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1. SUMM ARY

This report, prepared for Dairyland Power Cooperative (DPC), presents the
results of the seismic / structural analysis of the LACBWR containment building

using the NRC site-specific ground response spectra for the Safe Shutdown
Earthquake event (SSE).

Linear seismic analysis, using the site specific spectra and modal superposition

methods, was performed to determine the response of the LACBWR containment

building for the SSE event. Soil structure interaction effects were included using

the information provided by Dames & Moore. The foundation springs reflect the

updated information from the most recent boring program. The combination of
deadicad and seismic stress of the containment building is compared to the
allowable stress. From the results of the analysis, it has been concluded that the

{ containment building is capable of withstanding the specified Safe Shutdown

Earthquake. Forces, moments and stresses in all structural elements of the

building were determined. All member stresses were found to be less than their

allowable values.

2. DESCRIPTION OF THE BUILDING

The Containment Building is a multiple story 30 feet radius structure. It consists

of a basement floor (El. 621'), ground floor (El. 642.75'), intermediate floor (El.

667'), and main floor (El. 701.0'). In addition to those floors, an overhead crane is

at (El. 726.5') and a water storage tank is located at the top of the building (El.
756.5'). The structure, with a total height of 135.5 f t. is supported by 228

concrete filled pipe piles with a design load capacity of 100k/ pile.

For the purpose of analysis the Containment Building can be sub-divided into

four component parts: the containment shell, the outer shield building, the inner
,

shield building and the reactor vessel. All other dead and live loads are

Q calculated and are lumped in the appropriate nodes of the model.

The Containment Shell: This is the outer steel shell and represents the pressure

retaining component of the Containment Building.
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C
lt is made of ASTM A201, Grade B steel with a thickness of 1.16", a height of
144 feet and an inside radius of 30 feet. The hemispherical dome of the
containment shell is constructed of 0.60 inch steel and contains an elliptical
water storage tank with a capacity of 42,500 gallons.

Outer Shield Building: The containment shell is lined on the inside by the outer

shield building which consists of 9" of reinforced concrete. This structure has a

30 foot radius,105.5 foot height (from basement floor to crane level), and
supports a crane with capacity of 50 Tons /5 Tons at El. 726.5'.

Inner Shield Building: The inner shield structure consists of an octagonal shaped

reinforced concrete wall around the reactor. The inner and outer shield
structures are connected to each other by reinforced concrete floors at four

elevations.

Reactor Yessel: The reactor vessel generates steam for the turbine generator
'

and is located inside the inner shield building core. It is made of ASTM A302
Grade B steel, with 4.125 feet inside radius,4 inch thickness, and 37 feet height

(from ground floor to El. 684.75 feet). The vessel is seated on a skirt support -

which is anchored to the inner shield building at the ground floor. Also at El.
680.77 feet, the vessel is supported by the inner shield building via an expansion

joint (bellows). The Reactor Yessel is included in the mathematical model of the

Containment Building to evaluate the effect of its mass on the other
components.

3. APPLICABI.E CODES, STANDARDS AND SPECIFICATIONS

,

The following codes of practice and reg'ulatory guides were used in the analysis.

of the LACBWR Containment Building.

1. USNRC Regulatory Guide 1.92, " Combination of Modes and Spatial
Components in Seismic Reponse Analysis", Revision 1, February,1976.

'

2. USNRC Standard Review Plan Section 3.7.2.
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3. USNRC Reg. Guide 1.61, " Damping Values For Seismic Design of Nuclear

Power Plants", October,1973.

4. Code Requirements for Nuclear Safety Related Concrete Structures (ACI

349-76), American Concrete Institute, Detroit, MI.,1978.

5. USNRC Standard Review Plan Section 3.8.2.

6. USNRC Standard Review Plan Section 3.8.3.

7. Building Code Requirements for Reinforced Concrete, (ACI 318-77),
American Concrete Institute, Detroit, MI.,1977.

8. ASME Boiler and Pressure Yessel Code, Section VIII, DIV.2, Alternate

{ Rules,1977 Edition.

4. LOADS AND LOADING COMBINATIONS

The lateral seismic inertia loading on the coupled model of the containment

building and its foundation is in the form of the ground acceleration response

spectrum (Figure 4.1) given in Reference 1. The free field ground response
spectrum for the Safe Shutdown Earthquake for 5 percent structural damping
was modified to the appropriate percent of combined damping (output of
LANCZOS run) and used in the seismic analysis. (See USNRC Reg. Guide 1.61).

| In addition to the seismic inertia loading, the dead loads and their resulting
moments have also been included in the analysis. The following load combination

| equations from SRP 3.8.2 and 3.8.3 were used in evaluating the adequacy of the

containment building to withstand a seismic event.

Containment Shell
|

|

1. D + L + E' + Pa
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Reinforced Concrete Shield Structure

2. D + L + E'

Where:

D = Dead loads and their resulting moments

L = Live loads

E = Loads and moments generated by the Operating Basis Earthquake

E' = Loads and moments generated by the Safe Shutdown Earthquake

Pa = Pressure load generated by loss-of. coolant acccident (LOCA){

*

For the reinforced concrete shield structure the load combination containing the

OBE earthquake,1.4D + 1.7L + E, was determined not be critical compared to

the combination containing the SSE earthquake. The load factors applied to the
dead and live loads increase the axial compression in the concrete shield

structure. When this compressive stress is combined with the OBE induced

bending stress, the resulting concrete tension stress is less than the tension

stress developed by the SSE earthquake load combination.

.

5. STRUCTURAL ACCEPTANCE CRITERIA

The following allowable limits constitute the structural acceptance criteria for

each of the loading combinations presented in Section 4.

/

. . . . - . . . . . . - . _
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Containment Shell

Stresses in the containment shell shall meet the requirements of the ASME
Boiler and Pressure Vessel Code, Section VIII, Div. 2.,1977 Edition.

Stress Intensity Limit

Pm KSm

Pm+Pb 1.5K Sm

Where Pm = General Primary Membrane Stress

Pb = Primary Bending Stress

Sm = Design Stress Intensity|

K = Factors given in Table AD-150.0

b
Reinforced Concrete

.

Load Combinations Limit

D + L + E' U

Where U is required section strength based on the ultimate strength design

method defined in the ACI. 318-77 code

6. ANALYTICAL PROCEDURES

6.1 SEISMIC ANALYSIS:

The seismic analysis of the Containment Building was performed using

NRC site-specific ground response spectra. Damping values of 4% and 7%

b were used for steel and reinforced concrete respectively. (See NRC Reg

Guide 1.61). The vertical response spectra was
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taken as 2/3 of the horizontal response spectra for the whole range of

frequency, as stated in Reference 9.

6.1.1 Mathematical Model

In order to perform the seismic analysis, the containment building is

mathematically modeled as an assembly of elastic structural
elements interconnected at discrete nodal points. The three

dimensional, multidegree of freedom model of the containment
building is attached to the ground by means of foundation springs,

representing the deformations of the soil under the containment
building foundation. Lateral, as well as rocking springs, have been

provided in the LACBWR Containment Building mathematical model

(Figure 6.1) to account for the shear and vertical deformation of the
soil under the LACBWR Containment Building foundation. To

account for the variation in the soil properties and to evaluate the
{~' ef fect of the foundation spring constants on the seismic response of

the Containment Building, the foundation springs were varied using
'

information supplied by Dames and Moore. The frequencies found

using this data are shown in Table 6.2. The effect of the variation on

deflections, accelerations, moments and shears can be seen in Figure

6.2.a - 6.2. h .

|

The distributed mass of the Containment Building is lumped at the

system nodal points. Each mass represents the tributory weight of
the Containment Building walls above and below the nodal point.

Masses are lumped so that the lumped mass, multidegree of freedom

model represents the dynamic characteristics of the Containment

Building. In order to reduce the number of dynamic degrees of
freedom, only translational degrees-of-freedom are considered at

each mass point. (The masses associated with the rotational degrees-

of-freedom are set to zero).
1 -

'

1

.,-.,.....-,._e,o,
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6.1.2 Foundation Spring Stiffness

The stiffness of the lateral and rocking springs representing the shear and
vertical deformation of the soil beneath the foundation mat are obtained using

the equations shown in Table 6.1 and Figure 6.3. These equations are taken from

Reference 4.

6.1.3 Eigenvalue Analysis

The eigenvalues (natural frequencies) and the eigenvectors (mode shapes)

for each of the natural modes of vibration are calculated by solving the

following frequency equation:

0} (O(K - er M) {$n =

Where:

Naturalw =
n th '

angular frequency for the n mode
,

System mass matrixM =

&n = Mode thshape vector for the n mode

0 Null vector=

The eigenvalue/ eigenvector extraction was performed using the the
Lanczos Moda! Extraction Method.

6.1.4 Dynamic (Seismic) Load Analysis

{ Considering only translational degrees of freedom and assuming viscous

(velocity proportional) form of damping, the equation of motion in matrix

form can be expressed as follows:

__
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M (U + gt) + Ck + KU =0 (2)
t t

Where:

b = Relative acceleration time history vector
t

b = Ground acceleration time history vectorgt

C = Damping matrix

k = Relative velocity time history vector

U = Relative displacement time history vector
t

( Rearranging equation (2):

MU + Ch + KU -MU = P,f f W=
t gt ,

To uncouple equation (3), assume:

$YU =
t

Where:

& = Characteristic free vibration mode shapes

matrix

Y = Generalized coordinate displacement time
t

history vector

Pre- and post- multiplying equation (3) by the transpose of & and $|

1
; respectively and using orthogonality conditions, the following
(, uncoupled equations of motion are obtained:'
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h + A Y M n gt
nt *n n nt + "n nt n

Where:

Y = Generalized displacement coordinate time history
nt thfor n mode.

An = Damping ratio for the nth mode expressed as percent of

critical damping.

thM * = Generalized mass for the n mode

=4 M4 ={M;4|nn

The mode shape 4 is normalized such that M* = 1
n

thParticipation factor for the n mode.R =
n

4 MI = [M;4 n= i
.

Column vector whose elements are generally unityI =

The solution for the differential equation (4) is given by the Duhamel

Integral:

b" bI" Un (t-T) di
"

Y * " t
nt f gtM*w n

Using the response spectrum method of analysis, the maximum values of

the generalized response for each mode'is given by:

Rb.. n an
Y (5)*

M;n max

Y'
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TABLE 6.1
FOUNDATION SPRING CONSTANTS

Spring Constants for Rigid Rectangular Footing
Resting on Elastic Half-Space

Motion Spring Constant Reference

GVertical k, = 1 - * p,v'47 Barkan (1962)

Horizontal k. = 4(1 + *)Gg, G Barkan (1962)
Gorbunov-PossadovRocking k, = 1 - * p,8cd,

(1961)
l

(Note values for g,, $,, andg, are given in Fig. 6.3 for various values of 4/c)
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TABLE 6.2

NATURAL FREQUENCIES OF VIBRATION - LACBWR CONTAINMENT BLDG.

Model 1 Model 2

G=1600ksi (sof ter) G=3600ksf (stif fened)

Mode No. Frequency (Hz) Modal Direction Frequency (Hz) Modal Direction

1 1.550 X2 2.244 X2

2 1.552 XI 2.253 XI
3 4.085 X3 6.033 X3
4 6,290 X2 6.507 X2

5 6.327 XI 6.552 XI
6 8.379 X2 11.591 X2

|{ 7 8.494 XI 11.807 XI
8 16.467 XI 16.540 XI
9 21.434 X2 21.601 X2

.

10 23.693 X2 23.849 X3

11 23.814 X3 24.295 X2

12 24.528 XI 24.577 XI
13 24.812 X2 25.991 X2

14 28.774 XI 28.849 XI
15 32.410 XI 32.431 XI

|
|

|

_ _
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c
Where:

..

Maximum generalized coordinate accelerationY =
n max thresponse for the n mode.

th
Spectral acceleration value for the n mode (fromS =

an
the applicable response spectrum curve)

From the maximum generalized coordinate response the maximum

acceleration (Un max) and maximum inertia forces (Fn max) at each mass
point are given by:

n max *in*
n max.

F =M bn max n n max

The inertia forces (Fn max) f r each of the systems' natural modes were
applied as external static forces, and system response (displacements,

member internal forces and stresses) were calculated. Total system .

response was than obtained by combining the individual modal response

values by the square root of the sum of the squares method; lower modes

having large contribution to the response (all modes having natural
frequency under 35 cycles per second) were included and higher modes with

negligible participation were neglected.

7. RESULTS OF ANALYSIS AND CONCLUSIONS
.

Le results of the seismic analysis of tM LACBWR Containment building performed

with the STARDYNE computer code are contained in Reference 5. Appendix A

contains the assumptions used in the analysis. Detailed calculations are included in

Appendix B.

The natural frequencies of vibration of the LACBWR containment building are given in

Table 6.2. From this table, it can be seen that the containment building is a low

frequency system (fundamental frequency of 1.559 Hz and 2.244 Hz in accordance with
soil constant G=1600Ksf and G=3600Ksf), and the variation in the fundamental
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( Frequencies is 45% (1.550 HZ to 2.244 Hz) as compared to the 125% variation in the
foundation soil constants (1600 ksi to 3600 ksi). Through Figure 6.2c to Figure 6.2h,we

can see that acceleration induced, moment induced, shear induced are greater for
stiffened foundation soil constant (G = 3600 ksi). Hence the results for the analysis for

sof ter foundation soil constant (G = 1600 ksi) are not reported since the analysis of

normal foundation soil constant (G = 2400 ksi) and stiffened foundation soil constant
(G=3600 ksi) are more conservative. The results of the seismic and structural analysis,

which are taken as the more conservative results of either the normal or stiffened
cases, are summarized in Table 7.1 thru Table 7.3 and discussed below.

Steel Containment Shell:

The maximum shear, compressive and tensile bending stresses in the steel containment

shell are significantly lower than the allowable values. The maximum hoop and

longitudinal tensile stresses in the containment shell resulting from LOCA event (52

psi, maximum internal pressure) are 16.1 ksi and 15.6 ksi respectively.

- Concrete Outer Shield Building:

The maximum shear and compressive stresses in the outer shield building and the .

maximum tensi!e stresses in the reinforcing bar are within the allowable values.

Concrete Inner Shield Building:

The maximum shear and compressive stresses in the inner shield building and the

maximum tensile stresses in the reinforcing bar are within the allowable values.

Foundation Mat:

The maximum shear and compressive stress in the foundation mat are lower than the

allowable values. There is no reinforcement in the foundation mat to carry any tensile

load, however, the foundation mat will not rupture because the modulus of rupture for

the concrete (0.377 ksi) is much greater than the maximum tensile stress (.00360 ksi)
b'.,
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Pile Foundation:

The maximum compressive load on a pile is 191.55k, greater than its rated capacity of

100k and lower than the ultimate load capacity of 400k Ref. (10). The maximum

tensile load on a pile is 41.75k. No pull out load tests have been performed,
however,the skin frictional resistance load of 74.8k calculated from pile driving data,

is more than adequate to resist the calculated pull out force.

.
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TABLE 7.1

SUMMARY OF SEISMIC / STRUCTURAL EVALUATION (NORMAL STRESS)
z
C
o

hAllowable normal stress Calculated normal stress
"Node Component Elevation Tension Compression Tension Compression ,

m
x

35 (For 36 thru 45 & 35) Outer Shield Bldg. 621.0' .230 ksi 2.975 ksi 0.069 ksi .369 ksi Q
47 inner Shield Bldg. 690.875' - 2.975 ksi - .038 ksi $
49 Inner Shield Bldg. 667' .0515 ksi 2.975 ksi .030 ksi .144 ksi _E

o
51 Inner Shield Bldg. 642.75' .118 ksi 2.975 ksi .054 ksi .223 ksi y
66 Inner Shield Bldg. 621.0' .118 2.975 ksi .076 ksi .430 ksi y

41.75k/ pile 191.55k/ pile54 Pile Under 621.0' * *

* See Pile Foundation Section.
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TABLE 7.2

SUMMARY OF SEISMIC / STRUCTURAL EVALUATION (SHEAR STRESS).
E
o
yNode Component Elevation Allowable Shear Stress Calculated Shear Stress

(ksi) (ksi) "

E
$

35 (For 36 thru 45 & 35) Outer Shield Bldg. 621.0' .118 ksi .0'42 ksi Q
m

66 (For 46 thru 53 & 66) Inner Shield Bldg. 621.0' .100 ksi .044 ksi E
5
$
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TABLE 7.3

Containment Shell Seismic / Structural Evaluation |
At Node 33 (For I thru 33) Elevation 621.0'

o
r-

Pm+Pb Limit yg
P Limit ILoad Combination m

O+L+P 16.828 ksi (1.0)(18.9)= 0 16.828 (1.5)(1.0)(18.9)= ma m
18.9 ksi 28.35 ksi Q

m
m

D+L+Pa + E' 16.828 ksi 18.9 ksi 2.602 19.43 28.35 ksi 5
0
.m

2
K=1.0 for both load combinations

'O

Plate material A515, A516

Sm=18.9 ksi @ 3000F for A515, Grade 60
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APENDIX A

Containment Building Analysis

Assumptions:

1. The assumptions used for ultimate strength design and compatibility of strains

are the same as those given in ACI Building Code (318-77).

2. Maximum steel stress at ultimate capacity is assumed as "fy".

3. Compressive reinforcement is not considered.

4. Inner shield building and reactor vessel are eccentric with Outer Shield building

by their calculated centroid.

(.

.

!
-

k.
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Foundation Spring Stiffness

The stiffness of the lateral and rocking springs representing the shear
and vertical deformation of the soil beneath the foundation mat are ob-
.tained using .the following equa'tlons. These equations are taken from
Reference. 9

- - - - -
-

. _ . . - .... -
.-

32( G- Y /Horizontal spring stiffness, K =

'

/Rocking spring stiffness, K =
g 3

where Y= Effective Radius of Foundation Mat

#= Poisson's Ratio of Soil '

G Shear Modulus of soil=

The soll properties are taken from Reference i. For
the standard foundation spring, the soll properties correspond
to avera.ged values for bering number 3 '

6
Shear Modulus of Soil - 2 40x 10 lbs/ft.2

.

pG -

,
(Tables 31 and 2.2 of' Reference 1)'

.# = Poisson's Ratio = 0.24(Calculated f rom data give,n
in Table 3 1)

Y= Effective Radius of Foundation Mat = 33 5 feet /
|

Ky = 32 (1-0 24) L'*o x 10 x 33.5 '
1 7-8xo19

6 3Kx = 364y 10 ,1bs/f t. = 37 o6x 10 K /in. -

Kp = 8 x Z % 106 (33.5)3
'3 (1 - 0 2s+) ,

,

9
Ke = stG set ..x 10 lbs.ft./ radian ,.

0
Ke = 37'11. nx 10 K. i n. / ra di an j

.
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*DM-7 DM-8 b M -9 bM-lo
~

13 10 P 10 _ 1 bl, ;//A 29) -

13 13 14 .E I _; 15
''

h 17 {30 14

ILtBigo"f average dia. of pile a

25 41 1

/~56 104 ,f P 121,

s ur f ace arco of on e p il e n(dia.)(ol pth) = n [lo) 32 Q * 8 3. 78 FA \,-=

er _

f F: g = 18.73/5 0 = . 3 74 E T S.F. /3

To tal uplift resis tance is |

Pu = 8 3.7e (. 37 4 s) 2 FSQ Q
R, = G ?. 7 6 ' |

i=====--

| Po > 41.7s* = {the lor 3 e t tens, n on . ,. 31 ris.) /
1
|

|

" ASC E Journal of G eotec.h nic<.I E ngin eering" Wl.102, No. G T3
M arch 19 74, p3 206
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K = coeff icient of lafeelst earth p r ets u r e .5 /:

O = friction angl<. of sc,il ( in ter.1 f) = 31 /
.

f 9.8'dooo,t).57(Nn 31) 3 2.' /
3

P= *l1, 290 !' /3

P> th <. a c ht al p ull oc< l force crf th < syst <m of piles.
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Pp 9 r. r s * = 41. 7 5 " + i o. s " e i i. e ( Ly tm., % c . .) = P. =. 91. ss" -
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L e ng t h = 3 2.' -

r = lis i ' -ptos .
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The f ri b ru Fary volu m e of soiI +ho+ r < sis ts lh< pull oul
.

Po rc e of +hs p l le is conical in s hap e, tks ho+ tors of ihe pi t <.

b e.s ny th< p. int of t h< con <.. hs th - eleve+1on increa s es the

con s b ro ac4 e nt. The Vribracey co n < s are no+ d<scru sa ble

rna th e md(cally at p resant. A simp i ft<A c. n s e r va + iv e. p ro esaurel was

us <d . W i thin ihe p < rim e t<r bound <d b Fh <- p il<> wasy

rei ts t-iny p ull e.u f, TL. s oi lcon s lod <r. J the volarns e ffeeks en.

Eka4 woulet b< in Fhn c e, n s w as ig nor e if ou1sid e thr

s traight line p e r im eter p,Is to p il < .'

The fere t ton ya lu e iS I o ry r for rou,a pila,{f osoca,,at<r -o)

sguar e pole w hos e sw =- T) by abouf A '. 1as co mp o r< a to a

r esp ec.t t vely. Topp er is an asse+ if th<- +ap p er 2 I 1., , th e

Freetson ca pa city n 1itcely 1 inc rcase by I.T to L S. Al %, k
fap p e r.2 >IL (,Gn' * s. c t L ) this w asthe pil<t us<J hers ors

no t con s i cl er ed b ecaus= th+ accuracy of how rnuch of an increas e
'

ca n n st he pin poin tcol.
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forc<1 eus1, the floor / foun ch tion curves c los< r to the s u r fa ce.
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| %
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p ull eat Force . A ss um any they act toy ether is co n s < r +t .' v e. I n
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