9.00 ®.75 /7,822
2x/.00 | 3.00 |22.25 ©.00 4.50 2,970
1x6.00 7.50 | ©6.50 30.00 /5.63 /32,608
3.00 250 |@@.50 7.50 3.9/ 33,/&7
/.50 | 11.00 |©2.50 /@.50 /166.38 L4453

. /.00 | /8.00 | 54.50 /1 8.00 486.00 53,405
C .00 | /3.00 | 57.00 /3.00 /183.08 4,23
. 2.00 | /.00 |@3.00 2.00 o.17 7,935
i 200! /.00 |46.00 2.00 0.17 4,230
. 5.00| /.50 |33.50 7.50 /.41 8,4/G
L50x%338| 9.00 |38.00| 720O.%25 /3G.c9 79,241
'r.sox% 3.00 |44.50 5.25 3.94 10,390
| 2.00 |37.50 | 5.00| 75.00| &,789.06 1,875
| /12.00 | 2.00(|23.00| 7Z4.00 - 8.00 12,696
8.00 | 2.00|772.00 /.00 . 5.33 7,744
2.00:%%| 800 | 18.00| 724.00 /128.00 7770
573,960!.66 ' 2,903,347

CIRCULAR PART:

I =25/5,093.22 £t.¢
2SI =25/509322+573.96/.60+2,903,347 <4052,40/.88 /+°
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MONTICELLO REACTOR BUILDING
SEISMIC ANALYS/IS

EL.935'-0" TO EL.896'-3"
b o L d=6a Ad %, AL
P £t Lt f41 p Li#
2413750 3.50 | G7.00 | 9@2.50 982.55 | 4,320,663
2500 | 3.00 | 70.25 75.00 /12.50 | 370,130
4(3<3£7 | z5.00 | 4700 | 470.00 7187500 | 927,780
'4,7.50 | 5.00 | 6250 | /50.00 3/2.50| 585938
1 2x3.50 |l130.00| © 9/0.00 | 1,28/,583.33 - o
I 3.00 | 40.00 (o) /120.00 /6,000.00 o
4x.00 | 5.00| 13.00 20.00 41.67 3,380
2:4.00 | 1.00| 6475 8.00 67 33,540
4x500 | 7.50| 3200 | /50.00 703./3 | /53,00
4(4x§1| 300 | 9.00 | 1728.00 96.00 /0,308 |
4[4x4]| 700 | 2/.00| 128.00 522.67 50,448 .
2x3.5 | 28.00| 82.75 | 190.00 | 12,805.33 | 1,342,122
5700 | 380 | 98.50| /99.50 203.66 | 1,935,592
1335,239.0/ | 9,739,568

C/IRCULAR PARTS:

I=63/,842.57 +/02,301.98 = 734, /44 55 444

SI+734,)44.55 +/335,239.0) »9739,568.00 = /1 808,95/.56 £+ ¢
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DONALD M. TEIXEIRA

612 HOWARD STREET + SAN FRANCISCO, CALIFORNIA 94105 + (415)397-2525  zpwaso 4. xeirn
: LLOYD A. LEE
RALPH T YOXKQYAMA

December 27, 1967

General Electric Company

Atomic Power Equipment Department
175 Curtner Avenue

San Jose, California 95125

ATTENTION: Mr. R. B. Gile
MC-750

SUBJECT: Monticel lo Nuclear Generation Plant
Earthquake Analysis of
Drywel |

Gentlemen:

Transmitted herein is the subject report based on information furnished by

. General Electric Company.

This report summarizes the analytical procedures and results for the seismic
analysis of Monticello Drywel | for both empty and flooded conditions.

Very truly yours,
JOHN A. BLUME & ASSOCIATES, ENGINEERS

s Kot

. Keith
Assistant Vice President

MPJ/ps
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MONT ICELLO NUCLEAR GENERATION PLANT
EARTHQUAKE ANALYSIS OF DRYWELL

INTRODUCT |ON

The purpose of this report is to summarize the analytical procedures
and results of seismic investigation of the Monticelio Drywell. Based
on the design earthquake stated below, design envelopes of seismic-induced
maximum absclute acceleration, relative displacement, moment and shear
versus height of the drywell have been developed and are presented herein.
The design earthquake acting in the north-south and east-west directions

has been considered for both empty and flooded conditions of the drywell.

DESIGN CRITERIA

Earthquake design criteria are presented in detail in Reference |.
The design earthquake used in this analysis is The north 69° west component

of Taft earthquake of 1952 normalized tfo a maximum ground acceleration of
0.06 gravity.

DESCRIPTION OF DRYWELL

The drywell is a bulb shaped steel shell of variable plate thickness.
The spherical part has an inside radius of 32'.0" and is joined to the
cylindrical part of fthe drywell by a knuckle of plate thickness 2.5 inches.
The cylindrical part consists of three cylindrical shells 23'-8", 3'Q" &
6' -3" long, having inside radii of I6'-6", [3'-5-3/4", |3'-5-3/4", plate
thickness of 0.635 inch, 1.5 and 1.25 inches respectively, joined by a 5'-3"
high truncated cone of plate thickness 1.25 inches. The drywell is em-
bedded in concrete at elevation 917'-l1-3/16" and is laterally supporfed by
the reactor building at eievation 992' 5-1/2", Location of personnel lock

vent system and geometry of dryweil is shown in Appendix Sheet |.

MATHEMAT ICAL MODEL OF DRYWELL

The drywell is idealized as a lumped mass system supported on ejastic
columns. The drywe!l was mathematically modelled as an eighteen mass

system and is shown in Appendix Sheet 3. However, to take into consideration

A.3-1
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the interaction of the reactor building and drywell during an earthquake
occurrence, the drywell model was coupled with the mathematical model of

the reactor building (Reference 2) by an inextensible bar at elevation
992'-5-1/2" representing the shear lug, and by another such bar at elevation
917'-11-3/16" representing the embedment of drywell in the reactor building.
This results in a twenty-six lumped mass coupled system which is shown in
Appendix Sheet 2,

CALCULATED DATA

Calculated data used as input to the computer is given in Appendix
Sheet 3. These calculations result from information or drawings supplied by

General Electric (Reference 3).

Properties of the elastic column were determined by cutting a hori=-
zontal section between mass points and calculating the moment of inertia
and effective shear area. The data presented in Reference 2 were suitably
modified for use in this analysis. The mass of personnel lock and vent

system was considered and appropriately lumped along with the dryweil| mass.

The following values were assigned as the elastic moduli:

|. Concrete 3.0 x IO6 pounds per square inch
2. Drywell Steel 29.5 x 106 pounds per square inch
3, Structural Steel 30.0 x IO6 pounds per square inch

ANALYTICAL PROCEDURE - Periods and Mode Shapes

The natural periods of vibration and mode shapes of the mathematical
model are calculated by solving for the eigenvalues and eigenvectors of

the n number of equations represented by Equation (1).

K ¢i - W Mg, =0 =-—mmmomomo e ("
where:

5 = Structure stiffness matrix

-2- JOHN A. BLUME & ASSOCIATES. ENGINEERS




Mode shape vector of the ifh mode of vibration
Mode shape matrix
Natural circular frequency of the iTh mode
', 2,3, ...., n
Number of degrees of freedom of the mathematical model
M Mass matrix

9 Null matrix

ANALYTICAL PROCEDURE - Response

The generalized displacement response of the structure, once periods

and mode shapes have been determined, is given by Equation (2).

.Yi(+) 2w Y () wiz Y (4 =

|
M.
L.

where:

Yi(+) Generalized coordinate vector for the iTh mode

Yi(+) Generalized coordinate matrix

Yi(+) General ized velocity matrix

Yi(+) Generalized acceleration matrix

Ai Damping value for the ifhmode

%*
Generalized mass matrix which is set equal fo unity in

eigenvalue solufion

5.1, M Lo,

— ee—

Participation factor matrix

JOHN A. BLUME & ASSOCIATES. ENGINEERS
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R- - ¢.T M_ .

— ——

Ug(+)= Ground motion

The generalized coordinate vector for the iJrh mode is given as:
X +
. Ri Iy
+) = i - -
YitH) x ] U e T s 0w (+-nian
M. w 9 :
i i ©
Where:
dt = Integration interval
_ _ . .th
Ri = Participation factor for the i mode
x - . " th
M = Generalized mass for i mode

The integral in the above expression, called the Duhamel Integral is

numerical ly integrated. .

From the generalized coordinate matrix the time history of displace-
ment, V(+), is found from Equation (3).

Vipy = 8;.Y;(#) —=omn Smmmmmemmmmmemmesmenoosoooeoooooooo- (3)

——

The solution for generalized acceleration response is identical fo the
above, except that Equation (2) is soived for acceleration, from which the
relative acceleration-time history matrix is calculated. To this is added

the ground acceleration, resulting in the absolute acceleration-time history.

Once displacement and acceleration-time histories have been established,
the time histories of shears and moments are determined. These records are
then enveloped to determine the maximum values which are then graphically

presented in the report and are recommended for use by the designer.

-4-
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ANALYTICAL PROCEDURE - Computer Program

The computer program used in this analysis was specially designed Yo
solve the dynamic response of structures subjected to arbifrary ground
motions. The effects of axial deformation and shear deformations are in-
cluded in the calculation of the stiffness matrix. Iindividual elements in
tThe sfiffniss matrix are designated Kij and are stored in the computer such
that the i—E value designates the row number and the jiﬁ value the column
number. Kij is determined by applying a unit displacement at the jID-poinT
while restraining the other points against distortion, and finding The cor-

responding reaction at the iIE point.

The computer retains the response of each mass for each individual mode
at each increment of time, and the fotal response for each increment of time
is obtained by adding together the responses of each mass point for each mode
at a particular instant of time. This resulfs in an exact combination of
mode participations without the necessity of using approximate methods such

as the root-mean-square method.

The increment of time referred to above is used in the step-by-step
integration of Duhamel's infegral and is selected by the computer such that
it is always smaller than one-tenth of the period of vibration of the mode
for which the response is calculated. The computer ftakes into account all

peaks and val leys of the design ground motion.

The general computer techniques used in this analysis are Taken from

References 4, 5, 6, and 7. A simplified block diagram of the compufer pro-

gram is shown in Diagram 1.
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e
“‘ MONT ICELLO NUCLEAR GENERATION PLANT
EARTHQUAKE ANALYSIS OF DRYWELL
COMPUTER PROCESS D1AGRAM
) Cstert
Geometry of Coupled System Read !
5 |5
| Member Moments of Inertia, Cross-Sectional Areas, Read Input |
| Effective Shear Areas and Elastic Moduli Read Data }
Foundation Springs Stiffness Read i :
Design Earthquake Read ! i
!
~ Determine
Coupled System Stiffness Matrix Generated l , Mode Shapes
© and Periods ! |
IR Coupled System Mode Shapes and Frequencies Calculated _.) i of Coupled
\.“ ' System
'
Coupled System's Generalized Coordinates Calculated . Determine
. Response
Coupled System's Displacements, Accelerations, I of Coupled !
Moments and Shears Calculated —) L System i
Coupled- System's Mode Shapes and Frequencies Printed
: |
Coupled System's Displacements, Accelerations, L ;
Moments and Shears Printed Print Oufput !
Data i

Force in Shear Lug Printed

(

!

|
Drywel| Displacements Relative to Reactor Building
Printed ,

JOHN A. BLUME & ASSOCIATES. ENGINEERS
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{ ! RESULTS
. The analysis was performed with the aid of an 1BM 1130 digital computer.
A damping value of three percent was assigned to all modes of the coupled
system. The influence of seventh and higher modes of vibration was con-
sidered negligible and, therefore, ignored in the coupled system's response
calculations.
Periods
The following table summarizes the natural periods of vibration for the
coupled system in the east-west and the north-south directions for both empty
and flooded conditions of drywell.
Periods of Vibration in Seconds

Mode of East-West Direction North-South Direction
Vibration Drywell Empty| Drywell Flooded | Dryweil Empty | Drywell Fliooded

o

s.\ First 0.542 0.556 0.590 0.597
Second 0.222 0.223 0.208 0.210
Third 0.185 0.187 0.180 0.181
Fourth 0.052* 0.103* 0.053% 0.103*
Fifth 0.045 0.052 0.041 0.053
Sixth 0.039 0.045 0.040 0.045

* Reflects fundamental period of the drywell

ResEonse

The envelopes of maximum absolute accelerations, maximum shears, maximum

moments and maximum displacements (relative to the base of the reactor building)

induced by seismic loading in the east-west direction are presented in Appendix

Sheets 4, 5, 6, and 7 respectively.
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-
Similar results for seismic loading in the north-south direction are .

presented in Appendix Sheets 8 through I,

Maximum displacements of empty drywell relative fo the reactor build-

ing for earthquake acting in north-south direction are presented in Appendix
Sheet 12,

Forces and Displacement at Shear Lug

The foliowing table gives the maximum value of force, in drywell shear
lug at elevation 9921-5-1/2", induced during the excursions of the design
earthquake.

(Note: Maximum force includes effect of drywell only)

Case East-West Direction| North=South Direction
Dryweli!l Empty 81 Kips Il Kips -
Drywel! Flooded 90 Kips 38 Kips

The maximum displacement of the empty drywel!l at shear lug elevation
relative to its embedment point at elevation 917'-11=-3/16" is 33 mils.
This does not include displacement due to rotation or translation of the base
of the reactor building.

Hydrodynamic Effect

Based upon experience with other drywel! structures, the resulting
effect of hydrodynamics is to reduce the total seismic forces. Because of
this, the effects of the dynamic response of the fluid in the drywell are

conservatively neglected in this seismic analysis.

RECOMMENDAT 10ONS

The subject drywell should be designed on the basis of the results
presented herein. The final design of the drywel!l should be reviewed for .

JOHN A. BLUME & ASSOCIATES., ENGINEERS
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twice the design parameters presented herein. |In addifion tc the horizontal
acceleration presented herein, a vertical acceleration of 0.04 gravify
acting simultaneously with the horizontal acceleration is recommended for
design, and twice this value is recommended in evaluating the ability of the

plant to safely shut down.

Critical pieces of equipment which are not rigidly attached fo the
drywel | shouid not be designed on the basis of the results presented herein,
but should be investigated separately to determine the effect of the inter-

action of the equipment and drywell.
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MONT ICELLO NUCLEAR GENERATION PLANT
EARTHQUAKE ANALYSIS OF DRYWELL
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MONTICELLO DRYWELL
SEISMIC  ANALYS/S
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MATHEMATICAL MODEL

£l 1073.)7!

9 /

jor oy
o o L 191707

1
1
N X 12
N EL. 992.4¢@ /3
/7
®5 /5

- 16
17

/8
®s 19
- 20

2!
22
23

22
o 7 5

Y47

, Al
EL 9/7.95

&L 894.25' 8 DORYWELL

7 VAV

PiE g §
o i 1
{. WISASZSLIS

REACTOR BLLDOG.

SHEET NO. 7T




A.3-15
JOHN A. BLUME AND ASSOCIATES, ENGINEERS
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@ scismic analrsis
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MONTICELLO DRYWELL
SEISMIC  ANALYS/S
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JOHN A. BLUME

JOHN A BLUME & ASSOCIATES, ENGINEERS iowmewecim

DONALD M TEIXEIRA

612 HOWARD STREET - SAN FRANCISCO, CALIFORNIA 94105 + (415) 397-2525  jowEa™ <07

EDWARD J KEITH
LLOYD A LEE
RALPM T. YOKOYAMA

July 28, 1967

General Electric Company

Atomic Power Equipment Department
i75 Curtner Avenue

San Jose, California 95125

ATTENTION: Mr. R. B. Gile
MC-750

SUBJECT: Monticello Nuclear Generation Plant
Report on Earthquake Analysis of
Reactor Pressure Vessel

Gentlemen:

Transmitted herein is the subject report based on informetion furnished
by the General Electric Company.

The analysis assumes soil properties as described in fThe report on Earth-
quake Analysis of Reactor Building prepared by this office for the subject
generation plant.

This report summarizes the analytical procedures and results for the seismic
analysis of Monticello Reactor Pressure Vessel, The response of reactor
pressure vessel to jet load reactions is also included.

The results presented herein should be used in review of the final designs'

seismic adequacy and fo determine whether any changes in soil or structural
properties would warrant further earthquake analysis.

Very truly yours,

JOHN A7 BLUME & ASSOCIATES, ENGINEERS
fiﬂ-OI Yy ‘jf’////
M T
E. J. Kei
Assistant Vice President

EJK/ss

Ab-11




| BLUME AND ASSOCIATES,

A= R SRR N
i “ f _T ;ﬂ
N 2 *~.L Al Q

Q‘&: GENERAL ELECTRIC coMPANY
A

omic. Powg' Ec;ulpmem Depar'fmen

fi

-.)'\

N

e b Mo A

ENGINEE{RS

-l_

\

A-4.ii]




A.b4-1iv

MONT1CELLO NUCLEAR GENERATION PLANT
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MONTICELLO NUCLEAR GENERATION PLANT
REACTOR PRESSURE VESSEL
SEISMIC ANALYSIS

INTRODUCTION

The purpose of this report is to summarize the results of the seismic investigation
of the Monticello Nuclear Generation Plant Reactor Pressure Vessel. Based on the
recommended earthquake design criteria 1, design envelopes of maximum acceleration,
displacement, moment and shear have been developed and are presented herein. In
addition, the response of the reactor pressure vessel to the jet load reactions has also

been determined and is presented.

Some minor differences exist between the known RPV component weights as
compared to those used in this analysis. The differences result in a net decrease in
weight that is a small percentage of overall system mass. Therefore, Monticello

recognizes this analysis as providing conservative results for the RPV seismic response.

DESCRIPTION OF REACTOR PRESSURE VESSEL

The reactor pressure vessel consists of a 63' - 2" long cylindrical shell having an
inside diameter of 17' - 1". It is supported by concrete pedestal through steel skirt.
Lateral support is provided by stabilizers between reactor pressure vessel and shield wall
at El. 994' - 2". A truss consisting of 16' - 10" XXS pipes between shield wall and reactor
building laterally support the shield wall at El. 992" - 57%". Geometric relation between
reactor pressure vessel, shield wall, pedestal wall and reactor building is shown in
Appendix A, Sheet 1.

MATHEMATICAL MODEL OF REACTOR PRESSURE VESSEL

The entire Monticello reactor structure (i.e., building, drywell, pressure vessel and
shield) was mathematically modeled as a 27 mass coupled system. The system couples
model described in previous report? with the shield wall, reactor pressure vessel and

pedestal wall. The mathematical model is shown in Appendix A, Sheet 2.

ANALYTICAL PROCEDURES PERIODS AND MODE SHAPES

Subsequent to the formation of mass and stiffness matrices for the coupled
system, the periods and mode shapes are calculated by solving for the eigenvalues and

eigenvectors of Equation (1).

01245382



[K-sz]¢=0 SR, ()
2 n =J'n =
Where K = Stiffness matrix of coupled system.

¢n = Mode shape of the nTh mode.

. th

w, = Natural circular frequency of the n  mode.

M = Mass matrix.

0 = Null matrix.

ANALYTICAL PROCEDURES - RESPONSE

With mode shapes and frequencies calculated, the generalized coordi-

nate response can be calculated by solution of Equation (2).

[ 14 L ] R [ X ]
Y 20 Y () +w02 Y (1) =L U ($) emmmmmmmeee (2)
n nn n n n M q
n
Where Yn(f) = Generalized coordinate vector for the nfh mode.
R 1t _-Anmn(f-t)
= n* I U (1) e sinwn(T—T)dr
M w g
n n O
An = Damping value for the nTh mode, selected as 0.03 for
all modes.
Rn = Participation factor of the n+h mode.
* - . th
Mn = Generalized mass of the n mode.
= ¢ T M 9
n -— n

g(f) = Design earthquake.

dt = Integration interval, selected as 0.0l seconds; the
Duhame! Integral is numerically integrated.

The general acceleration vector may be obtained from Equation (3).

Yn(f) = 02

Y () ——————— e -==(3)
n

JOHN A. BLUME & ASSOCIATES., ENGINEERS
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Generalized acceleration vector for the n+h mcde.

1]

Where 9n(+)

o
1]

Second order differentiating matrix.

N

The acceleration Time history of the i.l'h point of the coupled system

can be obtained with Equation (4).

T G J S —— ———(4)
In n .

Ui(f)

Acceleration time history of the ifh point of the

Where Ui(f)
coupled system.

9. = Modal displacement of the ifh point of the coupled
system for the nth mode.

V() =2¢ Y () - --=(5)
RARIER “n 'n
Where V(1) = Displacement time history of the coupled system

considering n modes.

The time history of inertia forces can then be determined with

\ Equation (6).

{
. Q(t)

Where Q(1)

K V() : - --(6)

Inertia force time history of coupled system.

‘Once the displacement and inertia force time histories have been
established, time histories for shears and moments are easily determined.

These records are scanned for maximum values to be used by the designer.

ANALYTICAL PROCEDURES - COMPUTER PROGRAMMING

The computer program used in this analysis was specially designed to
solve the dynamic response of structures subject to arbifrary ground moTions§’7'8
Member input data for the program, except for foundation springs and lateral
supports of the reactor pressure vessel and shield, are in the form of moments
of inertia, areas and effective shear areas. The effects of axial and shear

deformations are included in the formation of the stiffness mafrices.

JOHN A. BLUME & ASSOCIATES., ENGINEERS
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The response of each mass for each mode considered at each increment

of time is retained in the computations and total response for each incre-

ment of time is obtained through the algebraic sum of each mass point's

modal contribution at that particular instant of time.

precise combination of mode participations.

This results in a

The process logic of the computer aided solution is summarized in

Diagram |.
MONTICELLO REACTOR PRESSURE VESSEL
SEISMIC ANALYSIS
COMPUTER PROCESS D!AGRAM
Geometry of Coupled System Read h

Member Moments of Inertia, Cross-Sectional Areas and
Elastic Moduli Read

Spring Constants Read
Design Earthquake Read

Jet Load Reactions Read J
Coupled System Stiffness Matrix Generated j}
Coupled System Mode Shapes and Frequencies Calculated

Coupled System's Displacements, Accelerations,
Moments and Shears Calculated

Coupled System's Generalized Coordinates Calculated j}
Coupled System's Mode Shapes and Frequencies Printed

Coupled System's Displacements, Accelerations,
Moments and Shears Printed

Coupled System's Displacements, Moments, Shears due
to Jet Load Reactions Printed

DIAGRAM |

JOHN A. BLUME & ASSOCIATES. ENGINEERS

Read Input
Data

y

Determine

Mode Shapes

and Frequencies
of Coupled
System

Determine
Response
of Coupled
System

Print OQutput
Data

End

/.”’




PSRN

Py

A.4=-5

CALCULATED DATA

Calculated data used as input to the computers is given in Appendix B.

Values of the foundation springs were taken from a previous reporf.2
The following assumptions were made in calculating the spring con-

stant between shield wall and reactor buifding.

(1) Compared to the fruss members, the ring which consists

of the concrete reactor shield is very rigid.
(2) All end reactions are tangential to the supporting ring.
(3) Young's modulus of elasticity is 4.32 x 10% k/Ft2,

The remaining calculations result from information or drawings supplied

by -General Elecfric§’4

RESULTS

The results of the seismic analysis in the form of design moment, de-
sign shear, maximum absolute acceleration and relative dispiacement envelopes

are presented in Appendix A, Sheets 3 through 6.
Summary of spring forces is presented on Sheet [6.

Displacements, shears and moments induced in fthe structure due to jet
reaction at steam outlet and recirculation outlet are presented in Appendix A,

Sheets 7, 8, 9 and 10, |1, |2, respectively.
Forces in truss members are presented in Appendix A, Sheets |3, 14 and |5.

The previously described calculations were performed with the aid of an
IBM 7094/11 digital computer. The influence of 7Th and higher modes of vibra-
tion were considered negiigible and, therefore, ignored in the coupled sys-
tem's response calculations. The first 6 natural periods of vibration for the

couplied system are as below:

First Mode 0.535 Seconds Fourth Mode 0,102 Seconds
Second Mode 0.2!5 Seconds Fifth Mode 0.065 Seconds
Third Mode 0.140 Seconds Sixth Mode 0.048 Seconds

A damping value of three percent was assigned to the coupled system.

JOHN A BLUME & ASSOCIATES, ENGINEERS
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RECOMMENDAT IONS

PN

it is recommended that the subject structural elements be designed to (g
resist the seismic shears and moments presenfed herein without the usual ’
increase in stress for short term loadings. |In addition, these elements

should be reviewed to assure that they can resist twice the seismic shears

and moments presented here without hindering the ability of the reactor

plant to safely shut down. A vertical acceleration 6f 0.04g acting simul-

taneous!ly with the horizontal accelerations included herein, is recommended

for design.

” ®
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MONTICELLO REACTOR FRESSURE VESSEL

SEISMIC ANALYSIS
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JOHN A. BLUME AND ASSCCIA TES, ENGINEERS
MONTICELLO REACTOR FRESSURE VESSEL

SEISHIC ANALYSIS

MOMENT DIAGRAM
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JOHN A. BLUME AND ASSCCIATES, ENGINEERS
MONTICELLO REACTOR FPRESSURE VESSEL

SEISMIC ANALYSIS
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS |
MONTICELLO REACTOR PRESSURE VESSEL
SEISMIC ANALYS/IS

SHIELD SUPPORT ANALYSIS (CON 70)
TRUSS FORCES UNDER JET LOAD(CASE /,2560%@£L 999%0")

SPRING FORCE F = [98.7%

CASE I -

The values shown on this sheet :

are based on a jet force of 256 kips : *
at elevation 999°-0”. The actual jet 4,0\
force is 330 kips. The truss forces :
identified on this sheet shall be
increased by a factor of 1.29

(330 kips/256 kips) for use in design. ‘3?74 &
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. MONT | CELLO NUCLEAR GENERATION PLANT
REACTOR PRESSURE VESSEL
SEISMIC ANALYSIS
LIST OF SHEETS Sheet
Lumped Weights |
Reactor Buiiding and Drywell 2
Shield Wali 3
Reactor Pressure Vessel 4
Pedestal Wall 8
Member Properties . 9
Reactor Building and Drywell 10
Shield Wall I
Reactor Pressure Vessel I3
R Pedestal Wall 14

\‘. Moduli of Elasticity 15

Sorina Constant

Case | _l6
Case 2 19
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR FPRESSURE VESSEL

A.4-28

SEISMIC ANALYSIS

LUMPED WEIGHT

’gc;jl_"‘,g’f,’ié ELEVATION| WEIGHT ‘S'?Acézlﬁ”ﬁi ELEVATION| WEIGHT
! |1023'-2"| 736 X 1S | 1012'-7" | 29.¢6K
\}, 2 |/0¢5-8"| 140 é /G | 1004-0"| 172.78
§ 3 [1027-8"(/2786 g’ 17 | 999-¢0" /2459
3 4 |100/)'-2"|13,/4¢9 § /8 988"-3" | 3/G.23
§§ 5 |985'-6"|/72,386 g /9 | 9727-0"| 538.43
é G 962-6"|/9,232 % 20 | 964-/1"| 324.//
7 | 9358'-0"| 22,840 g 21 2G/-11"| 232.94
+ & | 992-57 4292 : 22 | 9588-0%| 278./5
; q | 990-3%"|113./0 j_ 23 | 944¢-)" /1429
§§ 10 | 984™~115"| 187.43 § 2¢ | 9422”7 178.5
a /1 F75'-115"| 281.59 § 25 736’—0" 182.9
§ 12 | 96&-115"} 270.40 § 2G 933-G"| 3/4.3
0 /3 | 9569'-3"|202.35 27 928’-G"| 2695
/¢ | 95/-&" | 454.66 |
'

SHEET NO. /
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JOHN A BLUMNE AND ASSCCIATES, ENGINEERS
MONTIGELLC REACTOR FRESSURE VESSEL
SEISHIC ANALYSIS
LUMPFED WEIGHTS
I. REACTOR RBUILDING &€ DRYWELL

WEIGHT ¢ @ EL./0723-7" 735K
WEIGHT 2 @ EL. /0g&-8' *1a0 %
v oan #
WEIGHT 2 & L. /027-8& /12,736%
WEIGHT & @ L. J00t-2" [ 7&K
LESS & 2PV WATER & FUEL - %00
/31X
KEIGHT 5 @ EL. 985'-& /8,58G X
LEZSS % Z.PV WATER & FUEL /200
/7,386 K
WEIGHT G @ EL.S62'-¢&" 20,432
LESS & 2.P\V WATER & FUEL /200
/9. 232K
MEICHT 7 @ EL. 232'-0" 29 782%
LESS TONTROL ROD IDRIVE EQUIRMENT i 27
LESS CINTZAL POLYSCAN 2 2327233 76x. /8 5872
72 8<c <

* = WE/GHT AS PEIL REFELZENCE No. 2

SHEET NO. 2
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR FRESSURE VESSEL

SEISMIC ANALYS/IS

LUMPED WEIGHTS (CONTD.)

I SHIELD WALL

WEIGHT 8 @ EL.993'-7"

CONCRETE
STEEL (/2-272nF/777)
STEEL (4" #&)

WEIGHT @ @ EL. 990'-3%"

CONCRETE
sreeL (/2- 27MF/77)
STEEL (4L R)

WEIGHT 10 @ EL.98& -115"

CONCRETE
STeelL (/2-2724F/727)
s7TeeL (& R)

WEIGHT Il @ EL. 9258 -115"

CONCRETE

STEEL (12-272K4F/27)
S7TeEeEL (4" e)
STEEL (14 R)

WEIGHT /12 @ EL. Q6C ~/1%"
CONCRETE

STEEL (/2-274F1727)
sreec C&” /'E)

STEEL (/“' )

WEIGHT /3 @ EL.959-3"
CONCR.ETE

STeEEL CI2-27AF177)
sTeeL (&' &)

WEIGHT 14 @ EL.95/'-C"

CONCRETE

STEEL (/2- 27%/77)
STEEL (4" »)

REAM REACTI/ON

37.5¢%
3.¢48
/.90

$2.92%

F8.90%
9./8
8.02

/1/13.10%

/@3.9/%
/158.2/
8.3/

/87.&3%

206.04%
19.172
10.45
45 98

28/.59%

/9/.38%
17.76
9.7
5/.55

270.40%

176,96 %
/G. &2
8. 97

202,357

/87 72%
/7. &2
9.572

240.00

&L5460%
SHEET NO. 3
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS .
MONTICELLO REACTOR FRESSURE VESSEL [ ]

SEISMIC ANALYS/IS

LUMPED WEIGHTS
II REACTOR PRESSURE VESSEL

WEIGHT I8 @ EL.10/2'-7"

TOP HEAD PLATES =28.36%
NOZZLE N-G = 0.87
NOZZLE N=-7 = 0.23

29.46%
WEIGHT /6 @ EL. /00 -0
TOP HEAD PLATES =/294K
TORP HEAD FLANGE = 87.3/ ‘
SHELL PLATES = &.06
SHELL FLANGE = 47.59
STURLS = /7.80
NUTS = /2./1G@
WASHERS = [/,09
GUIDE RODS = 0./0
> STEAM DRYER FPANEL = 7.8/
2 HOUSING : = /].92

172.78 “

SHEET NO. 4



JOHN A. BLUME AND ASSCCIATES, ENGINEERS

MONTICELLO REACTOR FRESSURE VESSEL

SEISMIC ANALYSIS

LUMPED WEIGHTS (CONTD.)
REACTOR PRESSURE VESSEL

WEIGHT 17 € &L.999-07

SHELL PLATES

NOZZLES N-3

NOZZLES N~/

2 STEAM DRYER PANELS
SUPLPFPORT RING

GUIDE ROLS

S MOUSING

WEIGHT /I8 & EL.288'-3"

SHELL PLATES
NOZZLES N-&
NOZZLES N=-5
NOZZLES N-2
NOZZLES N-/2

WATER. SEAL SKIRT
GUIDE ROPS

HOLD DOWN RCLTS
LIFT RODS

STEAM SEPARATORS
BOLT RINGS

STAND FIPES

5 SHROUD HD. DCME

2 SHROUND HD. FLANGE
FLUID WEIGHT

FLUID AROUND PERIPHERY

fw o bwnn

now oo oo M

ou o

SHEET NO. 5
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JOHN A. BLUME AND ASSCCIATES, ENGINEERS
MONTICELLO REACTOR FRESSURE VESSEL
SE/SHIC AMALYSIS

LUMPED WEIGHTS CCONT'D.)

REACTOR PRESSURE VESSEL
WNEIGHT /? ® EL.Q77'-O°

SHELL PLATES =/33.75
% SHROUD MD. DOME = 4,22
% SHROUD HD. FLANGE = 2.47
SHROUD = 32.8]
UPPER CORE GRID =/0./9
coxze SPRAY SPARGERS & NOZZLES = |.34
? FUEL SUPPRORT CAS//NGS = /.82
S FUEL ASSEMBLIES =224.38
CONTROL RCOS FULL IN = 2/.23
TEMPORARY CONTROL CURTAINS = &.37
INCORE ASSEMABLIES = 3.37
SLEEVES = 5.67
FLUID WEIGHT = 5476
FLUID AROUND PERIPMERY = 38,/0
538,43 %
WNEIGHT 20 @ EL.964'-/]"
SHELL PLATES = 86,46
NezZzZLES N-2 = 25,4/
SHROUWMN = 2/.39
EUEL SUPFPORT CASTING = /.82
FUEL ASSEMRLIES = /0&8./ 3
CONTROL ROMDS CFULL IN) = )0.23
TEMPORARY CONTROL CURTAINS = 2./
IN-CORE ASSEMRLIES = /). G3
SLEEVES = 2.73
FLUID WEIGHT = 3957
FLUID ARQUANR PERIPHERY = 24.63
324.11 *

SHEET NO. @




JOHN A. BLUNE AND ASSCCIATES, ENG/INEERS
MONTICELLD REACTOR FRESSURE VESSEL
SEISHIC ANALYSIS

LUMPED WEIGHTS (CONT'R.)
REACTOR PRESSURE VESSEL

WEIGHT 2! @ EL.2G!-1!"

SHELL PLATES
NOZZLE N-!

NOZZLE N-8

SHROUD

CORE PLATE ASSEMALIES
JET PUMP ASSEMARLIES

2 GUIDE TURES

G009 %
/8.4 3
0.9/
/4.1 8
/8 2<%
2000
/1G4

5 CONTROL ROD DRIVES £ THERMAL SLEEVES = 33,76

FLUID WEIGHT = 400/

FLUID ARCUND PERIPHERY /.33
237.94 “

WEIGHT 22 @ ElL.958-0%"

BOTTOM HEAD =/0& 75 %
SKIRT KNUCKLE /5,10

SHROUD /2.84

2 CONTROL RO PRIVES & THERMAL SLEEVES = 33.7%

2 GUIDE TURES /G .04

NOZ2LE N-/O Q.22

INTERNAL SHROUD SUPPORT 22

SKIRT EXATENS/ION WEI/GHT 2L GO

FLUID WEIGHT 29 35

FLUID AROUND PERIPHERY

/| @32
278./5*%

SHEET NO. 7
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR FRESSURE VESSEL @
SEISMIC ANALYS/S

LUMPED WEIGHTS CCONT D))

N PERESTAL WALL

WEIGHT 23 @ EL.944'-11"
CONCRETE 0.785(25.167%/7./673)(225+%L5)x0,/5

-£75 «2(3.75+3.25)4 x0./5 =/32.9%
STEEL 0.75507.375?-/7./472)(2.25+’;5>x04a- /0,0

” |42.9K
WEIGHT 24 @ EL.942'-2 s
CONCRETE 0755(25 1672121673 ) 352+ =422)x 0.5
LI5 % 2(3.75+3.25)¢x0./5 =/66.2 %
STEEL 07856173752 /7/@7?)(275 @L21)x049=_ /2.3
. y 178, 5%
WEIGHT 25 @ EL.93G'-0O — o
CONCRETE 0785C25/G72 171672527+ 22)x0,/5 .
L3 x25x2.0x0./5 =/70.9%
STEEL o7as</73752-/7/c.72)("’"”+ 23)x049 = (2.0
WEIGHT 26 © EL.933'-G" 82 9%
CONCRETE 0.785(25.1672%-12.167(%>+ 5°)xO/5
-2.5x( &2+ 5°)4o><0/5 = /43,9
PDEAD LOAD ON REAMS = /0.0
STEEL 0.785(/17.8375% /721672 (%2 + 52 )x0.¢9 =_ /0. &
Y 3/4. 3¢
WEIGHT 27 ® EL.928'-G
CONCRETE ©.785(25.1673-17./672)( 2 +2)x0./5
~-2.5x/.5 x4.0x0./5
-30x30 x40 x0,/5 =75/,5%
STEEL 0785(/7.375%17/c7)( 52+ x0.¢9  =_(8.0
. 269.5"*

SHEET NO. 8
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JOHN A. BLUME AXD ASSOCIATES, ENGINEERS

MONTICELLO REACTOR PRESSURE VESSEL
SEISKIC ANLLYSIS

MEMBER PRPROPERT/ES

~ I A I
STATION NQ. A (F?‘4) STA7/0NNO (Ff'z) (Ff‘)
Vo ( V1o
ol \ BRACED 3 M 10.02 199.2
Zi LAREA Q. 24,06 | 940.8
Q| 3 SN
3 225G 11,805,790} 14.66 | 940.8
a | 4 v | /8
; 3365 (50402043 24.66 | 946.8
¥i| S g | 9 .
Q! 2835 (4460485 | & 24.60 | 940.8
vl @ ,0\ 20
< 2,784 15006,3/G | ¥ 24.66 | 946.8
& | 7 N Y
594! 19093,452) ' 73.572 &2/.3
L 3| ez
8 4 5.64 210.0
.70 | 434.40 |
9 {' 317.%2@| /73%/.
| 489 | 30440 ] 23
oo N} G/ RGe| 10991,
g 670 | 43440 | 3| 4
< 1 = 3/7.26 | 173721
2! ©70 | 43440 | 25
1 3 307.76 | /6/%96.
Qi 562 | 358.85 | K, | 26
J! x|
W 13 0! 30726 | /@/96G.
I G.3/ 380.87 | Q) | 27
5| 4 Q| 307.26 | /0/96G.
| G710 | #34.40 | |
{ |
K= 325,723 K/Ft
Kq= 480 0Q K /F+.
Kz= I, Ks=3299,934,382 K/Ft. RAD
K+= /)58/,54'9/(//:7‘.

SHEET NO. 9




A.4-37

JOHN A. BLUME AND ASSCCIATES, ENGINEERS
MONTICELLO REACTOR PRESSURE VESSEL ®
SEISMIC _ANALYSIS

CROSS SECTIONAL AREA & MOMENT OF INERT/A
I REACTOR BUILRING*

STATION Ac I
NoO. (F+?) (F+.%)
, — —
2 ARRACEDN
B AR EA
3 » _
7,26& /,806,790
4
3,365 5,140,204
5 /‘f.'."'..
2,835 4,460,485 ()
@
2,784 5,006,3/G
.
594/ 3,693,457

Ky = I.Ks = 3,299,934,382 K-F1/R40D
Ke = 581,549 5/

X AS PER REFERENCE NO.72

SHEET NO. /O
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. o A BLUME AND ASSOCIATES, ENGINEERS
. MONTICELLO REACTOR PRESSURE VESSEL
SEISMIC AMALYS/IS

CROSS SECTIONAL AREA & MOMENT OF INERTIA (CONT)
I SHIELD WALL (ASSUME CONCRETE HAS NO STRENGTH)

A, SECTIONS (NO OPENINGS)

AREZ
52./ 2
1 a (D TIWEITT 17 = 4.334t
eras-g O ras 144 .
. l8 @ %'’ 360 * 34(?4.8+20. 5))(4 xjp = .37 2
e §9 G.70/4
MOMENT OF INERTIA
. JI0 @ wvent Zed e se) e st 7} 218,18 444
288 ! (1nd? 3 ]
-~ @ la' R sgx34xgz (124 wi028) . 156.22
. 434 4004
o/l -
AN B. SECT/ON (7 ORENINGS)
AREA
52./ . 2
o1/2 @D 2InweI1T7 &x T4 = 2.89%
el lu'R @ 'R S x34(248+205)(14x4.1)
/3 )
+(14 215)] 5 . 200
4, 894"
. /4 MOMENT OF INERTIA
eL.a47:¢ D 2TweITT Sdian(u3)f {5ia%/5% $in?75°} - |85.45847
Y 3z L 3 3
@ %' R 3o 314555 (1147+10257)

-tut I [45in45%25in0 "intGS31)

¥l 15x bE;s,nws'mm!?o 659132 =_119.0]
304.4GH*

SHEET NO. !/
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR FRESSURE VESSEL
SE/ISMIC ANALYS!S

CROSS SECTIONAL AREA & MOMENT OF INERTIA (CONT)
C. SECTION (10x4" 1" 4 1"+ 2x 5" 4"x 5" 4" ORENINGS)

AREA
@ 27177 17.x /547'4/ = 43344
@ %" 252 3.14(24.8+205)
-(20x4.1)-(4x5.33)
L oL - 2
+(24x2.15)| 7 x7g 1.29 £
5.6204°
MOMENT OF INERTIA
@O I 177 75;,2—.4_/)(4:( (//.32)’{5;n2/5°+:;n7¢5;:,;,?75‘} = 278.18 144
@ '’ [%x 3.14x (1243 +/0.25%)

- Axd.lx (11.32) (4 5in?30"+ 45in*60")
-2x5.33x(/1.32)? (2 5in?90")

+2x 215 X (1130) (5" 30+ 4560 160N g0 80,67

358.85 f4°
PR. SECTION (I x4'-1*x 4’1" CPENING)
AREA
51./ - 2
@ 21weIT77 Hx T35 3.97 %
. 294
@ %R 3o <314 (24.8+705)
-(2x4./)+(fzx'z./5)];’3 = 1234
G.3/ #h

MOMENT OF INERTIA

@ 2177 %x(/l.aQ)zEﬁ&h'so%45,b‘eo°r.r,'n’9o7_] = 723/.8) 044

@ "R E—%xs,/4(/’z.4’+/oxzs*)
-(2x4.1)(//.32‘)+(7x7./s)(//.3f172{3’g ~ 149.06

380.87/4%
SHEET NO. |72
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\/m\ JOHN A BLUME AND ASSOCIATES, ENGINEERS
o MONTICELLO REACTOR FPRESSURE VESSEL
; SEISMIC AMNALYSIS

CROSS SECTIONAL AREAS & MOMENT OF INERTIA (CONT)
T REACTOR RRESSURE VESSEL

A. TORP HEALD SECTION

A= 0785 (15.25%-/4.80%) = 10.62 #°

I= 0049 (/5.25% /4.840%) = 7299.7 ([
B. CYLINDRICAL SECTION

A=0.185(17.979%-17.083%) = 24.60 LE°

I+0.049(17.979%-/7.083¢) = 946.8 ftf

‘. C. SKIRT SECTION

4z 0785(/7.375%-/7./67°%) = 5.04 it

I=0.049(/7.375%-/7.1677) = /0.0 fht
D. ROTTOM HEAR

420785 (17.107%-16.27/%) = 23.57 f4°

I =0049 (/7.167%-/6.27/%) = 82/.3 [*

SHEET NO. /3
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR FRESSURE VESSEL
SE/ISMIC AMNALYS/!S

CROSS SECTIONAL AREAS & MOMENT OF INERTIA (CONT.)
IV PEDESTAL WwALL

A, SECTIONS (NO OPENINGS)
4:0785(25.167%/7.167%)

+0.785 (17,376 %17.1671 ) ZH2200 = 317.26 17
I1=0.049025.167%-17.167%)
+0.049(/7.3754-17.167%)x 9. 14 = /7,320,  p*

B.SECTIONS (ORPENINGS FOR PIPES)

A = 0.785(25.167%-17.167%)-7x40(3.75+3.25)
+0.785(17375%/7.167 )x 9.14

2x40(22, 1 2
I =0.044(25.067*111677)- 7= (375+3.25)

-2x4.0(3.75+3.25)(22/631
+0.049(/7.375%-/7.167*)x 9. 14 = 10,99/, ft1

C. SECTIONS (OPENINGS FOR PERSONNEL )

A =0785(25.167%-17.167% ) - 4.0x2.5
+0.785(17.375% /7167 % x 9.14 = 307.26 f°

3
I= o.o4-4(q5./e74-/7./c74)—4(f—f>

1
-4.oxfz.s( "’fé/ C7) vo0t (Tt T T = 16,196, 2E7

RG1.%26 f+*

SHEET NO. 14
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO REACTOR P)‘?ESSU/?E VESSEL

SEISHMIC ANALYSIS

MODRUL! OF ELAST/ICITY

A. REACTOR PRESSURE VESSEL

£ = 2G.0x/0%psL @550°F = 37.44 x 10°K/p?
Y = 0206~0727

Use Y = O’Z(aS

= 5
G ?(/««D) s 0.395€& = 14.789 x 10° Ky
B SKIRT

E = 27.4x/0%si @300°F = 39.456x 102K /rht
G = 0.395& = /5.585x 10K/t

C. STRUCTURAL STEEL

E = 30x/0° py 43.20 x/0% k1
G = 0.4E = /7.28 x/0f iy

D. CONCRETE

E = Sx/O"/ar‘
G s 0.4&

4.32 x/O‘*'/(/;,af
/.728x/0° /(/’g/z

SHEET NO. /5
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JOHN A. BLUME AND ASSOGIATES, ENGINEERS
MONTICELLO REACTOR FRESSURE VESSEL .

SE/ISMIC ANALYS/IS

SUMMARY OF SPRING FORCES

LOANING JET LOAD JET LOAD

CONDITION SEISMIC 256.04 @ Go40* @
FORCE £L.999'-0" EL.9G!-1I"
RETWEEN RPV p
ANDR JSHIELD @7'0"4 /7?.Ok /26.9
JTAR/ILIZER .
RETWEEN
SHIELD AND 106./% 198.7% /9. 6%
RUILNING |

®
N

SHEET NO. /G




JOHN A. BLUME AND ASSOCIATES, ENG/INEERS
. MONTICELLO REACTOR FRESSURE VESSEL
SEISMIC ANALYSIS
SPRING CONSTANT CCONT'D)

B, TRUSS LOALS

+ PENOTES TENS/ON
- DENOTES COMPRESS/ON

L=(16.5%+/1.25%- 2x/6.8 x/1.256 COS 2°.5°)72=7433 Fr.

sx~¢=—7/—;_—28—’-:?3 SIN 22.86° =0.8753, & =35,/°

SHEET NO. 17
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR FPRESSURE VESSEL
SEISMIC ANALYSIS

SPRING CONSTANT CCONTR )

8-‘-':_:'544,7
F=1/%
L =7&4&83 FT

E =30X/0% 82 =& 320000% 72
A OF 10" XXS PIPE =0.2/27 FT 2

Su?=4(3%+0.2/72% +2x0./536%) = 0.3774

/| X 2.&83 xQ.2774

=3.07 O~C ET
432000002127 = > O7EXIC

RISPLACEMENT & =

SPRING CONSTANT

F=K3
| = K&

K = —é— = 325330 Yer

SHEET NO. |8
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO REACTOR FRESSURE VESSEL

SEISMIC ANALYSIS

SPRING CONSTANT CCONTR)

CASE IO CARPITRARY FORCE F)
TANGENTI/IAL REACT/IONS

A.
-
o
\G’ L
N G
o Oﬁ a+a7 ﬁ ’/?§ J%’L /?\
5 o .Q L
2 v v’4v ﬁ v"y
= +
PAVA ‘ < A A
' SRR ARy
T FE F G
NOTE ! THE NATURE OF SYMMETRY &€ ANTISYMMETRY

r EF =F/ + F?
R =7 (Q+R)

A

EY =0, G/VES
\F =4 (R cos Wa +Q SIN a)

o955 F
231 F

SOLUTION : {2

SHEET NO. /9
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MONTICELLO REACTOR FPRESSURE VESSEL
SEISMIC _ANALYS/S

SPRING CONSTANT (CONT'D)

B. TRUSS LOADS

10YXXS PIPE

+ OENOTES TENS/ON
- DENOTES COMPRESS/ON

SHEET NO. 20
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( MONTICELLO REACTOR FRESSURE VESSEL
SE/ISMIC ANALYS/!S

SPRING CONSTANT (CCONTD)

_FC 2
S-Aé S«

L= 7483 FT

F =//<
=0.2/27 FT?
E =30x/0% %392 =£.320,000%r2

s.% =88 (0,05-32 + 0.20/ ¢ )=03727

!/ x 74 823x0,3777
4 320000x0.2/27

DISPLACEMENT S = = 30757%x/0"° FT

—é—=t76,/79 K/er

SPRING CONSTANT K =

SHEET NO. 2]
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JOHN A BLUME & ASSOCIATES. {"“‘NE B3

FOWARD LTROET o SAaM FRALCISOCO, CALIFQOPRM & 7

November 22, 1968

General Electric Company

Atomic Power Equipment Department
175 Curtner Avenue

San Jose, California 95125

ATTENTION: Mr. R. B:. Gile
MC-750

SUBJECT : Monticello Nuclear Generation Plant - Unit 1
Control Room Earthquake Analysis

Gentlemen:

Transmitted herewith is the subject report based on the information tur-
nished us by Bechtel Corporation, General Electric Company, and as listed
in the References.

The analysis consists of an investigation of the coupled flexural dynamic
response and the rocking dynamic response of the subject buildiny. The re-
sults of the analysis are presented in this report, and are based on the
building drawings listed in the References. These drawings should be re-
viewed to determine if any substantial changes in the building's structural
properties have been made to warrant a further earthquakc analysis.

Very truly yours,

JOHN A. BLUME § ASSOCIATES, ENGINEERS

{/[’/ .

R T. Y oyama/
Assistant Vice”President

RTY/vdr
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MONTICELLO NUCLEAR GENERATION PLANT-UNIT 1
L ' CONTROL ROOM
’ EARTHQUAKE ANALYSIS

INTRODUCT ION

The purpose of this report is to summarize the results of the seis-
mic investigation of the Monticello Nuclear Generation Plant Control
‘Room. Based upon the recommended earthquake design criteria estab-
lished for the Plant, design envelopes of maximum acceleration, dis-
placement, shear and overturning moment versus height of the build-

ing have been developed for both directions and are herein presented.

DESIGN CRITERIA

Based upon data developed by John A. Blume & Associates, Engineers
(Reference 2), the design earthquake used in this analysis is the
North 69° West component of the July 1952 Taft earthquake, normal-

ized to a maximum ground acceleration of 0.06 gravity.

BUILDING DESCRIPTION

The control room is a separate, multistory structure located on the
south side of the turbine building and adjacent to the east side of
the reactor building. Both concrete block and reinforced concrete
are used in wall construction throughoﬁt the.structure. The rein-
forced concrete walls resist both vertical and lateral loads. Walls
of concrete block resist lateral loading, and resistance to vertical

loading in these areas is provided by use of steel columns and framing.

METHOD OF ANALYSIS

For the dynamic response analysis, the equivalent mass system shown
on Sheet No. | was selected to approximate the building. Masses
were lumped at the floor levels indicated, and each represents the
mass of concrete and steel at these floor levels and the tributary

mass of the concrete and steel between them.

JOHN A. BLUME & ASSOCIATES, ENGINEERS




The average area and moment of inertia of the concrete and concrete
block walls between floors were used to determine the stiffness char-

acteristics.

References 7, 10, and 11 present the data associated with the gran-
ular material which supports the reactor building. These values
are as follows:

m
"

78,500 pounds per square inch,

dyn
G = 29,500 pounds per square inch.
u = 0.33 (dimensionless).
p = |35 pounds per cubic foot.

Using these given field determined values the following rotational
and lateral foundation spring supports were determined using Equa-

tion (212) from Reference 3 and Equation (1-4-5) from Reference 9:
For earthquake in N-S direction:
K = 285,000,000 kip - feet per radian.

rot

For earthquake in E-W direction:

Krof = 165,000,000 kip - feet per radian.
For earthquake in N-S & E-W directions
KG = 628,000 kips per foot

The natural periods and mode shapes and the dynamic response of the
equivalent lumped mass system were determined with the aid of an I8M
1130 digital computer. The first three modes were considered, with

the damping value assigned as 5 percent for each mode.

ANALYTICAL PROCEDURE

Periods and Mode Shapes

The natural periods of vibration and mode shapes of the mathematical

-2 -
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model are given by Equation (1).

[£-w 1] e =0 oo 1
where:

K = Stiffness matrix (see Remarks on the Computer Program)

wn = Natural circular frequency for the nIE-mode

M = Mass matrix.

= Mode shape matrix for the niﬁ mode

lo Je

= Zero matrix

By use of a computer program the wn value and the gn matrix for the

nsn-mode are obtained.

Generalized Acceleration and Displacement Response

The generalized displacement response of the structure, once the
period and mode shapes have been determined, is given by the follow-

ing equation:

P+ WA Y D) WY (D) =R MU () e (2)
n n'n 'n non nn g
where:
Yn(T) = Generalized displacement responsé for the nID-mode
R +
= s S U (0 e_xnwn(f-r) Sin [w (T-r)] dt == (3)
M W g n
nn
0
. th
Mn = Generalized mass for the n— mode
= oT M-
-n = -
ﬁg(f) = Earthquake ground acceleration

_3-
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kn = QDamping for the nih-mode - taken as 5 percent for
all modes
dt = Integration interval used in the step-by-step solu-

tion of the Duhamel Integral

From the Generalized displacement response the time-history of dis-

placements is found according to Equation (4).

vit) = ¢ Y(1) ——emememmm e e (4)
where:
$ = [Eﬁ 22 -------- gﬂJ, m = Number of modes considered
Yl(f)
Y, ()
ey = 2
Ym(T)
b =
v(t) = Displacement - time-history matrix

The solution for generalized acceleration response is identical to
the above, except that Equation (2) is solved for acceleration, from
which the relative acceleration - time-history matrix is calculated.
To this is added the ground acceleration, resulting in the absolute

acceleration - time-history.

Once displacement and acceleration - time-histories have been estab-
lished, the time-histories of shears and moments are determined. These
records are then enveloped to determine the maximum values which are

then graphically presented in the report and used by the designer.

Remarks on the Computer Program

1) The computer program used in this analysis was specially

designed to solve the dynamic response of structures subjected to

-4 -
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. arbitrary ground motions. Since the program was written to cover
as many structural configurations as possible, the structural mem-

ber input data for the program, except for the foundation spring,

is in the form of member moments of inertia, areas, and effective
shear areas. The effects of axial deformations and shear deforma-

tions are included in the calculation of the stiffness matrix.

2) The computer retains the response of each mass for each
individual mode at each increment of time, and the total response
for each increment of time is obtained by adding together the re-
sponses of each mass point for each mode at a particular instant of
time. This results in an exact combination of mode participation
without the necessity of-using approximate methods such as the root-

mean-square method.

3) individual elements in the stiffness matrix are designated
Kij and are stored in the computer such that the i value designates
T the row number and the j value the column number. Kij is determined
\‘ by applying a unit displacement at the jt—h- point while restraining
the other points against displacement, and finding the correspond-
ing reaction at the ish-point. In this manner the foundation spring
is included in the stiffness matrix. This procedure couples the

foundation spring and elastic springs of the structural system.

4) The general computer techniques used in this analysis are
taken from References 5, 6, and 8. However, the referenced tech-
niques have been extensively modified and expanded by John A. Blume
& Associates, Engineers to increase their versatility and capability.
A simplified block diagram of the computer program is shown on Plate
A, and the input and output are indicated in Tables A and B respec-

tively.

-5_
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(  START )

' / READ INPUT DATA /

A.5-6

FORMULATE EIGENVALUE PROBLEM
AND SOLVE FOR FIRST THREE
NATURAL MODE SHAPES AND
PERIODS

CALCULATE TIME HISTORIES
OF ACCELERATION, DISPLACEMENTS,
SHEARS AND MOMENTS

//; OUTPUT RESULTS‘//

( SsTOP )

PLATE A
FLOW DIAGRAM OF COMPUTER PROGRAM

JOHN A. BLUME

& ASSOCIATES, ENGINEERS
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TABLE A

INPUT DATA

Geometry of Model -
a) Vertical distances between mass points
b) Mass point identification
je: Mass 1
Mass 2
Etc.

Section and Foundation Properties
a) Moments of inertia of columns
b) Areas of columns

c) Shear areas of columns

d) Foundation spring constants, Kgs Kg

Weights and Masses
a) Weight of each mass point
b) Mass of each mass point

Input Earthquake Data

a) Input earthquake - time in seconds and acceleration in
gravity units. A

b) Time length of earthquake record used - 10.0 seconds.

JOHN A. BLLUME & ASSOCIATES. ENGINEERS
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TABLE B

QUTPUT RESULTS

Maximum displacement of each mass. point.

Maximum absolute accelerations of each mass point.
Maximum shears at each mass point.

Maximum overturning moments at each mass point.

Period of vibration of each mode calculated.

JOHN A, BLUME & ASSOCIATES. ENGINEERS
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)

DISCUSSION OF RESULTS

Absolute Acceleration

The curves shown on Sheets 2 and 6 give an envelope of the maximum
absolute accelerations with respect to height. These curves can

be used for the seismic design of equipment elements rigidly at-
tached to the subject building, but the moment, shear, and displace-

ment curves presented should be used in the design of the building.

Shears, Moments, and Displacements

The maximum énvelopes of building design shears, moments, and dis-
placements are presented graphically on Sheets 3, 4, 5, 7, 8, and
9. The displacement values plotted are relative to the base. These

curves should be used in the seismic design of the building.

(f’“\ Periods of Vibraticn

Direction of First Mode Second Mode Third Mode
Earthquake (Seconds) (Seconds) (Seconds)
North-South 0.21 0.085 0.026
East-West 0.244 0.090 0.031

Recommendations

It is recommended that the subject structure be designed to resist
the seismic shnears and moments presented herein without the usual
increase in stress for short term loadings. In addition, the struc-
ture should be reviewed to assure that it can resist twice the seis-
mic shears and moments presented herein without hindering the abil-
ity of the plant to safely shut down. In addition to the horizontal
accelerations, a vertical building (and equipment) acceleration of
0.04 gravity, acting simultaneously with the horizontal accelerations

is recommended for design.

-6 -
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MONTICELLO NUCLEAR GENERATION PLANT
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LUMPED WEIGHTS
WEIGHT | @ &L. 98/ 4%"

.a-w
.
“')

SNOW LOAD ! 0.0/6x 50.3.01/4.88 a7.0x
METAL ROOF +AREIMS + PURLINS.: 0.0/0x 50.3x/1488 57.8
CONCRETE DECK. O./15 x 0.3 x £§0.3 x/14.88 x 260.4

/2 WALLS BELOW: O.15x8.19x(2x50.3+/x/5./
+0.833x48.5+/x/1.7§+0.823//.75 )+ ©.15x(1.25
x38.4 x3+0.875x/1.5 x4 +0.67x2.25x//2.38)

+0.065x 5.9¢ x/12.38 +0.02x 8./ x(36.25+56) = 330.0
DEDUCT OPENINGS. 0./5 x 0.833 x 40 = =5.0
/2 COLS.BELOW [ 8./19x (039xG+.045 x3+.033xG) = ¢.6
734.8
@ o
WEIGHT 2 ® EL.9G65-0
CONCRETE SLAR: 0./15 x2x47.5x48.4 = 6&9.0X
METAL DECK W/ CONCRETE SLAR: 0.048(@4.5
x48.4-/0x/6.3-6x/82-9./x11.63) = /3/.9
Yo WALLS ABOVE & BELOW: 0./5x/5.19x (2x50.3
+/x18.]1 +0.833x49.5+0.833x/1.75)+0.I15(.5
X486 xB+0.75 x49.5x7 +/. 5 xBx5.5+/x7
x47.4)+0.065 x (/2. A8 x/8./9 +64.75x8)
#0.02x(36.25 x /5./9+50x/5./9 ) + 0.043 x 26
x /1.5 = 752.0
Y COLS.ABOVE ¢ BELOW : 15.19x(0.036 xG+0.039 x 3) E 5./
STEEL FLOOR FRAMING : 0.0086 x @4.4 x 50.3 = 27.8
EQUIPMENT : 0.06x47.5x48.4 +0.04 (04.5x48.4
-10x/6.3-6x/8.2-9./x/1.63) = 248.0
PEPUCT FOR OPENINGS IN WALLS: 0/5x0833x40 = _ =5.0
1838.8

SHEET NO. 17
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LUMPED WEIGHTS CONT'D.
WEIGHT 3 @ &L.95!'-0"

CONCRETE SLAB : OIS x Ix47.5 x48.4 = 344.5%
METAL PECK W/ CONCEETE SLAR ! 0.048 (64.5x438.4

“10X1@.3- Gx/8.2-F./x/1.63) = /3/.9
/e WALLS ABOVE & BELOW : 015 (2 x50.3 x 7+ /x23.88
x0+r3xP0.0x0+/x47.4 xX/3+/x/5.1x/8+0.833x/6
X4+ 0.875 x/5.75x/0 +1x50.5 x GF .75 xSO.5x7+1.625
Xx49.5x/3+Ix/1.75x/3)+0.02x(36.28 x 7 +R0.5 x 6+ 56x3)
+0.065x (64.383x/3)#0.043x (20x/4) = 745.4
I COLS. ABOVE & RELOW ! 13 x((O78 +.045) x4 = .9
STEEL FLOOR FRAMING ! O.0085 x50.3 x /14 .88 = 49.0
EQUIPMENT | ©.060 x47.5 x48.4 +0.040(64.5
x48.4-/0x163~6x/8.2-9.1x/!.G3) = 248.0
DEDUCT FOR CPENINGS IN WALLS : O.15 x (Zx Tx8 +/x6.38x7) = _-23.7
' /15072.0

WEIGHT 4 @ EL.939'-0*

CONCRETE SLAB: O./Sx(IxTx/T+OT5 x/3x11+0.67xGx4) = 4/.5%
METAL PECK Y/ CONCRETE SLAR : ©.048 x (48 x 47.5-320-56)

#0.048 x 48.83x 4838 +0.07x/8x/7 +0.CG@/ x (33)(/5 - 40) = 268.8
Vo EXTERIOR WALLS ABOVE & BELOW : O.15x[(Ix20.3+3 .

X%6.6+/x475+1.625x49.5)x @+(Ix35./13+3x/4.17

+0.833x49.2+/x64.5)x5.5+0.833x55x4+/x/5.1

x/3+!x11.75x!1.5+0.833x/7x/.625]+0.02

x(26.25x7+20.5x6)+0.065x(64.38xC

+56x4.17) = 4872.5
Yo INTERIOR WALLS BELOW : O.15x [x177.5x5+0.I5

x0.67x45x5 = /54,0
LANDING : O.15x(0.67x9 £ 15.75+0.54 x/1.75 x7) 20.9
Vo COLS. ABOVE £ BELOW : (0.1G x(0.039x G+ 0.045 x3) = 3.8
STE&L FLOOR FRAMING: 0.0078 x 50.3 x//4.8 = 45.0
EQUIRMENT. 0.04 x@?ﬂs x88.8+64548.4-3.5x/1.5

~4.5x9.5) | = 2/3.5

1220.0
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LUMBED WEIGHTS CONT'D.
WEIGHT & @ £L.928’-0"

CONCRETE MAT: 0.15x(E523)y50.3 4675 - /530.0
CONCRETE SLAB @ £L.933%0°: 0./5 x [py x #7.38 x48 s 56.5

FOOTINGS: 0.15x (1.5x $2.54x5.42+/.5x50.88 x5

#/5x50.88 x4.83+/.5x/0xI0x®) = R209.4
Vo EXTERIOR WALLS ABOVE £ BELOW . O.15x5.5x(1x 996
+0.833x/00./8+/5x47.38+/.025 x06.5+%x%Cx5.5

+3x15.1) = 339.4

Yo INTERIOR WALLS AROVE: = /54.0

2 CONCRETE COLS. ABOVE:! O/ x2xIx5.5x3 = 5.0

EARTH FILL: 48 x47.38 x4.8x0.135 =/4772.0
‘ EQUIPMENT! 0.060 x 50.3 xG7.5 2 204.0
3970.%

SHEET NO. 19
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO CONTROL ROOM
SEISMIC  ANALYS/S

SECTION PRORPERTIES
ELEV. 98/'-4%" 7O ELEV, 9G65-0"

EQ IN N-S5 DIR.

3 7
Lew * o.as}se(so.s) + 8(2)()(24.25) 43 L__a;gaoz

+ 5(?)(?)(6.?5)".1‘-0{- (—a/%z(——/s)’XG +8()(1)(8.8) 2 0.83’3?(//.752;

= 335G66./ FT*

A = -£(0833x505+0.833x/175)r% (BxI8+8xI5xC)
= /87.2 FT*

EQ IN E-w DRIR.

3
50.3 /
Is = 255297 3(0.67x 0.67x L) x25.2% + 8(0.833
3
(O-833) x24.0%4 _/%EL
= 24,97.2 FT*
A = E[e(50.3)+1(13)]
= 9¢.7 Frt

®

SHEET NO. 70




JOHN A. BLUME AND ASSOCIATES, ENGINEERS
MONTICELLO CONTROL ROOM
SE/ISMIC ANALYS/S

SECTION RROPERT/ES

ELEY. 9G5'-0" 7O ELEYV. 95/-0"

EQ IN N-§ DIR.

3
Lo = LOEECEOE) 5,11 x (20.75)8 4 8x 2 (2425)}

3
, /.es/gso.s) +8xix!x(2475)8+8x2x2x (24.5)C

78,682.4 FT ¢

n
a

L (1625x 50.5#1.25 x 50.5+0.833x/1.75)
/ /

s (éx/G xax4)

141.7 FT?

EQ IN E-W DIR.

3
Iy.g = _2_(_/5'20___3_2 +8x/ 028 x 625 (?5.?)2-#5;(/.’25

3
x.25x(25.0) + ! 5;°'3 +8x 625 .G25

x(23.9)% + 8x .25 1.25x (25.0)¢
71,574.5 FT*

£ (2x50.3+/x50.3% 1x/3)
/36.@ FT?

D
M

SHEET NO. 72/
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS

MONTICELLO COQONTROL ROOM
SEISMIC  ANALYS/S

SECT/ION PROPERTIES
ELEV. ©5)-0"7T0 &LEY 939"-0"

EQ IN N-5 DIR.

3
I, - /.e?f?(so-ﬂ +BuZxCx (24.75) + BxIx 1x(24.75)°

3
* /(f‘:.sz. +8x2xCx (2675) 2+ 8 x x| x (24.75)°

= 77,050.3 FT*4
A = £ (1625 x50.5+/x50.5+0.833x/2)
! /
+-é-(éx/0x-§x4)

= /33.0 FT?

EQ IN E-W DIR.

3
PR Z_Cf:,?-a—) - Bxl.G2S5 x/.625x(23.9)% BxIxIx(25)°F

21\3
- /(5?__.0'3) + B3 x /.65 x/.G?5x(?3.9>2*‘5)</"/x (75)2

= @5,949.5 FT*

A 'g(?x50.3+/x50.5+/x/3)
= 136.6 FT?

SHEET NO. 272

A.5-34
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JOHN A. BLUME AND ASSCCIATES, ENGINEERS

MONTICELLO CONTROL ROOM
SEISMIC  ANALYSIS

SECT/ION RRORPERTIES

ELEV. 939-0" 7O ELEY, 928"-0O"

EQ IN N-S DI/R.

low *

3
£ 57;5?(66’5)+ B x /.5x/.5x(5?.5):+5x/./7x/./7x (32.5)°

A 3
P T X(COE), g 15x15x(52.5) + BxLITxlITx(32.5)°

s /10,643.0 FT*

A+ L (16052665 +11TxGG.5+IxIT+0GTxIG+]x 29+ /x/8)
= 2/7/5 FT*®

EQ /IN E-W DIR.

7
Ivs * "—5,(‘5—1&5) +&8 x 11T x117x (25.0)+8x1.6051.6754(23.9)°

]
+._g_)’-/7 502) 1 8x 11 Tx 117 x(25.0)% Bx 1625 x 1.6 25x (23.9)°

¢%,/38.8 FT*
£ (1.5 503+ 1174 503 +1 x27)
/34.4 FT?®

n
"

SHEET NO. 23
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IN REPLY REFER TO:

H.J. SEXTON & ASSOCIATES, ENGINEERS ::: :;iif;:c::fz:
SAN FRANCISCO +« MENLO PARK, CALIFORNIA (4185) 781-8914
May 27, 1968

General Electric Company

Atomic Power Equipment Department
175 Curtner Avenue

San Jose, California 95125

ATTENTION: Mr. Ralph B. Gile

SUBJECT: Monticello Nuclear Generation
Plant-Earthquake Analysis
20 Inch Suction Header

Gentlemen:

Transmitted herewith is our report on the subject analysis. In accordance
with your instructions, we have performed this analysis to determine the
forces, moments and stresses produced by the design earthquake for
the subject facility.

Very truly yours,
H. ]J. Sexton & Associates, Engineers

5.4 Ll

E. J. Keith
Associate

EJK/pb
Encl.




REPORT ON THE

DYNAMIC EARTHQUAKE ANALYSIS

OF THE

20 INCH SUCTION HEADER

FOR THE .

MONTICELLO NUCLEAR GENERATION PLANT

This report, prepared for the General Electric Company, presents the
results of a dynamic earthquake analysis of the 20 Inch Suction Header for
the Monticello Nuclear Generation Plant. A typical segment of this pipe
was analysed for the two directions of horizontal earthquake motion parallel
to the primary axes of the reactor building. The results are presented for
each case including coordinates, forces, moments, support reactions and
stresses at all critical points along the pipe. Displacements are not
presented since the results indicate that these displacements are negligibly
small, being less than three mils maximum.

DESCRIPTION OF 20 INCH HEADER

The 20 inch suction header consists of a 20 inch outside diameter steel
pipe having a wall thickness of 3/8-inch. The header is a 16-segmented
closed loop connected to the pressure suppression chamber by four 20 inch
tees and 24 pairs of one-half inch by two and one-half inch pin-connected
struts. The entire closed loop lies in a horizontal plane at Elevation 902'-3"
and is centered about the vertical centerline of the pressure suppression
chamber. Figures 1 and 2 show the plan and details of the header and its
connections to the suppression chamber. Page 6 summarizes the pertinent
properties of the header.

H. J. SEXTON & ASSOCIATES, ENGINEERS




A.6.2

ANALYTICAL CRITERIA

The analysis was based on the following data included in the Plant's
Design and Analysis Report:

1. Design Earthquake

North 69° West component of the 1952 Taft, California
Earthquake normalized to 0.06 gravity. Safe shutdown
is at twice the design earthquake.

2. Damping Factors

Critical Piping-==-=-=----=~=---=---=2=--- 0.5%
Only the results for the Design Earthquake are presented herein. To
obtain the results for the safe shutdown, multiply the results presented

by a factor of 2.0.

METHOD OF ANALYSIS

A typical representative segment of pipe was idealized as a mathematical
model consisting of lumped masses separated by elastic members. Lumped
masses were located at critical points as required to adequately represent
the typical segment of pipe. Using elastic properties of the pipe between
successive mass points the flexibility martrix of the modeled three-dimensional
pipe system was determined. The flexibility calculations included the effects
of torsional, bending, shear and axial deformations. Comments on the
adequacy of the model's boundry conditions and resonance effects are presented

later in this report. ' 2

After the flexibility and mass matricies of the mathematical model were
obtained, the frequencies and mode shapes for the first three modes of
vibration were determined. Normally, after the frequency has been
determined for each mode, the spectral acceleration is read from the
appropriate support point response spectra and the response displacement
is calculated. In this case, however, the period of vibration of the first mode
of the header is only 0.03 seconds and is so small the header may be treated
as a rigid system supported on a rigid suppression chamber. ( The first
mode period of the pressure suppression chamber is 0.04 seconds ).
Therefore, the header was analysed as if it were loaded with a uniform
equivalent static coefficient equal to the response acceleration of the
suppression chamber times a factor of 1.33 to account for the effects of
higher modes in the header and the minor magnification that could be

T H. J. SEXTON & ASSOCIATES, ENGINEERS
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produced from interaction between the suppression chamber and the header.
The resulting uniform static coefficient of 0.20 was used in the horizontal
direction and was assumed to act simultaneously with a uniform static
coefficient of 0.05 in the vertical direction. Since the stresses resulting
from this loading are very small, no further refinement of analysis was
deemed justified.

COMPUTATION OF STRESSES

The values of forces and moments given in this report are for both
member coordinate and global coordinate systems and the particular
system used is so noted on the sheets containing the results. Using the
results given for the member coordinate system, the pipe stresses are
determined in accordance with Reference 2.

DESCRIPTION OF COMPUTER PROGRAM

All of the calculations were performed with the aid of an IBM 360/65
digital computer. The computer program employed was written
specifically for the analysis of three dimensional piping systems.

The input data for this program consists of the coordinates of all
joints, pipe diameter, pipe wall thickness, pipe weight per foot, modulus
of elasticity and boundary conditions. The computer calculates the pipe
stiffness matrix, force transformation matrix, mode shapes, frequencies,
inertia forces, internal forces, displacements and support reactions.

DISCUSSION OF RESULTS

The results presented herein are in the form of coordinates, internal
forces and moments in- global and member coordinates, support reactions
and stresses. These results are given for two different horizontal directions
of earthquake acting simultaneously with the vertical direction of earthquake.

The following table summarizes the maxima of certain selected
parameters:

Maximum stress-----=-==-=-=-=<---w-c-c---- 329 psi (at tee)
Maximum deflection----==-=-=-c-c-cmccca---- 3 mils
Maximum moments acting at
end of tee section in member
coordinate system:
Bending -------=---c--cccccacocnoo 4.86 kip-feet
Torsion--========ccccccccuceeaqax 4.86 kip-feet

- H. J. SEXTON & ASSOCIATES, ENGINEEBRS
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A.6-4

Maximum forces acting at
end of tee section in member
coordinate system:
Shear -------==--c--ouccooonooon- 2.44 kips
Axial - ==-=-ecm-mecemcocnecaaoonn 2.44 kips
Maximum stresses acting
on tee at connection to

suppression chamber ------=~---~--=--- 820 psi
Maximum force in

horizontal strut -----=-==-=--e=ccoe---- 0.415 kips
Maximum stress in -

horizontal strut -------------e-cce---- 330 psi
Allowable stress in

horizontal strut =-------------------- 11, 260 psi
Allowable bolt force in

horizontal strut --=--==-==-=cccv=mua-- 8.84 kips

It should be pointed out that the above results are for seismic conditions
alone. Dead load and thermal conditions have not been considered. In
order to check the vertical strut it was necessary to find the force in the
strut due to dead load. This was found to be 2.54 kips. The strut force P
due to seismic effects was found to be 0.12 kips. Thus, the total vertical .
strut force is 2.66 kips which produces a maximum stress of 3.15 ksi.
This is less than the allowable tensile stress of 20 ksi. The strut support
system and connecting bolts are therefore adequate for the seismic plus
dead load condition.

COMMENTS ON ASSUMPTIONS

This analysis is based on the assumption that the header segments may 4
be considered rigid at their connection to the 20-inch tee sections. While
this assumption is not strictly true, it leads to the conclusion that the period
of vibration of the header is extremely short and the earthquake induced
stresses are very small compared to the allowable stresses. Even if the tee
sections provided only partial restraint they would not increase the period of
vibration of the header by more than about fifty per-cent, thus producing a
period of vibration of the header of only 0.045 seconds, still very small.
Furthermore, even if the period was 0.043 seconds and the header was
subjected to magnification factors greater than those assumed in this
analysis, the current calculated stresses are so low that there is ample margin
for such magnifications. Therefore, it is our opinion that the results
presented herein are adequate and should be used for the design of the 20-inch
suction header and its supports.

- H. J. SEXTON & ASSOCIATES, ENGINEERS
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MONTICELLO NUCLEAR GENERATION.PLANT

20 Inch Header

Weights and Properties

1. Outside diameter of pipe 20.0 inches
2. Wall thickness of pipe 3/8 inches
3. Weight of pipe per foot 78.6 lbs.
4. Weight of contents per foot : 126 lbs.
S. Modulus of elasticity 4,032,000 ksf.

H. J. SEXTON & ASSOCIATES, ENGINEERS
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H. J.  "XTON & ASSOCIATES, F "GINEERS
SAN FHRANCISCO o MENLO PARK, LALIFORNIA

MONTICELLO MICLEAR GENEZATION APLANT
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MONTICELLO NUCLEAR GENERATION PLANT

20 Inch Header

Coordinates of Joints

Joint X Y Z
Feet - Feet Feet
1 -43. 30 0.00 17.93
2 -40.43 0.00 15.06
3 -34.69 0.00 9.32
4 -27.19 0.00 6.21
5 -23.44 0.00 4.66
6 -19.68 0.00 3.11
7 -12.18 0.00 0.00
) 8 -4.16 0.00 0.00
N 9 0.00 0.00 0.00
\. 10 4.16 0.00 0.00
11 12.18 0.00 0.00
12 19.68 . 0.00 3.11
13 23.44 0.00 4.66
14 27.19° 0.00 6.21
15 34.69 *0.00 9.32
16 40.43 0.00 15.06
17 43.30 0.00 17.93 10




MONTICELLO NUCLEAR GENERATION PLANT

20 Inch Header

Combined X and Y Direction Earthquake

Forces at Joints (Global Coordinates)

Joint

O 00O U N

X Direction

Kips

=~ OO 0000000 O = I -

.52
.52
.36
.02
.99
.99
.67
.33
.00
.33
.67
.99
.99
.02
.36
.52
.52

Y Direction

Kips

.08
.08
.05
.13
.13
.12
.05
.13
.13
.13
.05
.12
.13
.13
.05
.08
.08

[eNeNoeNoNoeNolleolollolNelelNolNolNolNe RN

Z Direction

Kips

[eNoNoNoNelNeNellololNolNolNolNo ol oelNo i)

.78
.78
.78
.79
.79
.07
.07
.07
.07
.07
.07
.07
.79
.79
.78
.78
.78

A.6-11
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MONTICELLO NUCLEAR GENERATION PLANT
20 Inch Header
Combined X and Y Direction Earthquake

Moments at Joints (Global Coordinates)

Joint X Direction Y Direction Z Direction
Kip-Feet Kip-Feet Kip-Feet
1 0.44 2.99 0.18
2 0.20 0.86 0.05
3 0.02 2.46 0.29
4 0.11 0.20 0.04
) 0.31 2.06 0.49
6 0.12 0.77 0.05
7 0.00 0.81 0.23
8 0.00 0.27 0.12
9 0.00 0.00 0.63
10 0.00 0.27 0.12
11 0.00 0.81 0.23
12 0.12 0.77 "~ 0.05
13 0.39 2.06 0.49
14 0.11 0.20 0.04
15 0.02 2.46 0.29
16 0.20 0.86 0.05
17 0.44 2.99 0.18

H. J. SEXTON & ASSOCIATES, ENGINEERS
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MONTICELLO NUCLEAR GENERATION PLANT
20 Inch Header
Combined X and Y Direction Earthquake

Forces at Joints (Member Coordinates)

Joint Axial Shear Y Shear Z
Kips Kips Kips
1 1.64 0.08 0.53
2 1.64 0.08 0.53
3 1.52 0.05 0.42
4 1.25 0.13 0.46
S 0.94 0.13 0.46
6 0.94 0.12 0.32
7 0.64 0.05 0.20
8 0.33 0.13 0.07 §
9 0.00 0.13 0.07 7 N
10 0.33 0.13 0.07 .
11 0.64 0.05 0.20
12 0.94 0.12 0.32
13 0.94 0.13 0.46
14 1.25 0.13 0.46
15 1.52 0.05 0.42
16 1.64 0.08 0.53
17 1.64 0.08 0.53

13
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MONTICELLO NUCLEAR GENERATION PLANT
20 Inch Header
Combined X and Y Direction Earthquake

Moments at Joints (Member Coordinates)

Joint Torsional Bending Y Bending Z
Kip-Feet Kip-Feet Kip-Feet

1 0.19 3.00 0.44

2 0.19 0.85 0.11

3 0.19 2.46 0.27

4 0.09 0.21 0.08

S 0.09 2.06 0.60

6 0.09 0.77 0.10

7 0.09 0.80 0.23

8 0.00 0.27 0.12

9 0.00 0.00 0.65

10 0.00 0.27 0.12

11 0.09 0.80 0.23

12 0.09 0.77 0.10

13 0.09 2.06 0.60

14 0.09 0.21 0.08

15 0.19 2.46 0.27

16 0.19 0.85 0.11

17 0.19 3.00 0.44

H. J. SEXTON & ASSOCIATES, ENGINEERS
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MONTICELLO NUCLEAR GENERATION PLANT

20 Inch Header

Combined X and Y Direction Earthquake

Pipe Support Reactions (Global Coordinates)

Forces at Points 5 and 13
X Direction
Y Direction
Z Direction

Forces at Point 9
X Direction
Y Direction
Z Direction

0.29 kips
0.25 kips
0.72 kips

0.00 kips
0.26 kips
0.00 kips

H. J. SEXTON & ASSOCIATES, ENGINEERS
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MONTICELLO NUCLEAR GENERATION PLANT
20 Inch Header
Combined X and Y Direction Earthquake

Stresses at Joints

Joint Stress
Kips/Sq.In
1 0.329
2 0.095
3 0. 269
4 0.026
5 0.232
6 0.090
7 0.091
8 0.033
9 0.070
10 0.033
11 0.091
12 0.090
13 0.232
14 0.026
15 0.269
16 0.095
17 0.329

16
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MONTICELLO NUCLEAR GENERATION PLANT
20 Inch Header
Combined Z and Y Direction Earthquake

Forces at Joints (Global Coordinates)

Joint X Direction Y Direction Z Direction
Kips Kips Kips
1 0.74 0.08 0.83
2 0.74 0.08 0.83
3 0.74 0.05 0.67
4 0.74 0.13 0.34
S 0.74 0.13 0.58
6 0.53 0.12 0.58
7 0.50 0.05 0.25
8 0.30 0.13 0.41 Py
9 0.50 0.13 0.41 .
10 0.50 0.13 0.41
11 0.50 0.05 0.25
12 0.53 0.12 0.58
13 0.74 0.13 0.58
14 0.74 0.13 0.34
15 0.74 0.05 0.67
16 0.74 0.08 0.83
17 0.74 0.08 0.83

17
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MONTICELLO NUCLEAR GENERATION PLANT
20 Inch Header
Combined Z and Y Direction Earthquake

Moments at Joints (Global Coordinates)

Joint X Direction Y Direction Z Direction
Kip-Feet Kip-Feet Kip-Feet
1 0.44 0.08 0.17
2 0.21 0.20 0.05
3 0.20 0.18 0.28
4 0.11 0.06 0.04
5 0.31 1.06 0.51
6 0.12 0.35 0.05
7 0.00 0.69 0.23
8 0.00 0.03 0.12
9 0.00 1.69 0.65
10 0.00 0.03 0.12
11 0.00 0.69 0.23
12 0.12 0.35 0.05
13 0.31 1.06 0.51
14 0.11 0.06 0.04
15 0.20 0.18 0.28
16 0.21 0.20 0.05
17 0.44 0.08 0.17

H. J. SEXTON & ASSOCIATES, ENGINEERS
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MONTICELLO NUCLEAR GENERATION PLANT

20 Inch Header

Combined Z and Y Direction Earthquake

Forces' at Joints (Member Coordinates)

Joint

\O 00 ~1 O Ut i O N =

Axial
Kips

1.11
1.11
.99
.81
.68
.68
.56
.50
.50
.50
.56
.68
.68
.81
.99
.11
.11

HE,OO0OO0OO0ODO0ODOODO0OODOLOLOOoOO

Shear Y

Kips

.08
.08
.05
.12
.12
.12
.05
.13
13
.13
.05
.12
.12
.12
.05
.08
.08

COO0OO0OO0OOO0ODO0OO0ODOLODLODLODODOOO

Shear Z

Kips

[=NelNoelNeNoNoNoleNoNeNoNeNoNeNoNo

.07
.07
.05
.28
.35
.35
.08
.41
.41
.41
.08
.35
.35
.28
.05
.07
.07

A.6-19
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MONTICELLO NUCLEAR GENERATION PLANT
20 Inch Header
Combined Z and Y Direction Earthquake

Moment at Joints (Member Coordinates)

Joint Torsional Bending Y Bending Z
Kip-Feet Kip-Feet Kip-Feet

1 0.19 0.08 0.44

2 0.19 0.20 0.11

3 0.19 0.18 0.27

4 0.09 0.06 0.08

S 0.09 1.10 0.60

6 0.09 0.36 0.10

7 0.09 0.69 0.23

8 0.00 0.03 0.12

9 0.00 1.68 0.65

10 0.00 0.03 0.12

11 0.09 0.69 0.23

12 0.09 -0.36 0.10

13 0.09 1.10 0.60

14 0.09 0.06 0.08

15 0.19 0.18 0.27

16 0.19 0.20 0.11

17 0.19 0.08 0.44

20
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MONTICELLO NUCLEAR GENERATION PLANT
20 Inch Header

Combined Z and Y Direction Earthquake

Pipe Support Reactions (Global Coordinates)

Forces at Points 5 and 13

X Direction 0.24 kips

Y Direction 0.2S kips

Z Direction 0.58 kips
Forces at Point 9

X Direction 0.00 kips

Y Direction 0.26 kips

Z Direction 0.83 kips

21
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MONTICELLO NUCLEAR GENERATION PLANT
20 Inch Header
Combined Z and Y Direction Earthquake

Stresses at Joints

Joint Stress
Kips/Sq.In
1 0.053
2 0.033
3 0.037
4 0.016
5 0.135
6 0.041
7 0.078
8 0.013
7 9 0.196
gi. 10 0.013
11 0.078
‘ 12 -0.041
13 0.135
14 0.016
15 0.037
16 0.033
17 0.053

22
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REFERENCES

1. Chicago Bridge and Iron Company

20 Inch Header for Suppression Chamber
Drawing 215 Rev. 5

Support Ass'y for 20 " Header
Drawing 216 Rev.0

2. Design of Piping Systems, The M. W. Kellogg Company, Revised
Second Edition, John Wiley & Sons, Inc.
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IN REPLY REFER TO:

H. J. SEXTON & ASSOCIATES, ENGINEERS 552 MISSION STREET

SAN FRANCISCO, 94108
SAN FRANCISCO « MENLO PARK, CALIFORNIA (415) 781-8914

December 24, 1968

General Electric Company

Atomic Power Equipment Department
175 Curtner Avenue

San Jose, California 95125

ATTENTION:  Mr. Ralph B. Gile
6‘ SUBJECT: Monticello Nuclear Power Station

Pressure Suppression Chamber
Dynamic Earthquake Analysis

Gentlemen:

Transmitted herewith is our report on the subject analysis. All perti-
nent information, calculations, and references are included.

Very truly yours,

H. J. Sexton and Associates, Engineers

= .
o dwantd/]-
Edward J/ Keith
Associate
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REPORT ON THE

DYNAMIC EARTHQUAKE ANALYSIS

OF THE

PRESSURE SUPPRESSION CHAMEBER

_OF THE

MONTICELLO NUCLEAR POWER STATION

This report, prepared for the General Electric Company, presents the results
of the seismic analysis of the Pressure Suppression Chamber for the Monticello
Nuclear Power Station.

DESCRIPTION OF SUPPRESSION CHAMBER

The suppression chamber (Torus) is a torus-shaped steel vessel having an
inside diameter of 27 feet 8 inches and a major diameter of 98 feet. It is supported
vertically by 32 columns, 16 inner and 16 outer. Lateral stability is provided by four
pinned, embedded anchorage assemblies, identified as seismic supports, which
transmit seismic loads from the soffit of the torus to the concrete foundation.
Dynamically the torus is a complete system in itself; the vents, headers, and
downcommers are separated from the torus by means of bellows which provide no
support.
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METHOD OF ANALYSIS

The torus is idealized as a single degree of freedom system. Its spring
constant is determined from the calculated shear deformations of the pins and
bottom plates of the four seismic supports. By comparison the upper plates are rigid
in shear, and all plates and pins are considered rigid in bending. The columns
contribute a negligible amount of resistance compared to the stiffness of the seismic
supports. The anaylsis is presented for the operating and flooded conditions.

- Using the calculated stiffness and mass, the fundamental period of vibration

of the torus is determined for the two cases considered. The seismic coefficient is
read from the response spectrum for 1.0% damping.
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MONTICELLO NUCLEAR POWER STATION

PRESSURE SUPPRESSION CHAMBER

LIST OF FIGURES
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PRESSURE
SUPPRESS/ION CHAMBER

SE/SMIC SUPPORT, TYP

, (4 TOTAL)
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o soene /229 on MONTICELLO NUCLEAR POWER STATION 4 GTQ sure /568
\-. cuent G €. sumecr PRESSURE SUPRRESS/ON CHAMARER ) ave J/-/BCE

/. STIFFNESS OF CHAMBER SUPPORT

THE ST/FFNESS OF EACH CHAMBER SUPPORT /S
PROVIDED BY A SET OF FIVE ST/FFENER PLATES
ANO RPIN. ONLY SHEAR OEFORAMAT/IONS
OF PLATE AND LPIN ARE CONS/DERED S/MCE
BENDING OEFORMATIONS ARE NESL/IG/BLE
ONMLY THE LOWER PLATES ARE CONS/IDERED
SINCE THE UPRPRER PLATES ARE ST/IFF
COMPARED 7O THE LOWER PLATES.

a. ST/IFFNESS OF LOWER RLATES

- | b & L
(- OIN | | ] P
£ —— L v =0
s, L
1548~ ~ [EFENN
ﬁ / | err VAP L AT PP . a’y

B |
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Y
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4 |
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on n0. /229  oa MONT/ICELLO NUCLEAR POWER STAT/ON or 7@ oure /-/5°C8 o
cuenr G &, sumrcr PRESSURE SUPPRESS/ON CHAMBER cuxo IB oare /1808 '

STIFFNESS OF CHAMBER SUPPORT (CONTD)

INNER PLATES
FOR Gm/2 X /0% k/P/IN?; ¢t=2(.5)a3/IN
Ke G/, b=G7?7IN.; has 9875N; C=2/25 N,

= _22(/) 2/25 / 67 - -5
B=jzxi0%7 610 " 503 ’2/767-30,5] 7G5 X (07 M/KiP

= - / = 3
K= x ==SzFx5F ~l3/x/0 KIPJIN.
- OUTER PLATES
FOR G=/2 X /0% kIP/IN%; ¢ = 2(/5)=3 M.
KeG/5; baT72/N; 4= /l5M; Cn05IN,

_ _(12)(/) 0.5 / 22 _ .
o= (72 x1033) L 72 "3,05 1”72-355]—0.7.55,!/0 /N/x/,o

.
K= —— =132 X 10% KIE/IN,

SUM
K rora, =EKp =263 X /05 KIF/IN
: 8
b ST/IFFNESS OF RPIN
s rrel| |4 | ismrye
|
- - o Ay , _
A g / ﬁ. 5
/K
/ — A=A —
[_Q / Zt_' .. ]___:.5//\/.0/.4./0//\/
INE NUNE
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son 86./289 00 MONT/ICELLO NUCLEAR POWER STAT/ION o G7TQ oure /-/5-G8
cuenr G. &, susster PRESSURE SUPPRESS/ION CHAMEELER  cuxo B8 oare //-/8-38

STIFFNESS OF CHAMBER SUPPORI /CONT D)

= e Kew = 5 = %2

FOR Am25 X e = /96 mn*
G = /2 X /0% KIL/IN.
K=10/9 = (//

L= /5N

P = (196) (12 X 103
- AN (L.11)(15)

= /4/ X /0% KIP/IN,

¢ STIFENESS OF EACH CHAMBER SUPPORT

L _/ = __Z_— .._L__= -5

7/.

/
Ks Ke Kow T 263x/0

/
LO9 X 107

K = = 092 x /0% KIB/IN.

2 TORUS ST/FENESS 4>
Ky = 2Kks = 184 X /0% KIB/IN,

3 MASS
a WATER WE/GHT

ORERATING CONO/T/ON 5,223, KIPS
FLOODED COND/T/ON 11,704 K/PS

b STRUCTURE & EQUIPMENT

4,710, KIPS
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son 80./229  ,on MONT/ICELLO NUYCLEAR POWER STAT/ON  w &8  oure /-/8-68 -
CLIENT G- 5- SUBJECT IDRE'SSURE SUIDPRE SS/ON C#AIV&E'Q cux'pﬂ”# DATE //‘/6'63 .

4 TORUS PERIOD & RESPONSE

ITEM UMIT | ontrrion | comormion
WATER WE/GHT — Nues| 5223.0 |1,7040
STRUCTURE & £QUIP WE/GHT| 7 /,7/0.0 4 72/0.0
TOTAL WEIGHT, W v | 6,9330 | /3,4/4.0
TORUS STIFFNESS, Ky K/IN| L84 X 10% |, 84 X /0F
PERIOD T2 27,/ H— sec| cocz | 0.087
Sa* ) =% g 0.07 0./5
SE/SMIC FORCE F=4-X Sa | kiPS| <85 2,0/0.0
TORUS DEFLECTION Dp=—5= | /M | 000264 | 0.0/09 .

¥Sa FROM RESPONSE SPECTRUM CURVE.

5 MAX. SE/SM/C FORCE AT EACH CHAMEBER SURPPORT

Fuax = Ks AV 10

a OPERATING COND/7T/ON
Fuax = (.92 X /0% K/IN)(.0026¢ /N.)

- 243 K/PS
b FLOODED CONDIT/ON

Firax = (.92 X /0% k/IN)(.0/02 /N.)
- {000 K/PS
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Ceneral Plan, dated 9-5-67 VPF No. 1812-67-4 (General Electric Co.)
.EP No. 16-11 (General Electric Co.)

2. Chicago Bridge & Iron Company

Earthquake Ties, dated 4-7-67 VPF No. 1812-12-7 (General Electric Co.)
EP No. 16-V (General Electric Co.)

3. Chicago Bridge & Iron Company

Suppression Chamber, General Plan and Field Assembly, dated 6-16-67
VPF No. 1812-68-5 (General Electric Co.)
EP No. 16-11 (Ceneral Electric Co.) 11
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METHODS OF ANALYSIS LI
(Code Requirement Section 11, Appendix C-1320) .
The following is a description of the computer programs used in the subject stress analysis and a brief
description of their assumptions and theory. All programs conform to the design and control measures
required by Appendix B of 10 CFR Part 50,
PROGRAM THEORY AND ASSUMPTIONS
ME-101
PURPQOSE

The stresses and loads in piping systems due to restrained expansion, dead weight, seismic movement and
earthquake are calculated using the ME-101 computer program.

METHOD OF ANALYSIS

ME-101 is a finite element computer program which performs linear elastic analysis of piping systems using
i standard beam theory techniques. ME-101 may be used for static and seismic load analysis of piping
sys:ems and also performs effective weight calculations.

Static analysis considers one or more of the following: thermal expansion, dead weight, uniformly dis-
tributed loads, and externally applied forces, moments, displacements and rotations, or individual force
loads.

Seismic analysis is based on standard normal mode techniques and uses response spectrum data. Three
methods of eigenvalue solution are available. Both Determinant Search and Subspace Iteration consider 1
;  ell data points as mass points. Kinematic Reduction considers masses only at specified data points in

designated directions. Differential seismic anchor movement analysis and static seismic analysis are also
provided.

REFERENCES

1. K. Bathe, E. Wilson, F. Peterson, “SAP |V — Structural Analysis Program for Static and Dynamic Re-
sponse of Linear Systems,” U. of California, Berkeley, Report No. EERC73-11, June 1973.

2. J. Gere, W. Weaver, “Analysis of Framed Structures,” New York, D. Van Nostrand, 1863.
3. BSAP Theoreticai Manual, Vol.' 1.

4. R. Roerk, “Formulas for Stress and Strain,” New York, McGraw-Hill, 1965.

5. J.Gere, “Moment Distribution,” Princeton, N.J., D. Van Nostrand, 1963.

6. K. Bathe, E. Wilson, “Numerical Methods in Finite Element Analysis,” Englewood Cliffs, N.J., Prentice
Hall, 1976.

i ,nfl NO. $R- 10040-5S1
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mev._ 0 |page__ 48

P-1183-1 3/76 CYC




P-1189-2 3/78

A.8-2

7. G. Stewart, “Error Bounds for Approximate Invariant Subspaces of Closed Linear Operators,” SIAM
J. of Numerical Analysis, Vol. 8, No. 4, December 1971,

8. G, Stewart, “Error and Perturbation Bounds for Subspaces Associated with Certain Eigenvalue
Problems,” SIAM J. of Numerical Analysis, Vol. 15, No. 4, October 1973.

9. G. Stewart, U. of Maryland Department of Computer Science, letter to R. Blum, November 22, 1977
(Attachment 1).

ME-101 STATIC ANALYSIS

For gravity, thermal and seismic movement analyses, the static load and displacement matrices are formed
in addition to the stiffness matrix of the mathematical model. These matrices include the applied end
forces and displacements, the distributed loading on the mathematical model, and the thermal forces de-
veloped in the members of the mode!, whichever is applicable. Once these matrices are formed, the system
equilibrium equation is solved for g using the SESOL linear equation solver (see Ref. 6).

R=KU-F

in which:
E = End force matrix
E = Stiffness matrix of pibing
U = End displacement matrix
F = Fixed end force matrix

After the end displacements are determined, the individual member forces are obtained by using the
member stiffness properties, and finally, the support reactions are calcuiated.

DYNAMIC ANALYSIS

The dynamic analysis of flexible piping systems is performed using the response spectrum method. A flex-
ible piping system is idealized as a mathematical model consisting of lumped masses connected by mass-
less elastic members, The lumped masses are carefully located so as to adequately represent the dynamic
and classic properties of the piping system. The three-dimensional stiffness matrix of the mathematical
model is determined by the direct stiffness method. Axial, shear, flexural and torsional deformations of
each member are included. For curved members, a decreased stiffness is used in accordance with the Code.
The mass matrix is also calculated.

After the stiffness and mass matrix of the mathematical model are caiculated, the natural frequencies of
piping system and corresponding mode shapes are determined using the following equation:

Fz NO. SR-10040-5S1
@ . . Rev.__ 0 PAGE_49
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MUE“‘KUE"BEM IE R E-X,YorZ
where,

K = stiffness matrix

UE DE = displacement and accelerations due to the ground acceleration 3, £=X,Y,0rZ

M = mass matrix

'X = vector with I's in positions corresponding to 5x displacements, O's elsewhere

ly . 1z =sameas |y except I's are in positions corresponding t0 6y and &7
directions respectively

ay, dy, 3z = ground accelerations in X, Y and Z directions

The equation of motion is solved via modal analysts, i.e.

ith

3
¥
1]
o
o
"

mode shapes

generalized displacement of the ith mode shape

3
[

Substituting the modal formulation of UE into the equation of motion and pre-muitiplying by d>jT and
enforcing orthogonality, i.e. ‘

o TMe; = & K& =0 i=]j
yields the modal equation of motion

n 24 =T,

ntwfn =Tja

o1 M @

= eigenvalue
where, w-2 eigenva

T T WMo
oy Mg

=27 . frequency)2

LTy

TMo.
¢' M

= participation factor

= o, sm. 10040-551
.gci‘ﬁ 0 ' 50
REV.____ VY _____ IPAGE__-Z~__
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The maximum generalized accelerations, M max’ and displacements, T max = 7 max/‘-“'z' are determined
by a response spectra curve for the input ground motion.

The responses of the piping system with frequencies greater than w cut-off are neglected.

'The modal displacements and element end forces are:

displacement: Uj = n; q’j

end forces: Rj = K Uj

Two options are available for modal summation. They are square root :of the sum of the squares '(SRSS)
and summation of closely spaced modes, via Reguiatory Guide 1.2 Eqn. 4 (CS4).

VERIFICATION

The program has been verified by comparing its output with the ASME Benchmark Probiem No. 1 as
described in “Pressure Vessel and Piping 1972 Computer Programs Verification”. The results were accep-
table. Additional test problems are given in “Verification Report on ME-101, Linear Elastic Analysis of
Piping Systems’” Revision 1, February 1977, Bechtel Power Corporaticn.

i . NO. SR-10040-5S51
'Eclﬂf . : REV. 0 PaGESL
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December 10, 1968

General Electric Company

Atomic Power Equipment Department
175 Curtner Avenue

San Jose, California 95125

ATTENTION: Mr. R. B. Gile
MC - 750

SUBJECT: MONTICELLO Nuclear Generation Plant - Unit 1

Earthquake Analysis:
0ff-Gas Stack

— Gentlemen:

"’

Transmitted herewith is the subject report based on the information fur-
nished by General Electric Company.

The results and recommendations presented herein are intended to be used
in conjunction with the normal service loads in the final design calcu-

lations.
Very truly yours,
JOHN A. BLUME § ASSOCIATES, ENGINEERS
\?{ 2o & / ppv-—
Ralph J. Yokoygha
Assis¥ant Vicd President
RSV:j1
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MONTICELLO NUCLEAR GENERATION PLANT-UNIT |

EARTHQUAKE ANALYSIS:

OFF-GAS STACK

INTRODUCT 1ON

This report presents the results of our investigations of the
design earthquake response of the off-gas stack for the Monti-
cello Nuclear Generation Plant-Unit 1. Based upon the recommended
earthquake design criteria established for the plant, design
envelopes of the maximum accelerations, displacements, shears,

and overturning moments versus the height of the stack have

been developed and are presented herein.

DESIGN CRITERIA

Based upon data developed by John A. Blume & Associates, Engineers,

the design earthquake used in this analysis is the North 69° West

component of the July, 1952 Taft earthquake, normalized to a maxi-
mum ground acceleration of 0.06 gravity. The earthquake design
criteria for the Monticello Nuclear Generation Plant is contained

in Reference 1.

DESCRIPTION OF STACK

The off-gas stack is a 320-foot-high reinforced concrete structure,
having an internal diameter of 6.0 feet at the top and 32.0 feet

at the base, with a 4.0-foot-thick octagonal foundation. The
thickness of the concrete shell of the stack varies from 12 inches
at the base to 7 inches at the top. The physical characteristics
of the subject stack are described in Reference 2, and are sche-

matically shown in Figure 1.

METHOD OF ANALYSIS

The off-gas stack was treated as a flexible cantilever and was

idealized as a mathematical model consisting of nineteen lumped
_]-
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masses connected by weightless elastic columns. The soil-struc-
ture interaction has been considered through the application of
base translational and rotational springs. The complete mathe-
matical model (Figure 2) shows the location and magnitude of the
lumped masses, area and moment of inertia of the connecting col-
umns, and the values of the base springs. The values for the
base springs are based on the subsurface geotechnical properties
of the material supporting the stack, and are listed in Refer-
ences 3, 4, and 5.

The elastic properties of the columns and the coupled action of
the base springs were used to determine the flexibility matrix
for the mathematical model. The flexibility calculations in-
cluded the effects of flexural and shear deformations. Periods
and mode shapes were determined using the flexibility matrix and

the mass matrix.

The model was then subjected to the design acceleration time-
history at the base to obtain time-histories for accelerations,
displacements, shear forces, and overturning moments at the
various mass point elevations. These records were then scanned
to determine the maximum values, which are graphically pre-

sented in Figures 3 through 6.

DESCRIPTION OF COMPUTER PROGRAM

The computer program used in this analysis was developed speci-
fically to solve for dynamic response of structures subjected to
arbitrary ground motions. Forms of input data used for the pro-
gram include moments of inertia, effective shear area for the
members, values of the base springs, weights of the lumped masses,

and the input acceleration time-history.

The computer retains the response of each mass for each individual
mode at each increment of time, and the total response for each
increment of time is obtained by adding together the response of

each mass point for each mode at a particular instant of time.
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The result is an exact combination of mode participation which
does not require approximate methods such as the root-mean-square

method.

DISCUSSION OF RESULTS

The envelopes of maximum accelerations, shears, moments, and dis-

placements are presented in Figures 3 through 6.

The calculations previously described were performed with the aid

of a digital computer., The influence of 7£E-and higher modes of

vibration was considered negligible, and therefore ignored in
the response calculations. A damping value of 5% was assigned to

all modes.
The first six natural periods of vibration are listed below:

First Mode............ . seconds
Second Mode....... . seconds
Third Mode.......cevvtn . seconds
Fourth M6de seconds
Fifth Mode.... . seconds

Sixth Mode..eeeeeenann . seconds

RECOMMENDAT IONS

It is recommended that the off-gas stack be designed to resist
the seismic shears and moments presented herein. The stack
should be stable against an overturning moment of 14,312 kip-ft.
Iln addition, the structure should be reviewed for safe shutdown

requi rements.
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Design Reconciliation

A design basis review of the Offgas Stack identified several differences between the
designed configuration of the Offgas Stack and the analyzed configuration presented
within this report. An engineering review of these differences concluded that the
dynamic results presented herin are sufficiently accurate for design purposes.
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