
y 7/c^-7 7^ J 

This i t « pveprtnl o* a paper intended for publication in 
a journal or proceeding*- Sine* change* may be made 
beiorc public a*, ion. this preprint is made available with 
the understanding thai U «i l i not be cited or reproduced 
without the permiiMon of the author, 

UCRL- 77395 
PREPRINT 

H -WHrt--* 

LAWRENCE UVERMORE LABORATORY 
Unvet$itYOtCaHorraa/UvGtmoi<),Calttomia 

GENEKATION OF FLOOR RESPONSE SPECTRA FOR 
MIXED-OXIDE FUEL FABRICATION PLANTS 

D. F. Arthur, R. C. Murray, and F. 0 . Tokarz 

October 9 , 1975 

SS^^SE 

> 
This paper was prepared fo r submission to the Second ASCE Specialty 
Conference on Structura l Design of fiuclear Plant F a c i l i t i e s on 
8 December 1975, New Orleans, La. 

DISTRIBUTION 0? THIS COCL 



GENERATION OF FLOOR RESPONSE SPECTRA FOR 
MIXED-OXIDE FUEL FABRICATION PLANTS* 

D. F. Arthur, R. C. Hurray, and F. J. Tokarz 
University of California 

Lawrence Livermore Laboratory 
Livermore, California 94550 

ABSTRACT 
Floor or amplified response spectra are generally used as input 

motion for seismic analysis of critical equipment and piping in nucloar 
power plants and related facilities. The floor spectra are normally ̂ he 
result of a time-history calculation of building response to ground 
shaking. However, alternate approximate methods have been suggested ..J 
both Kapur and Biggs. As part of a study for the Nuclear Regulatory 
Commission we generated and compared horizontal floor response spectra 
by all three methods. 

The dynamic analyses were performed on a model of the Westinghouse 
Recycle Fuels Plant Manufacturing Building (MOFFP). Input to the time-
history calculations was a synthesized accelerogram whose response 
spectrum is similar to that in Regulatory Guide 1.60. The response 
spectrum of the synthetic ground motion was used as input to the Kapur 
and Biqgs methods. Calculations were performed for both hard (3500 fps) 
and soft (1500 fps) foundation soils. 

Our comparison of the three methods indicate that although the 
approximate methods could easily be made acceptable from a safety stand
point, they would be overly conservative. The time-history method will 
yield floor spectra which are less uncertain and less conservative for 
a relatively modest additional effort. 
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INTRODUCTION 
Almost all seismic analyses of equipment involve the use of floor 

response spectra. In most instances, a complete set of response spectra 
are calculated for the building prior to equipment design. The floor 
spectra will encompass motion in three orthogonal directions at all 
possible equipment locations and damping. 

The time-history method is normally used to calculate the floor 
response spectra. This can be accomplished by enveloping the floor 
spectra generated from the response of the structure to several recorded 
earthquake ground motions. The approach currently favored by designers 
is to use a synthesized ground motion whose spectrum envelopes the 
probable site spectrum at all frequencies of interest. 

Additionally, approximate methods have become available for generating 
floor spectra. Although developed by different authors, these methods share 
certain characteristics: tr.e response spectra of the ground motion and a 
n.odal analysis of the building are required as input, no time-history 
calculations are required; the methods are generally more conservative than 
the time-history approach. 

There are three main reasons for using one of the approximate methods 
in lieu of the time-history approach: 

o A synthetic accelerogram need not be generated 
o Less Complex 
o Less analyst and computer time 

Two such approximate methods were developed by Kapur [1] and Biggs [2,3], 
Kopur's method was published in 1973. Biggs' method was first published 
in 1970 and later revised to be more conservative in 1971. 

This paper is based upon a larger study conducted for the Nuclear 
Regulatory Commission and reported in reference 4. In this paper we 
assess the suitability of the Kapur and Biggs methods for use on mixed-
oxide fuel fabrication plants (MOFFPs). We used the more recent method 
presented by Biggs in reference 2. Both authors have demonstrated the 
conservatism that results when their methods are used on power reactor 
buildings. Because MOFFP buildings have different response character
istics (e.g., higher natural frequencies) than power reactors, we felt 
it appropriate to re-examine the issue. To accomplish this, we developed 
a free-field synthetic accelerogram whose response spectrum envelopes 
those of many past earthquakes. Horizontal floor spectra were generated 
with the time-history, Kapur, and Biggs methods. One lateral building 
model was considered for two foundation conditions: soft soil and hard 
soil. 
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FLOOR SPECTRA CALCULATIONS 
Ground Motion Used 

As noted above, the time-history method for calculating floor spectra 
requires a free-field ground motion accelerogram. The approximate methods 
require response spectra of the ground motion. Vie generated an earthquake-
liKe accelerogram whose response spectrum is very similar to that in 
Regulatory Guide 1.60. [5] This similarity insures that our accelerogram 
has the characteristics of many past earthquakes and so provides a sound 
basis for comparing resultant floor spectra. The accelerogram was developed 
with the code SIMEAR. [6] It is 30 seconds in duration, has approximately 
12 seconds of strong motion, has a maximum ground acceleration of 1 g and 
is composed of 5,000 points spaced .006 seconds apart. 

Figure 1 shows the four per cent damped response spectrum of our 
synthetic free-field ground motion and the four per cent horizontal 
spectrum from R.G. 1.60. The figure indicates that while the agreement 
is not precise, the spectral content of the synthetic earthquake is 
adequate for our purposes. The response spectra of the artificial ground 
•motion was used as input to the approximate methods. 
Building Models 

The M0FFP is a massive, two-story, reinforced concrete structure, 
210 feet square in plan. Table 1 indicates the material properties used 
in formulating the horizontal response models. Four per cent of critical 
damping is appropriate for reinforced concrete and was used for all 
calculations of building response. Our soft soil material properties 
correspond to the lower limit of shear wave speed for the range that is 
normally considered "intemediate". Our hard soil shear wave speed is 
at the lower limit of the "hard" range. The purpose of varying the soil 
properties was to make the floor spectra comparisons valid over a range 
of site conditions we judged representative of future M0FFP plants. 

Figure 2 illustrates the M0FFP analytical model used for horizontal 
response calculations. Note that the only difference between the soft 
and hard soil models is the value of the soil springs at the base. The 
K0FFP is symmetric in plan and the floors are relatively rigid ir. their 
plane. Therefore, a simple beam model is adequate. The masses, m^ 
through m 3, and inertias Ij through I 3, represent the mass and rotational inertia of the building roof, floors, and tributary wall areas. The 
lateral stiffening effect of the interior columns and partitions is 
negligible. The beam element shear area represents that of the sidewalls. 
The bending inertia is that of the entire perimeter wall. The soil springs 
were calculated by the procedures recommended by Whitman and Richart in 
reference 7. 

Time-History Method 
All the time-history analyses were performed in the same manner. The 

SAPIV finite element code [8] was used to make the calculations on a 
CDC-7600 computer. The direct integration scheme was employed. The free-
field ground motion accelerogram described above was used as input. Four 
per cent of critical viscous damping wss used. 
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Because the equations of motion are formulated in terms of relative 
displacements, the accelerations output by SAPIV are relative to free-
field. The absolute acceleration-time history was obtained by a post
processing operation which added the ground acceleration to the structure's 
acceleration at each time step. The final step was to calculate the psuedo-
acceleratfon response spectrum of the motion at each degree of freedom of 
interest. This was done for 0.5 per cent of critical (equipment) damping. 

The time-history derived floor response spectra are shown in Figures 3 
and 4. For the most part, the spectra are dominated by the fundamental mode 
of the building. The one exception is the ground floor spectrum of the hard 
soil model. In this case, the 15 g peak occurs at 5.3 Hz and results from a 
"spike" in the response spectrum of the artificial ground motion at this 
frequency. The 5.3 Hz peak can be seen in the other floor spectra, but does 
not dominate when the modal response is more evident. The uneven character 
of the spectrum of the input motion also accounts for the split resonance 
peak occurring in the soft soil spectra. Note in Figure 3 that there 
appears to be two closely spaced resonances, fn •actuality there is a 
"valley" in the spectrum of the input motion near the fundamental frequency 
of the building. 

Approximate Methods 
The Kapur and Biggs approximate methods for generating floor spectra 

are well documented in references 1 and 2. However, for completeness the 
two methods are outlined in the Appendix. 

The essential difference between the two methods is that Kapur's is 
based on a hypothetical upper limit to the amplification of the building 
and/or ground motion whereas Biggs' amplification factors are based on 
several time-history analyses of a two degree of freedom system. Kapur 
used a time-history analysis to estimate amplification factors only at 
equipment-building resonance. 

To our knowledge Biggs' method is published for only one set of 
structure-equipment damping values; 4.0 and 0.5 per cent. Kapur's method 
is published for a range of structure-jquipiiient damping values which does 
not include the two which Biggs reports. We therefore extrapolated 
Kapur's resonance amplification factor to 4.0 and 0.5 per cent structure-
equipment damping to facilitate the comparison. The extrapolated 
amplification value only affects Kapur's floor spectra near builaing-
equipment resonance. 

As noted previously, both methods require a modal analysis of the 
building and the response spectra of the free-field ground motion. The 
modal analyses required by the approximate methods were accomplished 
with the SAPIV code. The analytical models used were identical to those 
used in the time-history calculations. The modal analysis data upon which 
the approximate floor spectra calculations were based is shown in Table 2. 
The Kapur and Biggs approximate floor spectra were calculated at 0.5 per 
cent equipment damping with the aid of two fortran computer codes written 
especially for the purpose. 
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COMPARISON OF METHODS 
Floor Spectra Comparison 

Normally, the designer will d»-aw smooth response spectra which 
envelope the calculated spectra. These smoothed curves are a much more 
convenient and reasonable tool for design purposes. Also, the primary 
resonance peaks of the floor spectra are artificially broadened for 
design purposes to allow for uncertainty in building frequencies. We 
felt these measures would blur our comparison, particularly so since tne 
spectrum of the input motion was not smooth. Therefo.-e, we did not make 
these modifications on our floor spectra. Kapur's method already had a 
± 10% peak broadening feature built into it (see the appendix), but 
rather than tamper with the method, we left it m. 

All floor spectra were calculated at the same set of frequencies. 
The set contained 198 points between 0.10 and 33 Hz. Numerical 
comparison of the floor spectra was somewhat complicated by the ja(,c;ed 
nature of the input spectrum. Tnis problem was overcome by plotting 
the ratio of each approximate floor spectrum to the corresponding time-
history spectrum versus frequency. These ratio plots appear in Figures 
5a-f and 6a-f. 

The ratio plots show that the Kapur floor spectra range from 0.70 
to 4.5 times the time-history spectra; Biggs' range from 0.80 to 3.0. 
Both methods tend to underestimate the spectrum below the fundamental 
building frequency and to overestimate it at the higher building 
frequencies. 

It is important to remember that Kapur's method involves artificially 
broadening the resonance by ± 10* of the building frequency. This 
introduces regions of large conservatism on either side of resonance on 
our ratio plots. For design purposes, this is desirable; but for the 
comparison it is not and should be discounted. However, even if the peak 
broadening was removed in some manner, all of the above statements would 
still be true. 

The comparison of floor spectra indicates that either of the 
approximate methods could be used for future KOFFPs with minor modification 
to eliminate what little unconservatism exists. In doing so, however, the 
designer would be accepting a load increase potentially as. high as 450%. 
Comparison of Intangibles 

We noted earlier that there are three motivations for using an 
approximate floor spectra method instead of the time-history method. 
Here we will address each of these issues based on our experience 
with the three methods. 
1. It is true that the approximate methods do not require 

generation of a synthetic accelerogram. However, computer 
programs which produce- such tailored accelerograms have 
lately become more widespread and more satisfactory in 
performance [6,10,11]. 
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2. The notion that the time-history procedure is more complex 
seems debatable. The primary job of the analyst is to 
formulate a reasonable analytical model. He must do this 
with any of the methods. The time-history calculation, 
although requiring more time, does not greatly increase 
complexity. 

3. The time-history approach does require more analyst and computer 
time. We estimate that it costs twice as much to perform as 
either of the approximate methods. However, the total dollar 
cost for floor spectra would still be a very small fraction of 
the multi-mill ion dollar worth of a KOFFP. 

CONCLUSIONS 
Our study indicates that the time-history method of generating floor 

spectra is the most suitable method for fuel fabrication facilities and 
other installations of similar value and importance. The basis of this 
conclusion can be summarized as follows: 

e The approximate methods may yield floor spectra which are 
3-4.5 times the time-history spectra at some frequencies. 

o Methods for generating the synthetic ground motion required 
by the time-history method are becoming widely available. 

©The time-history method results in a minor increase in 
complexity and a cost increase which is minute compared 
to the project cost. 
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APPENDIX - Description of Kap'ir's and Biggs' Approximate Methods 

Before describing each method, a definition of terms is necessary. 
it should be noted that for clarity and uniformity we have changed some 
of the terminology used by the two authors. However, the mathematical 
intent is preserved exactly. Quantities required as input to the two 
methods are: 

f = nth natural frequency (Hz) of the building. 
" (All first subscripts "1" and "2" refer to the building 

and equipment, respectively). 
f 2 = equipment frequency. 
r, = modal participation factor for mode n. 
c. - mode shape value for mode n at nodal point where 

s n equipment is supported. 
S = acceleration value from response spectrum of free-field 

1 9 ground motion at building frequency fj and damping £ . 
S = acceleration value from response spectrum of free-field 

9 ground motion at equipment frequency f 2 and damping 5 2. 
S = maximum ground acceleration of the free-field ground 

s motion. 
Output quantities defined (i.e., floor spectra for equipment analysis): 

S = contribution of the nth building mode to the equipment 2n response spectrum at equipment frequency f 2. 
S = acceleration value of the approximate floor spectrum 

obtained by summing the S in an appropriate manner. 
Kapur's Approximate Method - For each equipment frequency of interest, 

f 2, perforin the following: 
1. For each significant building mode n: 

a. i f l m < 0.9, then S 2 n = * s n r i n A t S l g n 

where A, * 1/(1 - y ^ ) 

b. If 0.9 < -r^- < 1.10, use the equation for S above where 
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A, is taken from the appendix ir. reference 1. The value of 
AJ depends upon the structure *nd equipment damping and is 
not listed in reference 1 for £i = .04 and ?j = .005. Enough 
values are provided so that it may easily be extrapolated. 
We determined A to be 23.0 for .04 and .005 structure and 
equipment damping. 

c. If J k , 1.10, Lhen S 2 n - » s n r l n [A 2(Sf g n - S|)» 2 • S ^ ] 
f 

where A, = l/fc 1 1 1 - D 
If, however, the lowest building frequency, fjjt is such that f— >. 1.1, 
then S, is calculated in a different manner: 2 " 

2n 
San - *sn rin A

?. <S?gn " ^ 

2. !>hen S 2 n has been calculated for all the significant building modes t.iS contributions are summed as follows. 
If, in step I.e. above £-•> 1.1, then S 2 = [ £ S * n ] 1 / 2 + S, 

29 

If |li < ! . ! t h e n S z = [ £ s a n ] 1/2 

Kapur recommends that for closely spacpd building modes, "the 
absolute sum of the closely spa:ed modes should be obtained before 
taking the square root of the sum of the squares with the other modal 
responses.'' In this study none of the building modes were closely 
spaced under the criteria in Regulatory Guide 1.92 [9], 

Biggs' Approximate Method* - For each equipment frequency of interest, 
f 2, Jo the following: 
1. For each significant building mode, n: 

f 
a. I f ^ < o.90, compute S»„ - * s n r j n S l g R A 3 

*For the reader who decides to refer to Bigqs' paper, [2],it is worthwhile 
to point out a typographical error in that document. In our copy of this 
paper, on page 333, the author's references to his Fig. 2 and 3 have bee.̂  
reversed (i.e., step 2{A) should refer to Fig. 3 and Step 2(B) should 
refer to Fig. 2. 
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c. 

where A 3 is read from the author's figure 3, and also our 
Fig. A-l. One enters the plot with the frequency ratio 
fin and determines the corresponding amplification factor. 
U 
If ̂  > 0.50, compute S2'' = -^-^ A 2 S 2 g 

where the ualue of A is read from the author's Fig. 2, and 
also below in Fig. A-l. The value of C is determined as 
follows: 

If J2- < 1.25, C - 1.0 
'2 ~ 

I f 1.25 -> 
'2 

< 2.25, C « 1 
r 2 

• « ) [ £ ( ! • , „ * ) 2 ' *sn' 

I f 
' 2 

2.25, c ' C ( r i n • » ) 2 ] ' / 2 

'sn' J 

I f 
r 2 

0.50, S • S ' 
J 2n °2n 

*2 

I f 0.50 • 

0.90, 

f. 

*2 

S = S " 
a 2n a 2n 

. 0 . 9 0 . S 2 n > • S' + (sr' 
2n w 2 n 

- S' ) 2 

3 2 n ' 0.40 

50 

2,1/2 •1.] 

When S, has been calculated for all building modes of interest, Biggs 
recommends an SRSS sum to get the total spectral value S2: 
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Weight Shear Young's Shear 
Material density 

Y speed 
Vs 

(ft/sec) 

modulus 
E 

modulus 
G 

Poisson's 
ratio 

Damping 
ratio 

i lb/ft3) 

speed 
Vs 

(ft/sec) 
2 (<ips/in ) (kips/in2) V (percent) 

Concrete 150.0 . 3000.0 1200.0 0.25 t 
0.04 Soft soil 125.0 1500.0 1 4.0 60.6 0.35 

t 
0.04 

Hard soil 125.0 3500.0 891.0 330.0 0.35 1 
Table 1 

SOFT SOIL HARD SOIL 
fln 
<H2) 

rin *sn fln 
(Hz) 

rln 
Tsn fln 

<H2) 
rin 

s = 1 2 3 
fln 
(Hz) 

rln 
s = l 2 3 

7.30 

14.8 

20.0 

28.9 

9.94 

2.59 

2.21 

1.29 

0.128 

0.0364 

0.104 

0.0418 

0.0925 

0.0395 

0.0549 

0.112 

0.0526 

0.0563 

0.0878 

0.107 

9.69 

22.8 

26.4 

*1.5 

8.71 

3.43 

0.741 

4.89 

0.147 

0.0797 

0.0475 

0.0055 

0.0834 

0.122 

0.0495 

0.0369 

0.0150 

0.0326 

0.0094 

0.154 

1? 

2? 

' In 

^ % — *3n 

Table 2 
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