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Abstract

This report includes the findings of an investigation of the conservatisa
associated with different canbinations between the primary and secondary
stress components for piping systems under dynamic loading, such as in an
earthquake event. The primary stresses are induced by piping response to its
mass inertia ef fects. The secondary stresses are induced by relative
displacements of piping supports. The study involves an independent time
history analysis of several typical piping models to predict a best estimate
of the actual dynamic and pseudo-static pipe responses to an earthquake.
These piping-systems are also analyzed using the response spectrum method to
obtain the maximum primary stress components. Secondary stresses are next
calculated by performing a set of static analyses which provide the worst
stress condition. The two conponents are then combined by both SRSS and ab-
solute sum methods as the results are compared with time history solutions.

It is found that the SRSS combination of the primary and secondary stress
conponents yield acceptable results provided the secondary stress component is
calculated in the most unfavorable phasing relationship among displacements of
piping supports. The absolute sum canbination as reconmended in the current
Standard Review Plan is found to yield very conservative results when compared
to the time history solutions.
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1.0 Introduction

The design of piping systems in nuclear power plants requires the consider-
ation of moment responses caused by postulated earthquake loadings at the

istructure foundation. The seismic loads are transmitted to the piping through
the pipe support connections and structure supporting the system. _Thus, po-
tentially each support-point excites the piping system with a different time
dependent input loading. One way of estinating the pipe response is to per-
form a time history analysis with a model that includes the piping system
together with the structure and all components. The cost of such an analysis
is prohibitive. An alternate procedure is to decouple the piping from the
structure and to input loading functions for the piping defined from the
structure responses at the support points. This requires a time history
analysis of the piping system, which predicts the piping response realisti-
cally without taking into account the effect of the pipe-structure inter-
actions.

The latter analysis (Ref.1) yields two components of response if the support
point loadings are different. One is due to the inertia effect of pipe mass
and the other is due to the differential input motion of the support points.
The former conponent is the dynamic respor.se and is categorized as producing
primary stresses whereas the latter component is known as pseudo-static compo-
nent and produces secondary stresses. In the older versions of the ASME code
(Ref. 2), the primary stresses were combined with other stresses caused by
sustained loads and pressure to satisfy the code requirements. The secondary
stress became a part of the thermal stresses or stresses caused by terminal
movements.

However, in the 1980 version of the ASME Section III requirements, the above
two kinds of stress can be combined with other dynamic and sustained load
res ponses. In the present requirenent of the Standard Review Plan (SRP) (Ref.
3) these two components must be combined by absolute sum if their time depen-
dent magnitudes are not known, which is the case if they are calculated by
other than time history methods. This poses a question of the level of con- '

servatism introduced by adopting such a combination method. This repor-t iden-
tifies examples of the level of conservatism inherent in various combination
procedures.

The conbination is carried out between the dynamic responses (i.e., primary)
obtained by a response spectrum analysis and the pseudo-static responses
(i.e., secondary) derived from the seismic anchor movement (SAM) analysis.
Since the abvove two methods predict response in a conservative way, they do
not represent the actual responses of a piping system particularly when the
peaks are conbined by absolute sum. Time history analysis with independent
input accelerations is considered to yield the most realistic responses. The
percentage oi ;unservatism associated with any combination between the primary
and secondary stresses can be estimated by comparison to the time historysolution.

-1-
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2.0 Technical Approach

in present industry practice the dynamic component of piping response is ob-
'

tained by using the response spectrum method. The input spectra for this kind
of analysis represents the envelope of all the support spectra developed from
the time history results from the earthquake analysis of the supporting struc- j
ture or building. The envelope spectra are applied to all support points si-
multaneously. These spectra are broadened as per the Regulatory Guide 1.122
(Ref. 4) before analysis. The modal and spatial combinations are chosen as
recmmended in the Regulatory Guide 1.92 (Ref. 5). The predicted moment re-
sponse thus calculated is supposed to represent the maximum dynamic or iner-
tial response of the piping system.

There exists no standard procedure for calculating the pseudo-static responses
of the piping syste due to seismic loading. Current standards require that
this component be obtained in such a manner that it represents the most severe
condi tion. In order to calculate this, the magnitudes of the maximum support
displacements as well as the phasing between these support movements are re-
qui red . The Standard Review Plan (Ref. 3) suggests the support-displacements
Can be calculated either from the structure time history analysis or from the
support point response spectra. The fonner muthod requires a selection of the
maximum displacements from the structural analysis. The latter method uses
the fonnula, displacement = Sa9/ ,2, where Sa is the floor response
spectra ?PA amplitude representing the floor motion, g is the acceleration due
to gravity, and e is the first fundamental frequency of the structure
supporting the piping system. This method is purported to predict the upper
bound of the actual displacement of the support point.

Once these cmponents are obtained, the phasing between the support points
must be defined. Since there is no established procedure for determining the,

'

worst phasing for a piping system with more than two different support move-
ments, a particular method currently available in the existing piping code
PSAFE2 (Ref. 6) is being used for the study. It has the capability of con-

sidering each spatial direction individually. The analyst specifies the
phasing displacments at all the supports, for all supports on input, and then
the code combines the spatial direction results in either of three combination
methods. They are the algebraic, square root of sum of squares (SRSS) and
absolute sum methods.

It should be noted that an intuitive approach is used to predict the worst
phasing among support points in any spatial direction. Thus, the prediction
of the static responses at any point of the piping system becomes dependent on
the choice of the phasing used by the analyst. To illustrate a simple case,
when there are two support points (or groups) with two distinct movements, the
worse static responses will be produced when they are subjected to out of
phase motion. Thus, there exists only one possible choice of phasing in each
spatial direction to produce the most unfavorable stress condition. For a

-2-
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systen with three distinct support groups three distinct cabinations of
phasing in each spatial direction must be considered to determine the most
severe stress condition at a point in the piping systs.

For each case of phase distribution considered in a particular piping system,
the same phasing is used in all three spatial directions. Then the results
are combined by either the algebraic, SRSS or the absolute sum method. The
algebraic ~ method must be used with care since the moment responses at any
point can be cancelled if the moment caused by different spatial directional
movements have opposite signs. On the other hand the SRSS and absolute sum
methods can predict the worst possible cases. In the present study all three
combinations between the spatial effects are considered for each phase con-
sideration. Thus, for the case of two support groups there are three possible
solutions corresponding tb each combination method for the pseudo-static
response calculations.

As mentioned earlier, the time history analysis with different suppirt inputs
yields the actual dynamic and pseudo-static responses at each point of the
piping system. It should be noted that this analysis uses time history inputs
at the support points which are consistent with the response spectra used in
the response spectrum solutions. In other words, the response spectra used in.
this study are derived from the time histories predicted in the time dependent
solutions. The damping values used are also the same in both analyses. In
the present study a critical damping value of 1% was used.

The time history results with independent support movements yields both the
dynamic and pseudo-static responses as well as the total responses at each
time point for the piping system. Since the phasing is retained between the
dynamic and pseudo-static components in this computation the total response
should represent the actual response of the piping system. This result is
later compared with the different combinations of the individual componcqts
(i.e., primary and secondary) obtained from the response spectrum and seismic
anchor movement analysis methods.

The moment results at each end of each pipe element are obtained from the
separate dynamic and pseudo-static calculations for each problem. Once the
three moment cmponents at any point are calculated by any of the combination
procedures identified earlier, the resultant moment is determined using vector
summation. This moment is used as the parameter to study the conservatism in
the combination method between the primary and secondary stress components.

The two combination procedures between two moment resultants considered in
this study are the SRSS and absolute sum metnods. The results coresponding to
each combination method are compared with the total responses as predicted
from the time history solution. A percentage of deviation from this actual
response is then included for comparison purposes.

-3-
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3.0 Analysis Proc.edure

Four piping systems,- shown in Figures 1 to 4, were chosen for this study.
These represent typical three-dimensional piping problems suitable for nuclear
power plants. The entire sampling of piping systens includes one 4-group, one
3-group and two 2-group problems. The 4-group problem has four distinct sup-
port groups which are excited with different earthquake motions at the support
points. Similarly, the 3-group problem has three distinct inputs and the
2-group problems have two different support movements. Figures 1 and 4
illustrate the 2-group problems whereas Figures 2 and 3 are the 3-group and
4-group problems respectively.

The cmputer coce PSAFE2 was used to perfonn all the analyses in this study.
This code is an all purpose piping analysis code developed at BNL. Indepen-
dent support motion analysis algorithms (Ref.1) have been implemented into
the code for both the response spectrum and the time history analysis modes.
The code has been used in other NRC programs to perfonn confinnatory analyses
of piping systems for plants seeking operating licenses ar.d in the development
of Piping Benchmark Problems.

In order to perfonn an independent time history analysis of a piping problem,
the input support movements must include both the acceleration and displace-
ment time histories cmponents. This is because the integration of the accel-
eration time history to obtain the displacement time history introduces errors
associated with numerica integration as well as base-line errors in the orig-
inal time functions. Since the current version of PSAFE2 does not have the
capability to obtain the correct values of displacement from the acceleration,
the displacement time history becomes an input along with the acceleration
when perfonning time history analysis. Hence, corresponding displacement and
acceleration time histories for the supports are input.

The source for such a data set is found to be the CALTECH earthquake records
which includes all cmponents (acceleration, velocity and displacement) for
each earthquake record. These records represent ground motion records for
different sites rather than the support point time histories for some nuclear
structure. Also, each earthquake record has different frequency contents and
is uncorrelated with others. For the purpose of this study these records were
used as inputs for the support groups, introducing randomness in the study
results.

In order to represent realistic systems, this study also included an analysis
using floor time history solutions of a nuclear structure. In this case, the
building structure filters all the frequencies representing the dynamic
characteristic of the building itself. Because of the massiveness and high
strength of nuclear power plant structures, each floor is assumed to exhibit
in-phase motion and the floor motions contain similar frequency contents.
Although results from this analysis are not included in this report, they were
used to support ahe conclusions presented herein.

-4-
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Figures 5 to 8 represent the four acceleration time histories chosen for this
analysis. Figures 9 to 12 illustrate the corresponding response spectra.
Figures 13 and 14 show the envelope spectra used for the envelope response
spectrum analyses for the piping systems.

The drawings of the piping systems shown in Figures 1 to 4 are self-explana-
tory for support grouping, input excitation time histories and response spec-
tra. The element numkers in these figures are circled and these numbers
correspond to those used in the moment comparison tables. The boundary
elements and other relevant data are included in these sketches.

After selecting the piping systems and the loading functions, each piping-
problem was subjected to a set of analyses as described in the previous
section. They include an independent time history analysis, a response spec-
trum analysis using envelope spectra and a number of static analyses for
seismic anchor movement results depending on the number of groups and the
intuitive selection of the most unfavorable phasing between these groups.

For comparison purposes, the resultant moment at each end of each element in a
piping problem was calculated for all load cases. These results are presented

, in tabular form for each piping problem for each estimate of seismic anchor
! movement component in its worst stress condition within each problem.

A typical table includes a comparison of values for the dynamic component from
the response spectrum (R.S.) and time history (T.H.) analyses. It also in-
ciudes a similar comparison for the pseudo-static component from the seismic
anchor movement (SAM) and time history (PS.S) analyses. The words 'ALG. ' ,
'SRSS' and ' ABS.' under the SAM title refer to the mode of combination used
between the moment components predicted from the three static analyses per-
formed for each spatial displacement input. It should be noted that this
cmbination is done at the moment component level before obtaining the resul-
tant moment as shown in these tables.

Each table also includes a comparison of the total responses obtained from the
time history (T.H.) analyses, and the resultant moment produced by combining
the R.S. and SAM results by either the SRSS or absolute sum method. The mo-
ments listed under the time history analysis only refer to the peak value of
the moment for the entire time history. the final column in each table rep-
resents the percentage of conservatism (PER. CON.) calculated for each cm-
bination method, i.e. , SRSS and Absolute Sum (ABS). These numbcrs are ob-
tained by cmparing the results with the time history results listed under the
total response coluun.
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4.0 Results and Conclusions

| The results for the four piping systems comsidered are presented in tabular
form in Tables 1A-1 thru 40-1. Each table is identified by a table I.D.
consisting of two numbers and an alphabetical character. The first number
refers to the piping problem number (i.e., 2 refers to the results from the
piping system shcwn in Fig. 2). The alphabetical character A, B or C indi-
cates the combination procedure used to combine between spatial directions in
the Seismic Anchor Movement Analysis. 'A' stands for algebraic, 'B' for SRSS,
and 'C' for the absolute sum method. The last number identifies the assump-
tion for phasing between support group movements used in each problem. The
specific meaning varies from problem to problem and is defined on the problem
sketches. For problem 2, the symbol ++- indicates that the first two support
groups are in phase while the third group is 180* out of phase. This phasing
is assigned the number 1 for problem 2.

Tables IA-1, IB-1, IC-1, present the results to the first piping problem.
Only out of phase support motions were considered in the study. The second
piping systen was evaluated for three different cases of phasing and the
results are summarized in Tables 2A-1, 28-1, 2C-1, 2A-2, 28-2, 2C-2, 2A-3,
28-3, and 2C-3. The third piping problem has four support groups. Since there
are many possible phasing combinations between the groups, it would require
many analyses to detennine the worst possible seismic anchor movement case.
it was decided to consider only two cases either of which may yield the worse

| stress conditions. The results are summarized in Tables 3A-1, 38-1, 3C-1,
3A-2, 38-2 and 3C-2. The last piping problem is a two group system similar to
the first problem. Hence, only one case corresponding to the out of phase
mode was considered. The results are given is Tables 4A-1, 4B-1 and 4C-1.

All moment values included in the tables are rounded of f to the nearest whole
number. Positive percentage of conservatism values indicate that the corre-
sponding con;bination is conservative when compared to the time history solu-
tions. A negative value in this column indicates the combination method is
non conservative.

It is understood that for the case of a 2-group problem, the out of phase in-
put support displacement exhibits the worst seismic anchor movement stresses.
Also, once this is established the combination of contributions from three
separate spatial directional analyses becomes the defining factor for the most
unf avorable combination. An algebraic sum would exhibit concellations of the
moments if they have di fferent signs. An absolute sum, on the other hand,
would yield the most severe seismic anchor covement stress condition. Hence,
since this is a matter of statistics, the SRSS combination should yield a
compromise between these No extremes.

!
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Table IA-1

COMPARISON OF RESULTANI f10 MENT RESPONSES (KIP-IN)
PAGE I 0F 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL PESPONSES PER. CON

ENO
R .S . T.H. SAM- PS. 5 T.H. SRSS 985.
(1) (2) ALO.( 31 (4) 2.4 1.3 1.3 SRSS ABS.

I 7 5 107 70 70 107 !!d 52 62g

| J 4 4 50 33 34 50 54 50 61

I 4 4 50 33 34 50 54 50 612
J 3 2 26 19 19 26 29 33 47

1 3 2 26 19 19 26 29 33 47
3

J 10 4 135 92 92 136 145 47 57

1 10 4 135 92 92 136 145 47 57

J 2 2 13 10 10 14 15' 30 46
_

I 2 2 13 10 10 14 15 30 46g

J 3 2 16 10 10 16 18 53 76

I 3 2 16 10 10 16 18 55 786
J 2 2 71 42 42 71 74 70 73

1 2 2 71 42 42 '11 74 70 767
J 2 2 54 32 32 54 56 69 75

'
1 2 2 54 32 32 54 56 69 758
J 2 2 37 2r 23 37 39 66 75

t
I 2 2 37 22 23 37 39 66 75g

J 2 2 21 13 13 21 23 57 71

I 2 2 21 13 13 21 23 57 7110
J 2 2 6 6 7 6 8 -9 13

I 2 2 6 6 7 6 8 -9 13;;
| J l .8 15 11 11 15 16 39 49

l ! '3 15 11 11 15 16 39 4912 _

| J 8 .4 32 20 20 32 33 58 62

I 8 .4 32 20 20 32 33 58 62
13

J 2 1 49 30 30 49 50 63 68

! 2 1 49 30 30 49 50 63 68ja

| J l 9 38 24 24 ; 38 39 59 64

1 I .9 38 24 24 38 39 ~ 59 64! 15
J l 1 27 18 18 27 29 54 62

|

| -21-
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Table IA-1 (Cont'd)

COMPARISON OF RESULTANT MOMENI RESPONSES IKIP-IN)
PAGE 2 0F 3

|

ELE OYNRMIC COMP. STATIC COMP. TOIRL RESPONSES PER. CON

END
R.S. T.H. SAM- PS. 5 T.H. SR55 AB5

I SRSS MS.
(l1 (2) ALG.I (4) 2.4 13 1.3

I I 1 2 18 18 2 29 54 62
16

J 2 .9 19 13 13 19 20 47 59

1 2 9 19 13 13 19 20 47 59
17

J l .7 11 8 8 11 12 33 48

I 1 .7 11 8 8 11 12 33 48
18

J l .4 6 4 4 6 7 29 49

1 1 .4 6 4 4 6 7 29 49
19

J l 9 10 5 5 10 11 97 124

1 1 .9 10 5 5 10 11 95 121
20

J 9 .4 9 5 5 9 10 86 105

1 .9 .4 9 5 5 9 10 86 105
21

J l .7 12 8 8 12 13 51 68

1 1 .7 12 8 8 12 13 51 68
22

-9 17 12 12 17 19 43 60J <

1 2 9 17 12 12 17 19 43 60
23

J 3 1 23 16 16 23 26 43 59

1 3 1 23 16 16 23 26 43 59
24

J 3 1 29 20 20 29 32 44 59

I 1 0 20 29 32 44 59
25
7 2 2 30 19 19 30 32 53 64

1 2 2 30 19 19 30 32 53 64
26 _

J 3 1 20 14 14 20 23 42 62

1 3 1 20 14 14 20 23 42 61
27

J 9 3 55 37 37 56 64 49 71

1 9 3 55 37 37 56 64 49 71
28

J 6 2 40 27 27 41 46 49 70

I 6 2 40 27 27 41 46 49 70
29

J 6 2 53 36 36 53 59 48 63

I 6 2 5? 36 36 53 % 48 63
30

J 6 2 58 39 40 59 64 48 63

-22-
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Table IA-1 (Cont'u)

COMPARISON OF RESULTANT MOMENT RESPONSES [ KIP-IN)

PAGE 3 0F 3

ELE DYNnMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END

R.S. T.H. SAM- PS. S. T.H. SRSS ABS.
'

(1) [2] ALG.I I SRSS MS.(4) 2.4 1.3 1.3
1 6 2 58 39 40 59 64 48 6331
J S 3 19 13 14 20 24 46 77

1 5 3 19 13 14 20 24 46 7732
__

J 7 3 34 23 24 35 41 46 72

|72I 3 34 23 24 35 43 4633
J 7 3 38 26 27 39 45 4'i 70

_

I 3 38 26 27 39 E 47 7034
J 2 1 P 8 8 12 14 46 72

1 2 1 12 8 8 12 14 46 7235
J 11 5 39 27 28 41 51 44 78

___
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Table IB-1

COMPARISON OF RESULTANT MOMENT PESPONSES (KIP-lN)
|

PAGE I 0F 3

| ELE DYNAMIC COMP. STATIC COMP. TOTAL RESPON5ES PER. CON

END
P .S . T.H. SAM- PS. S. T.H. SRSS AB5.

SRSS ABS.
(1) (2) SR55( 3 ) (4) 2.4 13 1.3

I 7 5 83 70 70 83 90 18 27
;

_

J 4 4 38 33 34 38 42 14 25
_

1 4 4 38 33 34 38 42 14 25
2

J 3 2 35 19 19 35 38 80 94

3 2 35 19 19 35 38 80 94
3

J 10 4 130 92 92 130 140 42 52

1 10 4 130 92 92 130 140 42 52
4

J 2 2 15 10 10 15 17 45 61

1 2 2 15 10 10 15 17 4S 61
5

J 3 2 41 10 10 41 43 294 318

1 3 2 41 10 10 41 43 299 323
6

J 2 2 47 42 42 47 49 12 18

1 2 2 47 42 42 47 49 12 18
7

J 2 2 35 32 32 35 37 9 15

1 2 2 35 32 32 35 37 9 15
1 8

J 2 2 24 22 23 24 26 5 14

I 2 2 24 22 23 24 26 5 14
g

'

J 2 2 14 13 13 14 16 5 19

1 13 M M 5 1[
10

J 2 2 11 6 7 11 13 62 86'

I 2 2 11 6 7 11 13 62 86
g.

J l .8 19 11 11 19 20 73 84

1 1 8 19 11 11 19 20 73 84
12

J .8 .4 30 20 20 30 31 SU 54

I .8 .4 30 20 20 30 31 50 54

J 2 1 42 30 30 42 43 40 45

i 2 1 41 30 30 42 43 40 45
g

J l 9 32 24 24 32 33 34 38

1 1 9 32 24 24 22 33 34 38
15 ~

| J l 1 22 18 18 22 23 25 33

-24-
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Table 18-1 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (XIP-IN)

PAGE 2 0F 3
_

ELE DYNAMIC C0t1P. STATIC COMP. TOTAL RESPONSES PER. CON

ENO
R.S. T.H. SAM- PS. 5. T.H. SRSS 085.
I11 (2) SRSS( (4) 2.4 1.3 1.3

' SRSS MS .

I I I 22 IO IO 2 2 216
J 2 9 14 13 13 14 16 13 24

I 2 9 14 13 13 14 16 13 2417
J l .7 8 8 8 8 9 ~1 13

i 1 .7 8 8 8 9 9 -1 13ig

J l .4 7 4 4 7 8 67 88

i 1 .4 7 4 4 7 8 67 88gg

J l .9 13 5 5 13 15 162 190
_

1 1 .9 13 5 5 13 15 160 18620
J 9 .4 9 5 5 9 9 81 100

I .9 .4 9 5 5 9 9 81 10021 _

J l .7 9 8 8 9 11 17 34

I 1 .7 9 8 8 9 11 17 3422
J 2 .9 14 12 12 15 17 22 39

I 9 14 12 12 15 17 22 3923
J 3 1 21 16 16 21 24 33 49

1 3 1 21 16 16 21 24 33 4924
i 3 1 28 20 20 29 32 41 56

_

1 3 1 28 20 20 29 32 41 5625 ~'

J 2 2 25 19 19 26 28 32 43

1 2 1 1 6 28 32 4326
J 3 1 21 14 14 22 25 53 73

~

1 3 1 21 14 14 22 25 52 7227
J 9 3 52 37 37 53 61 42 64

I 9 3 52 37 37 53 61 42 6428
J 6 2 38 27 27 39 45 43 64

I 6 2 38 27 27 39 45 43 6429
J 6 2 50 '5 36 50 56 41 56

I 6 2 50 36 36 50 56 41 5630 _

J 6
[

2 55 39 40 55 El 40 55

-25-
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Table 18-1 (Cent'd)

COMPARISON OF RESULTANT T10 MENT RESPONSES [ KIP-lN)
PAGE 3 0F 3

,

ELE DYNAMIC COMP. STATIC COMP. TOTAL RESP 0rlSES PER. CON

END
R.S. T .ti . SAM- PS . S. T .fi . SRSS ABS.

I ' SRSS ABS.
II) (2) SRSS (41 2.4 1.3 1.3

1 6 2 55 39 40 55 61 40 55
31

J 5 3 18 13 14 19 23 39 71

1 5 3 18 13 14 l9 23 40 71
32 _

J 7 3 32 23 24 33 39 37 63

1 3 32 23 24 33 39 37 63
33

J 7 3 36 26 27 37 43 38 61

1 7 3 36 26 27 37 43 38 61
34

J 2 1 11 8 8 12 14 40 66

1 2 1 11 8 8 12 14 40 66
35

J 11 5 37 27 28 39 48 36 70
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Table IC-1

C0h RISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 1 OF 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END -

R.S. T.H. SAM- PS . S . T.H. SRSS A85.
(11 (2) 085.(31 (41 2.4 1.3 1.3 SRSS A85

1 7 5 107 70 70 107 114 53 62j <

J 4 4 51 33 34 51 55 52 63

I 4 4 52 33 34 52 56 65 662
J 3 2 43 19 19 43 45 120 134

1 3 2 43 19 19 43 45 120 1343
J 10 4 136 92 92 136 145 47 58

~

1 10 4 136 92 92 135 145 47 584

J 2 2 17 10 10 17 18 59 76

1 2 2 17 10 10 17 18 59 765
J 3 2 63 10 10 64 66 517 541

1 3 2 62 10 10 63 65 515 5396
J 2 2 71 42 42 71 74 70 76

1 2 2 71 42 42 71 74 70 767
J 2 2 54 32 32 E4 56 69 75

_

I 54 32 32 54 % 69 %8
J 2 2 37 22 23 37 39 66 75

I 2 2 37 22 23 37 39 66 75g

J 2 2 21 13 13 21 23 57 72

1 2 2 21 iJ 13 21 23 57 7210
J 2 2 18 6 7 18 19 ISS 180

I 2 2 18 6 7 18 19 156 180;;
'

J l 8 23 11 11 23 24 105 115

I 1 .8 23 11 11 23 24 105 11512
J 8 .4 32 20 20 32 33 59 63

I 8 .4 20 20 32 33 59 6313
J 2 1 49 30 30 49 50 63 68

1 1 49 30 30 49 50 63 68.
34

J l 9 38 24 24 38 39 59 64

1 1 9 38 24 24 38 39 59 6415
J l 1 27 18 18 27 29 54 62

-27-



Table IC-1 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES [ KIP-IN1
PAGE 2 0F 3

ELE DYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON
-

END
R.S. T.H. SAM. PS . S . T.H. SRSS ABS.

' SRSS MS .'

I11 (2) ABS. (4) 2.4 1.3 13

I i 1 27 18 18 27 29 54 62
16

J 2 .9 19 13 13 19 21 49 6n

I 2 9 19 13 13 19 21 49 60
17

J 1 .7 12 8 8 12 13 42 57

1 1 .7 12 8 8 12 13 42 57
18

J l .4 10 4 4 10 11 120 141

I 1 .4 10 4 4 10 11 120 141
39

J l 9 19 5 5 19 21 279 307

1 1 9 19 5 5 20 21 276 303
20

J 9 .4 10 5 5 10 11 .10 129

1 .9 .4 10 5 5 10 11 110 lE
21 L

J l .7 13 8 8 13 15 68 86

I .7 13 8 8 13 15 68 86
22

J 2 .9 18 12 12 18 20 51 68
'~

1 2 .9 18 l2 12 18 20 51 68
23

J 3 1 23 16 16 24 26 47 62

1 3 1 23 16 16 24 26 47 62
24

J 3 1 30 20 20 30 33 46 62
; -

1 1 0 20 20 30 33 48 63
25

J 2 2 30 19 19 30 32 53 65

1 2 2 30 19 19 30 32 53 65
26

J 3 1 24 14 14 2^ 27 67 87

I 3 1 24 14 14 24 27 68 88g,

J 9 3 53 37 37 56 64 49 71

I 9 3 55 37 37 56 64 19 71
28

J 6 2 40 27 27 41 46 49 70

I 6 2 40 27 27 41 46 49 70
29

J 6 2 53 36 36 53 59 48 63

1 6 2 53 36 36 8 8 48 O
30 _

J 6 2 58 39 40 59 64 48 63
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Table IC-1 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 3 0F 3

ELE DYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SAM- PS. S. T.H. SRSS ABS.

(1) (2) ABS.131 (4) 2.4 1.3 1.3 SRS3 RBS.

1 6 2 58 39 40 59 64 48 63
31

.I 5 3 19 13 14 20 24 46 77

1 5 3 19 13 14 20 24 46 77
32

J 7 3 34 23 24 35 41 46 72

I 3 34 23 24 35 41 46 7233 _

J 7 3 38 26 2.7 39 45 47 70

I 7 3 38 26 27 39 45 47 7034
J 2 1 12 8 8 12 14 46 73

_ _ .

I 2 1 12 8 8 12 14 46 7335 ._

J 11 5 39 27 28 41 51 44 78
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Table 2A-1

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN1
F AGE I 0F 2

ELE DYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SAM- PS. S. T.H. SR55 A85

(11 (2) ALG.[31 (4) 2.4 1.3 1.3 SRSS ABS.

I 27 21 1847 923 923 1848 1875 100 103;

J 13 10 599 378 378 599 612 58 62

1 13 10 599 376 378 599 612 58 62
2

J 9 7 819 226 228 819 828 260 264

1 9 7 819 228 228 819 828 260 264
3

J 10 7 1189 408 408 1189 1199 192 194

1 10 7 1189 408 408 1189 1199 192 1944

J 9 7 935 392 392 935 945 139 141

I 9 7 935 392 392 935 945 139 1415
J 9 8 640 345 345 641 650 86 88

I 9 8 640 345 345 641 650 86 886
J 10 9 496 347 347 496 506 43 46

I 10 9 496 347 347 495 506 43 467

J 15 13 410 208 209 410 425 97 104

I 15 13 410 208 209 410 425 97 104
8

J 26 20 869 155 161 870 896 439 455

I 26 20 869 155 161 870 896 439 455g

J 18 13 1144 178 179 1144 1163 541 551

I 18 ~ '3 1144 178 179 1144 1163 541 551
10

J 15 il 1492 266 268 1492 1507 456 461

I 15 ; "' 1492 266 c68 1492 1507 456 4617,
J 16 14 766 227 231 767 783 232 239

I 13 7 332 284 287 332 345 16 20
12

J 9 7 1762 250 253 1762 1771 596 599

I 9 7 1762 250 253 1762 1771 596 599
13

J 5 4 468 152 153 468 473 206 209

1 5 4 468 152 153 468 473 206 209ja
J 8 5 236 135 137 236 244 72 77

I 8 5 236 135 137 236 244 72 77
15

J 6 4 117 67 70 118 12' 69 77
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Table 2A-1 (Cent'd)

COMPnRISON OF RESULTANT MOMENT RESPONSES (KIP-IN)

PAGE 2 0F 2
_

EI E DYrinMIC COMP. STATIC COMP. TOTAL RESP 0fJSES PER.C0t1
END 4

R.S. T.H. SAM. PS. 5. T.H. SRSS DBS. .

(11 (2) DL G.( 3 ) (41 2.4 1.3 1.3
~ * ""

I 6 4 117 67 '0 116 123 59 77/16
J 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 16 11 653 154 158 653 669 314 32517
J 26 11 512 98 102 513 538 404 429
I 26 11 512 98 102 513 538 404 429gg

J 14 6 419 67 68 420 434 520 540
I 14 6 419 67 68 420 434 520 540gg

J 11 5 233 72 73 233 244 2! / 232
I 11 5 233 72 73 233 244 217 23220
J 37 18 73 130 138 82 110 -40 -20
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Table 2B-1

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 1 0F 2

_.

ELE OiNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SAM- PS. S. T.H. SRSS A85

SRSS MS .
(II (2) SRSS(31 (41 2.4 1.3 1.3

,

I 27 21 1350 923 923 1351 1378 46 49
;

J 13 10 580 378 378 581 594 54 57

1 13 10 580 378 378 581 594 54 57
2

J 9 7 658 228 228 658 668 189 193

1 9 7 658 228 228 658 668 189 193
3

J 10 7 852 408 408 852 862 109 111

I 10 7 852 408 408 852 862 109 111
4

J 9 7 651 392 392 651 661 66 69

I 9 7 651 392 392 651 661 66 69
5

J 9 8 452 345 345 453 462 31 34

1 9 8 452 345 345 453 462 31 34
6

J 10 1 387 347 347 387 397 11 14

1 10 9 387 347 347 387 397 11 14
7

J 15 13 468 208 209 468 483 124 132

! 15 13 468 208 209 468 483 124 132
8

J 26 20 846 155 161 846 872 425 441

i 26 20 846 155 161 846 872 425 441
g

J 18 13 1046 178 179 1047 1065 486 497

1 18 13 1046 178 179 1047 1065 486 497
10

,

J 15 10 1293 266 268 1293 1308 382 387

i 15 10 1293 266 268 1293 1308 382 387
y, ~

J 16 14 808 227 231 808 824 250 257

1 13 7 414 284 287 414 426 44 49
2

J 9 7 1845 250 253 1845 1854 628 632

1 9 7 1845 250 253 1845 1854 628 632

J 5 4 381 152 153 381 387 149 153

I 5 4 381 152 153 381 387 149 153
g,

J 8 5 397 135 137 397 405 189 195

I 8 5 FR m 137 3M E E E
. 15 -

J 6 4 198 67 70 198 204 184 193I

,
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Table 28-1 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 2 0F 2

ELE DYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. f.H. SAM- PS . S . T.H. SR$S A85.

l3) SRSS ABS.
'

til (2) SRSS (4) 2.4 1.3 1.3

1 6 4 130 67 70 198 204 184 19316
J 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00

16 11 593 154 158 593 609 276 28717
J 26 11 470 98 102 471 496 363 387

1 26 11 0 98 102 471 96 363 38718
J 14 6 401 67 68 402 416 493 514

i 14 6 401 67 68 402 416 493 514jg
J 11 5 251 72 73 251 262 241 256

1 11 5 251 72 73 251 262 241 25620
J 37 18 161 130 138 165 198 20 43
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Table 2C-1

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PRGE I 0F 2

l
ELE OYNAMIC COMP. 5iATIC COMP. TOTAL RESPONSES PER. CON

END i
R.5. T.H. SAM. . PS . 5 1.H. SR55 R85.

I SRSS ES .
(1) (21 ABS.I (41 2.4 1.3 1.3

'

I 27 21 1854 923 923 1854 1881 101 104;

J 13 10 677 378 378 677 690 79 83

I 13 10 677 378 378 677 690 79 83
2

J 9 7 841 228 228 841 851 270 274

1 9 7 641 228 228 841 851 270 274
3

J 10 7 1206 408 408 1206 1216 196 198

I 10 7 1206 408 408 1206 1216 196 198
4

J 9 7 961 392 392 961 970 145 147

I 9 7 961 392 392 961 970 145 147
5

J 9 8 677 345 345 677 686 96 99

I 9 8 677 345 345 677 686 96 99
6

J 10 9 542 347 347 542 552 56 59

1 10 9 542 347 347 542 552 56 59
7

J 15 13 629 208 209 629 644 201 208

1 1 629 208 209 629 644 201 208
8

J 26 20 1126 155 161 1127 1153 599 615

i ?6 M 1126 155 161 1127 1153 599 615g

J 18 13 1366 178 179 1366 1384 665 675

1 18 13 1366 178 179 1366 '384 665 675
10

J 15 10 lE61 266 268 1661 1676 519 525

1 15 10 1661 266 268 1661 1676 519 525
;;

J 16 14 966 227 231 966 983 319 326

! 13 7 559 284 287 559 572 95 100gg _

J 9 7 2039 2E0 253 2039 2047 705 708

1 039 250 253 2039 20 0 W 708
13

J 5 4 501 152 153 501 507 227 231

I 5 4 501 152 153 501 507 227 231g
J 8 5 582 135 137 582 590 323 329

l' 75- ~ 582 E90 323 3291 8 5 582 135
15

, J 6 4 290 67 70 290 295 317 3?S

|
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tam e 2C-1 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)

PAGE 2 0F 2

I

ELE OYNAMIC COMP. STATIC COMP. TO.AL RESPONSES PER. CON

END
R.S. T.H. SAM. PS. S. T.H. SRSS ABS.

| i11 (2) 98S.t31 I41 2.4 1.3 1.3 6"S6 A83*

0.0 0 0 0 0 0 .0 0

! 16 11 712 154 158 712 728 352 36217
J 26 11 523 98 102 524 549 415 440

1 26 11 523 98 102 524 549 415 44018
J 14 6 428 67 68 428 442 533 553

I 14 6 428 67 68 428 442 533 553gg

J 11 5 273 72 73 273 284 272 287

1 11 2 2 73 273 284 272 28720
J 37 18 241 130 138 243 277 76 10 '.

__
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Table 2A-2

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE I 0F 2

ELE OYhAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. T .it . SAM- P5. 5 T.H. SR55 AB5

I11 121 ALO.I I
SRSS MS .

(4) 2.4 1.3 1.3

I 27 21 159 923 923 161 186 -83 -80
;

J 13 10 154 378 378 154 167 -59 -56

I 13 10 154 378 378 154 167 -59 -56
2

J 9 7 268 228 228 268 278 18 22

I 9 7 268 228 228 268 278 18 22
3

J 10 7 300 408 408 300 310 -26 -24

1 10 7 300 408 408 300 310 -26 -24
4

J 9 7 266 392 392 266 275 -32 -30

I 9 7 266 392 392 266 275 -32 -30
5

J 9 8 246 345 345 246 255 -29 -26

1 9 8 246 345 345 246 255 -29 -26
6

J 10 9 252 347 347 252 262 -27 -25
~

I 10 9 252 347 347 252 262 -27 -25
7

J 15 13 321 208 209 322 337 54 61
~

i 15 13 321 208 209 322 337 54 61g

J 26 20 436 155 161 437 462 171 187

i 26 20 436 155 161 437 462 171 187g

J 18 13 505 178 179 505 523 183 193
~

1 18 13 505 178 179 505 523 183 193
10

J 15 10 576 266 268 76 591 115 120

I 15 19 576 266 268 576 591 115 120
31

J l6 14 772 227 231 772 788 235 242

i 13 7 504 284 287 504 517 76 80
g ,,

J 9 7 1663 250 ^53 1663 1672 557 560

I 9 7 I"'63 250 253 1663 1672 557 ,F60
13

J 5 4 440 152 153 440 446 188 191

1 5 4 440 157 153 440 446 188 191
;4

J B 5 179 135 137 179 187 31 36

| 8 5 179 135 137 179 187 31 36
15

J 6 4 89 67 70 89 95 29 37
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Table 2A-2 (Cont'd)

COMPARISDN OF RESULTANT MOMENT RESPONSES (KIP-IN)

PAGE 2 0F 2

ELE OYNAMIC COMP. STATIC COMP. T010L RESPONSES PER. CON

END
|

R.S. T.H. SAM * PS . S . T.H. SRSS A85.NO.
(11 (21 ALG.l ' SRSS ABS.(4) 2.4 1.3 1.3

,_

1 6 4 89 67 70 89 95 29 3716
J 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
! 16 11 400 154 158 401 417 154 164;7

J 26 !! 361 98 102 362 387 256 281

I 26 11 1 98 102 362 387 256 2811 18
J 14 6 344 67 68 344 358 409 429

i 14 6 344 67 60 344 358 409 429;g
-

J l1 5 295 72 73 296 307 302 317

1 11 5 295 72 73 296 307 302 31720
J 37 18 267 130 138 270 304 95 120

_._.

_.

--.

*
.w-a

am w

me

>-wp.ey am .-p .m e w m - % .a--,

-

i, . e. .p.w

we r

.>emmune. p
,w. -

% = - .N w
ae-+

.._ _ _ _ _

_e___
-

^ _e

._ _ _ .____.

ie-

! __ __.e___ _

_ . . ._ _ . . _

wm WM

-37-



_ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _

d

Table 28-2

COMPARISON OF RESULTANT MOMENT RESPONSES [ KIP-IN)
rnri t or 2

i

ELE OfNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

ENO
R.S. T .ti . SAM. PS. S. T .li . SRSS DOS.

* "US*
(l! (2) SRSS(3) (41 2.4 1.3 1.3

*

i 27 21 320 923 923 321 348 -65 -62
g

J 13 10 134 378 378 135 147 -64 61
*

| I 13 10 134 378 378 133 147 -64 -61
2 . - - -

J 9 7 287 228 228 287 297 26 30
'

I 9 7 287 228 228 287 297 26 30
3 _

J 10 7 354 408 408 354 364 -13 -11

I 10 7 354 400 408 354 364 -13 -11; 4 _ _

J 9 7 291 392 392 292 301 26 -23

I 9 291 392 392 292 301 -26 -23
! 5 _ _ _

J 9 8 235 345 345 235 244 -32 -29

I 9 8 235 345 345 235 244 -32 -29
6

J 10 9 214 347 347 214 224 -38 -36

1 10 9 214 347 347 214 224 -38 -367
J 15 13 200 208 209 290 30S 39 46

! 15 13 290 200 209 290 305 39 46
8 3

| J 26 20 437 155 161 438 464 172 188

i 26 20 437 155 lbl 438 464 172 188g
' J 18 13 535 178 179 S35 553 200 210

I 18 13 535 178 179 535 553 200 210
10 .

J 15 10 6J9 266 268 639 654 138 144

I 15 10 639 266 268 639 654 138 144g;
i J 16 14 791 227 231 791 807 243 250

; 1 13 7 5S3 284 287 553 566 93 97
12

| J 9 7 1779 250 253 1779 1788 602 606

I 9 1 53 17W 1788 602 606
13 -

J 5 4 362 152 153 362 367 136 140

1 5 4 362 152 153 362 367 136 140; g4 _

J 8 .5 357 135 137 357 355 160 165

I 8 5 357 135 137 357 365 160 165;g .

) 70 178 184 156 164J 6 4 178 67,
.

1

-38 -
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Table 28-2 (Cont'd)

C011 PARIS 0N OF RESULinNT t10t1ENT RESPONSES (KIP-IN)

_ _
PAGE 2 Of 2

ELE DYtmHIC COMP. STATIC COMP. TOTPL RESPONSES PE R . CON

END
R.S. T.H. 50 0 PS. S. T.H. SRSS ABS.
(1) (2) SRSS(3) (4) 2.4 1.3 1,3 # **

1 6 4 178 67 70 170 184 156 16416
J 0.0 0.0 00 0.0 0.0 00 0.0 0.0 0.0
1 16 1; 440 154 ISO 440 4GG 179 189;7

_

J 26 11 3G7 98 102 360 393 262 206

! 26 11 367 98 102 368 393 262 206gg

J 14 L 346 G7 GB 34G 360 411 431

i 14 6 346 67 68 346 360 411 431gg

J l1 5 297 72 73 297 308 304 319
1 11 5 N 72 73 29 300 W 31920
J 37 18 309 130 136 311 34G 125 l50

_ _ . _ __. - ___. _.._ _ . _ ._. . . _ _ _ - . _ _ _ ___
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Table 2C-2

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 1 0F 2

ELE DYNRMIC' COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SPN- P5. S . T.H. SRS5 RBS.

#SS "SS'
(11 (2) A85.f31 (4) 2.4 1.3 1.3

1 27 21 481 923 923 482 509 -48 -45
;

J 13 10 191 370 378 191 204 -49 -46

1 13 10 191 378 378 191 204 -49 -46
2

J 9 7 336 228 228 336 345 48 52

1 9 336 228 228 336 345 48 52
3

J 10 7 445 408 408 445 455 9 12
~

I 10 7 445 408 408 445 455 9 12
4

J 9 7 370 392 392 370 379 -6 -3

I 9 370 392 392 370 379 -6 -3
5

J 9 8 294 345 345 295 304 -15 -12

1 9 8 294 345 345 295 304 -15 -12
6

J 10 9 262 347 3/7 262 272 -24 -22

1 10 9 262 347 347 262 272 -24 -22
7

J 15 13 3?! 208 209 322 337 54 61

1 15 13 321 208 209 322 337 54 61
8

J 26 20 497 155 161 498 523 209 224

i 26 20 497 155 161 498 523 209 224
g

J 18 13 606 178 179 606 624 240 250

1 18 13 606 178 m 606 624 240 250
10

|
J 15 10 720 266 268 720 735 168 174

| I 15 10 720 266 2G8 720 735 138 174

J 16 14 862 227 231 882 898 282 289

1 13 7 644 284 287 644 657 125 129
12 _

J 9 7 1889 250 253 18b9 1898 646 649

1 9 7 1889 250 253 1889 1898 646 649

|
J 5 4 459 152 lb3 4b9 464 200 203

I 5 4 45 ' 152 153 459 464 200 203
-

g
J 8 5 485 135 137 485 493 253 258

I O b
15
T 6 gi 241 67 | 70 241 247 247 256
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Tabic 2C-2 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PARE 2 0F 2

ELE DYNAMIC COMP. STAilC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SAM- PS . S . T.H. SRSS ABS. i

(11 (2) A85.t 3 ) (4) 2.4 1.3 1.3 |
'

SRSS ABS.

'I 6 4 241 67 70 241 247 247 25616
J 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
1 16 11 492 154 158 492 508 212 22317 ,

J 26 11 381 98 102 381 407 275 300 I

i 26 11 381 98 102 381 407 275 300jg
J 14 6 352 67 68 353 366 421 441

'

i 14 6 352 67 68 353 366 421 4413g

J 11 5 301 72 73 302 313 311 326 i
_ _ .

i
1 11 5 301 72 73 302 313 311 326 !20
J 37 16 357 130 138 359 393 160 185
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Tabic 2A-3

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 1 0F 2

B

ELE DYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SAM- PS. S. T.H. SRSS 985.
II) (2) ALG.l3) (4) 2.4 1.3 1.3 SR55 A83*

I 27 21 1730 923 923 1731 1758 88 90
g

J 13 10 593 378 378 593 606 57 60

I 13 10 593 378 378 593 606 57 60
2

J 9 7 656 228 228 666 676 193 197

I 9 666 228 228 666 676 193 197
3

J 10 7 1016 408 408 1016 1026 149 152

1 10 7 1016 408 408 1016 1026 149 152
4

J 9 7 839 392 392 833 849 114 117

! 9 7 839 392 392 839 849 114 1175 _

a 9 8 625 345 345 625 634 81 84

I 9 8 625 345 345 625 634 81 846
J 10 9 546 347 347 546 556 57 60

1 10 9 546 347 347 546 556 57 607
J 15 13 385 208 209 386 401 85 92

I 15 13 386 208 209 386 401 85 928 _

J 26 20 618 155 161 619 644 284 300

i 26 20 618 155 161 619 644 284 300g

J 18 13 819 178 179 819 838 359 369

1 18 13 819 178 179 819 838 359 369
10

J 15 10 1100 266 268 1100 1115 310 315

I 15 10 1100 266 268 1100 1115 310 3153;
J 16 14 482 227 231 483 499 109 116

I 13 7 216 284 287 216 229 -25 -20
12

J 9 7 836 250 253 836 845 230 234

836 250 253 836 86 230 234'
13

J 5 4 227 152 153 227 232 48 52

1 5 4 227 152 153 227 232 48 52
74

J 8 5 133 135 137 133 141 -3 3

I O 3 I ~

15
4 66 67 70 67 72 -4 4J 6

|
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i Table 2A-3 (Cent'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 2 0F 2,

ELE O mAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SAM- PS. S. T.H. SRSS ABS.

I I11 (21 AL G . ' ' 5"S3 *3 'f41 2.4 1.3 1.3
:i

I 6 4 66 67 70 67 72 -4 416 _

J 0.0 0.0 00 0.0 0.0 00 00 0.0 0.0
1 16 !! 449 154 158 450 466 185 19537

l J 26 11 322 98 102 323 348 218 242 ,
a

i

I 26 !! 322 96 102 323 348 218 242 i

18
i

J 14 6 230 67 66 231 244 241 261 !
~

i 14 6 230 67 68 231 244 241 261jg
J 11 5 86 72 73 87 97 18 32

I 11 5 86 72 73 67 97 18 3220
J 37 18 136 130 136 141 173 2 25
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Table 28-3

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE I 0F 2

ELE DYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SAM. PS. 5 T.H. SRSS A85.

t3) SRSS @S .'

(1) (2) SRSS (4) 2.4 1.3 1.3

I 27 21 1302 323 923 1302 1329 41 44
;

J 13 10 578 378 378 578 591 53 57

1 13 10 578 378 378 578 591 53 57
2

J 9 7 506 228 228 507 516 123 127

1 9 7 506 228 228 507 516 123 127
3

J 10 7 686 408 408 686 697 68 71

1 10 7 686 408 408 686 697 68 71
4

J 9 7 553 392 392 554 563 41 44

I 9 7 553 392 392 554 563 41 44
5

J 9 8 413 345 345 413 422 20 22

I 9 8 413 345 345 413 422 20 22
6

J 10 9 378 347 347 378 388 9 12

1 10 9 378 347 347 378 388 9 12
7

J 15 13 366 208 209 366 381 75 83

1 15 13 366 208 209 366 381 75 83
8

J 26 20 610 155 161 611 636 279 295
~~

i 26 20 610 155 161 611 636 279 295g
J 18 13 738 178 179 738 756 313 324

1 18 13 739 178 179 738 756 313 324
10

J 15 10 916 266 268 916 931 241 247

| i 15 10 916 266 268 916 931 241 247,g
J 16 14 460 227 231 460 476 99 106

1 13 7 204 284 287 204 217 -29 -24
12

| J 9 7 861 250 253 861 869 240 243

1 9 7 861 250 253 861 869 240 243
13

{ J 5 4 185 152 153 185 190 21 24

4 185 152 153 185 190 21 -241 5 i
14 ~~

J 8 5 200 135 137 200 208 46 51

1 8 5 200 135 137 .N O 208 46 51
l 15

J 6 |
4 100 67 70 100 106 44 52
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Table 2B-3 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (RIP-IN)
PAGE 2 DF f

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

ENO
R.S. T.H. SAM. PS. S. T.H. SRSS ABS.

SRSS ABS.(1) (2) SRSS (4) 2.4 1.3 1.3

I 6 4 100 67 70 100 106 44 5216
J 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0
1 16 11 390 154 158 390 406 148 15817
J 26 11 279 98 102 280 305 175 199

1 26 11 279 98 102 280 305 175 19918
J 14 6 215 67 68 216 230 219 239

1 14 6 215 67 68 216 230 219 23339
J 11 5 99 72 73 99 110 35 49

1 1 5 99 72 73 99 110 35 4920
J 37 18 119 130 138 125 156 -10 13

~
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Table 2C-3

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 1 0F 2

ELE DYNAMIC COMP. SirlTIC COMP. TOTAL RESPONSES PER. CON

END
R.S. ' H. SAM. I

PS. S . T.H. SRSS ABS..

NO.
(11 til ABS.(3) (4) 2.4 1.3 1.3 SRSS ABS.

I 27 21 1732 923 923 1732 1759 88 91
1

J 13 10 641 378 378 641 654 70 73

I 13 10 641 378 378 641 654 70 73
2

J 9 7 676 228 228 676 685 197 201

1 9 7 676 228 228 676 685 197 201
3

J 10 7 1016 408 408 1016 1026 149 152

1 10 7 1016 408 408 1016 1026 149 152
4

J 9 7 839 392 392 839 849 114 117

I 9 7 839 392 392 839 849 114 117
5

J 9 8 625 345 345 625 634 81 84

I 9 8 625 345 345 625 634 81 84
6

J 10 9 550 347 347 550 560 58 61

1 10 9 550 347 347 550 560 58 61
7

J 15 13 525 208 209 525 540 151 159

1 15 13 525 208 209 525 540 151 159g

J 26 20 872 155 161 872 898 441 457

i 26 20 872 155 161 872 898 441 457g

J 18 13 1037 178 179 1037 1055 481 491

1 18 13 1037 178 179 1037 1055 481 491
10

J 15 10 1259 266 268 1260 1275 369 375

I 15 1" 1259 266 268 1260 1275 369 375
;;

J 16 14 589 227 231 589 605 155 162

I 13 7 271 284 287 271 283 -6 -l
12

J 9 7 993 250 253 993 1002 292 295

1 0 253 993 1002 292 2%
13

J 5 4 248 152 153 248 253 62 6E

I 5 4 248 152 153 248 253 62 65;4
J 8 5 308 135 137 308 316 124 130,

1 8 5 308 135 137 308 316 124 130
15

J 6 4 153 67 70 154 159 12 129
,
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Table 2C-3 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 2 0F 2

1
ELE OYNAMIC COM6 ~. STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SAM. PS. S. T.H. SRSS ABS.
(1) (2) ABS .I

' SRSS ABS.(4) 2.4 1.3 1.3
I 6 4 153 67 70 154 159 121 12916
J 0.0 0.0 0.0 0.0 00 0.0 00 0.0 0.0
1 16 11 477 154 158 477 494 203 21337
J 26 11 328 98 102 329 354 224 248

~ '

1 26 11 328 98 102 329 354 224 24818
J 14 6 247 67 68 248 261 266 286

1 14 6 247 67 68 248 261 266 28619
J 11 5 1.9 72 73 120 130 63 77

I 11 5 119 72 73 120 130 63 7720
J 37 18 191 130 138 195 128 41 65
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Table 3A-1

LOMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 1 0F 3j

<

ELE DYNAMIC COMP. STATir. COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SAM * P5. 5 i.H. |5R55 AB5

ill (21 RLC.t3) (4) 2.4 1.3 1.3 MS ARS.

I 3 2 16 10 10 16 18 60 84;

J 2 .8 15 10 10 15 17 60 78

1 2 8 15 10 10 15 17 60 78
2

J 2 .8 15 10 10 15 17 59 75
_

1 2 .8 15 10 10 15 17 59 75
3

J 5 3 20 13 13 21 25 53 88
~

1 5 3 20 13 13 21 25 53 88
4

J 4 2 15 10 10 16 19 54 86

1 4 2 15 10 10 16 19 54 86
5

|5 2 13 9 9 14 18 55 97J

! 5 2 13 9 9 14 18 55 97
6

J 8 4 41 28 28 42 49 52 77

6 4 41 28 28 42 49 52 77
7

J 7 3 42 28 28 43 49 52 74

8
J 14 5 26 17 19 30 40 58 115

i 14 5 26 17 19 30 40 58 115g
J 11 4 11 8 10 15 22 48 109

11 09
10

J 16 5 28 19 21 32 44 55 111
~

1 16 5 28 19 21 32 44 55 111
37

J 8 4 11 10 12 13 18 10 54

1 8 4 11 10 12 13 18 10 54
12

J 9 5 6 16 19 12 17 -34 -6

1 9 5 8 16 19 12 17 -34 -6
13

J 8 4 11 17 18 14 49 -27 2

1 8 4 11 17 18 14 19 -27 2
3,3

J 16 7 28 23 26 32 44 22 67

1 16 7 28 23 26 32 44 22 67
15

J 8 4 20 25 26 22 28 T17 9
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Table 3A-1 (Cont'd)

COMPARISON OF RESULTANT MOMENT RE3PONSES (KIP-IN)

PAGE 2 0F 3

ELE DYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

ENO
R.S. T.H. SAN- PS. S. T.H. SRSS ABS.NO. ' SRSS ABS.(1) (21 ALG. (41 2.4 1.3 1.3

1 8 4 2C' 25 26 22 28 -17 916
J 9 4 24 29 30 95 33 -14 !!

1 9 4 24 29 30 25 33 -14 11i7
J 13 5 11 15 18 17 24 -3 37

1 13 5 11 15 18 17 24 -3 3718
J 6 3 19 17 18 20 25 14 45

~

I 6 3 19 17 18 20 25 14 45ig

J 6 3 17 15 16 18 23 13 45

1 6 3 17 15 16 18 23 13 4520
J 19 7 57 54 56 60 76 7 36

~

1 36 10 15 39 44 39 51 -12 1521
J 10 2 14 16 16 18 25 10 54

1 10 2 14 16 16 18 25 10 5422
J 10 3 21 17 17 23 31 34 77

I 10 3 21 17 17 23 31 34 7723 __

J 9 2 21 16 17 23 30 38 81

- ! 9 2 21 16 17 23 30 38 81c4
J 8 2 14 12 13 16 22 27 72

I 8 2 14 12 13 16 22 27 7225
J 6 1 21 16 16 25 31 56 90

26 .! 6 1 24 16 16 25 31 56 90

J 6 1 24 16 16 25 30 57 90

'I 16 16 25 30 57 901 6 1 2
27

J 5 1 19 12 13 20 24 57 92

' '28
J 5 1 16 10 11 17 21 51 87

I 5 1 16 10 11 17 21 51 8729
J 5 1 13 9 10 14 18 46 86

5 1 13 9 10 14 18 G 8630
J 25 3 38 23 24 46 63 88 160i !
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Table 3A-1 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 3 0F 3

ELE D'JAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END - -

R.S. T.H. SAM- PS. S. T.H. SRSS A85
NO

(1) (2) ALG.131 (41 2.4 1.3 1.3 SRSS MS .

1 40 12 52 61 66 66 92 . ' ' 40
31

J 46 13 49 59 65 67 95 4 46

1 46 13 49 59 65 67 95 4 46
32

J 50 14 47 58 64 69 98 8 52

I 50 14 47 58 64 69 98 8 52
33

J 53 14 49 55 61 72 102 18 67

1 E3 14 49 55 61 72 102 18 67
34

J 13 5 87 68 70 88 100 26 43

1 13 5 87 68 70 88 100 8 43
35

J 18 7 89 E9 71 90 107 27 50

I 18 7 89 69 M 90 107 27 50
36

J 17 4 45 34 36 48 62 34 73

1 1 4 45 34 36 48 62 34 73
37

J 21 6 55 43 45 59 76 31 68

5
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mh

,W- EmM

e

w6-
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Table 38-1

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)

PAGE I 0F 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON
ENO

R.S. T.H. SAM. PS . S . T.H. SR$S A8S.t3) SRSS ABS.Ill (2) SRSS (4) 2.4 1.3 1.3
I 3 2 15 10 10 15 18 51 76;

J 2 8 15 10 10 15 17 54 72
I 2 8 15 10 10 15 17 54 722
J 2 .8 15 10 10 15 16 55 71

1 2 .8 15 10 10 15 16 55 713

5 3 17 13 13 .18 22 31 65.,

! 5 3 17 13 13 18 22 31 654

J 4 2 15 10 10 16 19 52 85
I 4 2 15 10 10 16 19 52 LS5
J 5 2 14 9 9 15 19 64 107
1 5 2 14 9 9 15 19 64 1076
J B 4 32 28 25 33 40 17 42
I 8 4 32 28 28 33 40 17 427
J 7 3 32 28 28 33 39 17 39
I / 3 32 28 28 33 39 17 398
J 14 5 21 17 19 25 35 34 87
I 14 5 21 17 19 25 35 3' 679
J 11 4 10 8 10 lb 21 43 102
I 11 4 10 8 10 lb 2: 43 10210

3J 16 5 22 19 21 27 37 28 79
i 15 5 22 19 ?! 27 37 28 79gg

' '

J 8 4 11 10 I? 13 18 10 54
1 8 4 11 10 IJ 13 18 10 5412
J 9 5 11 16 19 14 2U -24 7

1 1 0 -24 713
J 8 4 13 17 18 IJ 20 -20 10

[ 8 4 13 17 18 15 20 -20 10g4

J 16 7 25 23 26 30 41 14 57

,

! 16 7 25 23 26 30 41 14 57
|jg J 8 4 17 25 26 19 26 -26 -1
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Table 3B-1 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIF-IN)
PAGE 2 0F 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SAM. PS. 5 T .H . SRSS ABS. |

' SRSS MS . I'

il1 (2) SRSS (41 2.4 1.3 1.3

I 6 4 17 25 26 19 26 -26 -l
16

J 9 4 20 29 30 22 30 -24 .4

1 9 4 20 29 30 22 30 -24 .4
g7

J 13 5 10 15 18 16 22 -10 26

I 13 5 10 15 18 16 22 -10 26
18

J 6 3 19 17 18 20 26 15 46

I 6 3 19 17 18 20 [S 15 46'
19

J 6 3 17 15 16 18 23 12 43

1 6 3 17 15 16 18 23 12 43
20

J 19 7 44 54 56 48 63 -14 13

1 36 10 27 39 44 45 63 9 41
21

J 10 2 27 16 16 29 37 80 132

I 10 2 27 16 16 29 37 80 132
22 _

J 10 3 30 17 17 32 40 83 129

I 10 3 30 17 17 32 40 83 129
23

J 9 2 29 16 17 31 39 83 130
~

1 9 2 29 16 17 31 39 83 130
24

J 8 2 21 12 13 23 29 77 127
~

1 8 2 21 12 13 23 29 77 127
25

J 6 1 22 16 16 23 ?9 45 79

1 6 1 22 16 16 23 29 45 79
26

J 6 1 23 16 16 24 29 48 81

1 6 1 23 16 16 24 29 48 81
27

J 5 1 18 12 13 19 23 46 81

I 5 1 18 12 13 19 23 46 81
7p j

J 5 ' 14 10 I 11 15 19 35 70

8 1 5 1 14 10 ' 11 15 19 35 7U
29 L

J 5 1 11 9 10 12 16 28 66

1 5 1 1 10 12 W 28 66
30

J 25 3 41 23 24 48 66 98 172
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Table 38-1 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 3 0F 3

.

ELE C(NAMIC COMP. STATIC COMP. TOIAL RESPONSES PER. CON

'ENO
R .S . T.H. 5AM. r 5. S. T.H. SRSS ABS.

I I 5"30 "80'
~

(l' (2) SRSS (4) ;.4 1.3 1.3

1 40 12 46 61 66 61 87 -7 32
31

J 46 13 41 59 65 62 87 -5 34

1 46 13 41 59 65 62 87 -5 3432
*

J 50 14 37 58 64 63 88 -2 37

1 50 14 37 58 64 63 88 -2 3733
J 53 14 38 55 61 66 91 7 50

~

I 53 14 38 55 61 66 91 7 5034
J 13 5 91 68 70 91 103 31 48

I 13 5 91 68 70 91 103 31 4835
J 18 7 98 6d 71 99 116 39 62

~

I 18 7 98 69 71 99 116 39 6236
J 17 4 49 34 36 52 66 44 85

'

! 17 4 49 34 36 52 66 44 8537
J 21 6 66 43 45 69 87 52 91
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Table 3C-1

COMPARISON 0~ RESULTANT MOMENT RESPONSES [ KIP-IN)
PAGE 1 CF 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END

R.S. T.H. SAM- PS. S. T.H. SRSS A8S.

til (2) A8S.131 (4) 2.4 1.3 1.3 SRSS MS .

i 3 2 17 10 10 18 20 75 100j |

J 2 8- 17 10 10 17 18 73 91

1 2 8 17 10 10 17 18 73 91
2 ~

J 2 8 16 10 10 16 18 71 87

1 2 8 16 10 10 16 18 71 87
3

J 5 3 21 13 13 22 27 62 97

I 5 3 21 15 13 22 27 62 97
4

2 16 10 10 17 20 64 97J -'

I 4 2 16 10 10 17 20 64 97
5

J 5 2 15 9 9 16 20 78 121
'

I 5 2 15 9 9 16 20 78 1216
J 8 4 43 28 28 44 51 57 83

I 8 4 43 28 28 44 51 57 837
J 7 3 44 28 28 44 51 57 80

I 7 3 44 28 28 44 51 57 80
8

J 14 5 27 17 19 30 41 62 120

i 14 3 27 17 19 30 41 62 120g

J 11 4 11 8 10 16 22 54 117

I 11 4 11 G 10 16 22 54 117;g
J 16 5 30 19 21 34 46 61 118

I 16 5 30 19 21 34 46 61 118;;
J 8 4 12 10 12 15 20 22 69

I 8 4 12 10 12 15 20 22 69
12

J 9 5 13 16 19 16 22 -14 19

! 5 16 B 16 22 -M 19
13

.18 16 22 -12 19J 8 4 14 17

! 8 4 14 17 18 16 22 -12 19;4

J 16 7 31 23 26 35 47 33 79

! 16 7 31 23 26 35 47 33 79
15

J 8 4 26 25 26 28 35 7 34
_ _
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Table 3C-1 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)

PAGE 2 0F 3

ELE OYNAM:C COMP. STATIC COMP. TOTAL RESPONSES PER. CON

ENO
R.S. T.H. LAM- PS. S . T.H. SRSS ABS.NO.

SRSS ABS.
til (2) ABS. (4) 2.4 1.3 1.3

; 8 4 26 25 26 28 35 7 3416
J 9 4 31 29 30 32 40 9 39

I 9 4 31 29 -30 32 40 9 3617
J 13 5 14 15 18 19 27 7 51

1 13 5 14 15 18 19 27 7 5118
J 6 3 30 17 18 30 36 74 106

1 6 3 30 17 18 30 36 74 1063g

J 6 3 27 15 16 27 33 70 103

I 6 3 27 16 16 27 33 70 10320
J 19 7 58 54 56 61 77 10 38

1 36 10 39 30 44 53 75 19 6821
J 10 2 39 16 16 41 50 154 210

I 10 2 39 16 16 41 50 154 21022
J 10 3 40 17 17 41 50 140 188

1 10 3 40 17 17 41 E0 140 188,

J 9 2 39 16 li 40 48 137 185

1 9 2 39 16 17 40 48 137 18524
J 8 2 29 12 13 30 37 134 187

1 8 2 29 12 13 30 37 134 18725
J 6 1 27 16 16 28 34 74 109

1 6 1 27 16 16 28 34 74 10926
J 6 1 27 16 16 28 33 76 109

1 6 1 27 16 16 28 33 76 10927
J 5 1 22 12 13 23 27 79 114

I 5 1 22 12 13 ka 27 79 11428
_

J 5 1 20 10 11 21 25 84 121
I

1 5 1 2n 10 11 21 25 84 121

J 5 1 17 9 10 18 22 84 125

1 5 1 17 9 10 18 22 84 12530
J 25 3 52 23 24 58 77 138 217
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Table 3C-1 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 3 0F 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SAM. PS. S. T.H. SRSS ABS.

SRSS ABS.
(1) (2) ABS. 31 (4) 2.4 1.3 1.3

~

1 40 12 58 61 66 71 98 7 49 |31
J 46 13 53 59 65 70 99 9 53

1 46 13 53 59 65 70 99 9 52
32

J 50 14 50 58 64 71 100 11 57

1 50 14 50 58 64 71 100 11 57
33

J 53 14 50 55 61 73 103 20 69

1 53 14 50 55 61 73 103 20 69
34

J 13 5 102 68 70 103 114 27 64

]5 I 13 5 102 68 70 103 114 47 64

J 18 7 115 69 71 116 133 62 86

1 18 7 115 69 71 116 133 62 86
36

J 17 4 56 34 36 59 73 63 104

I 17 4 56 34 36 59 73 63 104
37

J 21 6 84 43 45 87 105 92 132
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Table 3A-2

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)

PAGE I 0F 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSE 5 PER. CON

ENO*

R.S. T.H. SAM- PS. S. T.H. SRSS A85
(1) (2) ALG. 31 (4) 2.4 1.3 1.3 SRSS MS .

I 3 2 17 10 10 17 20 71 96g

J 2 8 16 10 10 17 18 71 89

1 2 8 16 10 10 17 18 71 892 _

J 2 8 16 10 10 16 18 70 86

1 2 8 16 10 10 16 18 70 863 ~

J 5 3 21 13 13 22 27 62 97

I 5 3 21 13 13 22 27 62 974

J 4 2 16 10 10 17 20 64 96

1 4 2 16 10 10 17 20 64 965
J 5 2 14 9 9 15 19 65 108

1 5 2 14 9 9 15 19 65 1086
8 4 44 28 28 45 52 61 87v

1 8 4 44 28 28 45 52 61 877
J 7 3 45 28 28 45 52 61 84

1 8 8 6 52 61 8;
8

J 14 5 27 17 19 31 42 65 123

I 14 5 27 17 19 31 42 65 123q
_

_

J l1 4 12 8 10 16 23 60 126

I 11 1 8 10 16 23 60 12610
.

J 16 5 32 19 21 35 47 68 126

I 16 5 32 19 21 35 47 68 126;;

7 8 4 8 10 12 11 16 -8 31
-

1 8 4 8 10 12 11 16 -8 3112
J 9 5 19 16 19 21 28 12 49

~

1 5 19 B B 21 28 12 G13
J 8 4 22 17 18 23 30 27 62

1 8 4 22 17 18 23 30 27 6234

J 16 7 40 23 26 43 56 65 114

1 0 23 26 43 ,% 65 1M15
J 8 4 31 25 26 32 39 24 5?
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Table 3A-2 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 2 0F 3

I

ELE DYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END
R . S .~ T.H. SRM- PS. 5 T.H. SRSS ABS.|

I11 (2) ALG.t3) (4) 2.4 1.3 1.3 SRSS ABS.

I 8 4 31 25 26 32 39 24 52
16

J 9 4 37 29 30 38 46 28 56
_.

I 9 4 37 29 30 38 46 28 56
17

J 13 5 20 15 18 24 33 34- 86

1 13 5 20 15 18 24 33 34 86
18

J 6 3 21 17 18 22 28 27 58

I 6 3 21 17 18 22 28 27 58
39

J 6 3 18 15 16 19 24 16 47

I 6 3 18 15 16 19 24 16 47
; 20
| J 19 7 84 54 56 86 103 55 85

I 36 10 49 39 44 61 85 37 92
21

J 10 2 17 16 16 20 28 25 72

1 10 2 17 16 16 20 28 25 72
22

J 10 3 23 17 17 25 32 42 86

! 10 3 23 17 17 25 32 42 86
23

J 9 2 21 16 17 23 31 39 82
_

1 9 2 21 16 17 23 11 39 82
24

J R 2 17 12 13 19 25 48 96

I 8 2 17 12 13 19 2b 48 96
25

J 6 1 2 1" 16 7 9 -58 -46

I 6 1 2 16 16 9 -58 -46nr
-_. 4 _<a

J 6 1 3 16 16 7 9 -57 -42

t 6 1 3 16 16 7 9 -57 -42
27 _ _

J 5 1 5 12 13 7 10 -46 -24

1 5 I 5 12 13 7 10 -46 -24
28 ;

J 5 | 1 7 10 11 8 11 -27 1
~ '

I 5 1 7 10 11 8 11 -27 1
3

J 5 1 7 9 10 8 11 -16 17
'

I 5 I 7 9 10 8 11 -16 '. 7
30

a 25 3 7 23 24 26 32 6 32
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Table 3A-2 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)

PAGE 3 0F 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON
END

R.S. T.H. SAM- PS. S . T.H. SRSS A8S.
I1) (2) ALG.( 3 ) (4) 2.4 1.3 1.3 SRSS ABS.

1 40 12 90 61 66 99 130 50 9831

J 46 13 86 59 65 97 132 50 103

1 46 13 86 59 65 97 132 50 10332
J 50 14 82 58 64 96 132 50 107

1 50 14 82 58 64 96 132 50 10733
J 53 14 74 55 61 91 127 49 108

1 53 14 74 55 61 91 127 49 10834
J 13 5 66 68 70 67 78 -4 12

I 13 5 66 68 70 67 78 -4 1235
J 18 7 65 69 71 67 83 -6 16

36 _1 18 65 63 71 67 83 -6 16
-

J 17 1 14 34 36 22 31 -38 -13
1 17 4 14 34 36 22 31 -38 -1337
J 21 6 46 43 45 50 66 11 47

_

..<w-

-~

e *

r =e.m.emsaw-- e

aww..,,

._ _ . . - _

e w

__ _.
4
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Table 3B-2

COMPARISON OF RESULTANT MOMENT RESPONSES IKIP-IN)
PAGE 1 0F 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SRM- PS. S. T.H. SRSS A8S.

I11 (2) SRSS' I
SRSS ABS.'

[4] 2.4 1.3 1.3

I 3 2 16 10 10 16 19 64 89
;

J 2 8 16 10 10 16 18 67 85 l

1 2 8 16 10 10 16 18 67 85 I
2

J 2 .8 16 10 10 16 18 68 84

1 2 8 16 10 10 16 18 68 84
3

J 5 3 18 13 13 19 23 41 75

1 5 3 18 13 13 19 23 41 75
4

J 4 2 16 10 10 17 20 64 97

1 4 2 16 10 10 17 20 64 97
5

J 5 2 15 9 9 16 20 77 120

1 5 2 15 9 9 16 20 77 120
6 _

J 8 4 34 28 28 35 42 27 52

I 8 4 34 28 28 35 42 27 52
7

J 7 3 35 28 28 36 42 27 49

35 28 28 36 42 27 49
8

J 14 5 22 17 19 26 37 41 35
~'

i 14 5 22 17 19 26 37 41 95g

J 11 4 11 8 10 15 22 48 110

t 11 4 11 8 10 15 22 48 110
10

J :6 5 24 19 21 29 40 37 90

I 16 5 24 19 21 29 40 37 90g;
J 8 4 13 10 12 15 20 24 70

I 8 4 13 10 12 15 20 24 79
12

J 9 5 23 16 19 25 32 33 72

1 5 23 16 E 25 32 33 72
13 ~

J 8 4 25 17 18 27 'l 44 80

1 8 4 25 17 18 '7 33 44 8f?g
~5 63 111J 16 7 40 23 26 43 )

I 16 7 40 23 26 43 55 63 111
15

J 8 4 27 25 26 28 35 8 35
.
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Table 3B-2 (Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)

PAGE 2 Of 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END

R.S. T.H. SAM. PS . S . T.H. SRSS A8S.
I ss ms.I11 (2) SRSS (4) 2.4 1.3 1.3

! 8 4 27 25 26 28 35 8 3516 ,_

J 9 4 32 29 30 33 41 13 40

I 9 4 32 29 30 33 41 13 40;7

J 13 5 18 15 18 22 31 27 76

I 13 5 18 15 18 22 31 27 7610
J 6 3 26 17 18 27 33 53 86

I 6 3 26 17 18 27 33 53 8619
J 6 3 22 15 16 ,72 28 39 71

I 6 3 22 15 16 22 28 39 7120
J 19 7 68 54 56 71 87 27 57

_

I 36 10 46 39 44 59 82 32 852,

J 10 2 15 16 16 18 25 13 57

1 10 2 15 16 16 18 25 13 5722
J 10 3 18 17 17 20 27 17 58
i 10 3 18 17 17 20 27 17 5823
J 9 2 17 1R '7 19 26 14 55

I 9 2 17 19 26 14 5524 .

J 8 2 14 16 22 24 70

1 8 1 12 13 16 22 24 7025
J 6 1 3 16 16 7 9 -56 -41

! 6 1 3 16 16 7 9 -56 -4126 .__

J 6 1 3 16 16 7 9 -58 -44

1 6 1 3 16 16 7 9 -58 -44
27 '

,

J 5 1 3 12 13 ! 6 8 -5? -34

1 1 1 6 8 -52 -3T28
J S 1 5 10 11 7 10 -40 -15

1 5 1 5 10 11 7 10 -40 -15,,

T 5 1 5 9 10 7 9 -31 -2

1 5 1 5 9 10 7 9 -31 -230
J 25 3 7 23 24 26 32 7 33

)
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Table 3B-2 (Cent'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 3 0F 3

ELE OYNAMIC COMP. ST9 TIC COMP. TOTAL RESPONSES PER. CON

ENO -

R.S. T.H. SAM. PS . S . T.H. SRSS ABS.
l3) SRSS ABS.~

(1) (2) SRSS (4) 2.4 1.3 1.3

1 40 12 76 G1 66 86 116 30 76
31 |

J 46 13 72 59 65 85 118 31 81

1 46 13 72 59 65 L 118 31 81
32

J 50 14 68 58 64 85 118- 32 85

I 50 14 68 58 64 85 118 32 85
33

J 53 14 60 55 61 80 113 32 86

I "3 14 60 55 51 80 113 32 86
34

J 13 5 55 68 70 57 68 -19 -3

1 13 5 55 68 70 57 68 -19 -3
35

J 18 7 55 69 71 58 73 -19 2

36 .] 18 7 55 69 71 58 73 -19 2

J 17 4 17 34 36 25 35 -31 -3

1 17 4 17 34 36 25 35 -31 -3
37

J 21 6 35 43 45 41 56 -10 23

_

!
i

-

__

| --

!

!
'

.. _ _

i
I | i
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Table 3C-2

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)

PAGE 1 0F 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON
ENO

R.S. T.H. SAM- PS. S. T.H. SRSS ABS.
til (2) ABS.13) (4) 2.4 1.3 1.3 SRSS ABS.

I 3 2 19 10 10 19 21 88 113g

J 2 8 18 10 10 18 20 86 104

I 2 8 18 10 10 18 20 86 1042
J 2 8 17 10 10 17 19 84 100

1 2 8 17 10 10 17 19 84 1003

J 5 3 23 13 13 23 28 73 108
__

I 5 3 23 13 13 ~3 28 73 1084

J 4 2 18 10 10 18 21 76 109

I 4 2 18 10 10 18 21 76 1094 5
J 5 2 17 9 9 17 21 92 136

1 5 2 17 9 9 17 21 92 1366
J 8 4 46 28 28 47 54 68 94

I 8 4 46 28 28 47 54 68 947
J 7 3 47 28 28 47 54 68 91

I 7 3 47 28 28 47 54 68 918
J 14 5 28 17 19 32 43 70 128

1 14 5 28 17 19 32 43 70 128g

J 11 4 14 8 10 17 24 69 137

1 11 4 14 8 10 17 24 69 13710
J 16 5 3J 19 21 37 4S 78 13S

I 16 5 34;; j 19 21 37 49 78 136

J 8 4 17 10 12 19 25 54 1051
! 8 4 17 10 12 19 25 54 10512

|J 9 5 27 16 19 28 36 52 93

1 9 5 27 16 19 28 36 Sh 9313
J 8 4 28 17 18 3U~ 36 60 97

'

I B 4 28 17 18 30 36 60 9714

J 16 7 45 23 26 48 61 83 133

1 16 7 45 23 26 48 61 83 13315
J 8 4 36 25 26 37 44 42 70
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Table 3C-2 (Cont'd)
COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)

PAGE 2 0F 3

|
ELE OYNAMIC COMP.' STATIC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SAM. PS. S. T.H. SR55 ABS.

SRSS 985*

t11 (2) A85. (4) 2.4 13 1.3 ;

1 8 4 36 25 26 3/ 44 42 70 |16
J 9 4 42 29 30 43 52 46 74

I 9 4 42 29 30 43 52 46 74
g7

J 13 5 22 15 18 26 35 46 99

I 13 5 22 15 18 26 35 46 %
18

J 6 3 38 1, 18 39 45 121 155

I 6 3 38 17 18 39 45 121 155
19

J 6 3 32 15 16 33 38 104 138

1 6 3 32 15 16 33 38 104 138
20

J 19 7 85 54 56 87 104 56 86

I 36 10 55 39 44 66 91 48 104
21 ~

J 10 2 19 16 16 22 29 34 82

1 10 2 19 16 16 22 29 34 82
22

J 10 3 23 17 17 25 33 45 89

1 10 3 23 17 17 25 33 45 89
23

J 9 2 22 16 17 24 31 42 86

I 9 2 22 16 17 24 31 42 86
24

J 8 2 18 i2 13 19 26 51 100

25 _1 8 2 18 12 13 19 26 51 100

J 6 1 4 IF 16 8 11 -52 -33

1 6 1 4 16 16 8 11 -52 -33
26

J 6 1 4 16 16 7 10 -56 -40

I 6 1 4 16 16 7 10 -56 -40
27

2 1 5 12 13 7 10 -46 -24J

5 1 5 12 13 7 10 -46 -24
28

J 5 1 7 10 11 8 12 -26 3

I 5 1 7 10 11 8 12 -26 3
29

J 5 1 7 9 10 8 11 -15 18

I 5 1 7 9 10 8 11 4 18
30

J 25 3 11 23 24 27 36 12 47
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Table 3C-2 (Cont'd)
COMPARISON OF RESULTANT MOMENT RESPONSES IKIP-IN)

PAGE 3 0F 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

ENO
I T.H. SAM. PS. S. T.H. SR$$ A8S.R.S.

|
(!! (2) ABS.(3) (4) 2.4 1.3 1.3

"

SRSS ABS.

I 40 12 96 61 66 104' 136 58 10731
J 46 13 90 59 65 102 137 56 110

1 46 13 90 59 65 i '2 137 56 11032
J 50 14 86 58 64 99 136 55 112

I 50 14 86 58 64 99 136 55 11233
J $3 14 75 55 61 92 129 51 111

1 53 14 75 55 61 92 129 51 11134
J 13 5 68 68 70 69 80 -1 15

I 13 5 68 68 70 69 80 -1 15*

35
J 18 7 63 69 71 70 66 -2 20

I 18 7 68 69 71 70 86 -2 2036
J 17 4 25 34 36 31 43 -14 19

I 17 4 25 34 36 31 43 -14 1937
J 21 6 52 43 45 56 72 23 60

.- _ . -

>w Mi

-- -

_
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Table 4A-1

COMPARISON Cr RESULTANT t'0 MENT RESFONSES (KIP-IN)
PAGE 1 0F 3

ELE DYNAMIC COMP. STATIC COMP. TOTAL RESPCr4SES PER. CON

END
R.S. T.H. SAM * PS. S. T.H. SRSS ABS.

(1) (2) ALG.(3) (41 2.4 1.3 1.3 SRSS ABS.

I 68 29 55 38 49 87 123 79 152
g

J 69 28 50 34 46 85 118 86 159

1 69 28 50 34 46 85 11e 86 159
2 _

|J 63 26 47 32 43 79 110 85 158,

1 63 26 47 32 43 N 110 85 $8
3

J 56 22 47 33 40 73 103 81 155

1 56 23 47 33 41 73 103 79 152
4

J 54 23 47 33 40 71 100 70 149

1 54 23 47 33 40 71 100 76 1495
J 62 27 47 33 45 78 109 75 145

I 62 27 47 33 6 78 109 ' 75 h6
J 58 26 42 29 42 72 100 71 139

1 58 26 42 29 42 72 100 71 1397
J 38 18 32 22 32 50 71 55 119

I 8 18 32 22 32 50 71 55 1198 _

J 31 15 23 16 25 38 54 51 112

I 31 15 23 16 25 38 54 51 112g

J 14 20 16 11 26 47 61 81 133

I 4 20 15 11 26 47 61 81 133
10 _

J 65 29 16 11 34 67 81 98 140

1 65 29 16 11 34 67 81 98 140g3

J 78 35 20 14 40 80 98 102 145
.-

78 35 20 14 40 80 98 102 145
12 _I_

J 81 36 22 16 41 5 104 104 151

1 81 36 22 15 41 85 104 104 151
13

J 71 31 21 15 36 74 92 107 157

1 71 31 21 15 36 74 92 107 157g
J 63 28 19 13 31 66 82 112 164

I I 6 82 112 164
15 !

J 61 29 18 12 32 j 64 79 103 152
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Table 4A-1 (Cont'd)
COMPARISON OF RESULTANT MOMENT RESPONSES ! KIP-IN)

PAGE 2 0F 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END

.
R.S. T.H. SAM. PS. S. T.H. SRSS ABS.
til (2) ALG.(31 (4) 2.4 1.3 1.3 SRSS ABS.

I 61 29 18 12 12 64 79 103 15216
J 63 31 17 12 34 65 80 92 134

I 85 36 20 14 38 88 105 129 17537
J 77 30 11 7 31 78 88 151 182

1 77 30 11 7 31 78 88 151 18218
J 74 28 4 3 29 74 79 160 175

I 55 21 21 15 26 59 76 128 194gg

J 42 16 21' 14 23 47 63 101 170

I 42 16 21 14 23 4't 63 101 17020
J 32 13 21 14 21 38 53 79 147

I 32 13 21 14 21 38 53 79 14721
J 27 .3 20 14 22 34 47 56 119

1 27 13 20 14 22 34 47 56 11922
J 26 13 21 14 21 33 46 53 116

-

1 26 13 21 14 21 33 46 53 11623
J 28 13 21 15 20 35 49 75 145

1 28 13 21 15 20 35 49 75 145-
<4

J 35 16 22 15 21 41 57 94 167

I 35 16 22 15 21 41 57 94 167,5c

J 41 18 22 15 23 47 63 99 169

I i 1 15 23 47 63 99 B9|26
J 43 19 22 15 25 48 64 92 158

1 43 19 22 15 25 48 64 92 15827
J 45 20 21 15 27 50 66 84 144

1 45 20 21 15 27 50 66 84 14428
J 38 16 21 15 24 43 59 83 149

1 38 16 21 15 24 43 59 83 149

J 31 [ 15 20 14 23 37 51 62 125

I 1 15 20 14 n n 51 62 125,o
J 37 19 19 13 26 | 42 56 61 117

_
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Table 4A-1 (Cont'd)

COMPARISON OF REbULTANT f10 MENT RESPONSES [ KIP-IN)
PAGE 3 0F 3

ELE OYNAMIC COMP. STAilC COMP. TOTAL RESPONSES PER. CON

END
R.S. T.H. SAM- PS . S . T.H. SRSS ABS.

NO.
l!) (2) ALG.f3) (4) 2.4 1.3 1.3 SRSS ABS.

1 37 19 19 13 26 42 56 61 117
31

J 42 21 19 13 27 46 61 69 124

1 4? 21 19 13 27 46 61 69 124
32

J 42 20 19 13 26 47 62 78 136 |

I 42 20 19 13 26 47 62 78 136
33

J 47 22 20 14 28 51 66 84 140

I 47 22 20 14 28 51 66 84 140
34

J 54 26 20 14 32 57 73 81 133

I 54 26 20 14 32 57 73 81 133
35

J 62 32 20 14 36 65 82 80 126

I 62 32 20 14 36 65 82 80 126
36

J 72 38 20 14 42 75 92 78 120

I 38 20 14 42 E 92 78 120
37

J 73 39 20 14 43 76 94 77 118

1 73 39 20 14 43 76 94 77 ~ 118
38

J 62 33 19 13 37 65 81 78 122

I 62 33 19 13 37 65 81 78 122
39

J 52 27 19 13 32 55 71 76 125

] ! 52 27 19 13 32 55 71 76 125

J 45 23 18 13 28 48 63 74 127

I 45 23 18 13 28 48 63 74 127
4;

J 41 21 18 12 26 45 59 73 128

1 41 21 18 12 26 45 59 73 128
42

J 40 21 18 12 25 44 58 73 128
_

__.

wwwmase-'-

- semmus'

1

|
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Table 48-1

COMPARISON OF RESULTRNT MOMENI RESPONSES (KIP-1N1

PAGE 1 0F 3

ELE DYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

END

R.S. T.H. SOM* PS. S. T.H. 'SRSS ABS.
I ' SRSS ABS.(1) [2] SRSS [4] 2.4 1.3 1.3

1 68 29 64 38 49 93 132 91 170
3

J 69 28 55 34 46 88 124 93 172

1 69 28 55 34 46 88 124 93 1722
J 63 26 52 32 43 82 115 93 172

I 63 26 52 32 43 82 115 93 1723
J 56 22 53 33 40 77 109 90 168

1 56 23 53 33 41 77 109 88 1654

J 54 23 54 33 40 76 107 87 165
~

I 54 23 54 33 40 76 107 87 1655
J 62 27 5" 33 45 85 123 91 170

I 6
6 0 M 170

J 58 26 53 29 42 79 111 87 165

1 58 26 53 29 42 79 111 87 If7
J 38 16 39 22 32 55 77 69 139

_.

, I 38 18 39 2^ 32 55 77 69 139

J 31 15 29 16 25 42 60 67 136

! 31 15 29 16 25 42 60 67 136g
1 44 20 30 11 26 54 75 106 186

1 44 20 30 11 26 54 75 106 186gg

J 65 29 41 11 34 77 106 128 215

1 65 29 41 11 34 77 106 128 215

J 76 35 50 14 40 93 128 133 222

1 78 35 50 14 40 93 128 133 22212

J 81 36 53 16 41 97 134 134 224

i 1 6 53 6 41 97 134 134 224
13

J 71 31 44 15 36 83 115 133 221

1 71 31 44 15 36 83 115 133 221

J 63 28 33 13 31 71 96 128 208

1 63 28 33 13 31 71 96 128 208
15 ~

J 61 29 28 12 3^ 68 90 115 185
- "m
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Table 4B-1 (Cont'd)

COMPARISON OF RESULfANT MOMENT RESPONSES (KIP-IN)
PAGE 2 0F 3

ELE OYNAMIC COMP. STATIC COMP. TOTf.m RESPONSES PER. CON

ENO
IR.S. T.H. SAM * P5. 5 T.H. SR55 A85

3) SRSS MS .
(1) (22 5R55 141 2.4 1.3 1.3

1 61 29 28 12 32 68 90 115 185 j
16

J 63 31 25 12 34 68 88 100 160

I 85 36 35 14 38 92 120 141 214
17

J 77 30 21 7 31 80 98 157 217

I 77 30 21 7 31 80 98 157 217
18

J 74 28 14 3 29 76 88 164 209

1 55 21 29 15 26 62 84 140 224gg

J 42 16 30 14 23 52 73 122 210

1 42 16 30 14 23 52 73 122 210
20

J 32 13 34 14 21 47 66 118 209

1 32 13 34 14 21 47 66 118 209
21

J 27 13 38 14 22 47 65 117 202

1 27 13 38 14 22 47 65 117 202
22

J 26 13 42 14 21 49 68 131 217

1 26 13 42 14 21 49 68 131 217
23

J 28 13 44 15 20 52 72 161 260

1 28 13 44 15 20 52 72 161 260
24

| J 35 16 48 15 21 59 83 179 290

I 35 16 48 15 21 59 83 179 290
25

| J 41 18 51 15 23 66 92 180 294

I 41 18 51 15 23 66 92 180 294
26

J 43 19 51 15 25 67 94 167 277

1 43 19 51 15 25 67 94 167 277
27

J 45 20 52 15 27 69 97 154 258

1 5 20 52 15 27 69 M 154 258
28

J 38 16 49 15 24 62 87 162 267

1
' 6 G 15 24 62 87 162 267

29
J 31 15 44 14 23 54 75 139 233

1 31 15 44 14 23 M % 139 233
30

J 37 19 43 13 26 57 80 118 208
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Table 4B-1(Cont'd)

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN)

PAGE 3 0F 3

ELE OYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

ENO
R.S. T.H. SAM- PS. S. T.H. SRSS A85NO. l3) SRSS ABS.
II' (2) SRSS (4) 2.4 1.3 1.3

! 37 19 43 13 26 57 80 118 208
31

J 42 21 40 13 27 58 81 112 200

1 42 21 40 13 27 58 81 112 200
__

J 42 20 34 13 26 55 77 108 193

1 42 20 34 13 26 55 77 108 19333
J 47 22 30 14 28 56 77 102 179

1 47 22 30 14 28 56 77 102 17934
J 54 26 28 14 32 60 81 92 159

1 54 26 28 14 32 60 81 92 15935
J 62 32 28 14 36 68 90 87 147 ,

1 62 32 28 14 36 68 90 87 14736
J 72 38 2? 14 42 78 101 85 141

1 2 38 29 14 42 78 101 85 14137
J 73 39 30 14 43 79 104 85 142

i 73 39 30 14 43 79 104 85 14238
J 62 33 27 13 37 68 90 85 145

I 62 33 27 13 37 68 90 85 14539
J 52 27 25 13 32 58 77 84 146

1 52 27 25 13 32 58 77 84 14640
J 45 23 24 13 28 50 68 82 147

I 45 23 24 13 28 50 68 82 147a;
J 41 21 23 12 26 47 64 82 147

1 41 21 23 12 26 47 64 82 14742 ~

J 40 21 23 12 25 46 63 81 147
__

mme.-
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Table 4C-1 .#.; ,. g.j.,.

COMPARISON OF RESULTANT MOMENT RESPONSES (KIP-IN; I[_
PAGE 1 0F 3 ; , .f

'

. r.
<'[.ELC OYNAMIC COMP. STATIC COMP. TOTAL RESPON5E5 PER. CON -

ENO W.-
R.S. T.H. SAM. PS . S . T.H. SR$$ ABS. n .

(1) (2) A8S .I 3 3 '4) 2.4 1.3 1.3 ' o) N* #'~

e
>. . . ,

! 68 29 103 38 49 124 171 153 251 ?g.i;
.. . -

J 69 28 90 34 46 113 158 147 245 ?., . g~ , , . .
I 69 28 90 34 46 113 158 147 246

2 __ s. ,- -
,

J 63 26 85 32 43 106 149 150 249 - .m:-
1 63 26 85 32 43 106 149 150 249 7's-3

J 56 22 81 33 40 99 137 144 239 L ,[ 1
y
g ;- s.I 56 23 81 33 41 99 137 141 235 . , .44

J 54 23 76 33 40 93 129 129 219 ' .. E.;

1 54 23 76 33 40 93 129 129 219 .v. . ..,5 M t-J 62 27 73 33 45 95 135 116 204 s ' z.. ,--

ya ;
I 62 27 73 33 45 96 135 116 204 c '. ,. - ? ~.'6

_

f-- ..y -.,C i ,J 58 26 68 29 42 89 126 112 199

I 58 26 68 29 42 89 126 112 199 .[~ .'..' 5. "7

J l 38 18 54 22 32 E '; 92 104 134 , .|. ' , i'

I 38 18 54 22 32 66 92 104 184 .'.. _' '

8 __

J 31 15 48 16 25 57 79 123 209 f. ' E
-- 4 ,

I 31 15 46 16 25 57 79 123 209
'1]. :; f,.g

J 44 20 48 11 26 65 92 151 255 .- . gU
i 44 20 48 11 26 65 92 151 255 7N210 .-

, ,3

J 65 29 66 11 34 92 13i 174 286 9
.

1 55 29 66 11 34 92 131 174 263 '< i
~

11 y.
'~

J 78 35 79 14 40 111 156 1 18 293 y;_ ; -

.

_

'
1 78 35 79 14 40 111 156 178 293 . ' '10 *h
J 81 36 80 16 41 115 162 176 291 ,_ * ,, %

_ _ _ _ _ g ,
I 81 36 80 16 41 115 162 176 231 4

.

13
J 71 31 65 15 35 96 136 169 280 - * ,,

>>k"

1 71 31 65 15 36 96 I?6 169 280
;4

-

J 63 28 44 13 31 77 107 147 245 *
. . . - .m

.'-
'

! 63 28 44 13 31 77 107 147 245 '

15-

.:.4
,

J 61 29 38 12 32 72 100 130 216 -

'

._' 4,.
-

.; ;
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Table 4C-1 (Cont'd)

COMPARISON OF RESULIPNT MOMENT RESPONSES (KIP-IN)
PFCE 2 Or 3

ELE OthAMIC LUMP. STATIC C0hP. TOTAL RESPONSES PER. CON

ENO
R.S. i.H. bf}M . PS. 5 T.H. SRSS A85.
l11 (2) 085.l3) (4) 2.4 1.3 1.3

~

6"bb 03'

1 61 29 38 12 32 72 100 130 21616
J 63 31 38 12 34 73 100 116 196

I 85 36 49 14 38 98 134 157 251;7

J 77 30 32 7 31 83 109 169 251

I 77 30 32 7 31 83 109 169 25118
J 74 28 24 3 29 78 98 173 243

_

I 55 21 43 15 26 70 99 171 281gg

J 42 16 49 14 23 65 92 178 292

I 42 16 49 14 23 65 92 178 292,0<

J 32 13 56 14 21 65 88 204 314

I 32 13 56 14 21 65 88 204 31421 . _

'J 27 13 64 14 22 69 91 220 319
! 27 13 64 14 22 69 91 220 3192

J 2S 13 70 14 21 75 96 249 347

1 26 13 70 14 21 75 | 96 249 34721
J 28 13 73 15 20 78 101 291 405
1 28 13 73 15 20 78 101 291 405g4

J 15 16 77 15 21 85 112 298 428

! 35 16 77 15 21 85 112 298 4287q

J 41 18 82 15 23 92 123 290 425

1 41 18 82 15 23 92 123 290 425,a,
J 43 19 82 15 25 92 124 268 397

I 43
27 __ ._ IS . 82 15 25 92 124 268 397

__ __ _ _

J 45 20 81 15 27 93 126 243 367A
I 45 20 81 15 27 93 126 243 367,

<8
J 3B 16 77 15 24 86 115 263 385

1 33 16 77 15 24 86 1lb 263 385,9c

J 31 15 72 14 23 78 102 245 353

1 31 15 72 14 23 ~/8 102 245 353.0a

f l96J 37 19 67 13 26 77 104 302
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Table 40-1(Cent'd)

COMPARI. SON OF RESULTANT MOMENT RESPONSES (KIP-IN)
PAGE 3 0F 3

|
ELE DYNAMIC COMP. STATIC COMP. TOTAL RESPONSES PER. CON

LhD
R.S. T.'i. SAM- PS. S. T.H. SRSS ABS.

I1) (2) ABS .' (41 2.4 1.3 1.'
'

1 37 19 67 13 26 77 104 196 302
31

J 42 21 61 13 27 74 103 173 279
_

1 42 21 61 13 27 74 103 173 279
32 _

J 42 20 54 13 26 68 96 160 266

1 42 20 54 13 26 68 96 160 266 -

33 -

J 47 22 46 14 28 65 13 139 227

I 4 22 46 14 28 66 93 139 237
34 _A

J 54 26 40 14 32 67 94 112 197 -

I
1 54 76 40 14 32 67 94 112 197

35 _

J 62 32 37 14 36 73 100 1.00 174
7

I 62 32 37 14 36 73 100 100 174
35 _

J 72 38 41 14 42 83 113 97 168

1 12 18 41 14 42 83 113 97 lb8 ,

37 _

}___3 3_-
- -..-._. __.

J 73 44 14 43 86 117 99 173 '-

. __

1 73 39 44 14 43 86 117 99 173
38

J 62 33 39 13 37 73 101 !01 177

G2 33 39 13 37 73 101 101 177
39 {

J 52 27 35 13 g 32 63 68 100 178

1 52 27 35 13 | 32 63 88 100 178
40 g.-

J 45 23 33 13 28 55 77 100 179
-

I 45 23 B 13 26 55 77 100 179
.1,

J 41 21 31 12 26 52 73 100 180

I 41 21 31 | 12 26 52 73 100 180
,;p

J 40 21 31 12 '' 3 51 71 99 180

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

_ . _. . _ _ . __ _ _ . _ . _ _ _ _ _ L .._
l

| a.__. _ _ _ _ _ _ .

! I ! I

_ _ _
,

t

t__.__ t_ ._. _t _ _ t

N
e
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The results for the two piping systems with two support ymups support the
above conclusion. The results for the fourth problem are very conservative
rega rdless c which canbination is used in the spatial di rect i ]ns . For the
f i rst probl an, however, a non-conservative stress condition exists at the node
between elements 10 and 11 when the primary and secondary components are
c ombi n ed by SR S S. All other elements for this problem remain conservative for
either the SR3S or ABS summing procedures. In summary non-conservative
results were obtained for only one point in the two problems when the SRSS
procedure was applied.

It can be conc. :ded thi_ the absolute sum canbination between the primary and
secondary stresses will always yield the worse pcssible stress condition for a
given choice of rupport phasing. The use of SRSS a,bination also provides
rea sonably conservative results. However, t he most import a nt parareter
d f fect ing conservati sm i s, in f act, the choice of phasing between the su e ort
g r ou p s . Thi s aspect i s di scussed in detail below.

The results for a piping system with three support groups are givan in Tables
9A-1 to 2C-3. There exists four possible combinations one could use to apply
t he pha si ng between t hese support s. When all supports are in pha se, the
stress condition is least severe, and hence, is not considered for analysis.
Any of the other three phasing conditions can yield the worse stress at
certain l oca t ions i n t he pi pi ng syst em. That is, one choice of phasing that
does not necessarily result in the worse SAM stress condition at all poi nt s i n
t he sy s t em as i s t he ca se f o r a sys ten wi t h t''o suppo rt groups. However, if
dll t he t hree c ombinations are cons idered together, one could fo n7 the envelop
of these three which would then represent the worse SAM stress at every point
i n t he pi pi ng syst em.

To 11lustrate the above conclusion, conparing results for the first t hree
elements, the sec ond phasing choice yields a non-conservative stress
i rres pect i ve of which combination was used between the spatial directions.
However, when t he results for the other phasing choices are surveyed, a
rondition i s apparent which represent s t he woree stress at each of these
po!nts. T hi s c ondi tion is conservat ive as conpa red to the time hi story
resul's. A s iri11a r obse rvati on can be drawn f rom t he result s for t he 4-group
pronien presented in Tables 3A-1 to 3C-P. It should be noted that for this
p,oblem only two cases of phasing were considered which were assumed to yield
the wor 5 AM st res s c ondi t ion,,

several ether studies using more realistic input loadings were nade which are
noi i nc l uded in t h i s repo rt . A s ment ioned ea r li e r , the earthquake input for
t he prewnt eJ .t ud i es we re c hosen tron the real ground notion ea rt hquak e
retoros a va 11 a t' l e in t he C AL TE CH publications. A number of analyses were
pert o nned wi t h a set of real fl oor t ime hi story and response spect ra records
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trom an actual nuclear structure. The results from these studies are not yet
final as the correctness of the input time history fcnctions are still under
investigation. A general trend observed in this extended study is described
bel ow.

Most Cetegory I nuclear structures are designed on the basis of radiation
shielding which governs the concrete wall thickness. These structures are
consequently very rigid. Such structures when subjected to an earthquake
excitation exhibit floor responses which are both in phase and highly corre-
lated. For a piping system supported within this type of structure all sup-
port excitations would ' e in phase. If the simplified SAM analysis consideredo
them out of phase, then the computed SAM stress component would be overly
conservative as cmpared to the independent time history solutions. This
observation is also true, for a significant portion of piping systems sup-
ported frm more than one building. Only the intennediate section between the
buildings would experience larger SAM stresses than would be predicted for in-
phase response. With this in mind, it should be obvious that the level of
conservatism inherent in real nuclear plant designs will usually be large
regardless of which cmbination procedure is used between the primary and
secondary stress mponents.

In summary, the SRSS combination between the primary and secondary stress
cmponents of a piping systs subjected to seismic loading provides a rea-
sonable level of conservatism in estimating the stress condition. It is not
as conservative as that provided by the absolute sum procedure. It should
however be noted that the estimation of the static component (i.e., secundary
stress) should be made in a proper and conservative way as it has a signifi-
cant effect on the results.

C
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