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1. SUMMARY

This report, prepared for Dairyland Power Cooperative (DPC), presents
the results of the seismic and structural analysis performed by Nuclear

Energy Services, Inc. to evaluate the structural adequacy of the LACBWR
and GENOA 3 stacks to withstand a seismic event.

Linear seismic analysis, using the response spectrum, modal super=
position techniques, have been performed to determine the response of
the stacks to the Safe Shutdown Earthquake. Soil structure interaction
effects are included by providing appropriate foundation springs. The
seismic response of the stacks in terms of overturning moments and shear
forces at various elevations of the stacks are calculated and compared
against the overturning moment and shear load-carrying capacities of the
stacks at the corresponding elevations. it has been concluded that the
existing structural designs of the LACBWR and GENOA 3 stacks are adequate
to withstand the loadings associated with the Safe Shutdown Earthquake.



2. INTRODUCTION

In response to the AEC/OL's reguest to determine the effects of an
earthquake event on the LaCrosse Boiling Water Reactor, Dairyiund
Power Cooperative (oPC) requested Gul f United Muclear Fuels Corpora~
tion to evaluate the adequacy of the major LACBWR plant siructures
and equipment to withstand seiemic loadings. The selismic study
performed by Gulf Unitec Nuelear Fuels Corporation (Reference 1)
inciuded a seismic analysis of the LACBWR and GENOA 3 stacks waich
showed that the overturning roments due to the Safe Shutdown Earth=
quake (SSE) are greater than zhe moment load-carrying capacities ¢f
the chimney cro:c *sections. cu!'f United concluded that both stacks
could collapse with possible penetration of the Waste Disposal Building,
tha Jurbine Bu'lding and/or the Reactor Containment Building.

The Gulf United analysis, howaver, made several simplifying but
extremely conservative assump*ions with regard to the input seismic
motions, soil structure interacticn effects and th= moment load-carrying
capacities of the stack cross-sections. In light of these assumptions
NES has redone the seismic analysis of the LACBWR and GENOA 3 stacks
using response spectrum, modal superposition methods of analysis in-
corporating soil-structure interaction effects. To account for the
variation in the soil properties and to evaluate the effect of chanaing
the foundation spring stiffness on the seismic response results of the
stack, the foundation spring constants were increased and reduced by a

factor of 1.5 and 0.4 respectively.

Section 3. of this report describes the overall dirensions and the
foundation design of the LACBWR and GENOA 3 stacks. Applicable codes,
standards and various loads and loading combinations are given in Sec-
tions 4 and § respectively. The analytical procasdures and structural
acceptance criteria are summarized in Sections 6 and 7. The results

and conclusions of the analysis are presented in Section 8 of the report.
The detail analytical input data and the structural calculations are
given in Appendices A and B for the LACBWR and GENCA 3 stacks respectively.
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3. DESCRIPTION OF STACKS

3.1 LACBWR Stack

A: shown in Figure 3.1, the LACBWR stack is a 350 foot high, tapered,
reinforced concrete structure with an sutside diameter of 7.19 feet
at the top and 24.719 feet at the base. The 4 foot thick foundation
mat of the LACBWR stack rests on a pile cluster compcsed of 78 piles.
Each pile is 80 feet long with a nominal capacity of 50 tons. The
drawings of Reference 3 show the diameter, thickness and the arrange~
ment of the reinforcing steel at various heights of the stack.

3.2 GENOA 3 Stack

As shown in Figure 3.2, the GENOA 3 stack is a 500 foot high, taper=zd,
reinforced concrate structure with an outside diameter of 17.42 feet

at the top and 38.198 feet at the base. The tapered octagonal shaped
foundation mat of the GENOA 3 stack rests directly on the foundation
soil. The drawings of Reference 4 give the diameter, thickness and

the zrrangement of the reinforcing stee] at various heights of the stack.
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The following codes of practice, reqgulatory guides and
been used in the seismic and structural anal

4. APPLICABLE CCDES, STANDARDS AND SPECIFICATIONS

references have
ysis of the LACBWR and

GENOA 3 stacks.

"

~

AC! 318-71 "Building Code Requirements for Reinforced Concrete'’

American Concrete Institute.

Uni form Building Code, 1973 Edition.

AEC Regulatory Guide 1.61, ""Damping Values for seismic Design of

Nuclear Power Plants,' October 1973.

for Evaluating the
y | geructures Qutside
irectorate of

AEC Document (B), "'Structural Design Criteria
Effects of High Energy Pipe Breaks on Categor
the Containment;' Structural Engineering Branch; O

Licensing, June 1973.

p - e 1 MeG
George Winter et. al. - "Design of Concrete Structures, Hebraw

Hil)l Book Company, 1964,

" geminar on Seismic

Robert V. Whitman, ''Soil Struccure Interactions,
titute of Technalegy,

Design for Nuclear Power Plant; Massachusetts Ins
April, 1969.
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5. LOADS AND LOADING COMBINATIONS

The seismic lateral inertia loading on the coupled model of the stacks
and its foundations is in the form of the ground acceleration resgonse
spectrum given in Reference 1. The free field ground response spectrum
{F*-~ 5.1) for the Safe Shutdown Earthquake for 7 percent structural
damping (Reference &) has been used in the seismic analysis.

In addition to the seismic inertia loading the dead loads and their
resulting moments have also been included in the analysis. The follow-
ing load combination equation (Reference 7) was used in evaluating the
adequacy of the stacks to withstand a seismic event.

U=D+1.0 E
where:
D = Dead loads and their resulting moments

E = Loads and moments cenerated by the Safe Shutdown
Earthquake

U = Section strength required to resist design loads
and based on ultimate strength design methods
described in ACl 318-7) Code.
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6. ANALYTICAL PROCEDURES

6.1 Seismic Analysis

6.1.1 Mathematical Model

In order to perform the seismic analysis, each stack is mathematically
modeled as an assembly of elastic-structural e' ments inter-connected

at discrete nodal points. The three dimension< !, multidegree-of

freedom models of the stacks are attached to the grouad by means of
foundation springs, representing the deformations of the soil under

the stack foundations. A lateral spring is provided in the LACBWR

stack mathematical model to account for the shear deformation of the
soil under the foundation. Due to the presence of a nile ciuster under
the LACBWR stack foundation, there will ..ot be any vertical deformation
of the soil, consequently no rocking foundation spring has been provided
in the LACBWR stack mathematical model (Figure 6.1). Latera'! s well as
rocking springs have been provided under the GENOA 3 stack mathematical
mode! (Figure 6.2) to account for the shear and vertical deformation of
the soil under the GENOA 3 stack foundation. To account for the varia-
tion in the soil properties and to evaluate the effect of changing the
foundation spring constants on the seismic response of the stacks, the
foundation springs have been increased and reduced by a factor of 1.5 and
0.4 respectively.

The distributed mass of the stack is lumped at the system nodal points.
Each mass represents the tributory weight of the stack walls above and
below the nodal point. Masses are lumped so that the lumped mass, multi-
degree-of-freedom mode! represents the dynamic characteristics of the
stack. In order to reduce the number of dynamic degrees-of-freedom,

only translational degrees-of-freedom are considered at each mass point.
(The Tasses associated with the rotational degrees-of-freedom are set to
zero.

6.1.2 Foundation Spring Stiffness

Tre stiffness of the lateral and rocking springs representing the shear
and vertical deformation of the scil beneath the foundation mat are cb-
tained using the following equations. These equations are taken from
Reference 9.
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1. Rectangular

Base (LACBWR Stack):

Horizontal spring stiffness, K = 2(1+) GB8yx } BL (1)
where JI = Poisson's Ratio of Soil

G = Shear Modulus of Soil

Bx = (Co-efficient from Figure 4. Keference 9
B = Width of Foundation Mat
L = Length of Foundation Mat
2. Circular Base (GENOA 3 Stack):
. Sl L 320-w ,
Horizontal spring stiffness, Kx 7-3p (2
> ‘ac)

Rocking spring stiffness, Kg = gl%%%%n-—- (3)

where § = Effective Radius of Foundation Mat

6.1.3 Eigenvalue Analysis

The eigenvalues
for each of the

(natural frequencies) and the :igenvectors (mode shapes)
natural modes of vibration are calculated by solvina the

following frequency equation:

[

where:

)
(9]
{0}

-
The eigenvalue/
QR technique.

- -

i - (&L - 1 )
. ‘4_{ JL(%" \ —{OJ" (4)

N

= System stiffness matrix

= MNatural angular frequency for the nth mode

= System mass matrix

th

= Mode shape vector for the n mode

NMull vector

eigenvector extraction is performed using the Householder

-|f)-
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6.1.% DOynamic (S:ismic) Load Analysis

Considering only translational degrees of freedom and assuming viscous
(velocity proportion.l) form of damping, the equation of mocion in
matrix form can be expressed as follows:

O : 4
M(U, ] cu, KU, n '(5)
where:
Ut = Relative acceleration time history vector
dgt = Ground acceleration time history vector

C = Damping matrix
T Velocity time history vector
U = Relative displacement time history vector
Prarranging equation (5)
U + J + = - = P
MU, Cu, KU, mugt off (6)

To uncouple equation (6), assume

pY

1
v , 4

where:

# = Characteristiz free vibration mode zh:pas matrix

Yt = (Generalized coordinate d'splacement time history vector.
Pre- and post-multiplying equation (6) by the transpose of ¢ and by ¢
respectively and using orthogonality conditions, the following uncoupled
equations of motion are obtained:

oo . 2 %=1 -
+ Z =
Ynt an An Y:t +A')n ynt Mn Rn Ugt (7)
where:
Ynt = Generggized displacement coordinate ¢ .me history

for n mode

An = Damping ratio for the nth mode expressed as percent
of cr'tical damping

* : th
= (Generalized mass for the n mode

q‘>nTH¢n = ZMifyﬁ in2

-4
i

S
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The mode shape qt% is normalized such that "n = |

Rn = Participation factor for the nth mode

- BIm = mPy, :

1 = Column vector whose elements are generally unity

The solution for the differential equation (7) is given by the Duhamel

Integral
2 - () -
- R ftugt e An@n  (t-7) Sinw_ (t-'¢) de

nt T
M L
n n

Using the response spectrum method of analysis, the maximum value: of

the generalized response for each mode is given by:

Yn max = Eﬁ San (8)
"
n
where:
Yn max = Maximum generalizeghcoordinate acceleration
response for the n mode.
. h
San = Spectralacceleration value for the nt mode
(From the applicable response spectrum curve)

onse, the maximum accelera-

From the maximum generalized coordinate resp
max) at each mass point are

tion (Unmax) and maximum inertia forces (Fn
given by:

i max = Y_ max Pin
n n

F max =M U max
n n n
The inertial forces (F_ max) for each of the system natural modes are
applied as external static forces, and the system response (displacements,
member internz! forces and stresses) are calculated. Total system response
is then obtained by combining the individual modal response values by the
of the squares method; lower modes having large

(all modes having natural frequency under 20

d and higher modes with negligible partici-

square-root of the sum
contribution to the response
cycles per second) are considere
pation are neglccted.
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6.2 Structural Analysis

The moment load carrying capacities of the reinforced concrete stack
cross-sections can be calculated using the ultimate strength design
methods as given in ACI 318-71, "Building Code Requirements for .
Reinforced Concrete," American Concrete Institute. As indicated
below, the neutral axis for the stack cross-section is first estab-
lished by equating the compressive and tensile forces. The moment
about the neutral axis due to the compressive, tensile forces and

the dead weight are then estimated. The moment load-carrying capacity
of the stack cross-section Is equal to the summation of moments about
the neutral axis due t> the compressive, tensile forces and the dead
weight.

—te % joesf.
—— e —
—/“n o\\" C
| o N A e
/A/ \ i/ ’Y _r_ - |
A N | X- |
/ e /{( P = |
‘o \,, 7 a i \ _» !
¢ B . Jaaat W — SR
\ | A i
o a/' e
"N | / —
Na .« S b
ts _/ \\ “ ‘,:”' ‘___-._‘-‘
Cross section of stack Stress Distribution
where:

tc = Thickness of concrete stack wall
ts = Equivalent thickness of steel representing reinforcing bars
f'lce = Minimum compressive strength of concrete at 28 days
Upy = 1.15 times the minim.n yield strength of reinforcement
C = Total compressive force
T = Total tensile force

Assumptions: 1) plane section remain plane after bending
2) concrete does not carry any tension force

_'S-
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LT
C = 2 x .85 x,85 f‘cJ tcrd O
wa 51
C = 1.4b5 f'c tc R [__ - 8] (9)
2 B
Tazxo’yfo :sade+20'yfo ts Rd®
-ZVytsR[_T_\’_+§] (10)
2
Since T = C for equilibrium
2 Ty tSR[ L é]. 1.b4SF'c t R [_rr__é] GD)
-~ 2

Taking moments about neutral axis NA.

Moment Mc due to compressive force:

90-9
Mc = 2 X (.85)2 e j: (R Cos 8 - D) tcRd®

90-d A
= 1.445 f'c tcRJ[ (R Cos 8 - R sin 8) 4 8
°
-

= 1.445 f'c tc Rz[Sin 8 - 8 sin BJ

Mc = 1.445 f'c tc Rz[Sin (90 - 5) - (90 - -) m Sin 8] (12)
130
Mome:.* ' due to tensile force:
30+0

Me = 2 Uy j tsR(RCos & + RSin 8) d®

o 9o+ 8 y
2 Ty ts R (R Cos ® + R sin 8) d8
o

20 ytsRE Sin@ + 95iné

2 Ty ts RZ Sin (30 + 8 + (90 +8) Sin @ (13)

Mt A0 + 9)
180

Moment M,, due to deadweight W

N = WR Sin © (14)

L
Total Momant Carrying capacity M of the section for stresses in the reinforcemant
up to yield limit is:

M = Mc = Mt . M.‘)d
(15)

=16~
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Procedure for calculating the ultimate moment carrying capacity up to yielding
in reinforcement is:

). knowing the dimensions of the section (R, ts, tc) and material
properties (ty, f'c) calculate 8 using equation 11.

2. caiculate Mc, Mt, M., and M using equation 12, 13, § 14 and
'4 respectively.
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7. ACCEPTANCE CRITERIA

The ultimate moment and shear load-carrying capacities of the stack
cross-sections have been calculated using the acceptable maximum
stress values as given in USAEC Document (B) (Reference 7) and the
AC! 318-71 Design Code (Reference 5).

The specific acceptable stress values used in this analysis are given
below:

May imum compressive stress = O.SSF&
Maximum shear stress = loc#ﬁ:
Maximum stress in reinforcing steel Ty = #1 x 1.15
where:
gc- compressive strength of concrete at 28 days
= 3,000 psi. for LACBWR stack
= 4,000 psi. for GENCA 3 stack

s

gy = Yield stress value for reinforcing steel

(& =]

5

= U40.0 ksi. for LACBWR stack

= 40.0 ksi. for GENOA 3 stack

The maximum yield stress in reinforcing steel ho. been increased by

15 percent to account for the increase in stress values that is per-
mitted under dvnamic loading conditions (Reference 7). It should be
noted that the actual yield stress valuve of reinforcing steel is generally
15 to 20% higher than the minimum specified yield stress value (40 ksi.).
Additionally Peference 9, which has been accepted by USNRC, alss specifies
a dynamic increase factor of 1.20 for reinforcing steel with 40 ksi. yield
strength. Therefore for evaluating the seismic capability of an existing
structure, the use of 15% increase in the minimum specified yield stress
of reinforcing steel is justified.
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8. RESULTS OF ANALYSIS AND CONCLUS 1uitS

8.1 LACBWR Stack

Appendix A presents the detail calculations for the three fcundation spring
stiffness models: standard, softer (0.4 times standard) and stiffer

(1.5 times standard) foundation spring values. The ovarturning moment
lead-carrying capacities of the stack cross-sections and the detail re-
sponse results of the seismic analysis are also presented in Appendix A.
The results of the analysis are summarized in Tables 8.1(a) thiough 8.1(c,
and shown graphically in Figures 8.1(a) through 8.1(c).

From Table B8.1(a), which summarizes the natural frequencies for the first
10 modes of vibration of the LACBWR stack, it can be seen that the LACEWR
stack is a fair v flexible (1ow frequency) system and that the lower modes
of vibration are not very sensitive to the changes in the foundation spring
stiffness. Since the frequencies of vibration of the higher modes were
only slightly different ior the three spring models, it was decided to
verify the results of the initial analysis by using a different approach
to represent the foundation spring model. In this second appreach, the
softer foundation spring was replaced by an 2quivalent additional member
of 0.1 inch length at the base of the stack which was then fixed to the
ground. The member properties (shear area and moment of inertia) were
chosen to give a stiffness valur equal to that of the softer foundation
spring stiffness. The frequency and seismic responsc results for this
approach were aimost identical to those of the LACBWR stack with softer
foundation springs thereby verifying the results of the initial analytical

method.

Figure 8.1(a) shows the displacement response of the LACBWR stack. From
Figure 8.1(a) it can be noted that the maximum lateral displacement at
the top of the stack is in the order of 8 inches and that this aisplace~
ment is essentially due to uniform flexural defcrmaticns throughout the
height of the stack. For a 350 foot high stack, a maximum displacement
of 8 inches due to a Safe Shutdown Earthquake is reascnable. The dis~
placements at the base of the stack are negligible. From Fiqure 8.1(a)
it can also te noted that the displacements for the softer foundation
spring (Model 2) are slightly greater than those for the standard founda=
tion spring (Model 1) and the displacements for the stiffer foundation
spring (Mode! 3) are slightly smaller than those for the standard founda-

tion spring.

Figure 8.1(b) shows the maximum acceleration response of the LACBWR stack.
The maximum horizontal accelerations at the top of the stack are of the
order of 2.9 G to 1.0G . The acceleration values up to an elevation
of 320 feet are less than 0.56G with only the upper 20 to 30 faet of the

-19-



stack having acceleration vaiuea in the range of 1G . This indicates
that a fair amount of energy will be abs.ibed in this region during an

earthquake event.

-

Figure 8.1(c) shows the variation of maximum seismic overturnira moments
throughout the height of the LACBWR stack. It can be seen that the over-
turning moment diagram is continuous throughout the height of the stack.
The maximum seismic overturning moments for the three modals of the

LACBWR stack are alzo summarized and compared with the allowable over-
turning moment values in Table 8.1(b). From Table 8.1(b) it can be

seen that the seismic overturning moments in all members of eac* model

are within the ailowable overturning moment values. In fact, the seismic
overturning moment values in all members but members 5 and 6 are less than
the allowable overturning moment values as calculated without the 15%
increase in ‘he yield stress value of reinforcing steel permitted in

Reference 7 for dynamic loading conditions.

The maximum seismic shear stress values in all the members of the LACBWR
stack are summarized in Table 8.1(c). The maximum shear stress valus

of 39.18 psi. is wel! within the allowable shear stress value of 201.) psi.
for an adequately reinforced (vertical as well as circumferential rein-

forcerment) concrete stack.

In summary, the results of the subject analysis, which considers a wide
variation in the foundation soil properties of the LACBWR stackh indicates
that the lateral displacerents, maximum overturning moment and maximum
shear stress values due to a Safe Shutdown Earthquake are within their
accaptable values. Therefore, it can be concluced that the existing
structural design of the LACBWR stack is adequate to withstand a Safe Shut-

down Earthquake event.

-20-
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TABLE 8.1 (a)
NATURAL FREQUENCIES OF VIBRATIOM - LACBWR STACK

FREQUENCY (CPS)

MODEL 1 MODEL 2 MODEL 3
STANDARD SOFTER STIFFER
MODE_NO. FOUNDATION SPRING FOUNDATION SPRING FOUNDATION SPRING
! 0.481 0.481 0.481
2 1.557 1.557 1.558
3 3.635 3.587 3.645
4 6.484 6.083 6.538
5 9.700 7.976 10.012
b 12.304 10.946 13.466
7 15.576 15.166 16.327
3 20.122 19.949 20.315
9 25.300 25.103 30.621
10 30.554 30.492 36.042
-21-
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MAXIMUM SEISMIC MOMENTS - LACBWR STACK

TABLE 8.1

(b)

MAXTMUM SEISMIC OVERTURNING MOMENT

MODEL |
STANDARD
FOUNDATION

SPRING

2.2588E+05
3.1759€+06
7.4878E+06
1.1937E+907
1.6287e+07

2.0717E+07

.5202E+07

{5 ]

2.9560E+07
3.3776E+07
3.801%E+07
L.2453E+07
4.7128€+07
5.2074E+07
5.7435E+07
6.3523E+07
7.0708E+07

(1N LBS)

MODEL 2
SOFTER
FOUNDATION

SPRING

2.4283E+05
3.4803E+06
8.L66EE+06
1.3620E+07

1.3144E+07

2.2107E+07

2.604LE+0Q7
3.0319€+07
3.4855E+07
3.9379E+07
4.3788E+07
4.8271E+07
5.3183E+07
5.83126+07
6.5283E+07
7.2675E+07

MODEL 3
STIFFER
FOUNDATION

SPRING

2.16L0E+05
5.0255E+06
7.0971E+06
1. 1440E+07

1.5919E+07

2.0493E+07

2.4959E+07
2.9256E+07
3.3508E+07
3.7813€+07
4.220LE+07
1.6762E+07
5.1652E+07
5.70G56€E+07
6.3184E+07
7.0333E+07

ALLOWABLE OVERTURMING
MOMENT (IN LBS)

8

9.

ro

. 1705E+06*
6173E+06%
. 1542E407*

.45S45E+0Q/*

.9b645E+07

.3151E+07

LBOLEE+0T7*
. 4LOB9E+07
.94B2E+07*
.GU31E+07*
.0870E+08*
.3088E+08*
.5915E+08*
.8585E+08

.1398E+08#
.41 3LE+08*



-

2
W

MODEL |
§ TANDARD
FOUNDAT | ON

SPRING
s ——————

7.9270E+07
8.9386E+07
1.0120E 08
1. 1482E+08
1. 3034E+08
1.4768E+08
1.6677E+08
1.8758€+08

MODEL 2
SUFTER
FOUNDAT I ON
SPRING
8.11326+07
9.0953E+407
1.0255E+08
1.16296+08
1.3240E+08
1.5087€+08
1.71696+08

1.9499E+08

MODEL 3
STIFFER
FOUNDAT 10N

SPRING

7.8832E+07
8.8943E+07
1.0080€+08
1.14L456+08
1.2986E+08
1. 4694E+08
1.6557E+08
1.8569€+08

ALLOWABLE OVERTURNING
MOMENT (IN LBS)

2

Fo R P " e

.7072€+08*
.0876E+08"
.3999E+28"
. 7346E+08"
.0038E+08*
.2551E+0F"
.5206E+08*

.9763E+08"

Allowable overturning moment values without 15 percent increase in yield stress
value of the steel reinforcement permitted under dynamic loading conditions.
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TABLE 8.1 (c)

MAXIMUM SEISMIC SHEAR STRESS - LACSWR STACK

Aaximum Sei¢mic Shear S:iress (Ps!.)

MODEL | MODEL 2 MODEL 3

STANDARD SOFTER STIFFER

FOUNDAT I ON FOUNDAT | ON FOUMDAT | ON
MEMBER NO. SPRING SPRING SPRING
\ 5.00 5.37 h.79
2 20.98 23.02 i9.98
3 29.52 33.78 28.07
4 31.09 34,38 30.72
5 32.79 32.64 32.85
6 34.50 34.17 33.33
7 34.32 37.48 32.63
8 33.60 39.18 32.92
9 32.95 37.21 32.71
10 32.15 33.76 31.13
i 31.13 31.97 29.69
12 29.35 31.28 28.47
13 27.72 30.68 27.4)
14 26.18 28.92 25.80
15 26.50 28.30 25.79
16 28.10 29.10 27.35
17 29.38 30.20 28.89
18 30.49 31.74 30.18
19 31.40 33.34 30.99
20 32.22 34.81 31.55
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TABLE 8.1 (¢) continued

MAXIMUM SEISMIC SHEAR STRESS LACBWR STACK

Maximum Seismic Shear Stress (Psi.)

MODEL | MOCEL 2 MODEL 3
STANDARD SOFTER STIFFER
FOUNDAT ION FOUNDATION FOUNDATION

MEMBER NO. SPRING SPRING __SPRING
21 33.10 36.23 32.17
22 33.22 36.79 32.11
23 2€.26 29.56 25.22
24 23.62 27.26 22.42

-26-
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8.2 GENOA 3 Stack

Appendi» B presents the de:ail calculations for the foundation spring
stiffrnesses of the three mode!s: standard, softer (0.4 times standard),
and stiffer (1.5 times standard) foundation spring values. The over= -
turning moment load carrying capacities of the stack cross-sections
and the detail response results of the seismic analysis are also given
in Appendix B. The results of the analysis are summarized in Tables
g.Z(a) through 8.2(c) and shown graphically in Figures 8.2(a) through
2(c).

From Table 8.2(a). which summarizes the natural frequencies for the
first 11 modes of vibration of the GENOA 3 stack, it can be seen that
the stack is a fairly flexible (low frequency) system and tat the lower
modes of vibration are not very sensitive to the changes in the founda-
tion spring stiffnesses.

Figure 8.2(a) shows the displacement response of the GENOA 3 stack.

From Figurs 8.2(a) it cun be noted that the maximum lateral seismic
displacement at the top of the stack is in the order of 9.8 inches.

For a 507 foot high stack, a maximum displacement of 9.8 inches due

to a Safe Shutdown Earthquake is reasonable. The displacements at

the base of the stack are negligible. From Figure 8.2(a) it can also

be noted that the displacements for the softer foundation spring (Model 2)
are greater than those for the standard foundation spring (Model 1) and
the displacements for the stiffer foundation spring (Model 3) are slightly
smaller than those for the standard foundation spring.

Figure 8.2(b) shows the variation of maximum acceleration response of

the GENOA 3 stack through its height. The maximum lateral accelerations

at the top of the stack are in the order of 0.85 G to 0.3 G. The accelera-
tion values up to an elevation of 420 feet are about 0.4 G with only the
upper 30 feet of the stack having a high acceleration response. This
indicates that a fzir amount of energy will be absorbed in this region
during an earthquake event.

Figure 8.2(c) shows the variation of maximum seismic overturning moments
throughout the height of GENOA stack. It can be seen that the variation of
the overturning moments diagram is continuous through the height of the stack.
The maximum seismic overturning moments for the three models of the GENOA 3
stack are summarized and compared with the allowable overturning moment in
Table 8.2/b). From Table 8.2(b) it can be seen that the seismic overturning
moments in ail members of each model are within the allowable overturning
moment values. In fact, tha seismic overturning momant values in all

membars but members 8 and 9 are less than the allowable overturning moment
values as calculated without the 15% increase in the yield stress value of
stee! reinforcement permitted in Reference 7 for dynamic loac.ng conditions.

-29-
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The maximum seismic shear stress values in all the members of the
GENOA 3 stack are summarized in Table 8.2(c). The maximum shear
stress value of 55.17 psi. is well within the allowabie shear stress
value of 269 psi. for an adequately reinforced (verticai as well as
circumferential reinforcement) concrete stack

In summary, the results of the subject analysis which considers a
wide variation in the foundation soil properties of the Genoa 3 stack
indicate that the lateral displacements, max imum overturning momen t
and maximum shear stress values due to a Safe Shutdown Earthquake

are within their acceptable values. Therefore, it can be conc luded
that the existing structural design of the Genoa 3 stack is adequate to

withstand a Safe Shutdown Earthquake event.
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TABLE 8.2 (a)
NATURAL FREQUENCIES OF VIBRATION = GENOA 3 STACK

FREQUENCY (CPS)

MODEL | MODEL 2 MODEL 3
STANDARD SOFTER STIFFER
MODE NO. FOUNDATION SPRINGS FOUNDATION SPRINGS FOUNDATION SPRINGS
| 0.375 0.357 0.379
2 1. 464 1.353 1.495
3 3.305 3.045 3.384
4 5.726 4.909 §.906
» 8.065 6.487 §.671]
5 10.190 9.357 11.050
7 13,430 13.003 13.785
3 17.269 17.028 17.442
3 21.521 21.358 21 524
10 25.838 25.720 25.977
i 30.312 30.226 30.361
-3)-



TABLE 8.2 (b)

.

MAXIMUM SEISMIC MOMEMTS - GENOA 3 STALw

MAXIMUM SEISMIC OVEKTURNING MOMENT

(IN LBS)
MODEL | MODEL 2 MODEL 3
STANDARD SOFTER STIFFER
FOUNDAT 1 OM FOUNDATI 0N FOUNDAT ION ALLOWABLE OVERTURNING

i. fEHBER NO. SPRING __SPRING SPRING MOMENT (IN LBS)

; | 7.3980E+0¢5 7.3170E+05 7.2104E+05 5.0222E+07*
. 2 9.8249E+06 9.8473E+06 9.5282€+06 5.9467E+07"

' 3 2.5639E+07 2.6412E+07 2.4607E+07 6.9326E+07¢
n 4 4. 4850E+07 4.7568E407 L.2624E+07 8.0760E+07*

: 6.4693E+07 7.0842E+07 6.1029E+07 9.22]3E+07*
_ 6 8.3324E+07 9.3374E+07 7.8399E+17 1.0410E+08*
- 7 9.9968E+07 1. 141 1E+08 9. 4393E+07 1.1776E+08*

' 3 I.1476E+08 1.3130E+08 1.0934E+08 ). 46L46E+08
n 9 1.28356+08 1.5558£+08 1.2367E+08 ).5234E+08
n 10 1.4131F+08 1.5854E+08 1.37L6E+08 1.6179E+08%
_ 1 1.5396E+08 1.6871E+08 1.5054€E+08 1.7516E+08%

; 12 1. 6530E+08 1.7827€+08 1.6276E+98 1.954 ) £+08%
— 13 1.7811E+08 1.88156+08 1.7411E+08 2.3970E+08%
n 14 i.8930E+03 1.9891E+08 1.8487E+08 2.8347E+08*

i 15 2.0008e+08 2.1070E+08 1.9552€+08 3.3360E+08"
" 16 2. 1090E+08 2.2339E+08 2.0654€+08 3.8834E+08*

{ 17 2.2231E+03 2.3677E+08 2.1826€+08 4.66LIE+O"’
ol

’.
-32-



TABLE 8.2 (b), continued
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MODEL | MODEL 2 MODEL 3
STANDARD SOFTER STIFFER
“OUNDAT 10N FOUNDAT | ON FOUNDAT I ON ALLOWABLE OYERTURNING
MEMBER No. SPRING SPRING SPRING MOMENT (/M LBS)

18 . 347LE+08 2.5070€E+08 2.3084E+08 5.5474LE+08%
19 48287 2.6498E+08 2.4422E+08 6.4935E+08%
20 .6292E+05 2.7971€+08 2.5845E+08 7.3926E+08*
21 .7880E+08 2.9528€+08 2.73E9E+08 8.3359E+00*
22 .9602E+08 3.1200E+08 2.9089E+08 9.5946E+08*
23 . 1485E+08 3.3017E+08 3.0992E+08 ) .0596E+09*
24 . 3576E+0¢ 3.35007€+08 3.3145E+08 ] . 1455E+09%
25 .5935E+08 3.7196€+08 3.5598€£+08 1.2412E+09°
26 3¢30E+08 3.9C20F+08 7. 34L00E+08 1.3325E+09*%
27 . 1720€+08 4.2325€+08 L. 159LE+08 1. 4203E+09%
28 4.5252E+08 4.5363E+08 4.5221€+08 |.5524E+C 3%
29 4.9270E+08 4.8771E+08 L.932L4E+08 1.6889E+09*
3 .3827€+07 5.2733E+08 .3954E+08 1.8472E+09

3 5.9004E+08 5.7294€E+08 5.9190E+08 1 .9839E+09"
32 6.4908E+08 6.2680E+08 6.5111E+08 2.1231E+405*%
a3 7.1612E+08 6.9062E+08 7.1754E+08 2.2480E+09*
34 7.2128€+08 7.6531E+08 7.5092€+08 2.4098E+09*

Allowable overturning momen
value of the steel reinforcement permi

-33-
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TABLE 8.2 (c¢)
MAXIMUM SEISMIC SHEAR STRESS - GENOA 3 STACK

‘aximum Seismic Shear Stress (Psi.)

MODEL 1 MODEL 2 - MODEL 3
STANDARD SOF TER STIFFER
FOUNDAT I ON FOUNDAT | ON FOUNDAT ION
MEMBER NO. __SPR'NG__ __SPRING SPRING
1 5.52 5.46 5.38
2 22.16 22.23 21.48
3 37.56 39.29 35.84%
4 4. 67 48.93 42.07
5 45.85 52.29 43.14
6 L4 .27 51.08 42.54
7 43,02 47.43 42.78
8 43.64 43.96 4i. 08
9 45.50 42.56 45.17
10 45.39 42.35 43.55
I 47.74 47.33 44, 49
12 47.3) 50.88 43.82
13 46.58 53.53 43.28
14 46,47 54,58 45.11
15 47.44 55.17 46.76
16 49.16 54.87 48,25
17 50.97 54.50 49.29



: TABLE 8.2 (c) continued

' MAXIMUM SEISMIC SHEAR STRESS - GENOA 3 STACK

! Maximum Seismic Shear Stress (Psi.)

MODEL | MODEL 2 MODEL 3
STANDARD SOFTER STTFFER

4 FOUNDAT | ON FOUNDAT 10N FOUNDATION

° MEMBER MNU. SPRING SPRING SPRING

q

ﬂ 18 52.41 5k .47 49.99

l 9 46.99 48.38 b .64

H 20 47.95 49.66 45.94

| 21 47.62 49.80 46.31

P 22 45.18 47.42 L4 55

E’ 23 4. 80 46.67 4449

: 24 43.80 44.90 43.50

h 25 L4 .5 44.39 43.66

‘ 26 b4, 50 L. 16 43.93

' 27 45,06 bk 26 44,28
28 43.06 42.29 42.3GC
29 39.69 39.27 38.95
32 34.66 34.7h 34.01
31 29.34 29.94 28.66
32 31.86 33.15 30.87
33 34.10 36.17 32.70
ik 35.97 318.90 34 .08
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APPENDIX A

LACBWR STACK = INPUT DATA,
R:SPONSE RESULTS AND STRUCTURAL CALCULATIONS

A-1 INPUT DATA
Lumped Weights
Member Properties
Foundation Spring Constants

Response Spectrum

A-11 SEISMIC RESPONSE RESULTS
Displacement Respcnse
Acceleration Re:irur e

Moment and Shear Fcrce Response

A-111 STRUCTURAL CALCULATIONS

Allowable Qverturning Moments



A-1 = INPUT DATA

LACBWR STACK FOUNDATICN SPRING STIFFNESS

The foundation mat for the LACBWR stack is almost square in shape as
shown on Sargent and Lundy Drawing No. 41-503434, 41-503435 (Reference 3)
and it rests on a cluster of piles. Since these piles are fairly stiff,
the LACBWR stack will not be able o rotate at its base; however, it
could have lateral displacement due to the shear deformation of the

soil. Therefore, soil structure irteraction effects have been accounted
for by providing a horizontal spring at the base of the LACBWR stack
mathematical model. The soil properties used for the -tandard founda-
tion spring are those obtained from boring nunber 3.

Using equation | given in Section 6.1.2

——

Horizontal Spring Stiffness Kx = 2(l+y)GBg\ 8L

where:

}1 = Poisson's Ratio for soil = 0.24

¢ = Shear Modulus of Soil = 2.4 x 106 lbs/ft.2

(Boring number 3, Table 3.1, Reference 1)

B = L = Length and Width of the Foundation Mat
= 39,75 feet

Bx‘ Coefficient from F gure 4 of Reference ¢

= 1.0

201+0.24) 2.4 x 10°(1) £39.75)(39.79)
= 2.37 x 108 Ibs/ft.
= 19,72 x 106 1bs/in.
for Standard Foundation Spring (Model 1)
kx = 19.72 x 10° 1bs/in.

For Softer Foundation Spring (Model 2)

G = 1.0 x 306 lbs/fz'.2
Ky = %*% < 19.72 x 10° = 3.217 x 10% 1bs/in.

e e = E I
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Al - INPUT DATA

LACBWR STACK LUMPED WEIGHTS

LUMPED WEIGHT (LBS)

NODE MNO.
LAann3IE » )
1 .‘.A""CEQ".
e P2ENTIF « 1)
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e PRANIESS
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104HATEF 0
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INPUT DATA

LACBWR STACK MEMBER PROPERTIES

OUTS1DE
DIAMETER
(1n)

X,563E+01"

2 BAPE+D0]
N,337E+01
L,RYI3IE+NT
«031C+02
«N31E+02

«121E02

.23AF 402

- — - —

1o ASAT o0

.
A L
e SERE+0?2
.,;(:5; .0:)
.7ﬂaftop
JASHE (2
.95AF &2
e 18 )AhFoc::'
*.19AE+0?2
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D.QLﬁﬁoqg
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9.7"‘;’02
23,9045 402

R

-

«131E+07"

fHICKNESS
(1)

6.000+.+00
6.000F+0D
6.0005+00
$.000%+00
5.000F+00
£.000=#0D
6.000F*00
S5.0005+00
‘-"‘-17‘3’7’1"0
ALI7S5F +0n
ReBHNHEF+ODN
T.nN34=+00
T.56505*20
8.S3)%+9d
F.300F+10
.n0N0%*00
Q.n00F*50
9,000 +n0
9,094 +09
Q,270+n0
QO’JUO;‘."\()
S.nT0F *nn
12375+
10‘/‘?‘;:‘"‘,

LENGTH
(IN)
A.DOOE*D]
1-800E+92
1.800E+02
1.200E*70?
1.30NE+N7
1.800K+02
1.800E+27
1.800E+n7
1.300FE»02
\.R(‘QE’O?
‘.5‘\0,’:'.'-?
1.800E+%32
1e200%+02
‘o:‘.‘”:.’v??.
1800552
1.RNNZ+02
‘o"’\)(.:.‘r)‘)
1.830F+12
1.200%+02
1.800%+932
1.590E*22
1.2)0F+32
1.3007¢22

AREA
(i) 2
1.501%+03
1.557€+03
| hGTF (3
1.737%+03
1.8317+03
1.925F+03
2.0195+03
2.1145+03
2.299€+03
?2.5865«073
2,905=+03
3.310%+02
l.AniE+n3
b JLTET+n3
./.‘u',u.:'.qj
B2TTFE*(
5.538F+03
S.227FE+073
5.,3267-03
5, 761F+03
T.153F+p3
71,6517 +03
1.035E+54
1.,2377+(6

FOLAR MOMENT
OF INERTIA
(1) b
2.392E+00
2,AT725+05
3.15R85«05h
307395’35
LJA6E+0H
S.N37E+05
5.211E #0868
A hRB2E+05
3,231FE+06
1. 02605407
1-‘1“:‘7;‘37
1.33052+07
. 372TF 207
J.135%%+07
3,090655+07
i oBSES07
S.GATE+QT
AJOPIE+GT
7774507
Q. 222F5«07
1.ﬂ73¢003
1.26875+(;3
1.F34F+08

655409

>
e

MOMENT
OF INERTIA
(1n) 4
1.196E+06
‘.-33":5006
1.8505+0%
2.16T7E+06
2.51EE+(CH
2.906E+Q06
2,331Z+06
4,115F+05
5., 415F 0%
70(\13.?‘:':‘
9. 1“:1'."11:'7
c138Z 07

-
4]
s
SN N
3 i

.
t
!

S W WN ) vt e
B
y
»
J
) L
+
D
-~

9,19z2F+n7

1.1{'4.:,,;3



Fo~ Stiffer Foundation Spring (Model 3)

G = 1.5 x Z.b x 10% 1bs/fe.”

Ky = 1.5 x 13.72 x 106

= 29.58 x 106 Ibs/in.
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LACBWR STACK - RESPONSE SPECTRUM
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.1r\n‘."-‘, c3clTPA =
JIBAANAT, ensrTIY
L2500, corCToy =
.'A".’"‘". ITCTVY =
ANNNNN, oFCTHA =
«2NNNAC, enErTOe =
].‘o‘n‘)\‘.. C‘rtr)k =
1.7000N0 CoeCTCA =
7-“n*'\r\f\. (el dsad-FBE
2.5000N010, cencCTOA
3D 100 CTY=2" =
hdeofNN “AN, < crY A =
R,ANNADG, =~CcrTUN =
b rADONNC eHerTSA =
e LELIR e~=CToA =
1A ANNANANN, “ CTHr =
15, AR o - CTYHA =
AL ANACNT coTATOA =
_C. '\«'\‘\I. 57.—_-r~y:\ -
7 TAAND o ensCTHy =
A A0NANN, f=r T3 =

- —

—

tn . .» 0w

£ o e
4

N

" An

-
o

A%
i~ B

- gt G

~nI

F R

n mria

D

3
.

-~
.

Ngrd vad

S

*

. . . .

NiWw Lo

~

O

SO
y

-
VIR >

»
-

a2

)

s

~ D

U d

2

= - B g v

Fe)

L



2Rl NCEFERENERERRER

NODE
NO.

——

PR |

ne 9V OVNSD>»NP

r,

A=l

LACBWR STACK SEISMIC ACCELERATION RESPONSE

MODEL 1

STANDARD
FOUNDATION SPRING

ACCELERATION
(IN/SEC?)

L721RnIR9s 40D

o

2 AATIARAT N2
SV1LLLNANLE 40N 2
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TALAAMNASE LN D
SEV74nSIAF DD
\11ﬁaggﬁc.09
234092 1T 402
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- - — v - -
.

LATRALINC oND

]

1 . OB CSATRF ANP
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- SEISMIC RESPONSE RESULTS

NODE
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N U ™ e e e b @ e e e
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MODEL 2
SOFTER
FOUNDATION SPRING

ACCELERAT!Q?
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MODEL 1
SEISMIC SHEAR FORCE AND MOMENT RESPONSE

MAX | MUM
SHEAR FURCE
(L8S)

A TTRLAF 4N

— o

P anATE

1.75'.‘-5 ok |

S L LRI

| AN 404
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r.L)ﬂ)F.QT 25
2.5202F407  Tpa TR
2.7540F+07 31
2,nEInF 07 "5y TAY
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A=11 - SEISMIC RESPONSE RESULTS

MODEL 2 - [SOFTER FOUNDAYIOW SPRING)
SEISMIC SHEAR FORCE AND MOMENT RESPONSE

MAX | MUM
SHEAR FORCE
(LBS)

6.057;;037
A.O.'.7'-:)Fo;\‘3'

1. 7RTF +n4 |
1.7047F0r52

2.79055+045
?.7")');-{"“‘

|

%

\
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2,G933F+N4

AT +NG |

7 PORAE LNl
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l
A53F « 04
<
!
\
1
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L 2RANGE v 0L

4,2 A0F 00

L, ,AT72F ek

4, AT72F 404
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6, 1 AR3F s 04

LACBWR STACK

MAX | MUM
MOMENT
(IN L2S)

8452607 =00
2,4205505

|

80:02 QCF..);
3.4B03E 05|
B.I.R!\]Fot)éll
8-"6"6‘“0'3
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1.28705+07

L. 16206407 |
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2.2107€+07
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1,9376E+97
- t

3,4479F+07]
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4y,377BE«Q7
4,22715+07)

MEMBER NODE
NO.

NO.
13
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16
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18

»—
-t

n
2
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23

26
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15
16
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17

17

1 0

18
19
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MAX I MUM
SHEAR FORCE
(LBS)

5.,84]125+0n6
5, PLIPFenG

L, JAASIE 04
AJWuRSIFeNG |
T.07T4F+04

T7.6900F +04
7.‘];0“: .P:O

7,0776F0ﬂ4\
|
i
8, 6LTOF NG |
f HLT7OF +0G |

~ |
Q,41NIFNL |
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1.1721E+1S
1.1T7T91F DS

1.2071F 0=
10207‘1‘-‘{‘):‘

—  ———— S ——

1.,4087F &0
1 .4087F+n5 |
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MAX | MUM
MOMENT
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4,22715+07
Se 31’—:3":‘07

5.31P3E+07,
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heH2ATE 0T,
. |

6,52937+07
Te26755+07

T.2675C+07
8,1112E+07

'

'
)
|
}

]

“-l‘."?f{~07'

9.‘:c‘)h‘53€‘07

9,1353F+07
1 02ERESOA
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1.,12405e0%
1., 5QR7E+03

1.5037F+0%
1.71A0E4+07

1.,1‘1‘3 «0=
1.749Q5 407

- —

> eme—
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MEMBER NODF

NO. NO.
1 1
’
’ 2
1
3 3
&
L [N
2
S 5
A
(o) -
7
7 7
| 1
] g,
¥
9 9
10
1o 10
11
11 11
1?2
12 17
11

MAX | MUM
SHEAR FORCE
(LBS)

1.(\07‘3‘—‘n_‘
3.,A023F+01

1.5A10F+n&
1.85A19F e |

2.J1R7F 04
2,3137F +n4

?.‘\?Q‘-' +Ne
?.67-.beﬂl‘

t

PRGE Ll B
4 NASKF o0 |

5.1vﬁar.na‘
L A2 F a0
|
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L, ,T7127F et}

A=11

LACBWR STACK
MODEL 3 - (STIFFER FOUNDATION SPRING)
SEISMIC SHEAR FORCE AND MOMENT AESPONSE

MA X | MUM
MOMENT
(IN LBS)

2.,5255E=05

2.16‘05‘051
2.1650+05 |
3.0255E+06 |

t

J.0285E+06
T.0971FE+06

T.0971E+06
l.l&lo()EOO'f

1.!‘0&."':’07
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1.,5691¢E+97

2.4 17+ 07

2.040
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2.69°39% 07

r P - L g
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NO.
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NO.
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5
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5,2175F +N4& 5¢1652E+07
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- SEISMIC RESPONSE RESULTS

MAX | MUM MAX | MUM
SHEAR FORCE MOMENT
(LBS) (IN LBS)
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Qi oy i

1
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|
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1.0ATRF +AS 1o ALSE «(CH
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‘.\ﬁlﬁﬁan.l.Dﬁggﬁ.cq

1.22% 1.2994E+08
1.22°5F +n& 1e46G4E+0A

2P LA

\.1q7¢r.q:ﬂl.;é1a?ooq
1.1070F+06 | 145577 +08
I
1.3394Fens 1e3537E+08
1."SAQE+08

1 JARSAF en=
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A 111 - STRUCTURAL CALCULATIONS

LACBWR STACK - ALLOWABLE OVERTURNING MOMENT

The allowable overturning moment carrying capacity of various crossections

of the LACBWR stack are calculated using the equations and procedures described
in Section 6.2.1. The results of the structural calculations are summarized

in Table A 111. A typical structural calculation is shown below: '

Member No. 5, Node "No. 6:
(Refer to section 6.2.1 for nomenclature)
Outside diameter = 105.6 in,; Wall Thickness, to = 6 in.

Reinforcement = 30 #4; Ay, = 6.0 in.z; 2R = 101,6 in.

t, = 0.0188 in.%;  f'c = 3.5 ksi.

Ty = 1.15 x 40 ksi (15 percent increase for dynamic loading)

Using Equation 11

- N g - P
(1* O) . l » x 3.- x 5.0 B ,)) . X " O)
2 2 x 1,15 4 40 , 0,088 ‘77 7~
K = 1 75445
¢ k=) x - = 80,204°
e ¢« 0 2 (k+1) radians = W (41

Using Equations 12, 13, 1% and 1§

2
Me = 1,045 , 3,5 (101.8) x & (Sin (20 -80.234 . (30 -3,29 4

X

[y
Sin 80.29%} = 127.06 k-in.

2
M, = 2x1.15,40,(101.6) , 0.0188 (gin(20,80.29% 4 (39 4 80.29%)

w Sin 80294} o 13 828.9 k-in.

MD A by WR Sin3 = 113,61 ,101.6 gjq 80,29 . 5 ,688.8 K-in.

-
.

« + Allowable Overturning Moment M

M = 127.06 + 13,328.9 + 5688.8 = !;644.8 k-In.
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an
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e
ue
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REIN-
NODE 0. 1 FORLE -
NO. {'N) (IN)  MENT
] 85.6 6.0 2474 ] 4 ¢
2 86.25 6.0 2!
e 91.0 6.0 | 24 4
4 95.75% 6.0 256k
5 100 6 0.0 28:4
6 105.6 6.0 30-4
—— - —— - —— }-——— e e
}T 110.0 6.0 3274 ]
i 3 l —y
8 7u|5.76 | &.0 Lo:s |
9 120.6 ! [ ! 4D |
] ! ]
lo]u‘sot ! 6.25 | 524 |
I l 140. ¢ 0.59 ! ke
12 I 150.6 | u,"‘ oy f
i e ey L e
13 ! 160 € ! L
14 ! 170.6 | g2l s
15 | 1806 | LR L
1€ }30 6 i 5.0 . 58 8
]
17 200.6 “ 5.0 ! 6148 ]
e | L —
18 212.6 17 5.0 Eu}" ‘
15 | 2246 | 5.0 | 6)-8
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—_— e S . T
21 2486 9.25 69:8
22 260.6 J 9.375| 8947
o A ot IS 2 L5 el S
_?3 272.6 9.5 8677
24 284 .6 140 8077
25 J 296 .6 i 15.0 80 7

TABLE 7 111 - LACBWR STACK ALLOWABLE OVERTURNIMG MOMEN:
'y t X H Mc Mt LI 1 DEAD WT My "
I (1) (m) (DEG) __(r-in) = (K-1%) (x-1m) KPS (K-iN) (K-}
8 { Bl.6 | 0.0187 | 20.284 | 81.54 5609 | 77105 7795.1 0 0 | s
i_-ﬂ- 25| 0.0186 | 20.393 81.59 53.99 | 1823.77 7877.8 7 1.8 292 .69 _ﬂi_’,°i
£ 7.0 | n.0176 | 21.552 | B2.02 51.62 8291.45 B343.1 32.15 1274.2 9617.3
o) 9075 0.0173 | 21.926 | 82.15 54.57 3067.11 9121.8 57.8¢ 2419.9 11547
1 66 ] 0185 | 20503 [ 81.63 | 72.97 | 10734.96 | 10807.9 §5.01 3137.3 11h545, o
i 101.6 i 83 | ({g.lig 81.50 85.05 :?%!.f? , 12148.7 113.61 §‘sl.b 17400.1
o e {1 07.5849] Lo.298 0127.06 03828.5; ((112955.9 | ¢88.8) (19644.8)
| 106.6 | G019 19.859 | 81.37 97.93 13487.81 13585.7 143.69 6966 .21 20551.9
! 7._2_" _'_» (145.69 (15459.9) (15605.5%) (7545.70) (23151 .4)
: 1 0.0 ! oh | e02.72 | are8.72 | 2m3mw | 17s.2% 8674.8 36046.2
V | 7.900 | | w92.35 | 3se6s.12 | sis8z.s | 208.26 | 10s81.8 64069. 3
‘ i | 872 3 I 2642 . 4é 53737.42 56379.9 244 .19 13102.7 | €9482.6
! ' 6.391 i»_,isa.ae | 6928325 73136.6 284 .63 16294 .0 894306
5520 _l_u_e.bs.oé 84068 .96 88412.0 330.06 20292.3 108 04 *
At _|_Sk4s.00 100321.70 105766.7 381.78 25114.5 130881.:
s i-ﬁ_‘i“fi"_ 122034 .47 128039.0 h4i. 17 31105.6 5914t 6
39: _J 6103.60 141096 24 147199.8 | _.1.13 38651.5 | 185851 3
.?.7,'.7_"'19 | 159883.18 167004 .7 t 589.16 b637l_.1)___4__2.l_}.915_77
2 7651.13 | 177079.17 184930.3 671.6 f6M12.9 |} 2k
| 823584 | 194583.10 | 202818.9 758.9 67897.4 | 270716.3
i 2 » | 7.k47 9366.54 | 218891.75 | 228258.3 851.5 80499.0 308757.3
2326 | ¢ i 1.64s | 5192.18 23544613 244638.3 950.39 95247.3 339985.6
| 24 | B.24° | 9033.62 252395.70 261429.3 1055.99 112028.3 _4}_3]3‘3‘,/_.(-_
[ 2566 | 0.0662 | 8.953 8093.65 | 261255.14 | 269348.8 | ii67.79 | 131035.2 40038 .0
268 .« Wi, 9.829 | 6991.41 266110.16 | 273101.6 1287.29 152407 .6 425509.2
| 280 .¢ I 0.0545 | 16.240 2801 .32 265328 .19 2681.9.7 1448 99 1839336 | 452063.3
292 6 | | 16066 | 237601 | 21m69.02 | 2795u5.5 | renz.32 | 218087.8 | ws763s s
thesic repas went ih 15 puercent increase yieid stress value of
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APPENDIX B

GENOA 3 STACK - INPUT DATA,
RESPONSE RESULTS AND STRUCTURAL CALCULATIONS

8-1 INPUT DATA
Lumped Weight
Member Properties
Foundation Spring Constants

Response Spectrum

8-11 SEISMIC RESPONSE RESULTS
Displacement Response
Acceleration Response

Moment and Shear Force Ressponse

B=111 STRUCTURAL CALCULATIONS

Allowable Overturning Moment
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B-1 = INPUT DATA

GENOA 3 STACK LUMPED WEIGHT

NODE HNO. LUMPED WEIOHT (LBS)

.1 1AR2SF +0C
JLTIREF 408
77 1R4LF +0)E
JTLP1SF+N5
JTER2TTE+OS
.7CT14FOCC
,i!n.‘.r;AF"}t;
JOPLEPFANG
LAAWRPIESN]
<RAA3NIE+ (S
LONIARLE 405
,cn7an‘A:
JAPRORF +NE
JORWAF 4N
JRTGPRE NG
JJONERF+NA
.1315;:.0a

N~ O0LNDPAL IN~

-

B e
N> rNes W

1R JINGASF eNA
1@ JINIBRAF+(A
20 JJ2R7aF +0A
21 131135 +0FA
22 cV1UP2RF ¢0NA
21 JESRET+NA
24 L1AGRAC40E
2s LIPALEIF # DA
2k JICT7R7ESNA
27 P11EREF (A
rds P22 74E 04
29 JPERLE N4
an L32633F «0A
1 JL1BAF e0A
12 LLATOONE L NA
23 JLUQNENE+NA
14 SN 1AESNA
g JLPSAPF N7
E”U“AY7Hﬁ .Cq7pwg'q7
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MEMBER
NO

-—-—4...4—1.-&»—4-—l—-l
DI P AN~ DDA fi & ‘AN =

—
e

20
21
22
2
24
7S
24
27
20
29
20
1
2
a3
14

et et et

et -
OoB~N» A

Vv
- >

v v
N I Y I

2DNI2PANE ANV~

JOINT

NS

]
aNPABPWNY

10
11
12
11
14
15
1A

18
19
2N
21
22
23
24
25
2K
>7
L]
29
0
N
12
13
34

15

B8~1 = INPUT DATA

GENOA 3 STACK MEMBER PROPERTIES

QUTSIDE -
DIAMETZR
(1)

?.100E+0?
P.140E%02
2,200FE+02
?.260E+07
2.320E+02
Z.380F+02
P LLOE*Q?
2.500E*02
2.560E+0?
2,726F+02
2.,520F+02
P.TL0E+02
?.RQTE+Q2
?.382F+(02
2,957€+07?
T.032E 402
1. 107F+02
2, 1R2E+(Q7
NV, 257F+0?
J.332F»0°
2,40T7E+0?
1,4L82E+072
1.557F+0?
1,63CF+(°2
2,729+ 02
12,819F+02
1.90%9€402
2,999F (2
4.030E+07
/o 1TOF 02
ho2BE Q2
“.15°E’0?
L, L4OF (2
6 ,SAQE+(Q?

THICKNESS
{(1n)
7.n0005+0C
7.n00E+00
7.000=+00
-70000F’00
T.000E*00
7.000E+00
7.000F+00
7.000Z+00
7.000F+20
T.000F+03
7.0005+00
7T.000F+00
7,000 %00
7.0005+00
7.000F+0D)
T.0005+00
7.000%+00
7.&00?0ﬂc
LOQ0F+N0
3.000F+00
q,nﬂocoqo
S.000c 400
2.500F+00
1 .025%+01
1.,0757+01
1.125%+01
1017SE’0‘

1.703“0V

1.6500F+01
1.850F+0n1
2.600%+01
2,400F+n]
2.,400F+01
20“00?‘”1

LENGTH
(1)
600005’01
1.800F+02
1.800E+02
1.800E+02
1.800E*02
1.300E+02
1.800F*02
‘08005’02
IOBOOE'Q?
1.800E*02
1.800E+02
1.8005+02
1.8005+02
1.800%+07
1.800F+02
1.800E+02
1.RONE+G2
1.80075+02
1 .800E+02
1.800E+02
1.8005+02
1.800E+02
1.80nE~02
1-3OCE'G?
1.800E+02
1.8002+072
1.800E+02
1.3200E+0?
1.8005+02
l.q005002

POLAR MOMENT MOMENT OF

AREA
(I1Nb)
“o“ﬁ“E‘OJ
4 ,552F+03
4 ,684E+03
4,816E+03
4,%48F+03
S.030F+03
5.,212E+03
5,344F+03
S.L78F+03
5,328E+03
S5,7405+03
S.8725+03
6.0620F+03
6.,195F+(03
h.350F+03
6.515E+03
6.,AACF+03
A ,B5465E+03
7.93A5+03
R,1745+03

. ¥
-

)
o
o
mn
-
= J
w

1.800FE+02 2.

‘.%0QE¢Q?
1.800F+02
1.8005+02

241F+04

OFINE%HA

(11,9
4 ,ANSE+07
4 BRA2E+07
S.319E+07
5.7805+07
$.2965’07
4.7R3F+07
7.325E+07
7.89SE+(7
A,494FE+07
1.0245+08
9,782E+07
1.0475*05
1 .129E+073
1.224E403
1.326E+08
1.230F+5%
1.542F+073
1.6595+08
?2.017F+08
?.153E+00
2.383E+78
2.,7425+08
3.1008+08
3.543%+08
aoOljt’O;'
4.502E+09
S.034%+08
S.,516E+08-
7.2095+03
9,2755+(3
l.?37E'O°
1.322F+09
1.,410E+09
1.Sn2E+09

IHERTIA

Uu.%
2.302E+07
2.441E07
2.ES9E+0.
2.890E+0n.
3.13“E00~
3-3CZE‘OA
3.663E+0
3.,948F+0
4 ,24T7E+0
5¢119C+0
4 ,A91E+0
S.236E+0
SHG3E+0
A.11%E+0
n0622£’0
7QISIE‘C
TTUES+(
no?QBE*f
1.0069€+0
1.032F ¢
1.192E+(
Jo3B81E+C
1QSSOE‘O
1.7R1E
2.006E+0
2e251T*(

«S1T7E o(
?.9595*(
3.60SF+7
4 oR3IBE 0
el BSE #¢
6.608E +f
7 0LOF «i
7.51NE o
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B-1 - INPUT DATA

GENGA 3 STACK - FOUMDATION SPRING ST!FFNESS

The foundation mat of the GENCA 3 stack is octagonal in shape, as
shown on the M. W. Kellogg Company Drawing No. 6152-ED, and it
rests directly on the soil. For the purpose of calculating the
stiffness of the foundation springs, the GENOA 3 stack foundation
mat is assumed to be equivalent to 3 circular base of 75 feet
diameter. The soil properties are taken from Reference 1. For
the standard foundation spring, the soil properties correspond

to averaged values for boring number 5 and 6 and a shear strain of

0.005 percent (Table 3.1)

Using equations 2 and 3 given in Section 6. 52

Horizontal Spring Stiffness Kx = 32(1-Y) G
7-0 M

*
Rocking Sprine Stiffness Keg = 8G& -

IO

where:

¢ = Shear Modulus of Soil = 2.51 x 10% 1bs/ft.2

(Tables 3.1 and 2.2 of Reference 1)

| = Poisson's Ratio = 0.4 (Calculated from data given
in Table 3.1)

¥ = Egffective Radius of Foundation Mat = 37.5 feet

Ky = 32_(1-0.4) 2.51 x 108 x 37.5
7 - 8 x 0.4

Ky = 475.6 x 106 lbs/ft. = 39.63 x !06 los/in.

ko= 8 x2.51 x 10° (37.5)
T - 0.5)

Ke = 588.28 x 109 I1bs.ft./radian

Ke = 7063.38 x 109 Ibs.in./radian



For Standard Foundation Springs (Model 1):

6

Kx = 39.63 x 10° 1bs/in.

ke = 7059.38 x 10° Ibs.in./radian

For Softer Foundation springs (Model 2):
¢ = 1.0 x 10° 1bs/fe.?

Kx = 1.0 x 39.63 x 106

e——

2.51

1.5789 x 107 1bs/in.
9

Kx

Ke = 1.0 x 7059.38 x 10

R e

+ 3
8

~

12

Kee = 2.8125 x 10 Ibs.in./radian

for Stiffer Foundation Springs (Mode! 3):

6 = 3.765 x 10° 1bs/fe.
K = 1.5 x 39.63 x 10°

Ky = 5.9445 x 107 1bs./in.
Ke = 1.5 x 7059.38 x 109

1.0589 x 10'> Ibs.in./radian

Ke
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GENOA 3 STACK - RESPONSE SPECTRUM
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B-11 - SEISMiC RESPONSE RESULTS

GENOA 3 STACK - SEISMIC DISPLACEMENT RESPCNSE

Maximum Displacement (IN)

MODZIL |
STANDARD
NODE FOUNDATICN
NO. SPRINGS

YT G APAGAR TR LNN |

? R,A40Q&IIDCF N

3 Q,77Q2ANERT 40N
TG T 7 a4 3 uFenl
8§  7.73&7189aF.00 |
A 5.05Qp0¢0ﬁt.nn’
7 f.3A71,EC&T€<A0 |

e C.O114S70NF 0N

Q . 4RSI 2)108F 40N
TR A naE2044u 1k <00

n 4 JEPIENALLE & D

)12 L ,227L=LNTF 0N
RN VLRGN

14 U, LGLTLETIF SO0

]‘-; ?.1(7'-‘,/.‘,‘71?.._"‘{‘
T 16 LRI TLARTELOD |
17 7.54134710F400 |

18 P2.PRPANNALE AN
AT TS ARNSELSNAE S 0D |
Zn ].7“”7L?qr¢ﬂﬁ'

21 ] SAFAIARIC LN

TTR22TT Y M IAA 4R e L 0N

22 1144407128400

‘u C.72A20E7CE )]}
el R VREAEEYTC D]

26 6.,75P245)2F N

27 S, En2c701nFan)
TR T 4,3 %ocaspacron] T

’° .44 N0SF ()]

3n P«A13r429F 0]
Al J.sTuhaRNRenY

a7 } .2107207C00F N

1 9.&7CLn1)oc-n§
RIA 4.270%20497F 0D |

3= PEND2024 178 D

MODEL 2
SOFTER
FOUNDATION
SPRINGS

O, 705 9%,974€ + 00
Q enns 1RO QN
TR T e s L 1y
A,2IEN4AIIIC NN
2 ,M10€27202C.010
Tetal2an525 400
~aRQ743CRAF o (O
HeR12£7153C .00
B NLLDI BT L0
S«S0IR117NF a0
Se]1%AKIAI2IF NP
Lo 747N NN
Lo WTULEFR[F NN
3007’)“71;*7'-‘0{\
3.H1410401F 00
F.27274 72 0D
Z.RA0RRDOAT LN
P AAYNATTELE AN
2. MAYVTIDN7T 40N
2,1277°2)108F s
1eRAAT2VT73F &N,
162N 21 AF 4N
1™k 1167300 NN
L P T e L ol B A T
] NS BILELAC LD
N,282c 10850
7.213%711%c-01
A ."?4.7(,11,11'_01
S.2G102152F =N
Le2A227n4LT7F =)
V274202624, C N
P.4%301241F5 =0
TLRTLNADF 0]
1610 Fai]
TU VL INIC N D

Te
LIS
>

MODEL 3

STIFFER
FOUNDAT1C ¢

SPRINGS

8,24071024F «0N
R,5773TAS2AFL )0
R, 1£G435R2F 0NN
TATISS24F « (D
7.12379025F+00
AL ANALTLRAF + NN
4 ,.2237aa94F 200
Qe 77AR7ETISF NN
S.1324 71 2F+00
4.N7AL1SF N0
Lo DNTLYIEF (0N
4,1n3AA5C20F +ON
R 72772373 0N
UV, AT IATF 00
L, NEI24ATT 00
P2.77°243Q71F + N0
2ebaLunNLTTAIF+N0
21410121205 «00
1.711n233R&F + (N
1.A7A23Q33F 40N
1. 454 54F <0 )
1255212475 00
A7 ATAR &)
C,N1N)20QTF .0
7.2)177223CCFa())
A 1U2T22RAF =N
4,N5200211F=0]
?,293081513F <=0
28245124 7F -0 ]
?.25]177094F =N
1 e SAIHA2EIIF <N
1 e N 704NED4LF =)
6552212437 =2
UV AAKRTIEI2AC N
].':1":-)-,;": =7
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B-1i - SEISMIC RESPONSE RESULTS

GEMOA 3 STACK - SEISMIC ACCELERATION RESPONSE

MODEL 2
SOFTER
FOUNDATION SPTINGS

MODEL 3
STIFFER
FOUNDATION SPRINGS

MODEL )
STANDARD
FOUNDATION SPRINGS
NODE ACCELERATION
1w, (1u/sec?)
m—y 3,461?¥Z$ZE70?‘
2 A, 12621AADF & ND
e P NLNDIENIFLND
"’Ef"TT5?bTiZfat;n?“
S 1«1134&%)8F+07
- 1 LB22P207F N2
7 T 7nErGIREE 407 |
" 1.764587454F 07
Q 1.A)147QnkAF N2
0 T Y L4ARTRTIF SN
11 1o 764)1KAF 0P
12 1.415AETLIF 012
R | [BPIRRIEAE NP
14 1.SG11&8C1F 02
18 1 .SRG72N22F+0?
1A 1281273730 F 0?2
17 1.4)3702]14QF+N?
18 1 e 3INTRLLIFLND
16 ] .2
20 1.28307Q02F 407
2 1.228&4424L7F+4072
'—2?"_Tf§7?ZLZ3HEIn2'
23 1.23857245F 202
74 1.180A2418FaND
—on 11187 7nROFE<N7
2h 1 043RS LATF N2
2T Y.N1KLOLENELND
PR 9.731014278401
29 0.,267€15anE4+0]
30 B, £Q81116°F+0)
o R .ASACAATAF<A]
32 7 410CLLRAAF &N
31 £,7383€772F ()
ETA F.22]121422FaN)
35

Se7174LLLETE4N)

n0DE

ACCELERATION
(1N/SEC2)

_NO.

OP~ND>PAE D

3,a=aqan7uc.n?
1.14277£770€402
2.271 7L 2F N2
\,a‘jaan;cc.QQ
Q,13N3134L4F 0]
Q,a%2404Nn2F s ]
1.11QLO7AOF.0?
\.&]5&7&&&F00?
1.7A251°03F¢0?
l.’1ﬂ619<7=002
1.471710233€ 02
1 4= 7.’."4/.’:002
1,ﬁa§17b77P032
1.2732271323F«02
1e2774L4Q71F 40?7
l . ’77617569‘7:0"‘?
1.8022&474F (2
14041772502
1« 7Q€18224LF 07
L. 13aAC 217 40?
1.?4077]7AF.D?
\,1J:y1001r.nﬁ
o 122748%F e92
1e751172474F 0D
1_rc;ﬁa“1:009
] «NGR24LTLAT 40D
].51ﬂfﬂjh&roﬂ?
l,nqﬂaywctr.qg
QTR ANAEF N
Q,1394=27373F 40
F.Ckﬁﬁnﬁ91fon!
P.naﬂ]ﬁt]vr.q‘
T.S4LB832475F + 1]
T 1R GALSLE o)
hed3NnH20714F4N]

NODE
_N0.

ACCELERATION
(IN/SEC2)

DXNDI NE oV

I, 4L0R)1240N0F 02
71,7218 00DIF N2
172043 741F 02
1.2n19443AaF +N2
12633824 AF+02
1."S11&NAF 02
1.4a1=$1a1r.n)
1.‘036:7995.02
1.&41:7707c.o?
126004274502
l.a>1qﬂ7§&¢00?
1,:1&71&@1€.n?
1.:0%n0725r.02
).CA]CQQAAF.Q?
1.47¢n3A0SF+02
12739202 7F +(Q2
] . 1765212 12€ 402
1.11A77QQ£F00?
1. AGLFRAYIF N2
1. 719A3I2[45 402
1.I0P237RATF NP
1 JP4IEPEEDE NP
1.12307nA17F 02
1.12671275F+0?
AGPNARTJIF LN
(aTRTEYARECL4ND
AV T7SAART 0/
cahIPTVITAFRSC]
LTI TT2EC L0
e 1184 ANAITL0Y
T TR4GP218F 401
£,51712a734L5 0]
6, 14020548 40
°.:'§.171‘ 1C!’.0!
5.0n521231F ()

1
1
1
9
9
g
b



~
| S |

MC

MAX | MM HAX | MUM
MEMSER NODES  SHEAR FORCE MOMENT
NO.  MOS. (LBS) (1N LBS)
T T’"’W.?11rr2ﬁ2f‘1:;aa,c_ng
2 1.2370F406 | 7.2990E409
i ;
‘—_—'——-"—““"—--._.. NP — o =
32 R.NGTSFenG | TLAGERELNS
3 Q. NGTEFanG | Q.7 240F +0A

BUENPPFari | 9,G2L0C+06

R A .
| S A

4 R AN22F+NL | 2.SKIGE N7
— A T A7EGFeNG | 2oab1GF«(7
. g ] JN7RLCaNS lg_gq:a;.a7
—— R ¥, 18 Fens [T LBEAF 0T
“ 1 J1381Fanc | A LRGIFOT
i .
i B TN 120 )1Fenc TTRLLBGAF 0T
. - 1.12%1FenE | £,72A24F 07
g TN 121 TR AR T ATIIDGE 20T
a 1.1217Canc | G aGekFanT
R 2 1 16céCane “T9, LIERF 0T
n 1.1466xnFan% ].1Q7LCcﬂH
iiaie S - ')_7¢h1:.ng"].\;7€r.ﬁf
10 1 ,Phe1IC NS 1_:oﬁrr.na
11 10 1.ﬁp1ﬁc;n<‘ ].vga:u.jﬂ
11 1,322 s08 1,61 7)F 0%
1111 V.2Taeeenz T leei?]Fe0R
12 ‘.17,9"70-‘.: l’q""“C.(‘,R
‘? 12 ‘.’:1::502, ‘.C’h‘lbﬂa
13 1, A8 F e | 1.,8AINF+0R!
13 1 1 Ln27Rens - TonhInEenn
14 1 N3 TCLAR le7211F«0H
!
T TTe | VeenTRpand T [LT911F AN
16 | 1, 617AFen% | len30F+NA
16 18 |1, BnRaC.nS T 1.95nF +NA
| A ‘1_cm4:c.q: ?.qnﬂﬁ?oﬂa
|
\'i'a'—’“"g ' 1 .5r\":='./|: 2.0 RF eNA
17 1.£713€en3  2,1790F+04
17 f7 1, 7NY¥VIE€ NS P lNANF o)A
1A 1,27 F 05 2,327 sMR

MEMBER NCD

NO.

NOS.

8-11 - SEISMIC RESPONSE RESULTS
GENOA 3 STACK - SEISMIC SHEAR FORCE AMD MOMENT RESPONSE

- STANMDARD FOUNDATION SPRINGS

MAX | MUM

SHEAR FORCE

(L8S)

- — e =,

Fa3 AT 1.794A7F4n=

MAX | MUM
MOMENT
(1IN LBS)

2. 72 a0F Q‘)ﬁ
?e 1AN2E+0R

T2 aANDF SR

J.14365 03

F,ANIGF LR
3.=AINF+NA

Y. T/AINF0A
4,)720F+0RA

G, ,1720F DR
4 ,=23PF (R

4,=26pF 408
l‘."‘)7rlc-‘l.lq

O APTINF e NE
S.I=27F + N

S.7327F )8
S.eanFOHR

TR ,ZNOGLF SR

AR, LGAETaNR

BeSNAatanm
T.1A12Fa((R

141 2Fs0R

19 1.7°¢3F o0
1° 19 1.8771F+n3
20 1.8771Fsn=
30730 T NV 0EnEFens
21 1.949°3F 03
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B=111 = STRUCTURAL CALCULATICUNS
GENOA 2 STACK - ALLOWABLE OVERTURNING MOMENT -

The allowable overturning moment carrying capacity of various cross-
sections of GENOA 3 stack are calculated using the equations and
procedure described in Section 2.1. The results of the structural
calculations are summarized in Table B8-111. A typical structural
calcuiation is shown below:

“ember Mo. 8, Node No. 3:

(Refer to Section 6.2.1 for nomenclature)

Outside diameter = 253.0 in.; wall thickness tc = 6.0 in.; 2R = 249.0 in.

Reinforcement 67 - #4; As = 13.4 in.z; 5. ® 0.0171 in.z

f'c = 4.0 ksi.; Sy = 1.15x 40.0 ksi. (15% increase for
dynamic loading)

Using equation 11

- _ l“‘>;«h.0x7.0 3 - T
(‘z*e)“xmsxmxo.m\(fE’) X (=g &)
X = 25.718

g = T (x-1) radians = 90 (X-1) = 83.263°

-_2 \x*ls ‘X*‘s

Using equation 12, 13, 14 and 15

Mc = 1.445 x 4.0 x (259-0)2 x 7[ Sin /20-c0263) -
K .

90-80.263) T Sin 80.263]
180

= 1339.36 K.in.
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M =2x1.15 x 40 (2‘49.0)2 x 0.0171 [ Sen (30+80.263)
t n

+ (90+80.263) T Swn Zo0.

180

= 76091.95 K.in.

Mo.w

Allowable cverturning moment

= 566.4 x 243
2

M

Sn80.263

= 339.36
= 14,6461,

263 |

70029.89 K.in.

7,6091.95 + 70029.89

+

2 K.in.
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TABLE B 11 - GENOA 3 STACK ALLOWABLE OVERTURN NG MOMENT

te ;’:f.';- As 2R ts '6 Mc Mt Mo ML= DEAD WT Mo.w "M
(M) MENT Wyu})ﬂ‘__gg__,__ an_ X (DEG) (k- 1N) (K- 1N) (k- IN) KIPS (k- iNJ (k- IN)
e b e 1 n !
584 | i 207 | 0.0178 | 28.413 | 83.88 175.86 47655.69 L7831 .6 25.25 239).6 | 5022:.2
S .8 LR | 2 __r—_“ |__~T 26.736 | B3.95 | 179.89 49897.71 50077.6 96.37 9389.7 494673
A S L L nﬂ}qzm __0.007% | 29.066) ‘Y‘ 84.01 184,57 52154.59 52339.2 169.55 | - 16987.2 | 6€9326./
7 i & ' @ | 0.0175 r_ﬁ- 1 ¢ ‘N'.’_“’__., 197.77 55364 .96 55562.7 244 .8 25197.1 80759.0
ds 63k ‘- 2.6 A; i3 ' _0.0174 i_..'"i.,('_“ﬁ'.',. B4 01 205.35 58026.75 58232.1 322.11 34040.6 92272.7
el | 7+ b2 l 29. 404 : 63.72 249.075 60346.49 60595.6 401 .48 43506.7 lnt.lo:_;_
I 6 I : | o173 4;,,'_", 7 5 | 222.73 63847.0 64070.3 482.91 53683.9 | 117752.2
i o bl ! 22¢.86 £6271.39 66498 .3 566 4 64532.9 131031.2
=3)] 839.36) (76091.95) (76431.31) | (70029.83:45«@1_:;
| 2 288.35 69861 .14 | 70149.5 651.9° 76014.8 | 1461043
I | L 25,5 25| B61.45) (80263.84) (80625.79) s (71712.7) 1052337.5)
. i 1| 243 .‘*l 72812.92 | 73062 .2 743.0 88733.6 | -.1755.3
i : »__4‘ 316.13 73187.40 | 73503.5 | 83268 10165¢€ . | 175165 .6
74k | | ' I 272.69 19662.28 | 79935.0J 924 .42 115475.8 [msﬁnf;-,
i 954 | | ! i 3 | 610.76 108818.8 103429.6 | 1018.48 130269.2 | 239355 .
j { 12074 { : i 28 | ‘ 19 1066. 90 136476.06 137543.0 | 1S 1459271 | 24,470.)
LS *.__i l_ 92.5 ) 1 3 11816.24 169492 . 90 171309.1 | 1214.32 162288.0 | 333597 |
! _Mze ; !‘ /3. ) " 2916.93 206068 . 66 208985.6 1316.12 179351.9 | 388335.5
; ! 100:6 ! i 310.5 | i ‘ 5495 .13 264698.73 270196.9 1420.52 196215.7 | 466412.6
‘[ 2.6 | l B6LL 86 332576.6 341221 .4 1527 .42 213523.2 | 5547446
e t { 4 ' {21535 1 LI2463.2 414616.7 1652.22 237284 1 6h9345 )
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GENOA 3 STACK ALLOWABLE OVERTURNING MOMENT (continued)

-

) e Mt Mce Mt~  DEAD WT Mo o
X (DEG)  (K-IN) (k-1N) (K- IN) KIPS (i..-j)‘_fL’ (K- 1N)
8.118 | 70.26 | 17164.16 466238.4 483402.6 1772.92 ' 255855.3| 739257 .9
7{873& ‘n»;a.n 20695.08 §32454.7 553149.8 1914.52 | 280438.1| $33567.9
,sﬁo ,‘ 69.036| 25928.00 625829.2 651748.2 2064.42 | 307710;L”_9§_91‘_5_8;3
-/‘77‘5/“ ":9..37u 27796.60 692610. 1 720406.7 2225.92 F‘ 339234.5| 1059641 .2
é”,”, | ;n_zu 27900.947 740360.0 768260. > 2403.82 | 377240.6| 1145501.5
~'u_ :'ws,-” 2 7&77’*2:):37.1.5 796983.0 817620.5 2594.92 | 423530.71 1241151.2
‘ | 1.20 | 28100.0 839925.1 B_(:?_OZS.I 2799.62 W_h_b_hiaio_.j | 1332509.4
o -1_ 26946.05 878311.9 905257.9 3018.32*»2_1_0513.617~|529_27La
97 | 23326.51 953100.8 976427.3 3265.22 575996-1_‘!_121_5_25;‘}-_“
48 | 20745.65 | 1028512.5 1049258.2 3555.22 639700.2| 1668358 .4
';E,’.._;._'l"’_?,';.'f’ 1096693.7 1110384.9 3917.92 736786,g+|§j171l. |
176{ 10543.79 1125259.5 1135803.3 4392.52 BLBI}:‘;Q! 103529.8
362 10382.45 | 1150470.6 | 1160853 0 ) _4877,72 | 9422883 : 21221083
$22] 9966.06 3 1165197.8 7s163.0 | 5373.52_ {1082819 6 4 2248016.6
’wlj{lgg_g} r-llfmf_{:: 7 1200373 .2 $879.92 | 1209462.0 | 24047252

vd values with 15

amic earthquake

percent
loadipas.

increase in yiely




