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1. PURPOSE / BACKGROUND
.

The existing Component Cooling Water (CCW) system at each of Southern California
Edison's (SCE) San Onofre Nuclear Generating Station (SONGS) Units 2 and 3
consists of two redundant trains (critical loops), and one non-critical loop ;

which can be aligned to either one of the critical loops. The make-up water to i
the CCW surge tank is supplied by the seismically-qualified mobile fire tankers !

to ensure adequate water supply for a 7-day period, using the temporary
connection. This arrangement, however, is very labor intensive to operate, and i

the tankers may require several refills to perform their function for the desired |
7-day time period.

!

To eliminate the reliance of the CCW system on the fire tankers for the make-up ;

water, the primary make-up water system will be integrated into the CCW system to !
provide the necessary supply of make-up water. The make-up system will be ,

modified to supply water to the CCW critical loops following loss of normal make- |

up from the nuclear service water system. It will provide the necessary water j

inventory to compensate for the maximum allowable leak from both CCW critical t

loops for a period of seven days. ,

!

i

The make-up system of each unit includes a 300,000 gallon Primary Plant Make-Up !

Storage (PPMS) tank, T-056 for Unit 2 and T-055 for Unit 3. These tanks were
'

originally designed to the American Petroleum Institute (API)-620 Standard, 5th. |
Edition, and constructed and tested to API-650 Standard, 5th. Edition; and were :
classified as Seismic Class 11 components. Both tanks will be upgraded to !

Quality Class II, Seismic Category I to establish American Society of Mechanical |
Engineers (ASME) Code, Section III, Class 3 equivalency without ASME stamping.
This tank upgrade is necessary in order to qualify as an integral part of the CCW |

system, as explained above. The methodology of the tank seismic upgrade is based !

on Reference 5 (Generic Implementation Procedure (GIP) for Seismic Verification i

of Nuclear Plant Equipment). This methodology is outlined in Section 5 of this
report. Comparison between the API 650 Standard, which was the basis for the
original tank construction and testing, and the ASME Code (1989 Edition, no ,

addenda) was made to identify and reconcile the differences between the
requirements of the two codes. These differences were resolved, as part of the :

tank upgrade analysis. [

!

This report provides a summary of the results of the analyses, and the ASME Code !
reconciliation performed to upgrade the Unit-2 PPMS tank to Seismic Category I, {

and to qualify this tank per ASME Code, Section III, Class 3 to meet the {

requirements described above. This report also provides a summary of all the !

design input required to perform the upgrade analyses, and the analysis i

methodology. |

!

Results in this report are for SONGS Unit-2 only. |

!
.

:
- . . ._
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2. RESULTS/ CONCLUSIONS

1. For the existing tank to meet the seismic loads and Generic Implementation i

Procedure'(GIP) requirements, the tank was reinforced by 36 vertical !
| stringers and 34 additional anchor bolts. Tank modification details are |

provided in Appendix A and Reference 1. Analysis details can be found in j
SCE Calculation No. M-DSC-280. |

!

2. Anchor bolt chairs were replaced by a new ring-type chairs. Details !

of the anchor bolt chair modified design can be found in Appendix A. -

! .

!

3. The water inside the tank is expected to slosh against the roof. However, ,

!the roof was shown to be capable of withstanding the sloshing loads during
a Design Basis Earthquake (DBE) seismic event (SCE Calculation No. M-DSC- ;

280, Appendix A). j

!

4. A 1/4" thick reinforcing pad was added to the man hole of each tank. |
'Details are given in Appendix A, and Reference 1.
|

| 5. Reinforcing pads were added to some nozzles so that local stresses in ;

the shell do not exceed their allowables. SCE Calculation No. M-DSC-
280 provides a list of the nozzles requiring reinforcing pads.

t

6. Some anchor bolts may be moved radially out a distance up to 1 5/16" to
avoid interference with the rebars in the concrete base without exceeding ,

any of the allowable stress limits. Similarly, anchor bolt chairs may be
moved up to 4" in the circumferential direction from their nominal position
to avoid interference with tank attachments.

t

:

;

'

7. The stress in the existing tank wall-to-bottom weld is within the allowable
of the weld material. ,

|

|

,

8. The modified tank has been evaluated for buckling per the Generic
Implementation Procedure (GIP) for Seismic Verification of Nuclear Plant
Equipment, Revision 2 (Rc' rence 17, Appendix A). This evaluation shows
that the modified tank meets the GIP requirements. ,

'

|
'

|
1

s

- - - .,. ,
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Furthermore, the tank has been evaluated for buckling at higher elevations, ,

above the reinforcing stringers, using Code Case N-284 and shown to be !

acceptable. It should be noted that this additional evaluation, at higher !
;elevations, is not required by the GIP. It was performed basically to

ensure that the analysis covers the entire tank shell height. ;

Also, the tank does not have any large asymmetric openings; therefore, [
l

axisymmetric analysis techniques should be applicable.

.

9. ASME Code reconciliation is summarized below:
i

. A detailed ASME Code reconciliation is included in the PPMS tank design
report (SCE Calculation No. M-DSC-280, Appendix A, Sections 10 and 11). ,

Results can be summarized as follows: ;

i

(a) Tank Shell Design: the minimum tank shell thickness requirements of i
ND-3324.3, referred to by ND-3842, are satisfied at all

'

elevations. !

,

(b) Tank Rottom Design: the requirements of ND-3831 are satisfied by -[
the tank bottom. The foundation also meets the requirements of ND- |
3831, since the PPMS tanks were built to the standards of API-650. t

i
!

(c) Tank Roof Design: the tank roof satisfies all the requirements of ;

ND-3856. Furthermore, it is shown, in Appendix A of SCE
J

Calculation M-DSC-280, that the roof and the junction to the ;

cylindrical shell will withstand the water pressure caused by i

sloshing.
,

(d) Tank Manway: the manway, reinforced by a 0.25" thick plate, meets {
the requirements of ND-3332. j

;
'

!

(e) Code Stress Limits: stresses in the tank shell meet the j

requirements of ND-3821.5 under Design, Operating Basis Earthquake |
(OBE), and Design Basis Earthquake (DBE) conditions. j

i

i
[

. A survey of SONGS-2 tank,1056, was performed for roundness at elevations j
7' above the bottom and 6' below the top. Results of the survey are '

attached in Appendix D. Based on these results, it is concluded the !

tank meets the out-of-roundness requirements of the ASME Code (maximum out- ;

of-roundness is 0.22' per the survey results; maximum allowed per Section 1

ND-4224 is 0.4', as shown in Section 8 of SCE Calculation No. M-DSC-280). !

:

!

!

!

!
, --

- ,
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I

i The National Board Inspection Code (NBIC) procedure'for State approval is |.

not applicable since atmospheric tanks are exempted by the State of |
California (California Code of Regulations, Title 8, Chapter 4, dated j

5/1/1992). However, tank design and modification will be performed to the ?

ASME Code, Section III. !
; !

!

!

|

The Certified Material Test Reports (CMTRs) and welding data for the
'

.

existing tank components were recovered and reviewed. :
)

i

The tank has been pressure tested according to ASME Code, Section III, }.

Subsection ND-6000 requirements after the modifications were implemented. *

Testing was performed by filling it to the maximum possible water level.
I

i

The results of the radiographic survey of the weld seams of Unit-2 PPMS !.

; tank revealed unacceptable defect sizes that range from 1/32" to i

| 4.875" in length. Most of the defects are below 1/4" long. A statistical j

analysis was performed to describe the maximum flaw size that can exist. in [
the welding with 95% reliability and 95% confidence level. The result of :

'
the analysis, based on sample size of 60 radiographs representing a
population of 283 defects, showed that such defect to be < 1,525". ;

a

!
^

t

The statistical analysis was followed by fracture mechanics analysis' with !j .

a maximum defect size of 5"in length, that was assumed to exist at the !

: highest stress location of the tar.k shell. The result of the analysis ;

showed that such a defect it acceptable with f actor of safety > 3 (analysis :

methodology is summarized in Section 5 of this report). j

!
i

i
f
i

e

. i
i i

;

I
!

!

!

:

I

!

. - .. ._
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3. ASSUMPTIONS

i

1. The nozzles and.the ladder attached to the PPMS tank were not included in :<

the finite element models. It is assumed that their effect on the anchor !
bolt load distribution is negligible, since their weight is very small ,

| compared to the weight of the tank and its contents.
,

2. For calculating the maximum stress in the PPMS tank shell due to hydrostatic !

pressure, the maximum water height in the tank is conservatively assumed to
be 34 ft, which is the maximum height of the tank (2 ft higher than the. :

overflow line elevation per SCE Calculation No. 5023-407-3-97-0). !

Hydrostatic water head of 34 ft, therefore, exceeds the maximum possible'

,

water head in the tank. <

'
.

i

3. Design Basis Earthquake (DBE) = 2 * Operating Basis Earthquake (OBE). ;

,

!. 4. The WRC Bulletin 297 is the best practical method presently available for i

? estimating stiffness values of the tank nozzles. However, it provides ;

data on a narrow range of parameters and therefore some interpolation and
~

estimation are performed to obtain approximate stiffness values; The :

) magnitude of nozzle stiffness obtained is adequate to provide realistic ;

translational and rotational restraint conditions at the tank connections. !'

(Note : The ASME code flexibility factor equations are not sufficient to ,
,

calculate nozzle flexibilities in tanks with D/T ratio > 100, and do not1 ,

have flexibility guidance on thrust loadings). !:
|8

.

Based on the data available, only the translational load (radial), in- |
' plane moment load and out-plane moment load cause significant tank shell !

def ormati ons, j
; I

i,
I'

5. Stresses due to dead weight of the tank shell are not included in the local
stress check at the nozzle locations. Per Appendix A, the combined weight of i

; the tank roof and the cylindrical shell is 53,077 lb. The corresponding. !

! compressive stress at the base of the cylindrical shell is only 113 psi, j
which is considerably smaller than the other stress components.(for example, ;"

'the maximum hoop stress in the shell due to hydrostatic pressure is > 10,000
psi). ;

}

!
'

:
|
i.

a

j
!

!
i
I

i

_ - . - - - _
.



!

3

|
1

|

;

i

4. DESIGN INPUT |

4.1 Tank Description and Geometry

The Primary Plant Make-Up Storage (PPMS) Tank is a 40 ft inside diameter x 34 ft
high atmospheric tank with a capacity of 300,000 gallons (Reference 25). The
tank is made up of stainless steel, SA 240-304, plates; and is anchored to the
foundation by 36 equally-spaced anchor bolts. The anchor bolt chair material is
A-36 (Reference 24). A more detailed description of the tank and the anchor bolt
assemblies can be found in Appendix A of this calculation.

Figure 4.1 shows the main dimensions of the PPMS tank. It shows the tank
diameter, height, and plate wall thickness of the bottom, wall, and roof
(Reference 25).

+
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Figure 4.1 Main Dimensions of the PPMS tank
,
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4.2 Material Properties -|
E

Tank Shell Material: Stainless Steel, SA 240-304 (Reference 25) |

Tht- following material properties of SA 240-304, at 120*F(0, were used in the |
analysis (Reference 2): j

t

Young's modulus (E) = 28.0 x 10 psi, . !,
6

Poisson's ratio (v) = 0.3
,

i

Allowable stress intensity (S ) = 20,000 psi ;
m

;

i,

The anchor bolt chair material: A-36 (Reference 24)' [
?,

The yield strength of A-36, at 110 FIU, is 35.68 ksi (Reference 2). This value {
was used for anchor bolt chair design (Appendix A of SCE calculation M-DSC-280). I

t,,

!
!
t

.! !

.I
!: .

!Note (1): The actual design temperature, per FCN F-7519M for P&ID number 40133,
i

: is 104*F. Therefore, the use of either 110*F or 120 F as reference 'I
temperature for material properties is conservative. ]

i

!
i

'!
e

l
1
i

|

4.3 Reinforcino Bars j
,

i
Per Reference 4, the concrete base is reinforced by #18 size reinforcing bars ~ ;

(rebars). These rebars are 2.257" in diameter, and are separated by a 16" |
center-to-center distance. !

!

I
!

i

f
i

I
:
)
i

- - A-, -

. L. _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ . _
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4.4 Anchor Bolt Assemblies

Figure 4.2 shows the main dimensions of a typical anchor bolt assembly. Two
different bolt sizes exist in the tank after modification:

,

1. 1.5" bolts (36 existing anchor bolts),

2. 2" bolts (34 new anchor bolts).

Also, a ring will be welded to the outside edge of the bottom plate as shown in
Figure 4.2. Holes for anchor bolts will be drilled in the ring (15/8" for the
existing bolts, and 2 1/8" for the new bolts). ,

gyd' "' _6//3:
" #7.75

2 :

'b' " 'D fc y ceo o..-

/ sour
a k h

4

&
boe k 'y
wa ll

,

% aasse b
Ar

r
W
u stSt~r'

,
~

n*r3
'

/
- N h

#~

p 9
-~

4 * ' *a , . .. . ,

R
. )

s i.' ;

$s-.
< 4 a. i

:/ Y #h s ' >f 4'gyg4 |#:* .

y. b :

L46-
# rad.248'46 -

-- -
,

Figure 4.2 Modified Anchor Bolt Assembly

.
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!

14.S Nozzle and Pipino Data
i

The nozzle loads evaluated are given in data sheets, attached in SCE Calculation'

''

No. M-DSC-280, Appendix D, which were extracted from various calculations as
noted in the nozzle load data sheets.

Per References 23 and 24, the following piping is attached to the PPMS . tank:.

4" Sch. 405 SA-312 TP304 0 elev. 31'-0" {

3" Sch. 40S SA-312 TP304 0 elev. 10*-7"

2-1/2" Sch. 40$ SA-312 TP304 0 elev. 31'-0" |
!'

2" Sch. 80S SA-312 TP304 0 elev. 31'-0" (two places) ;'

l'
,

1" Sch. 80S SA-312 TP304 0 elev. 16'-0" ;

i

i
!

a ;

i

; :

i

4.6 Out-of-Roundness Measurements !

,

field tests were conducted on PPMS tank T-056 to measure the diameter at !
different angles. These measurements were taken at two elevations. Results of j

the survey are documented in Reference 26, and a copy is attached in SCE !

Calculation No. M-DSC-280, Appendix D. ,

t

!

!

!

,

!

i

,

i
J

l
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5. METHODOLOGY 3

:

The tank design report was prepared by Structural Integrity Associates, Inc. of i

5an Jose, California. This report is included, in its entirety, in Appendix A of i

SCE Calculation No. M-DSC-280. The methodology of the analysis is based on
" Generic Implementation Procedure (GIP) for Seismic Verification of Nuclear Plant
Equipment," Reference 5; and ASME Boiler and Pressure Vessel Code, Reference 2.
A summary of the tank design methodology is given in Section 5.1 of this report,
which includes the following subsections:,

. Section 5.1.1 includes tank design per GIP procedure (Reference 5). This#

section also includes roof evaluation for sloshing loads, and qualification
of the tank to ASME Code design rules. .

;

. Section 5.1.2 includes the application of ASME Code Case N-284 (Reference 7

; 28) analysis methodology. The additional analysis per Code Case N-284
'deals with the reinforced modified tank since the GIP procedure does not

]| include the effect of the tank reinforcing stiffeners (stringers). Code
'

1 Case N-284 was also used to evaluate the tank shell at different
elevations. The GIP procedure addresses only the bottom elevation.

!

The methodology of developing the tank stick model is included in Appendix B of
'

SCE Calculation No. M-DSC-280. The stick model was used in the stress analysis
of the piping attached to the PPMS tanks. i

i

In addition to the above analyses, the following supporting analyses were also
performed:'

1. Angular shear stress distribution in the anchor bo.ts,i

2. Bolt location adjustment due to the rebars,
3. Calculation of translational and rotational nozzle stiffness, !

4. Local stress check, and
3

5. Out-of-roundness check.
!
!

The methodologies used in these analyses are summarized in sections 5.2 through
5.6 of this report. ,

i
T

Since the tank shell welding did not meet the ASME Code requirements, extensive !

radiographic examination was performed to provide a statistical base for .

characterizing the tank welding defects. The statistical characterization of the
flaws was followed by a fracture mechanics analysis to demonstrate acceptability

,

of the welds with high degree of reliability. A summary of the methodologies :
'used is provided in Section 5.8 of this report; details can be found in SCE
ICalculation M-DSC-280, Appendices E and F.

!
1 !

>.

,

. -. - . - . _. . _ - . _ .
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5.1 PPMS Tank Seismic Evaluation j
!

5.1.1 Analysis Per GIP (Reference 5)
!

The methodology outlined in this section, obtained from Reference 5, pertains to |:

large, flat-bottom, cylindrical vertical tanks. The evaluation includes the
~

*

following features-
!

Tank shell buckling.. ,

Anchor bolts and their embedments have adequate strength against breakage |
,

.
,

and pullout.
The anchorage connection between the anchor bolts and the tank shell. ,

has adequate strength.

The seismic evaluation of the tank is performed using the step-by-step procedure
described briefly below.

Step 1 Input data
.

R Nominal radius of the tank, in.
,

H' Height of tank shell, in. .

t,3 Minimum shell thickness at the top of the tank, in,
t, Minimum thickness of the tank shell, in. ;

Yield strength of the tank shell material, psi '

o

h,c Height of anchor bolt chair, in. j

E, Young's modulus of the tank shell material, psi j

V, Ave :ge shear wave velocity of soil, ft/sec ,

y, Weight density of fluid in tank, lb,/in i
3

H Maximum height of fluid #n the tank, in. !

Ih, Height of freeboard above fluid surface, in.'

N' Number of anchor bolts :

d Diameter of anchor bolt, in. ,

h Effective length of bolt from anchor plate to chair top, in. !3
E Young's modulus of anchor bolt material, psi |3

| F, Tank frequency, Hz. |
i

; i
!

Step 2 Calculate the following ratios and values: ;
q

;,

i H/R !
4 - q

t,/R I
;

; t,, = (I t, h,)/H ' , i=1,n ;
-i

where, n = total number of sections of the tank shell with different |
thicknesses,

.

;
'

t,, h = the thickness and height of the ith section of the tank shell.
3

(t,, + tm.)/2 |j . t =g

i'

tg/R j

|
'

|
,

. -. - . - - . . . . . .
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!

i
:
,

!
i

nd'/4 :A =
3

,

t' = [(N A )/(2 tR)](E,/E,) .

3
I

c' = (t'/t,)(h /h )c e

tR H yf [2
W =

!

S_tey_3 Fluid-structure modal f requency j

F, Hz from Table 7-3 .

by entering Table 7-3 with: R, t,,, and H/R from Steps 1 and 2. Table 7-3 is ;|
attached in Appendix B (table number is retained from Reference 5 for ;

!
convenience).

:

Step 4 Spectral acceleration (Sa,)
,

Determine the mar.imum spectral acceleration (Sa,), for 4% damping, and over.the j'

frequency (F) range- t'

:

0.8 F, < F < 1.2 F i
'-

r
i;

Step 5 Base shear load (Q)
i

Base shear load (Q) is determined by entering- Figure 7-3 with H/R and t,,/R, both - .;
from Step 2, to determine the shear coefficient (Q').

Calculate the shear load at the base of the tank: )
Q = Q' W Sa, l b, j

.

!.

Figure 7-3 is attached in Appendix B (figure number is retained from Reference 5 -|

for convenience). !.

!

.I
i

Step 6 Base overturning moment (M) j
!

Determine the base overturning moment (M) by entering figure 7-.4 with H/R|and I

tg/R, both from Step 2, to determine the base overturning moment coefficient -|

(M'). ,'
l d

.

.

I

i

- ,

,,-u- e e e m * .- e- 'tw .w, *e g -
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|

|

Calculate the overturning moment at the base of the tank: |
1

M = M' W H Saf in-lb,

i

Figure 7-4 is attached in Appendix B (figure number is retained from Reference _5
'

for convenience).
!
,

The seismic capacity of the tank shell and anchorage to resist the overturning i
moment (M) calculated in Step 6 above is evaluated below. The overturning moment !

is resisted by compression in the tank wall and tension in the anchor bolts. ;

Thus, the overturning moment capacity is controlled by shell buckling on the ;

compression side and anchor bolt capacity on the tension side. |

!"

:
:

Step 7 Bolt tensile capacity I

I

In this step, the anchor bolt tensile load capacity (P, Ib,) is calculated per |
Section 4 and Appendix C of Reference 5. This bolt capacity is based on " ductile |

failure" in the bolt rather than the concrete. The allowable bolt stress (F ) is !3

given by: |
:
I

PjA !F =
33

i i

Next step is to determine the anchorage connection capacity to resist the bolt -|
tensile load capacity (P,) calculated above. j

,

f
I-

Step 8 Top plate |
*The top plate transfers the anchor bolt load to the vertical stiffeners and the

tank wall (see Figure 4.2). The maximum bending stress in the top plate is given- |
by: j

,

!
(0.375p - 0. 22 d) Py

,

I c; ,

!

!

The top plate is adequate if a < f,. If this condition is not met, calculate !
f

calculate reduced allowable,/o. This reduction factor is applied to F, tothe load reduction factor f
bolt stress (F,) as follows. 3

1.

F, = F (f,/o) !
'

3
:

!
"

The reduced bolt stress allowable should be used to calculate the tank .

overturning moment capacity. |
: ;

i-

.

t

I
i

~ . _ _ _ _ _. .- _ _ ._ .__ J
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!

i

!

:

!

Steo 9 Tank shell stress ;

i

The anchor bolt loads are transferred to the tank shell as a combination of !

direct vertical load and bending moment. The maximum bending stress in the' tank i
ishell is:
i

t

,Pe{ 1.32 2 0.031) iuy

t,2 1.43 a h2 + (4 a h2) o.333 gG :

R c* !

*

.

i

where: ,

,

2= t = bottom thickness !*'O
, y

0.177 at 3(C3)2 1.0 -+

1 y/R c, t, ;

I
The tank shell is adequate if a < 1',. If this condition is not met, calculate

the load reduction factor f /o. This reduction factor is applied to F to3ycalculate reduced allowable bolt stress (F,) as follows: ,

r

F, = F (f,/o) |3
!
'

The reduced bolt stress allowable should be used to calculate the tank
overturning moment capacity. .

t

|

Step 10 Vertical stiffener plates

Vertical stiffener plates are considered adequate for shear stress, buckling, and !
compressive stress if the followirg three guidelines are satisfied: |

|
-

,

* 93 i<.

] f Iy

\ 1000 i

;

* j > 0. 04 (h - c) and j> 0. 5 inch j
^

l
!

P"
* - - < 21,000 psi i

2k] |

I

|
!
i-

3
-. . .- _. . _ _
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:

I
;

!

!
l

where the dimensions k and j are defined in Figure B-1. |

:

- I
Step 11 Chair-to-tank wall weld j

:

The load per linear inch of weld is given by: r
,
i

:
!30,600c,1 e

h2)2y" .p"\ ( a + 2h ) 2 ( g.

fga.h + 0.667 ,

where allowable weld strengtt is 30,600 psi. j
i
i

!
Step 12 Fluid pressure for elephant foot buckling .[

|
The fluid pressure coefficient for elephant foot Duckling (P,') is determined by . -

entering figure 7-7 with Saf from Step 4 and H/R from Step 2. Then the fluid {

pressure at the base of the tank (P,) is given by: j
e,

P, = P, ' y, R psi |

.

Figure 7-7 is attached in Appendix B (figure number is retained from Reference 5 ,

for convenience). ;

|

|
<

Sten 13 Elephant-foot buckling stress capacity factor ,

l^

Determine elephant-foot buckling stress capacity factor using the following j

formula: |
.

!.

[ 8 *0v/36, 0 0 0 f0 . 6 E, P,R 1 - 1o". y 2) g _ j.

(R/t,) o t, 1,12.S,1 5 S +1 j
p 3

!

;

;

?

where: )
i
!S = R/(400 t,)

3

P, = eleptiant-foot buckling stress capacity factor from Step 12.- .

1

E, = elastic modulus of elasticity of tank shell material from Step 1
(psi),

_ _ _ _ . _ . . . . _- _ _ . _ . _. . -_ ._ . .
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:
:
r

!
!

!
R = nominal radius of tank from Step 1 (in.) {

t

t, = minimum thickness of tank shell in the lowest 10% of the shell |

height (H') from Step 1 (in.) |
t

Step 14 Fluid pressure for diamond-shape buckling ,

:

The fluid pressure coefficient for diamond-shape buckling (P,') is determined by
entering Figure 7-9 with Sa, from Step 4 and H/R from Step 2. Then the fluid

,

'

pressure at the base of the tank (P,) is given by: !

P = P, ' y , R psie

figure 7-9 is attached in Appendix B (figure number is retained from Reference' 5 ;

for convenience). |

i

Sten 15 Diamond-shape buckling stress capacity factor ;

i

Determine diamond-shape buckling stress capacity factor using the following j
formula.

,

ic
#

O ' (0.6Y *bT ) R, t,- pg

i
;

I
'

where:

1 - 0.73(1 - e '* )y =

'
|
i.

1 R
4 !

16 \ c, !
.

|

!,
'

t E, = elastic modulus of elasticity of tank .shell material from Step 1 j

(psi), -|

R = nominal radius of tank from Step 1 (in.) ]
,

t, = minimum thickness of tank shell in the lowest 10% of the shell j

height (H') from Step 1 (in.) I

j Ay = increase factor for internal pressure from Figure 7-11.

,

,_ _ _ _ _ . _ _ _ __ _ _ _ . _ . . . _ . . _ . . _ _ _ . . _ _
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i

Figure 7-11 is attached in Appendix B (figure number is retained from Reference 5
for convenience),

i

i

s .

'

Step 16 Allowable buckling stress

. Allowable buckling stress (o ) is calculated as 72% of the lower value of o,, or
c

U pd

a = 0.72 [ min.(o ,, o,3)] psi ''
p

Step 17 Overturning moment capacity4

is determined i

The base overturning moment coefficient for ductile failure (M'c(,)i) being -thefrom Figure 7-12 with c' from Step 2, o (psi) from Step 16, F ps
c 3

ismaller of F from Step 7 or F, from either Step 8 or Step 9, h (in.) from Step-
3 e

1, and h (in.) f rom Step 1.3

Compute May: ;

M , = (M *y,) (2F,) (R t )(hlh ) !2

a s e t.

i

Step 18
,

h

Compare the overturning moment capacity of the tank (M ,) from Step 17 with the -

u

I overturning moment (M) from Step 6. .The tank is considered adequate if

) M,2M '

a
i

|
4 ,

Sten 19 Base shear load capacity .

I
;

Compute the base shear load capacity as follows: !

,

0 , = 0.55 (1 - 0.21 Sa ) W - -i
3 f

Using Sa (g) from Step 4 and W (lb ) from Step 2. '!
f f

:

!

:
't

'

Step 20

from Step 19 with the |Compare the base shear load capacity of the tank (Qoy) d adequate ifbase shear load (Q) from Step 7. The tank is considere .

Quo * Q
:

,

b

. -

-

i
- . - - . . . . . - - . - - . - - .- ...

-
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:

i

!

|
i
f

Step 21 Slosh height j

The slosh height is given by the following equation: ;

i
h, = 0.837 R Sa, q

where Sa, is the spectral acceleration -(1/2% damping) of the ground at the !

sloshing mode (F,), which is calculated as follows: i

!
hr

'E IF* = 1 tanh (1. 84 E) Hr-g2n 8 R R |
;

.

'

where. ;

I

G = acceleration of gravity (=386.4 in/sec') j
l

!

!
Step 22 Available freeboard ,

,,

Compare the available freeboard (h ) from Step 1 within the slosh height (h,) i
f

calculated in Step 21. The tank is adequate if: ;
9

;

h, a h, ;

i

!
!

Roof Qualification for Sloshinq ;

!Since the guideline of Step 22 above was not satisfied, the hydraulic forces
acting on the roof due to sloshing were. calculated as follows: j

;

i . Conservatively, calculate the sloshing water volume as the entire volume j
under the roof and above the cylindrical shell-. The sloshing water mass j

is then calculated by multiplying by the density of water.

. Calculate the total sloshing load on.the riaf as the square root of the i
'

-sum of the squares of the horizontal and vertical sloshing. loads |
calculated as follows: ;

Resultant horizontal load = sloshing mass x DBE horizontal acceleration, ,

sloshing mass x DBE vertical acceleration.. :Vertical load =

> i

. Calculate 'the membrane stress in the roof, and the roof-to-cylindrical )
shell weld stress based on the resultant sloshing load calculated above. 1

Compare calculated stresses in the roof and the weld throat with the
~

corresponding allowables..

I

_. - - . - - - - - - _ - -- . -_ - - . - - - - - . . -
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!
!

;

I
t

t

.

Details of the analyses performed per Steps 1 through 22 above can be found in :

Appendix A of SCE Calculation No. M-DSC-280. The appendix also includes the .|

qualification of the tank shell per ASME Code, Section 111, subsection.ND-3800. ,

t

i

Appendix B of this report includes some of the tables and figures used in the - !
analysis from Reference 5. ,

'
,

!

!
!

5.1.2 ASME Code Case N-284
'

The GIP methodology described in Section 5.1.1 is based on calculating the
overturning moment and base shear at the bottom of the tank, where both

I

quantities reach their maximum values. The methodology of Reference 27 was used
to calculate the moment and shear loads at various levels of the tank. These~ ;

moment and shear loads were used to qualify the tank shell per ASME Code Case N- !

284 at the following levels: |
tLevel A: at the bottom of the tank..

!

Level B: at the top of the first tier (see Figure 4.1). !.

Level C: ac the top of the second tier (see Figure 4.1). f.

i i
iASME Code Case N-284 provides an alternative methodology for determining the'

allowable compressive stress'in the tank shell. This methodology is defined for
both unstiffened and stringer stiffened cylindrical shell. ;

;

;

,

!

'
,

!

I

-

r

.

.!

;

|

|

!

;

| f

+

g- g .e.+,. , , .,, c , - ~- e
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f

!

!

!
!

!

5.2 Angular Distribution of Shear Load in the Anchor Bolts j
s

i

To determine the maximum shear stress in the tank anchor bolts, a sinusoidal )"

4 a r force distribution was assumed. Finite element analysis was performed to
~

.

.a,4fy this assumption. A tank model was generated using the finite element
program ANSYS. The model is made up of AUSYS element type STIF63, which is an
elastic quadrilateral shell element (Reference 3). This element type has six |

degrees of freedom at each corner node: translations in the x, y and z ;

directions, and rotations about the x, y and z axes. The element has stress-

stiffening and large deflection capabilities. It is a' iso capable of modeling"
,

plates on elastic foundations. This feature was utilized to model the bottom- j

plates.

i

Figure 5.1 shows a computer plot of the finite element model used in the ;

analysis. The model dimensions and material properties are based on the tank ;
,

| data summarized in Section 4. Figure 5.1 also shows the locations of the |
anchor bolts.

1 Two models, with different loading conditions, were used:
,

; 1. In the first model, the horizontal seismic load is represented by a
6

i concentrated horizontal unit force, of 10 lb, applied near the top of the '

shell in the x-direction, as shonn by Figure 5.2a.

!
I 2. In the second model, the horizontal seismic load is represented by a

distributed horizontal load, as shown by figure 5.2b. A force of 1000 lb, ;

acting in the x-direction, was applied at each node of the tank shell
*,

above the bottom. ;

a

6The unit loads, 10 lb in the first model and nodal forces of 1000 lb in the
second model, were used to determine only the relative bolt load distribution as j

a function of bolt position. These models were not used to calculate the actual |

bolt loads, since the purpose was to verify the sinusoidal bolt load distribution
1|assumption only. In both models, all displacement components were constrained at

,

the anchor bolt locations. |
< :
a !

i

Results of the analysis were obtained in the form of horizontal (shear) reaction ;

forces, and vertical (pull) reaction forces at all anchor bolt locations. These ;

forces were normalized and plotted versus the angle (0) measured from the ;'

'

positive x-directions, as shown by Figure 5.1.
2 i

!Figures 5.3 and 5.4 show the normalized shear f orce in anchor bolts, for both
models, plotted versus the angle (0). Both figures also show a plot of a true |

,

sinusoidal distribution. Results shown in these two figures clearly indicate the !

validity of the sinusoidal distribution assumption,

i

|
- . , ,,- , , . . . - . - , . . - . , - - . . . _ _ _ _ - . _ - - - - - . _ _ _ - - - - - - -
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Figure 5.2a Concentrated Force Near the Top of the Tank
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Figure 5.2b Distributed Force Acting on the Tank Shell
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t

15.3 Effect of Relocation of Some Anchor Bolts

The nominal bolt circle diameter for the new bolts is 40'-8", which corresponds |
to eccentricity (e) of 3.6875" (see Figure B-1). However, to avoid interference j
with the rebars embedded in the concrete foundation, some of the new anchor bolts ;

!may have to be moved radially outward. The effect of increasing the eccentricity
of the anchor bolts is evaluated in this subsection. This evaluation is based on
the methodology of the design report (summarized in Section 5.1 of this report). ,

This methodology consists of several analysis steps, and only those steps ;

impacted by the increased eccentricity are to be re-analyzed, namely: j

1. Tank Shell Stress j
1

:

Step 9, Section 9 of Section 5.1 is impacted. The allowable tensile bolt i

stress to compute the overturning moment (F ) is calculated based on the; ,

7

re-calculated tank shell stress. The new tank shell stress is obtained I

| using the equations given in Section 5.1 with the modified eccentricity of |

) 5" representing the relocated bolts. j
i
?

I

2. Vertical Stiffener Plate |
i

4

j Step 10, Section 9 of Section 5.1 is impacted. The adequacy of the |
j stiffener plates is evaluated using plate size (k) from the modified *

i anchor bolt assembly. j
1 i

;a

i !

j 3. Chair-to-Tank Weld (

Step 11, Section 9 of Section 5.1 is impacted. Modified weld stress (W, |
lb/in) is calculated based on the eccentricity of the relocated anchor 1

,

; bolts, and compared with the allowable specified by Reference 2. ;
" t

i

i |; 4. Buckling Bending Moment Capacity
!

1
! Step 17, Section 9 of Section 5.1 is impacted. A modified value of the t

bending moment capacity (Mm) is calculated based on the re-calculated {;
; value of F,. t

i

i
I

j Mathematical formulas used in the above steps are summarized in Section 5.1 of |
J this report. More detailed analysis can be found in the tank design report |

(Appendix A of SCE Calculation No. M-DSC-280), or Reference 2.
3

!

1
1

.
.

- . . , _ __ .



.. . . . . . _ .
_ .

28

!"

l

i
Finally, methodology of Reference 7 (and Reference 8) was used to evaluate the :

:
added bottom ring. This ring, which is not included in the design report, is !<

added for better constructibility of the modified anchor bolt chairs. The !
methodology of these two references can be summarized as follows: |

|

1. Tearout Failure j

!

; A tearout stress check is performed to calculate the shear stress on the !

area shown in Figure 5.5a. The allowable shear stress is conservatively |
'

taken equal to 13 ksi per Reference 2 (Subsection ND-3852.6). ;4

I

2. Pure Tension RuDture |
,

This failure mode is illustrated in Figure 5.5b. The tensile stress in !

the plate should not exceed the allowable stress (S=12.6 ksi per Reference :

2). The use of this allowable is conservative since it is being used to |
,

'

evaluate Level D loading. [
,

| 3. Failure by Crushing ,

I.
.

The stress acting on |! This failure mode is illustrated in Figure 5.5c.

1 the projected area should not exceed the yield stress (f,). i
a p
'

I
!
!

; !

5.4 Nozzle Stiffness Evaluation j
> >

The nozzle stiffness values are approximated using the methodology and formulas |4

'

in WRC Bulletin 297 (Reference 14). j

i |

Due to the narrow range of parameters given in the bulletin, interpolations and |

4 estimations were used as appropriate. The magnitude of nozzle stiffness obtained 'l

by this process gives a realistic translational and rotational end reactions at j
:

ithe nozzle-shell connections, and therefore provides a reasonable basis for
piping design analysis.

:
;

.!
*

}!
i

5.5 Local Stress Check
,

i
!

: The local stresses were calculated using computer program ME101LS (Reference 12). |
The maximum local stress intensities calculated are combined with the pressure |

-

and seismic stresses of the tank. The combined stresses are then compared !

against the ASME code allowables (Reference 2). It should be noted that the j
stresses due to the dead weight of the tank shell have been ignored in the local j

stress calculation since they are much smaller than all the other stress j

; components. j
4

DBE primary moment loads at the tank shell are used to evaluate primary stresses
j under design conditions and will give conservative results.

\*

|
1

$

,

I

1

:
-. _. .. _. . _ - - _ _ . . _ , _ - , , , , - _.w
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,

j 5.6 Out-of-Roundness Reauirements
;;

Per reference 2, Subsection ND-4224, the tank must meet the out-of-roundness
requirement outlined in that subsection. This out-of-roundness requirement is

,

checked as follows.
I

i 1. Sten 1 i

Calculate D,,/100, where D,, is the average diameter of the tank in> ,

inches. ]

|2. Step 2
Based on field measurements, calculate the maximum diametral out-of- ;

roundness for each tank. :
1

SONGS Unit-2 PPMS tank will meet the Code requirements if the. maximum measured |
out-of-roundness is less than the amount calculated in step 1 above. The tank. |

was tested for out-of-roundness at elevations: 7' above the bottom, and 6' below.

|
!

the roof-to-shell weld.'

!

!
; 5.7 Statistical Analysis of Examination Data and >

Fracture Mechanics Evaluation
a

Examination of existing radiographic examination results revealed that many tank _j
shell welds did not meet the requirements of ASME Code, Section III, Subsection i-

ND-5000. Excessive weld reinforcement, excessive undercuts, and slag inclusions ;

i in some welds were observed. In order to address the weld quality issue, a ;

j statistical approach, combined with a fracture mechanics evaluation was adopted j
by SCE to demonstrate acceptability of the tank shell welds with high'

,

j reliability. This approach consists mainly of. ;

e >

. Statistical analysis based on re-examination of the tank by spot'

; radiography. A large number of spots was specified to ensure an adequate-
: statistical base to provide at least a 95% confidence level that 95% of the :

! defects do not exceed a given size. |
. ,

Fracture mechanics evaluation using a bounding defect size to demonstrate ,
'

that a considerable factor of safety exists.
. .

A more detailed description of these analyses is given below. j
i

!

' :

!

:

!
S

a

' .

-!
i

?-

!
. . - . __ _.

:



-. . . ._. . - - ._ . - ~ -

31 ;

1 |

1

4

: i

J 5.7.1 Statistical Analysis of Radiographic Examination Data
i

i

j The purpose of the statistical analysis is to calculate the 95ttl percentile i

bounding defect length with at least a 95% probability that any flaw size is
bounded by the calculated bounding flaw length with 9E confidence level. Sixty
radiographic examination spots, covering the tank from the bottom tier up to the !

,

| top tier, were specified to provide the required sample population for ;

- statistical analysis. Figure 5.7 shows the spots selected for radiographic
examination. They include vertical seams, horizontal seams and intersections, ;

and covers all the welders involved in the tank construction. Examination of i
'

the spot radiography results showed 283 welding flaws ranging in size from 1/32"
] to 4 7/8"; these results are plotted in Figure 5.8. A complete listing of all

| 283 flaws can be found in Appendix C of this report. The flaw population size !

has a mean value of 0.364", and standard deviation of 0.547". i
i

The next step of the statistical analysis is to apply the theory of order j

statistics for non-parametric testing as follows (References 30 and 31): ;

. Establish the minimum sample size for 95% confidence that 95% of the
; 'population is bounded by a given defect length. Based of the methodology of
k| Reference 30, this population size is 93, which is much less than the
; available 283 population size produced by tank examination. ,

..

j . Arrange the flaw population in ascending order based on size: .

,

!

| a sa 5 .5 a, s . . s a,. .
1 3

| where a is the size of the it_h flaw (i=1, . . . ,n & n=283 is the total number ;
s

} of samples). The value of a represents the desired bounding flaw size. |s
4 1

) According to Reference (2), the order (s) of the upper bound flaw size which.

j has a 95% confidence that it bounds 95% of the population is given by: |

|
'

| s = np + wjnp(1-p)
1

where: ,
3

i p is the specified probability = 0.95,
'

is the one-tailed 95Lb percentile of the Gaussianj w
,

distribution = 1.645. ;

S

$ The value of the order (s) was calculated at 275, and the corresponding flaw ,

l size is 1.625". Therefore, it is concluded that 95% of the flaws are
bounded by the value 1.625" with 95% confidence level, j

i

i Conservatively, a 5" flaw size, exceeding both the bounding defect size shown
1 above and the maximum flaw size detected by examination, was used as basis for
i the subsequent fracture mechanics evaluation described in Section 5.7.2 of this

report. Details of the analysis can be found in Appendix E of SCE Calculation-

| No. M-DSC-280.

!

!

:

i

f
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h

5.7.2 Fracture Mechanics Evaluation ,

i

Based on the results of the . radiographic examination, and the statistical ,

analysis of the examination data, a fracture mechanics evaluation of the tank i
welding defects was performed. The fracture mechanics analysis can be described ''

briefly as follows:

. Calculation of the stress components in the tank: |
5

(a) meridional stress in the tank is calculated using the overturning -[
moment from the tank design results (see Section 5.1). The i

corresponding stress (o) is -then calculated using the simplified
familiar formula:

,

i

i

where: !
M = the overturning moment, ;

r = tank radius (240"),
1 = moment of inertia of the tank cross section.

,

t

(b) hoop stress in the tank is calculated using the three-dimensional ;

finite element model shown in Figure 5.1. Additional hydrostatic |

pressure, to account for water sloshing during a DBE event, was !

included. Hoop stress distribution is shown in Figure 5.9; it can |
be seen that the maximum hoop stress occurs near the bottom of the j-

second tier - a short distance above the reinforcing ring at the top #

of the tank shell stiffeners. *

i
'

1

. Conservatively, a crack size exceeding the worst crack defect from'

examination results was postulated in the axial direction in the highest :

stress region of the tank so that it is subjected to the maximum crack j

opening stress. Figure 5.10 shcws the geometry cf the postulated crack in ;

the tank shell. The crack depth is conservatively taken as: !

, - half the wall thickness of the tank shell wall in the first i

fracture mechanics model, and ;

through-wall craci in the second model (tank examination revealed !-

no tnrough-wall cracks).
.

ihe postulated cracks described above bound all defects reported in the i

examination results. |
a

;

I

t

4
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i

For such crack, the stress intensity'(K) is given by (Reference 29): :

!

i

!
,

;

K- Gp

!
where:

G, = Free surface correction factor as a function of flaw aspect ;

ratio- ',

= Maximum hoop stess (ksi) in the-tank. It includes the effect ofo
water sloshing, and local stress due to geometrical
discontinuities. This stress was calculated using the finite

Ielement method.
!

- Crack depth (taken as half the shell thickness). ia

!
|
.

L

F

=

,

|

- - . - . .. -- . i
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i

Q = Flaw shape parameter given by: ;

Q = 1 - [G; o/oys] 2/6

where o,s is the material yield strength.
t

. A second fracture mechanics analysis was also performed assuming a 5" long [

through-wall crack, and the stress intensity factor was calculated using the |
computer program PcCRACK, which is a verified PC-based fracture mechanics I;

evaluation program. Analysis in this case is based on Linear Elastic !

Fracture Mechanics (LEFM) using standard formulas for through-wall cracks. [

!

. Calculate the critical stress intensity factor (K ) using the following ;g '

f ormul a:
!
t

K;c -|J,c5 ;

I

where:
~

critical J-integral value for the tank shell material ;
J .c =

T

(SA 240 - 304),

Young's modulus of the tank shell material . jE =

e

r

;

. Calculate the factor of safety (FS): ;

;

S,Kcrp
g-

4

|

|
|

|
-- - - - . - ._- - _ __ _ ,_ __ _ , __
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7. NOMENCLATURE

2A = Area, in

C1 = Maximum length of nozzle in circumferential direction, inch

C2 . = Maximum length of nozzle in longitudinal direction, inch

d = Outside diameter of nozzle, in.
.

D, = Inside diameter, inch. .

D, = Outside diameter, inch.
.

.fDBE Design Basis Earthquake
!

e = Bolt eccentricity, in .

E = Modulus of elasticity, psi ;

F = Force, lb .

F = Allowable bolt stress, psi
3

F, = Allowable bolt stress after applying a reduction factor, psi

f = Yield stress, psiy

h = Height, in
.,

!

j = Distance between stiffener plates, in ;

k = Stiffener plate width, in :

Height of tank, in.L =

M = Overturning moment, in-lb
;

MA = Resultant moment at the tank shell due to primary loads, f t-lbs
)

MB = Resultant moment at the tank shell due to primary + secondary loads, f t-lbs

M , = Overturning moment capacity, in-lbca

MC = Circumferential, moment, in-lbs
r

ML = Longitudinal moment, in-lbs

MT = Torsional moment, in-lbs

OBE Operating Base Earthquake
|

|

:

|
:
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7. NOMENCLATURE - cont.

Radial load, lbsP =

i

R = Radius, inch |
i

S = Allowable stress, psi ;

i

SHA Shape of nozzle (CIR = circular)

t = Thickness, inch
!

VC = Circumferential load, lbs
.

fVD = Mean diameter of tank, inch
i

VL = Longitudinal load, lbs j

VT = Tank wall thickness, inch ,

Radial deflection due to P, inchw =

v = Poisson's ratio I
!

= Stress, psi jo

0 = Angle, degrees

Rotation at centerline of nozzle, radians0 =

E

t = Shear stress, psi
:

[i

;
>

f

|
,

|

. . -- ,.
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PPMS TANK DESIGN MODIFICATION DRAWINGS
-
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,
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Table 7-3

FLUID-STRUCTURE IMPULSIVE HODE FREQUENCIES (F , Hz)
FORVERTICALCARBONSTEELTANKSCONTAININGdATER

'

(Source: Reference 26, Table 2.2)
<

TANK RADIUS (R. in.)
,

H/R ( 48 60 ll.Q_ 180_ 240 300 360 420

1.0 0.001 46.7 23.3 15.6 11.7 9.3 7.8 6.7
1.0 0.002 65.2 32.6 21.7 16.3 13.0 10.9 9.3 '

1.0 0.003 79.3 39.7 26.4 19.8 15.9 13.2 11.3
1.0 0.004 91.2 45.6 30.4 22.8 18.2 15.2 13.0
1.0 0.005 101.6 50.8 33.9 25.4 20.3 16.9 14.5

,

1.0 0.007 119.5 59.7 39.8 29.9 23.9 19.9 17.1
1.0 0.010 142.0 71.0 47.3 35.5 28.4 23.7 20.3

1.5 0.001 32.2 16.1 10.7 8.0 6.4 5.4 4.6-
1.5 0.002 45.1 22.6 15.0 11.3 9.0 7.5 6.4
1.5 0.003 55.0 27.5 18.3 13.7 11.0 9.2 7.9
1.5 0.004 63.3 31.6 21.1 15.8 12.7 10.5 9.0 1

1.5 0.005 70.6 35.3 23.5 17.6 14.1 11.8 10.1
1.5 0.007 83.2 41.6 27.7 20.8 16.6 13.9 11.9
1.5 0.010 99.0 49.5 33.0 24.7 19.8 16.5 14.1

_

2.0 0.001 23.6 11.8 7.9 5.9 4.7 3.9 3.4
2.0 0.002 33.0 16.5 11.0 8.2 6.6 5.5 4.7
2.0 0.003 40.1 20.1 13.4 10.0 8.0 6.7 5.7
2.0 0.004 46.1 23.1 15.4 11.5 9.2 7.7 6.6
2.0 0.005 51.4 25.7 17.1 12.8 10.3 8.6 7.3
2.0 0.007 60.5 30.2 20.2 15.1 12.1 10.1 8.6
2.0 0.010 71.8 35.9 23.9 18.0 14.4 12.0 10.3

2.5 0.001 17.8 8.9 5.9 4.5 3.6 3.0 2.5
2.5 0.002 25.0 12.5 8.3 6.2 5.0 4.2 3.6
2.5 a 0.003 30.4 15.2 10.1 7.6 6.1 5.1 4.3 >

2.5 0.004 35.0 17.5 11.7 8.7 7.0 5.8 5.0
2.5 0.005 39.0 19.5 13.0 9.7 7.8 6.5 5.6
2.5 0.007 45.9 23.0 15.3 11.5 9.2 ~ 7.7 6.6 !

2.5 0.010 54.6 27.3 18.2 13.7 0.9 9.1 7.8

3.0 0.001 13.9 7.0 4.6 3.5 2.8 2.3 2.0
3.0 0.002 19.5 9.7 6.5 5.9 3.9 3.2 2.8
3.0 0.003 23.7 11.8 7.9 4.9 4.7 3.9 3.4
3.0 0.004 27.2 13.6 9.1 6.8 5.4 4.5 3.9
3.0 0.005 30.3 15.1 10.1 7.6 6.1 5.0 4.3
3.0 0.007 35.6 17.8 11.9 8.9 7.1 5.9 5.1
3.0 0.010 42.2 21.1 14.1 10.6 8.4 7.0 6.0

,

!



Table 7-3 (Continued)

FLUID-STRUCTURE IMPUL5IVE MODE FREQUENCIES (F , Hz) '

FORYERTICALCARBONSTEELTANKSCONTAININGdATER

.(Source: Reference 26, Table 2.2)

TANK RADIUS (R. in. )

H/R (LB 60 120 180 240 300 lf.Q 420

3.5 0.001 11.2 5.6 3.7 2.8 2.2 1.9 1.6
3.5 0.002 15.5 7.8 5.2 3.9 3.1 2.6 2.2
3.5 0.003 18.8 9.4 6.3 4.7 3.8 3.1 2.7
3.5 0.004 21.6 10.8 7.2 5.4 4.3 3.6 3.1
3.5 0.005 24.0 12.0 8.0 6.0 4.8 4.0 3.4
3.5 0.007 28.2 14.1 9.4 7.0 5.6 4.7 4.0
3.5 0.010 33.4 16.7 11.1 8.3 6.7 5.6 4.8

4.0 0.001 9.1 4.6 3.0 2.3 1.8 1.5 ' l .3
4.0 0.002 12.6 6.3 4.2 3.2 2.5 2.1 1.8
4.0 0.003 15.2 7.6 5.1 3.8 3.0 2.5 2.2
4.0 0.004 17.4 8.7 5.8 4.4 3.5 2.9 2.5
4.0 0.005 19.3 9.7 6.4 4.8 3.9 3.2 2.8
4.0 0.007 22.6 11.3 7.5 5.7 4.5 3.8 3.2
4.0 0.010 26.7 13.4 8.9 6.7 5.3 4.5 3.8

4.5 0.001 7.5 3.8 2.5 1.9 1.5 1.3 1.1
4.5 0.002 10.3 5.2 3.4 2.6 2.1 1.7 1.5
4.5 0.003 12.4 6.2 4.1 3.1 2.5 2.1 1.8
4.5 0.004 14.2 7.1 4.7 3.5 2.8 2.4 2.0
4.5 0.005 15.7 7.9 5.2 3.9 3.1 2.6 2.2
4.5 0.007 18.3 9.2 6.1 4.6 3.7 3.1 2.6
4.5 0.010 21.6 10.8 7.2 5.4 4.3 3.6 3.1

5.0 0.001 6.2 3.1 2.1 1.6 1.2 1.0 0.9
5.0 _,0.002 8.5 4.2 2.8 2.1 1.7 1.4 1.2.

5.0 '0.003 10.2 5.1 3.4 2.5 2.0 1.7 1.5
5.0 0.004 11.6 5.8 3.9 2.9 2.3 1.9 1.7
5.0 0.005 12.8 6.4 4.3 3.2 2.6 2.1 1.8
5.0 0.007 14.9 7.4 5.0 3.7 3.0 2.5 2.1
5.0 0.010 17.5 8.7 5.8 4.4 3.5 2.9 2.5

!
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Figure 2.3)
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