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I. Introduction

Dyﬁamic structural analysis éf piping systems is one of
the most extensive engineering efforts required for £he safety
design of nuciear power plants. Such analysis is normally per-
formed by using computer programs which can handle.complex system
'géometries and various loading conditions, static or dynamic.

Applicants for:ﬁuclear power plant licenses are required
to provide confirmation of the adequacy of their programs, as
prescribed by the guideiines of the Standard Review Plan and
Appendix B, Section .III, of 10CFR50.1. Of particularlconcérn
to the Mechanical Engineering Branch is the class of programs
which are used by the industry to perform dynamic structural
analyses of complex piping systems. There are génerally large
programs based on the finite element method, which consider the
structures to be elastic over the entire deformation history and
“to experienée small displacements and rotations (which may, how-
ever, contain gaps). Some of these programs are well known,
general purpose programs, while others are more of a proprietary
nature.

A standard method for.verifyiné cdmputer programs 1is by
means of benchmark problems. By verification we define the assur-
ance that these programs produce correct and valid results, in
accordance with the'numericél and - theoretical methods on which
they are based. The verification of these programs can also be
considered.as their qualification for solviné‘problems of the

kind for which they are designed.




To verify and conirm the quality.of-thesé programs, the
Mechanical Eﬁgineering Branch of the Division of Systems Safety,
in conjunction with the Structural Analysis Group of Brookhaven
National Laboratory, has defined a set of suitable benchmark
problems and developed the corresponding solutions. The direct.
objective of these benchmérk problems is to provide assurance
that programé-perform according tc the claims of their authors
when applied to typiéal analysis problems encountered in the de-
sign of nuclear piping systems.

The purpose of this report is to describe the adopted bench-
mérk‘probleﬁs and.theif‘solﬁtions. The prdblems consist in cal-
culating the static and dynamic response of selected piping
structures subjected to a variety of loading conditions. The
structures range from simple pipe geometries to a representative
full scale primary nuclear piping system, which includes the
various components. and their supports. These structures are
assumed to behave in a linear elastic fashion only; i.e., they
experience swall deformations and small displacements with no
existing gaps, and remain-elaétic thru their entire response.

The solutions were obtained by using the program EPIPE,
which is a modification of the widely available program SAP 'IV.
k brief ouﬁline of the theoretical background of this program,

and its verification is also included in this report.

-De



II. Background

The EPIPE program is a modified version of the general
purpose program SAP,IV4 , specifically prepared for static
and dynamic analysis of the Class 1 nuclear piping according
to the ASME requirements.5 The piping system may consist of
straight elements, elbows and tees with spring hangers and
anchor restraints. The loads can beAeithér mechanical loads,
weights, thermal lcads,-support_movements; earthquakes, or any
combination of the aforementioned conditions-:

Since the elastic piping analysis method is a well established
procedure, in depth discussions of the theoretical developmen£ |
will not be included herein. 1Instead, only a brief outline of
the theoretical considerations used in obtaining the stétic and
dyﬁamic solutions to be discussed later with this text, is in-
cluded in this section.

1. static Analysis

‘The static analysis of a piping system is carried out by
‘use of the stiffness matrix method, in which the piping is
represented by a network of basic elements (straight and

curved beams, and one-dimensional elements) interconnected

at the nodes. The formulation of stiffness matrices for
‘straight ‘pipe (beam) and curved pipe may be found in several
references such as (6) and (7). For a curved pipe or tee, the

flexibility factor and stress intensification factor must

-3 -




be considered in t‘he,formulati‘on' of the stiffness matr.ix and in
the stress calcﬁlations,respeétivélyf These facfors;are
generally functions of pipe geometry and internal pressure. '’

From the EPIPE program, the static response of a piping
system is obtained in the form of nodal displacements,
‘resultant forces, and stresses at designated locations.

2. Dynamic Analysis

The dynamic resbonse of a p%p%ng system is described
mathematically by the equations gfjﬁotion

(M1 () + [cd {u} + (K] wu) = {R(8)] . (1)
Only the lumped mass approximation is allowed: Thus, in
equation (1) M represents the diagonal mass matrix of the
structure, u, the nodal acceleration vector; u, the nodal
velocity vector; C, a damping matrix, for which the Ragieigh
damping 'is assumed ie, C=aM+BK, wh%fe both @ and 8 are
the damping coefficients; K, the séiffness“matrix(same‘as
the static problem),and R(t), either a vector of arbitrary
time-dependent loads or ofAeffective loads resulting.from
earthquake motion.

The dynamic-analysis may be performed by either the mode
superposition methoa, the direct. integration method; or the res-

ponse spectrum anaiysis. All three methods are available in the

EPIPE program.



2.1 Mode Superposition Method

In order to employ the mode superposition method, it is first
necessary to compute the natural frequencies (or eigenvalues)
and corresponding mode shapes of the piping system. A choice
of two different solution procedures is available in the EPIPE
program'tq find the eigenvalues: a determinant search technigque,
or a subspace iteration method°3 When the stiffness matrix of -
the st:uctu;e can be stored in the computer code as a single
block,’it is ﬁore cOnVeniént to use the determinant search
=techniqge.‘ However, when the structural stiffness has to be
stored in several blocks, it is more efficient to use the sub-
space iteration method.

Ip the mode superposition method, the dynamic response of
the piping is assumed to be adequately described by p -
lowest vibration modes. Subsequently, the equations of
-motion (1) are decomposea into p uncoupled second ordér
differential equations. Each equation is solved byAnumerical
,inteération and the final response is obtained by superposition
of -.the various contributions of the individual modes.

2.2 Direct Integration Method

The equations of motion (1) can be solved directly by
'yétép—by-étep numerical integration. From this analysis a

complete time-history response of the piping is obtained.

-5~




In the EPIPE program, the Wilson e«method is useq, which is
considered to be uncondifignally.stable° The numerical
algorithm of this method is outlinéd in references (35 and
(4) .

2.3 Response Spectrum Aﬁalysis

The response spectrum analysis method is often used to de-
termine the dynamic response of a pipiné system due to earthquake
ecitations. It is usually offered as an acéeptable substitute
for the more complex (and hence more costly) time history
analysis.

Similar to the modg superposition method, this method
assumeé that the response of a struéture, can be adequately"
described by p lowest vibration modes. The maximum displace-
ment corresponding to mode n is JSbtained from the procedure
outlined in (8). The total response for displacements and
stress resultanté at each node is calculated as the sqgquare
root of the sum of the squares bf the modal maximum responses.
The response spectrum method normally gives higher (or more
conservative) values than thos obtained from the two othef

methods.



IIT. Benchmark Problems

" The EPIPE ptogram was applied to the analvses of the
following benchmark problems:

1. Static response of Hovgaard bend.

2. Dynamic response of Hovgaard bend.

~Case a, b, and ¢
3.' Dynamic response of a coffee table.
Case a, b and c¢

4. Static analysis of Spence's pipework.

5. Dynamic response of a low frequency coffee table. .

The'statié Hovgaard problem was solved analyti¢ally by
Hovgaard for a piping system under temperature locad. The
benchmark shown here compares this. solution with one obtained
by Epipe.

For the dynamic problems, 3 and 5, the piping systems were
assumed to be subjected to ground motion of the Imperial Valley
Earthquake, El1 Centro Site, May, 1940, in the S-E direction.

A digitized acceleration time-~history was obtained from reference
(9) and corresponding to -this accelerogram, the spectral ac-
celeration was generated according to the procedure outlined in
reference (10). Thié information was then»ﬁsed as the load input
for the response spectrum analysis. The dynamic.response for
both problems were analyéed by all three methods outlined

-previously in section II, i.e.,:




Case a - Time-history<analysis (mode superposition)/

Case b - Response spectrum analysis;

Case ¢ - Step-by-step (direct) integration.

The output for the dynamic analysis are presented'in the
form of:

a) Natural frequencies and vibraticn modes.

b) . Modal participation factors (for'Case b only) .

c) Maximum nodal displacements and their occurrence time.

d) Maximum forces and moments at nodes.

e) M@ximum stresses.
It is noted thaf the maximum forces, moments and stresses are
the absolute maximum values.

Finally; the last benchmark solution is for é.piéework

problem proQided to BNL by Spence].'l For this case EPIPE
results are compared with those obtained from SPANDLE, a

British piping program.

" Sign Convention.
-Element forces and moments are calculated with respect
to the local coordinates defined at the nodes i, and j as

shown in Fig. l-la and l-1b.
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Problem .l - Static Response of Hovgaard Bend

The response of a three-~dimensional three-arm pipe,
known as 'Hovgaard bend' subjected to a temperature gradient,
has been analyzed. The resultant moments.and forces in the

pipe were obtained analytically by Hovgaard,lz’13 and

_ . 4 N N
numerically by the computer program PIPDYN 4. A comparison
of these solutions is given in the data and tables that follow

the problem description.

Problem Description

i. GeometryA— The configuration of the Hovgaard bend,
as shown in Fig5 1-2, is comprised of a three-arm pipe in
which the arms are at right angles to each other and
connected by 90 degree bends. Both ends of the pipe are
fixed. The member properties are as follows:

Outside diameter (inches) 7.288

Wall thickness (inches) 0.241

ii.. Material data -

Young's modulus (psi) 24.0 E6
‘Poisson's ratio 0.3
Unit weight (lb/inch3) 0.283

Coefficient'of-thegmal‘
expansion (in/in/ F) 7.1E-6

iii. Loading conditions - The piping system is subjected
"to a uniform témperature of 850°F. " " T e

"No internal pressure was applied to the system"

=11




\Qi\\\‘ Note: Numbers in circles

1 represent elements, others
N represent nodes.

-

A Hovgaard Bend

(Figure not to scale)
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. Analysis Results

In Tablg'l-l, the end reactions at ends A and B are compared
with those given in references (12, 13, 14). Note that in
the analyticél methdd,'the»flexibility factor does not account
for the effects of internal pressure. Fu;thermore, it should
also be mentioned that thé anélytical results shown in the tables
that follow were obtained from a coﬁputerized solution of
equations 20, 21, 22, 23, 24 and 25, given in reference 13.

For the purpose §f c0mparison,>?abl¢s 1-2 and 1-3 show the
resultant forces of each member obtained by "EPIPE' program
(Caseia).and by the analytical wethod, respectively. A com-
parison of the resulting stresses is shown in Table l-4f As
can be seen from the tables, the differences among the three
different solutions are ratHer small and can be considéred to

be within an acceptable range.
Table 1-3 to 1-7 show the computer output of the nodal
displacements, resultant forces, and pipe stresses for the

case under consideration.

-13-




Table 1-1

Moments and Forces Acting on the Pipe from the Restfaints

M (in-1Db)
x

"M (in-1b)
Y »

M (in-1b)
Z

F (1b)
X

F (1b)
Y

F (1b)
A

EPIPE" Analytical Method’ PIPDYN
; _ (8l [14]
_End A End B End A End B End A End B
-54876.1 | 92504.8 || -56040 l+95295# '—55624,8 +93732.5
+14336.0 | -78555.0 || +14400 |-80363* || +14494.8 | -79972.8
+130165.2|-62255.6 || +133080 | -64173* || +132303.6 | -62868
_1711.0 +1712.0. || -1750 +1750 ~1737.2 +1737.2
-1666.9 | +1666.9 -1710 {+1710 -1686.3 | +1686.3
-628.2 | +628.2 -640  |+640 -636.7 +636.7

* Evaluated from the static equilibrium
solutions at End-A from Ref.

14~

(18],

based on the
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Table 1-2

Pipes Forces and Moments from 'EPIPE’

. . Y~Axis  2-Axis TorSional' Y-Axis Z-Axis

Member Type Station Axial ‘Shear Shear Moment Moment * Moment
X Tangent End-I -1666.9 ,.—628.2 -1711.0 -} 14336.0 130165.2 | -54876.1
' End-J ~1666.9 - -628.2  |-1711.0 14336.0 -56159.2 13539.6
2 Bend End-1I -1666.9 -1711.0 '628.2 ‘14336.0‘ ' 13539.6 56159.2
Center -2388.5 - 31.2 628.2 }26390.,5 15562.7 82353.9
End-J 1 -1711.0 1666.9 628.2 36344.9 8469.3 87759 .4
3 Tangent .End-I ~1711.0 ~-1666.9 |- 628.2 :36344.9- ~ 8469.3 ~-57759.6
End-J - =1711.0 ~1666.9 - 628.2 [36344.9 -30897.6 1747.9
4 Bend End-~-I -1711.0 - 628.2 1666.9 v36344.9. 1747,9 30897.6
Center -1654.1 765.6 1666.9  44657.9 18321.6 28832.3
End-J - 628.2 1711.0 1666.9 [62255.6 24162.8 - 8405.3
S Tangent End-1I - 628.2 1-1666.9 1711;0 62255.6 8405.3 24162.8
' End-J - b28.2 -1666.9 1711.0 162255.6 78555.0 92504.8
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Table 1-3

Pipes Forces and Moments (Analytical Method)*

Y-Axis -~ Z-Axis Torsional Y;Axis . Z-Axis

Member Type Station Axial Shear Shear Moment Moment Moment
1 Tangent:»End-I -1710 - 640 | -1750 14400 133080 -56040
End-J -1710 - 640 -1750 14400 - 57495 13656

2 | Bend End-1I -1710 -1750 640 14400 . 13656 | 57495
Center ~-2446 | - 28 640 - 26670 15899 | 84344

"End—J A—l750 1710 ‘ 640 36888 8832 - 58947

3 . Tangent End-1 -1750 - =1710 - 640 36888 ~ 8832 -58947
End-J -1750 -1710 - 640 36888 - 31616 1929

4 Bend End-I . | -1750 - 640 1710 36888 - 1929 | 31616
: Center | =-1690 785 1710 45699 19170 29514
End-J - 640 1750 1710 64173 25185 - 8613

5 Tangent | End-I - 640 -1710 1750 64173 8613 25185
End-J - 640 -171C 1750 64173 80363 95295

Evaluation based on the solution at End-A from Ref. 18 and static equilibrium of the system.



a) Longitudinal Stress

Table 1-4

Pipes Stresses

Analtyical’

EPIPE Method ¢ Difference
Member Type Station || Tension Comp. Tension | Comp. Tension | Comp.
1 Tangent End-1 15212 -15836 15548 -16188 2.16 2.17

End-J 6036 - 6661 6174 - 6814 2.24 2.24
2 Bend End-I 6903 = 7528 7083 - 7723 2.54 | 2.52
§ Center }{10021 -10916 10257 -11173 ¢ 2.30 2.30
End-J 6971 - 7612 7139 | - 77951 2.35 | 2.35
3. E-Tangent End-I 6095 | - 6736 6222 E - 6878 2.04 i 2.06
i End-J 3080 | - 3722 3153 | - 3809 2.31 | 2.28
4 % Bend End-I 3548 E - 4186 3640 E - 4296 2.53 % 2.56
' -} Center 3957 | - 4577 4093 | - 4725 3.32 1t 3.13
{ { End-Jd 3078 | - 3313 3215 [ - 3455 4,26 3 4.11

i i ! : H

: ! i i
5 . Tangent % End-I 2694 | - 2929 2805 | - 3045 3,96 | 3.81
i End-J 13219 @ -13455 13579 ¢ -13819 ¢ 2.65 % 2.63




Table 1-~4

(cont'd)

Pipes Stresses

b)v'Ci:cumferential Stress

Anéthical
EPIPE’ Method $ Difference
Member __Type Station Tension | Cémp. Tension { Comp. Tension Comp .
1 Tangent | End-I - 0 0 0 0 0 0
End-J || 0 0 0 0 0 0
2 Bend | End-1I 10565 -11935(f 10453 11809 1.07 i.le
Center 15492 -175021|f 15334 -17325 1.03 1.02
End-J 10866 =12275]|} 10716 -12108 1.40 1.38
3 Tangent | End-I- 0. 0 0 0 0 0
End-J 0 0 0 0 0 0
4 | Bend End-I 5812 - 6566|| 5748 | -.6494 1.11 1.11
| Center 5424 - 6127 5366 - 6062 1.08 1.07
End-J 1581 =~ 1786 1565 -. 1769 1.02 1.00
5 Tangent | End-1I 0 0 0 0 0 0
| End-J 0 0 0. 0 0 0

-18-




‘¢) Shear Stress:

Table 1-4

(cont'd)

Pipes ‘Stresses

- Analyticalv
__EPIPE _Method % Difference
Member Type Station Max Min _Max Min Max Min
1 Tangent | End-I . 1129 446 1141 443 1.05 0.70
End-Jd 1129 446 1141 443 1.05 0.70
2- Bend End~1I 1129 446 1141 443 1.05 0.70
Center 1568 1332 1585 1545 1.07 1.00
End-J 2331 1663 2369 1685 1.60 1.31
3 Tangent End-I 2331 . 1663 2369 1685 1.60 1.31
, End-J 2331 1663 2369 1685 1.60 1.31
4 Bend End-I 2331 1663 2369 1685 1.60 1.31
Center 2798 2110 2863 2159 2.27 2.26
End-J 3869 2973 3984 3068 2.88 3.10
5 Tangent | End-I 3869 2973 3984 3068 2.88 3.10
End-J 3869 "2973 3984 3068 2.88 3.10
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Table 1-4
Pipes Stresses (cont 'd)

ALonqitudinal.Stress Shear Stress

Circumferential Stress

-oz_

) : , ‘ Analytical Analytical ' Analytical
Member Type | Station EPIPE " Method EPIPE Method EPIPE Method
1 Tahgent' End-I 17986.3 17953.4 5848.1 5848.1 1077.1 1115.1
..End-J 9385.1 8885.9 5848.1 5848.1 1077.1 1115.1°
2 Bend | End-I . 9699.4 8812.3 18657.4 16308.5 1077.1 1115.1
Center 12667.3 11574.3 24261.5 21175.6 - 1534.0 1536.5
End-J 9817.4 8969.3 18880. 2 16572.7 2373.0 . 2303.6
3 Taﬁgent End-IX 1 9416.9 8932.7 5848.1 5848.1 2373.0 2303.6
End-J 6194.2 5947.4 5848.1 5848.1 2373.0 2303.6
4 'Bend End-1I 6455.9 6004.0 12820.5 15583.3 2373.0 2310.6
T Center 6224.0 6025.2 12382.7 11600.0 2768.7 2749.0
End-J 5760.1 54994 4369.0 4045.6 3844.8 3827.4
5 Tangent | End-I 5663.4 5613.4 5848.1 5848.1 3844.8 3827.4
End-J 16308.7 16047.4 5848.1 5848.1 3844.8 3827.4
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o TABLE-.1=6.— HOVGAARD _PEOPLEN_STATIC_ANALY.SIS_CASE. A — e .
FOFCLS AND HOHENTS
ELEMENT ELUMINT  LOAD STATION AXIAL Y-AXIS Z-AXIS  TORSIONAL Y-AXIS 7-AXIS  *
HUMEBEA. Iyp: LASE FORLCE SHEAR SHEAR MOMENY e e N

MOMENT ___ MOMENT

237100968 10433595 _130165.22._.___=54L876.09 - PO
-1710.968 164335.95 ~$6159,15 13539.63

#6528 .263
-528,2L3

1 . JANGENT...... .- A ZNO=1

ZND-J

=1 EcE. 818
-16€€.878

2 REND 1

END-1 ~16€€.878 -1710.9¢€8 628,243 14335495 13539.63 56159.15

—ZZ_

CENILE

22388497 =31,126__ F2B.241  26390.54  15562.65 _  A2353.94 S

EHO-J

-1710.908

1666,878 . 628,243 36344.86 0469,29 57759.62

L

3 TANGENT 1

ZNO-1
END=J

-1710.968

FHD=1

=1710.968

=1710.9LA

 ~6284243 36344.85 -8469.29 -57759.62
=628e203 3634 hB6_ =3 DB_.‘] TaS8 o ATMT O o e

-1666.878
~1666..878

—628.243 _ \6H6.BTA __ X6Mb.Bh - ATGF.9Y _ AN8S2.SB .

—— b BEHD 1

CINTER
ZNO=J

~1654,072
2628.42k3.

765,602 1666.878 L4657 .4 18321, 64 28832,27

-5 . -TAMGE.NT 1

END=I =62B.243

17804868 - 16664878 62255.52 24162, 79 . =BL0S.30

=1666.878 1710.968 6225850 8405.,30—_24Lb162,.79

END-J -6284243

-1666.878 - 1710.968 62255457 78554,97 92504.77
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B s .71 A I 1 ERDSY 1521735 <13035,29 oy U 2y Y29 34T NS \F T T T e T
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CENTER 10020,56 *19915,99 15992,15 =17551,862 v00 1332327
END-J 6970 ,42  %7632,18 108b5,3% -12274,90 2330,94- . 1663,20
3 1AvGEN] 1 ENDu '8094,73 . +6736,09 " giv0 0,00 2330,94 . 1663,20
T ' END=J R{LT T Sl V3 Y 23 OG0 000" : 2330794777883, 200 7T
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Problem 22- Dynami¢ Response of Hoygéard Bend

The.dyﬁamic.response'ofAthe same piping configuration
as Problem 1 has beén analyzed. The piping system is
assumea subjected to the 1940 El Centro earthquake. Three
different methods of analyses are employed, i.e.:

Case a - Time-history analysis using mode superposition.

Case b - Response spectrum analysis.

Case é - Direct step-by-step integrating method.

The answers gotten from the three different methods of
© solution are quite close. As expected, the results obtained
from the response spectrum analysis are higher than those
gotten from the other two methods.

Problem Description

i. Geometry - The piping geometry is the same as the
onevdiscussed previously in Problem 1. Table 2-1 shows the
input nodal coordinates. In this .analysis, the lumped mass
" method is used; each member is iumped at three points: one-half
of the mass at the center points and one-fourth of the mass at
both ends. The proportion of the masses at each point. are as
shown in Fig. 2-1. Table 2-2 shows the input masses applied
the Qarious individual at nodal points.

ii. Matefial data - Same as given in Problem 1.

24~




Note: Circles represent’
' elements.

Fig. 2-1

" Lumped Mass System for Hovgaard Bend
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AR F 2-1 Input data for Dynamic Response of Hovgaard Bend

MO AL COGR2PT o AT FS

NODE  ACUNDARY CONDTTION CODES NODAL POINT COORDINATES ,
NUMBER X ' I xx Yy 11 X Y 7 T
Yooy Y b 060 . 0,0 0000060 et e o e
2 o 0 o "o o 0 0.0 54.450 0.0 0 0.0
30 0 o 0 0 0 0.0 108.900 0.0 o 0.0
L4 00 0 0 0 0. 0. 10632 . 134,568 . .. _ 0,0 ____ 0. 0,0
5 0 "0 0 0 0 0 36.300 145.200 0.0 0 0.0
6 0 0. 0 0 0 0 54.150 145.200 0.0 0 0.0
1 o _0__0_ .0 _0 _ 0 . 72.000_ ___ . 145.200 __ . . ._QeQ..__. ___ O . 000 . _ I
8 o0 o ) 0 o o 91,668 145.200 10.632 0 0.0
9 0 0 0 0 0 0 108.300 145.200 36.300 0 0.0
10 0 _ 0 0. _0 0 __0___  108,300_. . 145.200 . 56.800____Q 000 ] —
11 i 1 1 Y 1 1 108, 30C 145,200 77.300 0 0.0
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TAMLY 2-2 INPUT PATA £OL HOVGAARD PROPLFY

NONE
NUMAER

Ty PTFD HASSES O AT A

X-AXI1S
MOMENT

2-AX1S
"FORCE

¥-AXiS
FORCE

‘FORCE

LoAD
CASE

¥=AXIS
MOMENT

2 "0 7 0,39R89E-01 T 0,39880E-01 ¢ 0.39880F-01 0.0 0.0 0.0
.3 0 0.50320€-01 0.5032CE~01 0.50320€-01" 0.0 0.0 0.0
4 .0 .. 0.20880E-01  _0.20080£-0) _ 0.,208806-01 0.0 _ ____ __ . 0,0 _ W00 -
s 0 0,16980E-01 0. 16980E-01 0, 16960E-01 0.0 0.0 0.0
6 0 0.13070€E-01 0.1307CE-01 0.13070E-01 0.0 0.0 0.0
1 . .._.0 _ . 0,16980E-01 __ C.16980£-01 __0,169806-01 0.0 0.0 ... 0.0 2
8 ) 0. 10440€-01 0.10440E-01 00 10440€-01 0,0 0.0 0.0
9 o 0.17950F-01 0.17950E-01 0.17950E-01 0.0 . 0.0 0.0
A0 .0 0.15010€-01 —.0.150106-0) = __ 0.0 020 Y Y T
L]




iii. Loading conditions - The pipinglsystem is subjected to
fhe‘ground motion of the Imberial Valley Earthquake, El Centro
site, May 1940, in S-E direction. The gfoﬁnd acceleration of
the piping sysﬁem is assumed in the X-direction. Table 2-3
shows the data of the accelerograph up to,lé éeconds at equal
intervais of 0.62 seconds. The corresponding accelerograph
is plotted in Fig. 2-2.

The same acceleration time-history is used to calculate the

spectrél-acceleration used for the response. spectrum analysis.

The spectral acceleration fesulting from the time history is listed
in Table 2-4. These values'are shown as the dashed lines in Fig.
2—3.: The dafk lines in Fig. 2-3 show the modified spectrum as

per NRC Reg. Guide 1.122.  The input values shown in Table 2-10

- correspond to those of the modified spectrum.

Analyses Results

The computer outputs for all three analyses are included in
the tablés that follow. Tables 2-5 to 2-9 give thé results for
the time-history analysis, including the natural frequencies of
the first 5 ques, their associated mode shapes, the maximum
displacements with the time of their occurrence, the maximum
forces and moments, and the maximum stress components.

Results from the fesponse spectrum analysis are given in
Tables 2-10 to 2-~13, where the natural frequencies,‘the_modéwm:h‘mﬁh
shapes, the modal participation factors, and the square root of
the sum of the squares of the modal forces and the stresses

are shown. Finally, tables 2-14 to 2-16 show the displacement,
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forces and stress results obtained from the step-by-step

integration methoéd. The solutions obtained from all three

methods

appear to be analogous except as noted previously,

the response spectrum analysis gives generally higher resultant

' forces and stresses than those of the other two methods.

It
maximum
methods

size as

of this

is to be noted that the outputs shown in the tables are

values over the specified time span. For some computer
these values are dependent on the integration time step
well as the print time step size. A complete discussion

topic can be found in Appendix D of reference 18. For

this particular anaiysis the time span was 16 seconds.with 800

integration steps of 0.02 seconds each. The printout time was

consistent with the integration step time, i.e., every integra-

tion step was printed.
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v

TAng

2-3

THPFRTAL VALLEY FARTHNUAKF,

L CEHTRD SETE,

MAY -

ta,

1940

_ TIME VALUE

/

6.0
0.10000
0.20000
0.30000
0.40000
0.50000

0.60000"

0.70000
0.80000

6.90000"

1.90000

1, 10000

i.20000
1.30000
1,40000
1.50000
1.60000
1. 70000
1.80000
1.90000
2.00000
2.10000
2.20000
2.30000
2.40000
2.50000
2.60000
2. 70000
2.80000
2.90000
3, 00000
3.10000
3.20000
3, 30000
3.40000
3.50000
3, 60000
3. 170000
3.080000
3, 90000
4.00000
4.10000
4520000
4.30000
4.40000
4.50000
4.60000
4.70000
4.90000
4.90000
5.0C

5.1¢

___FUNCTION _TIME VALUE
5.0

~002740E
~0.3346E
~0.5378€
-0.2598¢

0.1181¢<

=0.7992¢€

~0.T756E
0.5906%
0.1937F
0.133¢E
0.2567%
~0.2028€
~0.2323E
0.3917¢
0.3681F
0.3909F
-0.7831F
-0.6902¢F
-0.3079F
0.4583E
0.1195F
~0.4716E
-0,2965F
0. 4669‘
-0.6907¢
-0.7795F
-0. 39416
0.7402€
~0.2996F
0o 1653F
0.4330€
0.2366E
0,5189€E
-0.2724F
-0.5858¢
-0,8465E
-0.4291¢%
0. 8?40E
002236¢€
0.1657E
-0.57817E

[13}
o1
1
a1
ot
01
o1l
al

02"

02

.02

02

a1
02
02
01

0-3768F 02

0.73017F
~0.2134€
~0.9701F
-0.1279F
-0.,2283F

0.5606E
-0,39323%
-n0.8211¢
-0.3043F

L4

TTAT HISTORY ACCFLERATION TN, /SECEXD

AL LLL . Aol FUNCYION
0.02600 -0.5510F 00
" 0.12000 -0.4724E 01

0.,22000 -0.3346F 01

. 33000 -0.5669E 01

0,42000 ~0.5157F 01
o—....0.52000  0.5551€ O1
0.42000 -0.1024€ 02
0.72000 -0.6417E 01
-..0.82000__0,9055% 01
0.92000 '0.16506 02
1.02000 0.1622€ 02
. 1,12000 0.2358% 02
1.22000 ~0.309R€ 02
1.22000 0.5276F 01
- .. 1042000 0,4T99F 02
1.52000 0.3512€ 02
1.62000 0.4760€ 02
2. _ . 1.72000_~0.8008E 02
1.82000 -0.7106E 02
1.92000 -0.1689E 02
2 _._....2202000_0.6291E 02
2.12000 0.1260F 03
2.22000 ~0.9342E 02
_.2,32000 -0,6811E 01
2.42000 0.6917F 02
2.52000 -0.3984E 02
... 2.62000 -0.6461E 02
2.72000 -0.2957F 02
2.82000 -0.3740F 01
_.2.92000_-0,2358E_02__
3,02000 0.,2650E 02
3.12000 0.1354€ 02
.. 3.22000  0.8622F Ol
3,32000 0,53217F 02
3.42000 -0,2150¢ 02
..3.52000 =0,4216E 02 _
3,62000 -0,4961E 01
3.72000 0.6490F 0D
. 3.82000 -n.1260€ 01
3,92000 0,3252F 02
4.,02000 0.1142€ 01
4.12000 0.5630€ 01
4022000 06,4441F 02
4,32000 O0.TullE 02
4.42000 -0.15126 02
4,53C00 -0.7972€ 02
4.62000 0.6063E 01
_ 4.72000 -0.6654E 01
4.82000 C.7795€ 02
4.92000 -0.4287% 02
5.02000 -0.6364E 02
~0.2000F 02

5.12000

. JIME VALUE

0.04000 =0,4252€ 01
0014000 -0.5591E 01
_ 0.24000 -0.5157E_ 01
0.34000 ~0.4252€ o0l
0044000 -0,7480E 01
0.54000 -0.1929€ 01 _
0.64000 —0.1279E 02
0, 74000 -006457E 01

0.84000_ 0.9921E 01

'0.94000 0.1413€ 02

1.04000 0.2087€ 02
1.14000 _0.1575€ _02
1.24000 -0.2374E 02
1.34000 0.1213E 02

—.1.44000  0,60208 02
1.54000 0.3646E 02
1.64000 0.1291E 02

. .1,74000 -0,7150E 02 ___

- 2064000

1.84000 ~0.6417€ 02
1.94000 -0.6690E 00
2:04000 0.TT16E 02
2.14000 0.1345¢ 03
2.,24000 ~0.6457€ 02

2.44000 0.2268E 02
2.54000 -0.2279€E 02

T0a6634E 02 ___

2.74000 -0.2059E 02
2.84000 -0.1705E 02

FUNCTION YIME VALUE

2034000 __0,44%59E 01 _

— 2+94000 -0.1315E 02 _

. 3.24000

. 3.54000

3.04000 -0.3819E 01
3.14000 0.2224E 02

3.34000 0.8031€ 02
3.44000 0.2835¢ 01

3,64000 —-0,2653C 02
3.74000 0.1177E 02
3.84000 -0,9646€ 01
3,94000 0.4748BE 02
4,04000 00,1020 02
4.14000 0.8110E 01
4, 24000 0.5697E 02
4.34000 0.6965E 02

-0.4375¢ 02 _

0.9488E OV |

4.44000 -0,1224E 02

4,54000 -0,T7224€ 02

4 64000 0.3213E 02
.74000 0.1122€ 02
4o84000 0+9669E 02
4 94000 -0.357T1€E 02
. 04000 -0.6661E 02
‘ 14000 -0.2142E 02

I3 ]

€___ FUNCTION TIME VALUE = FUNCTION
0.06000 -0.3976E 01 0.,08000 -0.3465E Ot
0,16000 -0,5039€ 01 0.18000 -0,4331F 01
0.26000 -0,6929€ 01 0,28000 -0.T638E 01 _
0.36000 -0.3228E 01 0.38000 -0.1654E 01
0,46000 -0,T7T17E 01 0.48000 -0.,2598E 01
0.56000 -0,5039€ 01 C.58000 -0.5669€ Ol _
0.66000 -0.1205¢ 02 0.68000 -0.67T2E Ol
0,76000 -0,2638E 01 0,78000 0,98406 00
0.86000 0.1323€ 02 0.88000 0.1823E 02 .
0.96000 0.1067€ 02 €.98000 0.9252F 01
1.06000 0,2516E 02 "e1008000 0,2882E 02
. 1.16000_ 0,1575€ 02 1.18000 _0.24806 OV __
1.26000 -0.1905€ 02 1.28000 -0.9843E Ol
1.36000 0.1965E 02 138000 0,2795€ 02
_1.46000_ 0.5705%.02___ 1.48000 _0.4547€ 02 _
1.56000 0.3303E 02 1.58000 0.3547€ 02
1.66000 -0.5807TE 02 1.68000 ~0.8134E 02
1.76000 -0.6T91% 02__ .1.76000 -0.6898E 02
1.86000 ~0.5303€ 02 1.88000 -0.4279E 02
1.96000 0.1417€ 02 1.S8000 0.3091€ 02
2206000 _0,9496E 02 2,CR000_0,1074E 03
2.16000 0.1111E 03 2.18000 0.9150F 02
2.26000 -0.T342€E 02 2.26000 -0.4311E 02
2236000 _00,2098E 02 2,38000_0,3524E 02 . .
2.46000 ~0,1036F 03 2.48000 -0.6091E 02
2.56000 0.9331€ 01 2.56000 -0.2638E 02 .
_2066000 -0,5831E 02 ____ 2.68000 -0,4846€ 02 _ . .
2.76000 -0.1067E 02 2.78000 -0.1732€ Ot
2.86000 -0.3299€ 02 2.88000 -0.3744E 02
2096000 -0.4252€ Q) 2.98000__ 0,7283€ 01 _ _ _ .
3.06000 -0.1465S 02 3,08000 -0.1575E 0Ol
3.16000 0.3476€ 02 3.18000 0.4449€ 02
.3.26000 0.2689€ 02 . __ 3,28000 0,2713E 02 _ _. .
3.36000 -0,3665€ 02 3.36000 -0.5150E 02
3.46000 0.2657F 02 3.48000 -0.,4201E 02
.3.56000 -0.3000%.02  ____3.58C00 -002201E 02 . . . __ . .
3.66000 -0.1276% 02 3.68000 -0.1327E 02
3,76000 0.1921F 02 3.78000 0.2394E 02
. 3.86000. 0,.3031€ 01  _ 3,88000 006307E 01
3.96000 0.5819% 02 3.58000 0.6839F 02
4.06000 0,1153E 02 4.08000 -0.2165€ 0Ol
4.16000_ 0.1965€ 02 -4.18000 0.2539€ 02 . _
4,26000 0.6413% 02 4.28000 0.7651E 02
4.36000 0.4921E 02 4.38000 -0.4752€ 02
4.46000 -0.4402€ 02 - 4.48000 -0.6539€ 02
4556000 -0,5185E8 02 4.58000 -0.3779E 02
4.66000 0.5193F 02 4.68000 O0.T157F 02
4.76000 0.1760E 02 _ _ 4.78000 0.3870f 02,
4,8A000 0,6634E 02 4088000 -0,5433E 02
4.96000 -0.1846% 02 4.,98000 -0,4921€ 02
) s 06070 -0.5142S 02 ___5.08000 -0.4374€ 02
216000 -0,4724€ 02 5. 18000 ~0.4760F 02
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5.20000
5.30000

. 5.40000

§.50000
5.60000
5.70000 _
5.1%0000
5.90000
6.00000
60 10000
6.20000

6.30000

6040000
6.50000
f.60000
6o TOO00
6.00000

6.90000

7, 00000
7.10000
1.20009
7.30000
1.40000
7.50000
7.60000
1.70000

. 1.00000

7.90000
8, 00000

. 8.10000

8.20000
8530000

. 8.40000.

9.50000
8. 60000
3. 70000
3.80000
£.90000
2. 00000
5.10000
$.20000
% 30000
9.40000
9.50000
9- 60000
9,70000
9.80500
990000

10.00000

10.26000

10, 20000

10.30000

10.40090

10, £0200

10.€0000

10.70000

10. 80000

10.90000

11.02000

11.12000
ii.26000°

~0.4559¢
-0.3165€
~0.5787E

0.719¢€ 0

0.40617E
0.2520¢
0.9252¢%
-0.9764E
. 0.2279€
"0.3740€
0.8268E

=0.4370E

~0.14117F€
~0.1197¢
~0.5CT9€
-001339€
0.2087T4E
0.7244F
00 1890€
-0.1693E

=0.6299¢

-0.2165¢F
0.3110E

0.1673%
0.1610¢
~0.1626€
0, 7008F
T0.1%94F
-0.1059F
003425€

_.0.1409%,

0.5354€
=0.5331¢€
=0.174RE
~0.5787€
0. 2291€

.20.4231€

-0.2583F
0.1488E
0.2626F
-0.4535E
0.2V46F
=0, 2205%
-0.80T71E
0.2913€
022331
-0.1TT6F
-0.216%€
-0, 1386F
0,3362%
-0.1067¢
~001323E

-0.1339€
~0.6614F
0.2421F
~0.1402F
0.94840E

£ 01

5.26000 -0.2150€ N2
5.36000 -0.3783% 02

2246000  0.3449E 02

..376000 0,1468E 02

.. 6036000 _0,1378E O} ___

.. £.36000 =0.1654F 01

~.1.86090 -0,9803E 01.

.. 8.76000 ~0,3583€ 01 .. __

5.56000 0.1752€ 02
5.66000 0.7327% 02

5.86000 ~0.4449E Ot
5.96000 0.5787€ 01
6006000
6.16000 -0.1969E 01
6.26000 O0.6181£ 01

6.46000 0.3346%5 01
6.56000 -0.9291€ 01

6.66000 ~0.4252E 0} __

6.76000 ~0.3898% 01
6.86000 0.2776€ 02

7.06000 -0.1685€ 02
7.16000 0.1650F 02

1.26000.-0.8110€ OL_

1436000 0.1047F 02
T.46000 0.1713€E 02
1.56000 ~0.8270E 920
1. 66000 0,2067E 02
T.76000 0.2976E 02

7096000 -0,1803E 02
8.06000 ~0.20A7¢ 02
8.16000 -0.1043€ .02
8.26000 -~0,8543E 01
A.36000 0.1409E 02

8,46000_.0,.4409% 01

8.56000 -0.5311€ 02
8.66000 -0.3264% 02

8.86000 0.1969£ 01
8.96000 0.6673F 02

-2.06000_-0.9291€ 01,

9.16000 -0.2173E 02
9.26000 0,3728E 02
9.36000 -0.2047E 02
9.46000 -0.1453E 02
9.56000 ~0,1063€ 02

9.66000. 0.2114E 02__

9.76000 ~0.6890€ 01
986000 0.296SE 02
.9.96000 0.2520% 01
10.06000 0.2232€ 02
10.16000 -0.1110€ 02
10.26000 0.8071F 01
10.36000 0.9331E 01
10.46000 -0.3831E 02

.10.56000 0.2000% 02
10.66000 -0.1248¢ 02

10.76000 ~0.3161% 02

1086000 —001457€ 01

a2 5.22000 -0.4508E 02 5.24000 -0.2823€ 02

02 5.32000 -0.6433F 02 $.34000 -0.3382€ 02

o1 5,42000_ 001256€_02 5544000 _0,2551€_02

o\ 5.52000 -0.1063€ 01 5.54000 0.1150€ 02

02 5.62000 0.5323€ 02 5.64000 0.6323F 02

02 | 5.72000 _0.8031€ Ol 5274000 0.1236E 02 __

01 5.82000 ~0.3307F 01 5.84000 -0.6614E 01

o1 5.52000 -0.6181F 01 5.94000 -0.2717E O}

02 . 6.02000 0.1004E 02___ _ 6004000 -0.1614€ Q1

01 6.12000 '0.9055F 01 6.14000 -0.5079E 01

01 6.22000 0.1496E 02 6.24000 0.2008€ 02

01 _6.32000_ 0Q.1S70E OO .6.34000 0.2992E 01 _

ot 6.42000 ~0.6300E 00 6.44000 0.1496E 01

02 6.52000 -0.1657¢ 02 6.54000 -0.9606€ 01

01l . 6.62000 -0.7090F 00 ___ 6.64000 0Q.7992E 0} ____

0l 6272000 -0,4173€ 01 6.74000 -0.4370F 01

ot 6.82000 0.9252€ 01 6.84000 0,1398€ 02

Gl . 6.,92000 -0,103%€ 02___ _  6.94000 -0.4802E O} _

01 7.02000 ~0,8622E O1 1,04000 ~0,1839€ 02

ol 7.12000 0.6260E 01 7.14000 0.1260€ 02

oL .. .7.22000 -0.803\% O __ __7,24000 -0.3220€ 01 ______

01 7.32000 0,2087€ 01 7.34000 0.5276€ 01

o1 7.42000 -0.31505 00 7.44000 0.7874€ 01

0y ... .1,52000 _0.3622% 01 ___. _7.54000 -0.8660F 00 . __

ol 7.62000  0.1004E 02 1064000 001449E 02

02 7.72000 0.1567TE 02 7.74000 0.2201E 02

02 . 1.82000 _0.3856€ 0] ____ 7.84000 -0.8031€ 01l

02 7.92000 -0.1854E 02 7.94000 -0.1705€ 02

ol 8.02000 ~0.8189¢ 01 8.04000 -0.1937€ 02

02 ___.8,12000 =0.1213€ 02 . _8.14000 -0.)244E 02 ___

a2 8.22000 ~0.1358E 02 8.24000 -0.1216E 02

01 8432000 0.1106% 02 8.34000 0,1220E 02

02 ____8,42000._0.1130¢ 02 _ A.44000__0.,1201€.02 __ ___

o1 8.52000 0.1512€ 02 8.54000 -0.3390E 02

02 8.62000 -0.4697E 02 8,64000 -0.4102E 02

02 . 8.,72000 -0.1016F 02 8.74000 -0,2362E 01 .

¢l 8.82000 0.3346E 01 8.64000 0.6417€ 01

02 8,92000 003413F 02 8,94000 0,4724E 02

02 . _.9.02000 -0.1441E.02 . _9.04000 -Q.1752E 02 ___

2 9.12000 ~0.2350€ 02 9.14000 ~0.2638E 02

02 $.22000 0,4220F 02 9,24000 0.65TLE 02

€2 . 9.32000 0.5197€ 0} . 9.34000 -0.3740E 01

02 9.42000 ~0.4520F 02 9.44000 —-0.3161€ 02

02 $.52000 0.4630F 02 9.54000 0a6339€ 02

01l . .. 9.62000 0.78705 00 __ _9.64000 O0.5748E 0} _ __

01 9.72000 ~0.2323E 02 9.74000 -0.6654€ 01

01 9.82000 C.1504€. 02 9.84000 0.2232€ 02

02 9,92000 0.1197F 02 9.94000 0.9060F 00 _

02 10.02000 -0.3110F 01 10.04000 0.6614E 01

ol 10.12000 0.1732F 01 10.14000 -0.4043E 01

02 . 10,22000 -0.1004€ 02 10.24000 -0.4370E Ol

02 10.32000 ~G.4504E 02 10.34000 0.2086E 02

02 10.42000 -0.8543E OL - 10.44000 -0.343T€ 02.

02 10252000 0,3031E 01 _ 10.54000 0,1020E 02
i0.62600 “0.2205¢ o1 10.64000 -0.0220€ 01

02 10.72000 -0.2165F 02 10.74000 -0.2842E 02

02 10582000 -0,4330€ 00 _ 10,84000 _0.2559€ O1

a1 1€.92000 -0.1414€ 02 10.94000 ~0.3150€ 01 10.96000 0.3110€ 01

02 11.€2000 0Q.2618F 02 11.04000 0.1000F 02 11.06900 -0.2244E 01

02 11,12000 -009567€ Q1. . 11,14000 ~0s1090E 0} _ _11~16000  0.4961F 01

nt 11.22000 -0.0937€ 01 11.24000 -0.1685€ 02

11.26000 -0.2673F 02

~0.168%€ 02 __

5.28000 0.2520€ 0}
5.38000 ~0.1559E 02
_.5.48000 __0.1858E 02

5.58000 0.3091E (2

5.68000 0.5043 02

.5,78000 _0.1953€ 02

5.88000 -0.9016E 01
5.98000 0.1492E 02

6.88000 0.3067€ 02

—6.98£00__ 0.6260€ 0}

7.C8000 -0.8504E 01
7.18000 0.4843E 01

. 1.20000_~

7.38000 0.9134E 01
7.48000 0.1937€ 02

e 058000, . 0,2047E 01

T.48000 0,2130F 02
T7.78000 0.1437E 02

e 1488090 .-0.1594€ 02

7298000 -002244E 01
A.CBO00 -0.1425€ 02

e B.18000_=0.1043€ 02 .

8,20000 -0,3071E 01l
8.38000 0.1342E 02

——8.48000._0.8425E_01

80508000 -0.5283E 02
8.68000 ~-0.2563E 02
8.7600Q =0.7165€ 01
8.88000 0.1039€E 02
8.98000 0.4374€ 02

—..9.08000_=0.37739€ 02 .

9.18000 ~0.1063€ 01
9.28000 O0.1608€E 02

—.- 9438000 -0,.3256€ 02

9.48000 0.1142€ 01
9.58000 0.1339€ 01

... 9.68000_.0.3142€ 02

9.78000 -0.1102€ 01
9.88000 0,3L153E 02
.9.96000 ~0.1599E 02
10.C8000 0.3661F 01
10.18000 ~0.1720€ 02

1€.38000 -0.1449E 02
10.48000 -0.2319€ 02
10.58000 _0.1421€ 02
10.60000 -0.9370E 0l
10.78000 -0.2059E 02

.. 64 CB000 -0,52346E 0}
6.18000 0.3150€ 0Ot
6.28000 -0.1260€ 01}

.60 28000 -0.3T740E O}
6.48000 -0.2205€ 01
6.58000 ~0.6969E 01

6068000 -0,35813E 0}
6.18000 -0.7900E~-01}

.. 10.28000  0.2043% 02

10.80000 -0,197CE 00 .

10.98000 0.1472€ 02
11.08000 -0.1866E 02

- 11018000 0.1492F 02

11.28000 -0.2602€ 02




_ZE_

11.30000
11, 40000
11.50000

T 11.60000

11.70000
11.80000
iti.90000
12.00000
12.10000

" 12.20000

12.30000
12.,40000

12.50000

12.60000
120 70000
12.80000
12.90000
13, 00000

i3.10000

13.20000
13, 30000
13.40000
13.50000
13.60000
13. 70000
13.80000
13.90000

14.00000

14.10000

14.20000

14.30000
14.40000
14.50000
14.,60000
14.70000
14.80000
14090000
15.00000
15.10000

+ 15020000

15.30000

15.40000

i5.50000
15. 50000
15.70000
15.80000
15. 90000
16.00000

-0.2323€ 02
-002130€ 02

=0,3031¢

0.7870F
0.3673€
0.5252C
"0.1740F
-0.3874F
-0,2925E
-0.3437€
0.846SF

C.9409F
_~007480E
~0.9488E
0.201¢€F
0,1079€
0.323¢c
-0.4043E
-0.1063E
-0.3268F
-0.3134E
-0.9082€E
~0.2638E
0.3768E
~0.3177€
0.1220€
~0.1409F
0.2480E
0,2957¢
0.7126E
~0.7283E
-00.1193€
~0.7008¢
0.1720¢%
-0,3189E
~0.5567€
-0.8345E
-0.8504F
0.6693E
0.2366€
0.2571€
-0.2614€E
-0.5039€
-0.4720F
~0.1268F

02

11.32000 -0.2020F 02
11442000 -0.2472E 02
11.52000 -0,2291E 02

¢o
02

02 ..

02
02
02
02
1]}
02

I

cl
00

ol

02
D2
02
0t
02
ot
n2
01

oi’

02
02
ot
02
02,
02
o1

et ___

02
01
02
ot
ot

€02

ot
01

oL .

02
02

02 |

01
00
02

1t. 62000 0.8307€E O Ol
11072000 0,4197€ 02
11.82000_ 0.6276E 02
11.62000 —-0.5512F 01
12.02000 -0,4905E 02

.. 12412000 -0,3185¢E
12.22000 -0. 34I7E 02
12.32000 0.9644F 01

_.12.42000__ 0,231 9€
12,52000 O0.1937€ 02
12.62000 0.3465F 01
12,72000__0.2953€_01
12.82000 -0.1102€ 01
12.92000 0.1835F 02
__.13,02000 _0,1547€ 02
13.12000 0.3138F£ 02
13.22000 -0.1366E 02
13432000 __0,2913E 0l
13.42000 0.5472€ 01
13.52000 -0.9882E 01
13262000 -0,1311F 02
“13.72000 -0. 14965 01
13.82000 0.353%E 02
13.92000 -0.2929€ 02
14.02000 0. 5827€ 01
14.12000 -0.2720E 02
. 14,22000 0,3311€ Q2
14.32000 0.88508F Qi
14.42000 0.2142€ 02
14.52000 -0,7870E 00
14062000 ~0.2016FE 02
14.72000 0,1575E 01

. 14.82000 _0,3583F
14,92000 0,9843E 01
15.02000 -0,.5910F 00
15.12000_ 0.1303E 02
15.22000 -0.4331€ 01
15.32000 -0.1854E 02
15.42000 -0,3150E 0O}
15052000 0. ,2031E 02
15.62000 0.2689F 02
15.72000 -0.1524E 02
15, 82000 ~0,1382E 02
15.92000 0.5591E 01}

02z _

02

a1 . .

11.34000 -0.1606E 02
1144000 -0.3575€ 02
___11.54000 ~0.1862E 02

11.36000
11.46000

-0.1216€ 02
-0.4358 02

11.56000 -0,1311F_02

11.38000 -0,1047E
11.48000 -0.3468E
11.58000 -0,.7835E

02
02
01

11.64000 O0.1701E 02
11 74000 0.4449E 02 -
11.84000 0.707SE 02,
11.94000 -0.2622€ 02
12, 04000 -004642E 02

. 12.14000 -0.3346E 02 .

12.24000 -0.3484E€ 02
12.34000 0.2283E 02

. 12,44000  0.2067€.02

12.54000 0.1350E 02
12.64000 0.3031E 01

12.74000 0.1732€ 01

12.84000 0.7165€ 01
12.94000 0.1886E 02
13.04000 _ 0,1984F 02

13.14000 0.3736E 02
13.24000 -0.1677E 02
...13.34000 0.1685E 02
13.44000 0.1752E 02
13.54000 -0.5315€ 01
13, 64000 -0,1059€ 02
13.74000 0.4134E 01
13.84000 0.7047€ 01
. 1394000 -0.2122€ 02
14.04000 0.2000E 02
14.14000 -0.2031F 02
14.24000 _045024€ 02

14.34000 -0.3465€ 01

14.44000 0.1571€E 02

-14.34000 0.2360E_00_____

14.64000 -0.2862€ 02
14.74000 0.3858€ 01

14.84000 -0.2157€ 02 ___

14.94000 0.1614E 02
15.04000 O0.9724€ 01
15,14000 -
15.24000 0.1969E 01

15.34000 -0.1429€E 02

15.44000  0.1970E 00

15054000 O0L1TOLE 02
15.64000 O0.6T72E 01
15.74000 -0.8740E Ol
15.84000 -0.2024E 02
15.94000 0.2756E 01

.12.16000 -0.3386E 02

..13.06000 0.2272%

-0.5510€_00___ _

11.66000 0.2413€ 02
11, 76000 0,4673% 02

. 11,86000_0,8020€ 02 _

11.96000 -0.2185€ 02
12,06000 -0,4134E 02

.-11.88000_

11.68000 0.3020€
11.78000 0.4909E
00 _ 0.4866E
11.S8000 -0.2728E
12,08000 -0.3622E
12.,18000 -0.3398E.

12.26000 -0.2114E 02
12.36000 0.1236€ 02
12.4600¢C
12.56000 0.1134E 02
12, 66000 -0,5827E 01

0,1398E 02__

-.12.76000_=-0.5709€ O} __

12.86000 0.1677E 02
12.96000 0.7599€ 01

13.16000 0.1358€ 02
13.26000 ~0.1638€E 02

13.46000 0.1063F Ot
13.56000 0.,3110f Ol
13.,66090_
13.76000
13.86030
13096090
14 06000 -0.B8660E 00
14.16000 ~0.1461E 02
14026000 _0,5465€ 02
14.36000 -0.8937F 01
14.46000 0.17TT72€ 01

0.1165€ 02
-0.1425€ 02

.m0.1299€ 02,

oz .

-13.36000_-0,9094E 01 __ 13.

12.26000 0.2047E
1238000 009291E

12.48000 0, TT736E.

12.5800C 0.1701E
12, 608000 ~0,3031E

-12,78000 -0,1244E,

12.88000 0.1728¢
12.98000 0.8740€

.13.€8000 _0.23)5€

13.18000 0.1772€
13.28000 -0.1083E

713.48000 -0.2T44E

-0.1185% 02

14056000 ~004606E QL

14.66000 -0.,2279E 02

15.96000 -0.2480€ 01

14,76000 0.5394E 01
_14.86000 -0.2185€. 02
14,96000 0.,7165E 01
15.06000 0.1898E 02
15.16000 -0.T677E 01
15.26000 0.9488E 01
15.36000 -0.76TT7TE 01
15.46000 0.9055E€ 01 __
15.56000 00,1354 02
15.66090 -0.6693E 01
15.76000 -0.1299E 0} ____
15486000 -0,1319E 02

12.58000 -0.4528¢€

. 13,68000 -0.7874E

13.78000 0.13S4E
13.88000 -0.3913E

.13.98000 -0,5039€

14.08000 -0.1925E
14.18000 0.3465€
_14,28000  0,4697E
14.38000 0.2913F
14.48000 -0.3228€

14058000 _-0,8268E

14.68000 -0.1047E
14.78000 0.8701€

140 88C00 -0,9567E

14.98000 -0.10673E
15.08000 0.3083E

15,18000 -0,9724E_

15.28000 -0.,1339€
15.38000 -0.7090E

15.48000_ 0.1472€

15.58000 0.1988F
15.68000 -0,2075€

15.76000 = 0.46853E

15.88000 -0.R8583E
15.98000 -0.4724E

02
02
02
02
02

02 -

ot
ol
0l
02
ol
02
02
ot

0z

1] §
02
02
02
01
01
02
02

02
o1

a1 .
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ol
o1

.ol

02
ol
0l
01
02

ar .

13
00

02,

02
02
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Imperial Valley Earthquake, May 18,

TABLE 2-4

1940

I. Acceleration Spectrum Before Modified (shown dotted line

in Fig. 2-3)

Period Frequency Spectral Accel.
0017 588.24 136.6073
.0329 30.39 333.9189
.0641 15.60 744.0145
+0953 10.50 342.2616
Pt S 791 1186.5160
e 6.34 509.5554

| .1889 SHh” 665.5077
+2201 4,54 870.3499
w2513 3.98 631.5481
.2825 3.54 406.5282

ITI. Acceleration Spectrum After Modified (shown solid line in

Fig. 2=3)
Period Frequency Spectral Accel.
.00L698 588.93 145.0
| .029600 34.97 380.0
| .058000 17.24 19950
.071000 14,08 715.0
.091000 10.99 440.0
.114000 g% 1188.0
.141000 7.09 1188.0
.172000 5.81 700.0
.200000 5.00 871.0
.250000 4.00 871.0
.32300 3.09 400.0

-34-
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FIGURE 2-3 EARTHQUAKE SPECTRUM
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TARLE 2-5  HOVGAARO PRORLIM DYNAMIC CASE A (TIME HISTIRY ANALYSIS)
L TS TR B S R AT TR S 1 A ok e S P SR :
S G RNROL AR el . R i = o SR SUTE
NUMIER FRIENUYFHCY FRENUFNGCY PEPIND
R A O IREVELE EPRRY . ESEE e B A At I LT ) e e S

1 CAT9REEN3 J2B52E402 L 3S0LE-OL B ALl
S s S SR REA R0 SEFIESND = — e AT ARE A i S o

A fil HLZLEHNR - JRIS0F €02 -~ o1227E-01 - - . Wk 2 T S L 3 e B NERIT L SO M

Sl S be s N SRR o s TRSEENRY gy e e sy S AT bt e i SR L L

Bt SR AR G FRRAERNE AR AR s .




TAB.E 2-6A FOVGAARD PIPTNG SYSTEM CASE A (TIME HISTORY)
MODE SH APE
MADE MUMHER, 1

FREQUENCY = 2P ,5380 ny
FIGEPVECTORS NCEEALTZFD T A On[T MASS MARTYX

CISPLATFVFNIS/ROTATIONS 0OF BARESTRAINED MOLES

NONE
NUMRBER

—eLg-

NONE
NIMRFR

DTN DN -

-
-

X
TEANSLATTON
427220k .00

J.016%PF 00

1.300ZF 400
JINP3E 400
LIPPYRE SO0
fANNGLE 40O
9,SH990F L)
A,STNIGF =01
9,€GRY)IF-n>

1
1
1

POUDF NUMHEE 1
EIGENMVECTORS NOUr LLVZFD 10

Y
THANSLATION
~€ . AP4ASE -8
=1 1 FARE =4
I I G LR R ) |
=7 .ANGED LY
=3,7172¢ 00k 2010
=4, 190 4. ~0)
-3, 4001740200
«1.2483% 20
=T,21%¢490-n?

o000

CISPLACEMERNTS JRCTATJONS

X
IEAFSLAY [ON

0. :
1.070A0F D)

3,19154F )
4,06735F -0
4,27449%F .0
4.37601F 200
4,2232FE 201
3, 1769€F 20}

1 117068 Q1.

001748 =02
[

Y~
fEARNSLARTCN
n.

“1.7710458E 0%
-3,8en83b .0k
=3,45020 02
-G .NPLRF 02
P IR T L
“1. 241K <0)
~1.0P20)F <n)
=3 ,50CG (37
1 NFaKE L1} 2
a.

-
TRANSLATTON
-A H5E45Fa)
«? ACRTAF « 00
-3, 1968200
-2.021447 400
<1 .9479TF + 00D
=1.72543%F+00
~3,01433F-n]
-1 319)RAF -0
-t ,84h14F 04

X-

ROTATICN
«-2.719578E-02
-3,37631E-02
-?.65499F-02
~?2.,0A346E-02
-1.15R0BF-02
-1.63271F-02
~1.247Z0F-02
-5, 7R975F-03
-4, NT7759F~n3

UNEFSTRAINED AOUES

7-.
TRANSLATION

0.
~Z.TT0€5F -0
-€.7490SE -0

=1.00000F+00

~€,20092F-n}
-6, NU402F 0]
-3.92410F -0t

~§.,62003F-n?
-4, 12692F 04
-2 0FAS4F w6

c.

X~
POYTATION
0. ’
R, 14AZ2E-03
=1 08625F -2
-H AN5HOE-02
-6,H917S0FE-03
-GS HE2B3E-0)]
-GS, InT77F-02
-3.,9n}73F-03
1 .M 2TE-0)
-9,62793E-04
0.

Y-

AETATION
-1.00Z45E-02
-2.00490E-02
«2.12333E-0?
=3.€TV1¢9E-02
«3.BAT04F -02
-3,80€31E-07
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‘ TABLE 2-10 HOVGASRO ‘PIPING SYSTEM CASE B (RESPONSE SPECTRUM)

MCNAL PARTICIPATION FACTORS AND EARTHQUAKE RESPONSE -

OIRECTION FACTORS

X = 1.000¢ Y = -0.0000 7 = -0.0000

INDICATOR £CR DISPLACEMENT 0Ok ACCELERATTION SPECTRIM 2

EQ.0 DISPLACEMENTY
EQ,)1 ACCELERATICH

MODAL PARTICIPATION FACTORS

MONE X-DIRECTION Y-DIKFECTIOQM Z-DIRECTION

1 L1752E400 -.2593fF-01 -.3308E+00

X 2 L3F28E400 ~.20T4F=02 .1478F+00

s 3 il5397E-0) - JPSAZE+NN .2793E-01
T 4 - .A3G1E=0] - G26AF =01 -.1174€-01
5 ';;79255-01 © . J6ADSE-nl -, 1115E-0)

SFECTRUM JARLE (IMPER]AL VALLEY E,Q0, ELCENTRO 1940 SE

NUMBER GF . PCINTS :
SCALE FACTOR:

"o
L10000E+0]

0o

INPUT o SPECTRLM

POINT CPERTOD - vALLE
1 .1#9AE-02 L1650E403
? .7060E-0) LIA0NE L0
3 EB00E~01 L1756€403
4 «7100E-01 .7750€403
‘8 .6100E-0) L6h00E 403
6 .1140E+00D .11RRE 04
7 JN410E400 W11RPELQ4
) 1720400 L7000E 403
9 .2000E400 LAT10E403
10 .7500E400 L8710€403
11

L2220F400 L4000F4N3

.



VYAELE 2-11A2 HOVGAARD PIPING SYSTEM CASE R (RESPONSE SPECTRUM)

RESPONSF "SFECTRUM CISPLACEMENT 'COMPONENTS

RESPONSE FCR MOGE

1

[ 4

TISPLACEMENTS,/ROTATIONS OF UNRESTRATNED NORES

FREQUENCY = 2R.£35n
NODE ‘ X-
NUMHFR  TRANSLATION

DODNINPWN

-1y~

NONE
NUMRER

DO DPDP~NITNNSWN

CB,TNRP4E NG

?.5669€E-03
3.30722€-03
1.,51631E~03
3.51592€-03
31,51533¢ .03
?2.5409%E-03
9,0832ZE-04
?.46076E-04

RESPONSE FCR MOGE ?
FREQUERCY =

65,1724

CISPLACEMENTS,/KEOTATIONS OF UNRESTRAINED

X
TRANSLATION
7.€6705E-04
1.BT45RF -03
2.0A009E-01
2.05123E-02
2.064906E-03
?2.066464E-03
1.93274€-03
1.016461E-03
1.166REE 04

Y=
TRANSLATION
el aah0QE-0T
-Z.AG139E~07
-z.,A1200E~04
~7.3PR63F =04
“G,SRIC0E-04
=1.11674F =03
-8 ,RL4S56E-04
=3.1715%0E-04

~F.33305E£-05

7~
TRANSLATION
-2.725286FE-03
~6,7RRT4F <03
-8,13116E-03
-6,66R30E-03
-4,95514F-03
~3,19075E-n3
-T1.66TT1E-n4
-3,.35566E~06
-i.,67190E-06

F?

Y-

TRANSLATTION

-1.7€020E-07
-2,51689E.07
-2,01291E-05
-7Z.A23319F-05
~1.56707€E~05
-€.AS3INE-06
‘Z.A1105E-06
3.7734REnb
1.17032E-06

-
TRANSLATION
6.12864E-04
1.49613€-01
1.32968E-03
4 ,RR691F 04

~1.541236F-05
-4 ,03941F-06
~3.44193F-n4
2.51445F =06
1.25741E-06

Xa

ROTATION
~7.11170E-05
-A.5AAS1E-05
-6,15365E-05
-5,29980E-05
-4,72651E-05
-4,15321E-05
-2,17254E-05
~1.47277E-05

-7.R2A63E-068

NOLCES

X -

ROTATION
1.72317€-05
1.20391€-05
1.42574E~07
<1.25494E-06
=9.94R01E-07
-7.34663E-07
-2.62036€-07
9.63131E-08
1.00169E-07

. Y=

ROTATION
-2.5489RE-09
~5,09994E-05
«6,92T4RF-0S
~9.335A9E 05
-«9,7604AE -05
-9,8037272E-05
-8,35562E-05
«4,10121€E-05
-2,25151E-05

Y~

RCTAT]ON
1.18120E-05
2.,36256E-05
3.11139€-05
2.990R0E-05
2.5242RE-05
1.69172E 0S5
-2.34656E-05
-3.73220€-05
w2 .60TR4LE=-05

2~

ROTATION
=?2.72979E-05
=3.1R546E-05
«?2.31254E-05
=1,31625E-05
=1,05731E~05
=B, 1646TE-06
-4 ,00842E~06€
=3,52452E-06
~1,76226E-06

. 2-
ROTATION
~?2.15718E~06
«1.,51674E~05
~1.0R698E-06
8.56645€-07
5.95008E-07
4,171749E=-07
3.39194E-08
=3.BEI4BE-08
=1,93174E-08
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YABLE Zfi)B'FOVGAﬂRD PIPING SYSTEM CASE R (RESPONSE SPECTRUM)

RFSPONSE SPECTRUM DISPLACEMENT COMPONENTS -

RESPONSE FCR VOCE

FREQUENCY =

NODE
NUMRER

D2O0DNOITPASTWN

-

“A1.E000

CISPLACEMENTS/ROTATTIONS OF UNREFSTRAINED

Xa
TRANSLATION
-4,65400F ~05
-5,.8958RE-05
~3.744BRE-06
3,4)20SE-05
3.,41422€E~05
3.416723E-05
2.R3B11E-05
1.2628RE 0%
3.74766E-06

RESPONSE FCR MOCE

FREQUENCY =

NODE
NUMAER

DIODNIN S WN

-t

DISPLACEMENTS/ROTATIONS OF UNRESTRAINED

Xe
TRAKSLATION
3.2959<E-06
4.89620E-06
6.,32895E-06
8.59022E-06

8.52921E-06.

B8,45599E-06
2.21504E-05
2.33499E ~05
A.60520E-~06

161,742

+7

Ye
THANSLATION

-€,17579E-07

-1.7272243E-06
-Z.95057E-05
-1.70736F <04
-1.736€8E-04
=2.14729E~04
~-1.92113€E-~04
-B,5R301E-05
~Z oSET7T16E-0S

4

Y-

TRARSLATION
“1.204906F 07
«?.53217€E-07
«1.25650E~0h
=71.616G5E-06
-1.21891E-0%
-1.,52404E~0S
=1 .A594RE-QS
-1.20546E-05
~4,21139E «06

Y
TRANSLATION
2.2R749E.05
3.03090F-05S
i.24550E-~06

-2.3R934E-05
«2.277143E-05
-1,90397€-n5
-6.82038E-06
~4,304R0E-08
-2.1530RE~0R

7.—
TRANSLATION
-5.25629E-05
~3,46556F -05
3.61936F-05
7.485R89E-05
6.29367E-05
4.0B626F-n5
4,57410E-06
4.62335F-n7
2.313AAF -q7

MODES

X

ROTATION
4.94598F-017
-3.99206E-07
-1.77858E-06
~2.549R89E.06
~2.97413E-06
-3.39838E-06
-4,23314E-06
-3.39996E-06

-2.17958E-06"

NoDUS

X

ROTATION
-7.R3811E-07
1.,42116£-06
2.42037€-06
1.68791E-06
1.29558E-06
9.03253€-07
2.01256E-07
-3.62800E-07
-3.1A676E-07

Y=

RCTATION
«2,42619E~0R
-4 ,85357E-0R
t.13007E-07
3,35519€-09
«1,35741E-07
~2,1RY49F-07
~6,21417E~07
~5.03321E-07
«3,20361E-07

Y-

ROTATION
~5.,5A02RE~-07
-1.116065-06

"-1,23B€1E-06

3.41010E-07
9.65919E-07
1.3R200E-06
9.09797€-07
~6,16306E-07
«b6,2614TE~07

Y

ROTATION
9.62767E~07
-«7,15422E-07
-3,2878T7E~06
«3,213R7E-06
=2.,64385E~06
=1,90535€E~-n¢
$.91717E-09
1,24109E-07
6.2054T7E~08

2.
ROTATION
-F2R3R4E~08
«1,06092E=-08
=1,55336E-07
«2.T1861E~-07
=?2.16191E-07
=1,20R16E-n7
2.,11979E-07
2.14791E-07
1.07396E-07



TABLE 2-11C ‘HOVGAARD PIPING SYSTEM CASE R (REéPONSE SPECTRUM)

RESPORSE SPECTRUM CISPLACEMENT COMPONENTS - -

RESPONSE FCR MOCE &
FREOQUENCY = 16Z,.R20 k2

CISPLACEMENTS /EQTATTONS OF UNRESTRAINED AOCES

NODE A Y- 7- ) Y- 7-
‘NUMRER  TRANSLATION  TRANSLATION  TRANSLATION HOTATION RCTATTON ROTATION
2 -4.55097E-0R  2,566]12E-0R =3,61522E-06 -3.731R3€-08 T.69P1QE-08  5,A25RBE-0T

3 -7.14573E-05 S5.12435E-0R  -2.37BT71E-07  1.50907€-07  1.53SA4E-07 -1,.22149E-06

4 1,59407E-05 ~1.4PB24E~-05  3.79472E-06  2.92335F-07  1.8365RE-07 -1,04923E-0¢

5  2.0R421E-05 ~-}.67287E-05 2.15854F-06  3,91530€-07 1.95466E-07  R,24004E-07

6 2.09440E.05 ) RS4RAELQH. -1,23321E-06  4,56585E-07  1.T70ER4E-07  1,1€218E-n6

7T 2.10060E-05  2,413A9E-05 -3,85513E-06 5.21639E-07 1.17703€-07 1,23349E-06

B 2.013086-05 4.43FS9E-05 <-3,17483E-06  7.6533TE-0T ~1.9779RE-07  7,£3832E-07

9 1.15298E-05 7.6874TE-05 -8,45556E-09  9.50000E-07 -3.912506-07  3,78726E~07

10 3.B1167E~06 P.EPEI2E-06 -4,.23311E209  6.95006EZ0T -2.99560E-07  1,R9363E-07

-64—
i
i
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TABLE 2-110 HOVGAARD PIPING SYSTEM CASE B (RESPONSE SPECTRUM)

Response Spectrum Displaéemené‘Componéﬁté

SQUARE ROOY OF WHE SUM CF THE SOUARES OF THE NOUAL DEFLECTIONS

NODE
NJMBER

DVD~NONIO>WN

CISPLACEMENTS/ROTATICNS OF UNRESTRAINED MODES

. X
TRANSLATTION
1.1617¢eE-03
3.19537€E-03
3,89641E-03
4.,07107E-03
4,06965E-03
4.,061R02E-03
3,19274E-03
1.26210€-03
3.9979SE-04

Y-
TRANSLATIQON
€ AEIRAF-0T
1.37681E-06
2.A75412-04
1.4S624E =04

S hEIOOE~04

1.1375RE-03
S.026TCE-04
3,3C02R7E-04
f,77112E-05

7~
TRAMSLATION
2.33544F-03
6.95180E-03
8.23924E-03

- b bR6E4FE-03

"4.95562E-03
3.21653E-03
8,40526E-04
4,218R4F-06
2.10960E-05

X

ROTATION
7.31807TE-05
A.6TITSE-05
6.76040E-05
§.31025E-05
4.,71889€E-05
4.16904E-05
3.20116E-05
1.51495€E-05

8.162885706.‘

Y=

RCYATION
2.810B7E~nS
5.62175€-05
7.59517E~05
9,80T+4F-08
1.00821E-04
1.002R0E-04
8,6R43E-05
S.5465RE 05
3.44€15E-08

. y 29

ROTATION
3.48104E-05
3,53110E-05
2.34073E-05
1.36039E-05
1,09787€-05
R.4B564E-06
4,08619E-06
3.55369E~06
1.77684E-06
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v20LE 212 HOVGABRD PEIPING SYSTEM CASE B (RESPONSE SPECTRUM)

SCUARE HNOT OF THE SUM OF THE SCUARES OF THE

(FCH AL FLEVENTS)

ELEMENT YYPE (3/C P
PX (1) vyely
JASATE D]

JAH2REN02

ELEFENY TYPF (3/C P

PX(ty vy i
L1560Eent L1641E402
ELEMENT TYPF (/€ P
P (T} VY (D)

L18423F.0) (628SEL0)

ELEMENT TYPF (3/C P
Px {4y VY (J)
LA4T61F 400 LI RYR!

ELEMENTY TYPF (2/C [

PX (I vy ()
LAZTSE <N .185SE.0)
ELEVENT TYPE (3,0 F
PX (J) . vy ()
11338 402 .137RE. 0
ELEMENY TYPF (/D [
Prgly vy (i)
1B TPE N2

JAINERF 4D

PXx =
vy =
V? s

I PE

v
.llQ6E~02

1 P E.
vieh
<T9P6E 0]

1PE

vZly
JHEPEE 0

I PE

vZio
JBE2AE A1

t PE

vz
LABINE 0]

1 PF

vZiv)
LAe3VEen]

1P E7

vzt
JH1VTESO?

X-AxI1AL FORCE
Y-SHEAR FORCE
2-SHEAR FORCE

Y
TXA(T)
L3160F 403

) /

ST
W 3160F .03

) /

TX(1)
.3160F 401

) /

TXtJd)
L6471F 402

' /

) (1)
LHaTVEL02

) /

TY ()
.137RF 403

) /

T
LIGIHE 0]

O -

M0DAL FORCES

TX = X-TWISTING MOVENT
MY = Y- PENDING MOVENY
M? = 7- BENDING MOVMENT
a INITIAL NONE
= CFNTER AODE (FOR PIPE REAND ONLY)
= FINAL  NQDE
/ 7  ELEVENT NUMBER { 1)
MY LT MZ (1) PX(J) VY £Jd) . vVZ ()
LRIAGE+0Y  .)S5A0E+04 ,1567E401 ,1AZAE«02 .116(Een?
/7 7/ ELEMENT NUMBER ({ 2)
S MY(D) MZ (1) PX(J) VY () VZ i)
J22B6F«nY  .5912E+03  L156N0E0)1 L 1441F402 (T926E«0)
7 7/ ELEMENT NUMBRER 3
MY(EY  MZ(D) PX{C) VY (C) VZI(C)
.?559E€.03 ,2644E+03 ,3006E+01 ,S5T32E.01 .5626E 401
/7 7/ ELEMENT NUMRER ( 3)
MY () S M2y
L3994FeN3 L 1596E403
/ 7 FLEMENT NUMBER | 4)
MY L) MZ (1) PXIC), VY {C) vVZ(C)
L3994F 403 L1596E+03 ,1059E.02 ,4242E401 ,8631E.0)
/ /7 ELENMENT NUMBER { 4)
MY (J) M2 (J)
J2T69F 03 _1219E403
s 7 ELEMERT NUMBER. { S)
MY (1) M2(T) PX () VY (J) V7L
L2TASE 02 L)1219F 03 (ISTREC0?  (105HE.D! L1117E4072

IX(JY
«J1E€0E«nN3

1IX )
«3160E403

TX(C)
+2064E4+03

Xicy
.8381E+02

TXA(JYy
L1978E+0]

MY (J)
L22R86E 4«03

HY (J)
L2644E¢03

MY (C)
.3379€+03

MY ()
.3403E403

MY (U}
.31BRE+D]

MZ (J)
.5912€403

MZ D)
«2559E+03

MZ(C)
.19‘\054003

MZ(C)
<1210E403

MZ (J)
+11R4E .03
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ELEMENT TYPF

Px(ly
»192GF 4«02

ELFMENT TYPF

PX(Iy
«?3RYE+0?

ELEMENT - TYPE

BX(J)y
L2240k o027

ELEMENT TYPF

PX (1)
.7379E+0?

ELFMENTY TYPF

PX (Jy
+1317Fen?

ELEMENT TYPE

PX(ly
2 131PEen?

ELEMENT TYPE

X (I
.131PE+n?

(3/C P

Covvl)
L95ZPESOQ

tast F

vy (1)

V1323407

(3/0 P

VY (J)

L18€2E407

t3/0 P

vyt
.17€1E+02

(3/0 P

VY (J)
.26%1E402

(/e F

vyt
.2649E401

3/ P

vy tn)
L2TS3E40)

I PE

vzl
«1249E407

1 PE

vZ(Iy
«1549F «0)

1 PE

VZJ)
L1549F 0

I PE

vz (I
«211RF 401

1 PE

VZ (J)
«211RE+01

I PF

vz
«PAR2E 402

1 PE

vzl
LPG41Fin2

3 /7 /7 7/ ELEMENT NUMBER (

RIS MY (1) oMz
L10TRF403 ,31ARE+03 L) 1R4E«0D

) / 7/ ELEVNERT NUMRFR {
R T T R T2 E Y 7S 3
J187RF .03 ,1074E«03 ,4533E+03
Y 7 77 FELEMENT NUMBER (
STty MY M7 ()
L1977€403  ,1014E+4037 " ,8445E403

H /7 7/ ELEMENT NUMBER (
T MY (1) 7T Mzl
L19T7€403  .1014E403  .E465E+03

) 7/ ELEMENT NUMBER (

TYXLY) MY (J) M7 ()
L5306F+02 .2517€403 L ESRAE+03

) /7 7/ ELEMENT NUMBER {

(1) MY (1) .M
L5306F .02  ,65R6E+03  ,2517€403
) /7 7/ FLEMENT NHUMPER

X (1) My (1) Mz
L5I06F 402 _1074F+04 . 2937E+03

6)

PXx tJ)
.1929E402

kA

PX(C)
L245TE+02

(R}

8)

PX(C)
.184BE. 0?2

81

9)

PX (J)
L1318EL02

1o

PX(J)
.131RE+02

vy ¢4y
+95ZAE+00

VY (€)
«1151€E.02

VY (€)
.2312€402

VY (J)
.2649E401

VY (J)
L2T93E 401

V2 (Jy
«1249E402

vZic)
L1549E 401

VZ(c)_
<211RE40]

VZ ()

.2082E.02.

vz
.2941€+02

TX(J)
.1978E+023

TX(C)
«21T4E4+03

TX(C)
+1403E.03

TX ()
.5306€.02

TX )
+92306f4+02

MY (J)
.4533E+03

My (C)
.2794€ 02

MY (C)
.1R96E403

MY ()

JINT4ELO4

MY (J)
.1615E4+04

MZ ()
.]074E903

MZ(C) .
«5353E403

MZ(C)
«5454E,.03

“Z(q)
.2937E.03

MZ (J)
»3409€+03



148LE 2~13 HOVGARRD-PIPING SYSTEM CASE B (RESPONSE SPECTRUM) o

S -~

RESPONSE SPECTRUM STRESS COMPONENTS A Ce e

ELE#EAT ELEVENT LOAD  STATION LNGTOL CIRCUMF SHEAR

NUMRER TYPE  CASE STRESS STRF&S STHESS
1  TANGENT 1 ENC T 193.801 0,000 21,427
EnCed 69,949 0.06n00 21.427
3  TANGENT ) ERC-T 69,947 0.000 20.447
' ENC-J 40,730 0.nn0 20.447
K AENE 1 EART 46.249 49.740 18,945
CENTER 49,474 37.242 12,848
ENC-Y 54,616 30.025 4.89)
4  RENC \ ENC-T R5.275 30,028 5,743
CENTFR 47.087 22 .10 0 7 €.408
ENC oY 39.913 ?272.923 12.508 °
S  JANGENT 1 EAC-T 6.207 0.000 12,973
ENE 2y 40,335 0,000 12.973
]
a3 b TANGENT ! ENE-] b0.,993 0,008 13,217
t ‘ FAL<d 54,814 0.000 13.217
7+  RENC ! EnEL]T £2.668 85,280 13.367
CENTFR 71.557 100,690 14.19A
ENC.y 73.617 102,79¢ 13.805
8 RENC 1 ENE-T _732.878 102,798 14,188
CENTER 15.5R7 102.¢02 12.061
ENC 90,534 123.894 7.899
9 TANGENT 1 EnC-1 19.954 0.000 8.239
ENC.J 124,844 0.000 8,339
10 TANGENT 1 EnC-1 124,844 6.000 © 8,453

(AN N 183,836 0,000 8,453




TARLT 2-14 HOVGRARD PRONLIM DYNAMIC CASE 3 (STEP-BY-STEP INTEGRATION)
' B oo e e e e ——— e+ = =

DI S LA MENT HAXTH

NONF NPISPLACEHENT . MAITHUN . TIME AT PLOT )
MUMAF 2 . . SOMPOULRET o - . o JALUE oo o MAK T MM - SYHMIOL: o o oo o et et i e e = et oo et e e e <o

T f{-.- Q. OLA7F -0l - 2¢2203F 400 - -« - NA - oo e e+ e oo ;_._.-..__.._._‘._AA_._.._..-._4._. e

2 Lo HLAKE-DA 2.6000E+00 NA
QO SO SRR S W W7 S Y RO MY 117 -2 ¥ 1 NA ‘ S
3 2.1200F-03 2.4400F ¢00 HA :

'
A -

1.9%60F-63 2.4000£+00 NA
2eH822E-008 2 4BONF#00 - - - - - NA v mm e e h i il e e e e e s =
1.10 32€E~-04 2.4A00F vOU NA : ’ :

e D2 BE~QH - 20 BOOUE $00- - o oo N B e ern « me + or e oo e oo e e s e =

e GHIE~DS — 204 A00E 00 NA -
2.5%9721-03 2.4300E¢00 NA . . R

w2 e hSLE Ol . 2 4BOUFE 00 - e e NA e e crem - - e e e e e e
2.3708¥-03 2.4000E400 NR ‘ o

2eSGCGAE— T o 2o RBOOE $00 < S mMA - e e — : ——

3.058RE-04 2.4800C00 NA ' o S
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|
i
|
i
N
:
|
|
|
]
i
i

i
T

0

§

t

H

i

10QT4AE=03——2e 4 400E400 NA
2.5940£-03 2.4300E+00 A . : .o

-HC~

1.4R3I4E-03 2.4400E+00D NA

2.T204E-04 2.4300E¢+00 NA
b e CQYLE~ 04— —2 4 BO0E+D0————NA

cew B3eBIOAEC0H . . 24 4BO0E €00 e NA i —

e 2 LWALE=03 . - 244BODE40D e NA o S . ' e e e e

-~
G N PIm BN e N (N SN W

4 9.E952E-U4 2.2200€+00 NA .
SR e D 711 Y 15T TS SN YT (T Y Y Je—Y ' y . e
1.2334E-06 2.5200E+00 NA : - .
T - 3 MHAE DG - 242200€ 400 - o e NA- — : S ————
2.34096-05, 2.4A00E+DD NA S -
e - fredb G AE— 0+ ——2 w5200 E+0 0 A -
Note: Displacement components 1, 2, and 3 respectively correspond to' x, y, and z,
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TANLE 2-16 HOVGAARY PROMLIM OYRAMIC CASE 3
. FOwEF- -

CELEMENT - FYPE HUSRER mome Prmmeeromes s mmmriman

ELEMFMT L CCALLEIN FORNE

HYSIER GOHPONERT

B LI TR~ XY | R G et et
ry

[ SPR-

x

LI

a¥ 4

. FNp-J Fx
£y

C L FL e

X

o [P, "ny..

-~

O8N ENT %A

HART MU

va_ui -

ety 0R62E -0 1 —

3.621620 00

41.20307¢014

L.ATRLZvDY

ch 88293402
3.9 745002

- 1. 04R2E-01

3.821R5400

S 420302000 -
T4.A76L50 01
6938 15404-——-2.4800€6+00—

4z

1.9999¢¢02

(STEP-NY-STEP

INTEGRATION)

- PahUR0AFE+0U

TINE AT

"HAXTHIM

2.4A00E+00

2.2200€+00 -

2.4800E+¢08
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fy
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v 7
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1.2274: 400
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2 H00E 00
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2.ua0af sga




-9¢-

h fnr-1 “x
S Fy
L4
- Y
"y

Hi 4

Hy

“ FND-T - - - .OFX
ry
L3 4
T

M7

—e - - FX
ry

5 CEND~J - -

R U TP L3 B

X
4y
MZ

Y-

LeRstYIe Ul
75181000
2.94A620 00

~~~~~~ — 1 S O24F P01~ 24 LADDE+D G- -

Q. ANINTI0L

1.00632¢02

Ha20540%¢ 00

2.94853¢00
AL WSU9T PG
163255402
2.333620014

amerinnem o oy B B E= O e =24 60 OUE+00-

Sl.t2143000 - - 2.2200E400 .- o - e

1o 0181F-014
-3«13837¢00
AobSLuze0t

2.333A5¢0 ¢

coee 1a 82317401
1.0tB1z-01

A 45036001
- Lo BSXTFE02

2. 3705€¢01

[ Fup-1 rx

_— e s . -FY
FZ
rx
Hy

e M e 2 AY A ST 40 |

o Frap-4 3

[ AR VY + P S

1.35252+¢01
AeAIHTE-01
J.2rs23e00
Rabd47)70¢ 0}
1.A537¢402

1.35252¢01
L.1h7¢-01
N.271276000
SRS L95+ 018
2. 376E0 0T
2.499474 01

2.97%3°-01
ALLGL 1401
2,839 v 00
P70

e L 43752402~ -2.4R800E400

o3 138354 0 202200E4D0--

----- 2c4A00E+0G

2.2200F ¢00

2.2200E¢00 - - - - e -

2.2200E¢00

2.4R00E+00

2-4A00E+Q0 - .. -

?2.2200E¢20

2.27200€E¢00
2.4LH00E+00 - --
2.41000E¢00
2.4000€400
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2.2200€ ¢0y

2.2200€¢00
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1AOLE 2-16 HOVGAARD PROPLEY OYHNAMIC CASE 5 (STEP-BY-STEP INTEGRATION)
- i e S T R-E S S B0 M2 0 N-E NI M-8 X LM B e e e e s e
== LONG FTUDHL— — -0 FROUNF R——- —-—-——GHE AR~
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Problem 3 - Dynamic Analysis of a Coffee Table

The third problem to be investigated was the dynamic response
of a coffee table subjected to the identical earthquake motion
discussed previously for Problem 2. Results gotten for the
three different methods of analysis are given in the tables that
follow shortly.

Problem Description

i. Geometry - The configuration is as shown in Fig. 3-la.
The structure is comprised of lengths of 2 in. steel pipes'
with internal lining of damping material, and four 2 3/4 in.
steel cubes welded with the pipes at the corners as shown in
the figure. The entire assembly is fixed to a heavy base. The
lumped mass system used for the analysis is shown in Fig. 3-1b.
The system is the same as the one used by Swansonl6,
in which the mass of the cube plus three aéjacent 3-5/8 in.
lengths of the piping were lumped atleach corner. Intermediate
mass points M2and erespectively, comprising the masses of 10 in.
and 5 in. segments of the piping were positioned as shown in the
figure. The horizontal dimensions of the pipes are considered
only between the outside edges of two adjacent cubes. The input
nodal coord;nates and the values used for the lumped masses are

shown in Table 3-1 and Table 3-2, respectively.

ii. Material data - The member properties are as follows:
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2% in. cube

FIGURE 3-1la

ISOMETRIC SKETCH OF COFFEE TABLE
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O ELEMENT
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FIGURE 3~il

FINITE ELEMENT MODEL AND LUMPED VMASS
LOCATIONS FOR COFFEE TABLE PROBLEM
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Pipe outside diameter (inches) 2aBTs

Pipe wall thickness (inches) 0.154
Young's modulus (psi) 27.9 E6
Poisson's ratio D43
Unit Weight (lb per in.3) 0.34517

iii. Loading condition - The same earthquake response
as given in Problem 2.

Analyses Results

For the purpose of comparison Table 3-3a shows values

for resonant freqguencies of the coffee table cbtained from
: S . e,
EPIPE and those obtained by Crede =, Tuba and Wright ,

16 # v 15 :
Swanson (by use of ANSYS) and experimental means. With
the exception of resonant fregquencies obtained for the 5th
mode which are within 13% of Crede's values, 5% of Tuba
and Wright's values and almost identical with Swanson's
values, the various answers are quite close. As mentioned,
the lumped mass model used for this problem is the same as
that used by Swanson with ANSYS and thus the results of the
two methods should be closer than those gotten by the other
references shown in the table.

‘Computer results for all three analysis cases are shown in

Tables 3-3 to 3-14. Tables 3-3 to 3-7 respectively list the
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natural f;equencies, mode shapes, maximum displacements, re-
sultant forces, stresses, and their time of occurrence obtainéd
from the time-histo:y»énalysis. similarly; tables.3-8 and 3-9
show the modal participation factors, displacements and'felations,
énd-the«square root of the sum of the squares, or ;th méan
square (RMS), of the mod#l forces and stresses obtained from
‘the response spectrum analysis. Finally, the maximum dis-
placements, forces and stresses and the time of occurrence from
the step*by—s:ep intggratiqn.sglution are given in Ta?lgs 3-10
to 3-14. Again, for this problem the numerical results. from all
three methods appear to bé similar with thé response spectrum
analysis yielding generally higher resultant forces and stresses.
For this problem, the time span was 16 seconds with 800

intecration steps cf 0.02 seconds each. Unlike the Hovgaaxzd

problem, only every fifth incegration step was printed.
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TABLF 2-1 [INPUT DATA FOR COFFEE TAHBLE PROBLEM

VT NNDDAL COORDINATES . .- 4 . ‘]
NONE  RCUNBARY CONCITION CODES "NODAL POINT COORDINATES
NUMBER X Y ? XX YY 212 X Ty z : T

1 Q 0 0 0 0 0 0.0 10,000 0.0 0 0.0

2 0 0 0 0 0 0 21.2%0 10,000 0.0 0 0.0

3 0 v I\ i} 0 0 21.250 10,000 17.25%0 o n.n

4 0 0 0 0 1) 0 ) _10.009 11.250 q 0.0

5 0 0 0 0 0 0 0.0 180625 17.250 0 0.0

[ 0 0 o o 0 [\ 0.0 10,625 - B.625 0 n.o

10 \ 1 n Q 0 0.0 10,625 0. 0 n.0

1 0 n 0 0 0 0 B.625 18.625 0.0 0 0.0

9 0 0 [ 0 0 0 lll.l-’ZS 18,625 0.0 0 0.0

10 4] [} 0 ) 0 0 21.25Q 18,6295 0.0 1] 0.0

11 0 0 0 0 0 0 27.250 10.625 8.625 0 0.0

12 - 0 0 0 0 0 0 21,250 18, 625 17.259 0 0.0

130 0 0 0 [V 0 18,625 10,625 17,2580 __ 0 0.0

14 0 0 0 0 0 0 A.625 18,625 17.250 0 0.0

! 15 1 1 ) 1 1 0,0 0.0 0.0 o 0.0
B 16 | A L 1 | 1 21.259 0.0 0.0 i} 0.0
o | 17 1 ) 1 1 1 21,250 0.0 17.250 0 9.0
f ! 18 1 t 1 1 1 1 0.0 -~ 7. 0.0. 174250 0 0.0

f




TARIE 3-2  INPUT DAYA FOR COFFEE TARLE PRODLEM

LUMPED MASSFS DATYTA

NODE
NUMOF &

X=AX1S
FORCHE

Y-AXT5
FONCF

7-AX1S
FORCE

N AM0NE~02
0.89400€-02
0.894091'-02

O 09400F-02°
0, 49400F-02 -
D.894008-02

0.89400E-02
0.89400f-02
0.08900F-02

0.894006~02
0.250£-01
0,09400F~02

N, #9400E~02
0.25380F-01 "
05 89400E-02

N.R9400E-02
Q.25380F-01\
0.89400F-02

0. 25300T 0L
0., 89400F-02
0,874000-02

0.25380E-0)"

_0.89400E-02"

0, 19400E-02

0.253006-01
0.89400E-02
0, 89600502

0.2513R/0F~01
Q0 .R240NE-(2
0o2530C-0}

0.25380F-01
0.894906-02
04253080€-01:

0.25380E-01
0.89400E-02
0, 25380E-0]

0.892400F~4
0,09400F~0

0.89400F-02 |

0.09400F-02

0. 89400E-02
0.89400F-02

_gg—

I

a ¢ B o v o o o P e & o & e
oCcP oo OoPoeoIcoC
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TABLE 3-3a

Comparison of Natural Frequency Values for Coffee Table

Problem
Experimental Tuba and

Values Crede Wright ANSYS - EPIPE
Ref.[15] Ref.[15] Ref.[17: Ref.[ 16] Model A
110 . 109.0 110.5 111.5 111.2
117 115.9 115.0 115.9 115.8

134 - 135.0 134.7 137.6 137.2

214 212.5 211.7 218.0 215.8

.4 385.5 404.2 404 .3

359 350
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TABLE 3-3 COFFFE TABLE DYMAMIC CASE A (TIME WISTORY ANALYSIS)
[’ ‘ NATURAL FREQUENCIEES
. i :
| , ',
MODE, CIYCYLAR . 2
NIRRT FREOUENCY . FPFQUFNCY — PERTAD  VALEPARCE 3
. IRBD/SEC)  (CYCLES/SEC)  (SEC) '
] 0. AO90E 03 0, 11125 €1 0. BIBIF-07 0.255aF-06
‘ 2 0.T2166_ 03 _0.115AE_03 _ 0.5635€-02 _0,7983E-06
i 3 D.UAE9E €3 0,12726 03 0.77Z90F-02 0.3366E-06
r % T0.1356F 04 B,2150F 03 0,46345-02 0.0
5 0.25406 04 0.4043E 03 0.2474F-02  0,7439€-05




CTABEF 3-4  COFFFT TADLE OYNAMIC CASE A (TIME HISTORY ANALYS!S)

MOBDE SHAPES

<
NUTINT R VFETOR  TRBNSTATION  TRANSLATION  TRANSUATION ROTATION ROTAT1ON ROTAT ION o
18 1T 0.4 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0
i 0.0 050 0,0 0,0 0,0 0,0
4 o0.C 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.0
17 1 0.0 0.0 0.0 0,0 0.0 0.0
2 0.0 0.9 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 2.0 0,0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.0
i T 0.0 0.0 0.0 0.0 0.0 0.0
2 o.C 0.0 0.0 0.0 0.0 0.0
10,0 0,0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.9 0.0 0.0 0.0 0.0
15 T 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 6.0 0.0 0.0
' 3 0.0 0.9 0,0 0,0 0.0 0.0
o 4 0,0 0,0 0.0 0,0 0.0 0.0
e 5 0.0 0.0 0.0 0.0 0.0 0.0
14 T 0.24735T 01 -0.18533E 00  0,.68573E-02 -0.33469F-05 0.754T0€-03  0.20460€-01
2 -0.9M867F-03  -0.3129TE-01  0,2587S€ 01 0, 75624E-01 -0,12461F-01 ~-0.11435E-03
3 -0.04041F 01 0.9743)F-0) -0,R9601E 00 -0.232116-0}8 -0,17426E 00 -0,11563E=01
4 0,22CH1F O1 -0.12473F 00 -0.97761E 00 -0.139076-01 -0.15377€ 00 = 0.13097€-01
5 0.126716-01 -0.88194F=01 ° 0.50181F 01  0,34647€-02 -0.38397F 00 -0.663296-02
1 T 0.74735° 01  0.18534% 00 ~0,69596E-02 0.27160E-06 N, 75400E-03  0.20460F-01
2 0.10120F-02 -0.31295F=01  0.25CTAF Ol  0.75626F-01  0.12450F-01  0.11452€-03
3 -0.140410 01 -0.97433F-01 _ 0.89534F 00 0,23201E-01 -0,17426E 00 -0,11563E~01
4 . 320071 01 0.12474F 00 0.97700Z 00 0.139076-01 -0.15376F 00  0.130976-01 i
5 -0.12269E-01 -6.AR173-01  0,50201€ 01 . 0,34678E-02 0.383A82F 00 0. 66347€-02 ‘
12 U 0.74TCAE 01 —0.1626AF-N1  0.H2124%~03  0,338946-05 -0,355026-02 -0.9346%E-01
2 0.272627-02  -0.300900-01  0,24398° 01  0.756276-01  0.941956-02 0. 14663E-04
3_-0.160145 01 -C,179140-00  0.231125 01 0.632426-91  =0,15192f 03 0, 42264E-01
4 0.219A3F 01 -0.75776F-01  0.14124F 01  0.37R96E-01  0.10484F 00 -0.652416-01
5 ~0033590F-01 ~0.32593°-02  0.874426-01  0.347026-02  0.46651E 00 0,79154€-02
i T 0.290100F 01 -0.164591-01 A, G43AAE-03 -0, 440226-05 -0,791435-04 -0,934836-01
2 0.5THORL-04  Z0.AEDTSF-0A  0.24404E 01 -0.20113E-u1 ~0.267646-02 -0, 10595E-05
3 ~0,TIRTI2E-03  0,316600-05 0,23134% 0L =0.179050-01 _-0,165035 00 __ 0,28937E-04
4 0,737245-03  -0,350560-08  CL.16158F Ol  -0,04GL4E-02  0.30405F 00 -0, 163T8E-05
5 -0.234090 01 0.1344GF-0)  0,447776-04  =0,193076-06  0.49220£-05  0.78913€E-02 !
i T 05700011 01 =0,10259:-01  0,2A4035-03  0,26G415-04 0, 34363F-02 -0,935036-01 |
2 =0,26A09E-02 0 30MINY-DL 0,243905 01 0,756270-01  0,06238F-02 ~0.1037126-04 ‘
3 0. 43099E 01 0.174270-0)  0.23112F N1 0,63242E-01  -0,151926 00  ~0,42206E-01) !
- G -0 2TSTRE 01 0,707 74501 0,141247 01 0.37A965-01 0. 104847 00 0.65226%-01
S S0.3TANNro0] =032 EN 02 =0 RTARAE-N) —0.406653E N0

NULE

L 1GER=-

e

Y-

1-

e
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1-

v

=0, 34649451:-9)2

0.78673F-02
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—

Dehqars 0
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=, RGN -2

004700 -01,



~0. G151V =03
N 14A020r 0]
-0.727M3F 0l

0.313101F-0)
0.497315F-01
~0.12471F 00

‘0.290768 01
0. A9S86E 00
Q. OTTHEF DO

0.79626L-0 1
0.232076-01
0. 13907601

0.12454F-01
-0.17424L 00
-0.15317€ 00

-0.11383E-03.

0.11551€~-01
~0.13094E-01

N> w0

=06 122028-01

0. 247408 01

BN T TS

=0, 18542F 00

~0.50204F O}

—0.73395£-02

~0.34692t-02

-0.1:449E-04

-0.39385F 00

-0.0834456-03

0.66595F-02

-0.20469€-01

S A -

0, 10040F-02
N,14020E 01
~0,22C003¢ 01

0.3y291+-01
=093 TI-0F
0.12421C 00

0258768 01
-0.RY602E 00
-0.91782€ 00

0.15624E-01
-0.232116-01
-0,13901C-01

-0,12465F-01
-0.17426% 00
-0.15%371F _QQ

0,11521E-03
0.,115515-01
—-0.13094E-01

0. 127J76-01

0.24T11F 01}

“0, 0046 15¢-01

0, §6257F~01

-0.50184E 01

-0,350227M~03

~0.34680€-02

~0.2UBL1TE-04

0.308400€ 00

N.35364E-02

-0.66300E-02

-0.935026-01

W fe-

0,28081F-02
A R UL DT
=0, 219701 01

,300891-01
=0, 1792%1-01
=0, 2HT1E~01

0.2439F 0
~0.23113F 01
=0,141248 01

0.75623€-01
~0.63240E-0]
0, 37096601

-0.94323E-02
-0.15%192€ 00
0.104084F NO

0.12622E-04

~0.42206E-01

0.65224E-01

B>

0.,340216-01

0.25100F 01

-N,33464 2F~-02

D.164670-01

~0.R12T1F-~01

-0.63682E-03

=0.34606F-02

V. 52090E-0%

Q. 466)0F DO

—-0.00005€E~04

-0,79089€-02

-0.93483E-01

- N -

No AL AN
-0, MEOLE=-01
0.253511-03

N, 545061 66-N6K
=0, 855h401—-0%
D, 4064351 -05

0.244113E 0}
-0.23135F 01
-~0.141508 0}

=0,20172E-01
N 1T986E-01
0.44615C-02

0.266T9FE-102
~-0.16583F 00
0.30405E_40

-0.17347E-05
0.20960E-04
~0.B0073E-05

i

0. 233761 01

0. 26704F UL

0, 13250F-01

V. 16265801

0,408200F-04

~0.91462F-03

-0, 43T05€E-05

~0.65229E-05

=0, T4 T99F~-05

—0.35496E£-02

~0.797069E-02

-0.93463€6-01

_69..

=), 2T 29E~02
0140 4F 0L
0,213 01

-0, 3IN00UF-0Y
0,1791%F-01
0, 257711r-10]

0.243965 0]
~0.231138: 01
—0.1612406 0\

0. 75623€C-0l
~0.63246E~-01
~0.31196E-01

=0.94212E-02
-0, 15192E 00
0.10483E 060

=0.16073E~04
0. 42264E-01
-0.65240E-01

4

WS Nl

0.33941E-01

0.11494% 0L

=0,32936F-02

0. 4973IRQE=-02

0.87373E-01

=0+ 49565€-03

0.34021E-02

=0 64914E~04

~0.46608E 00

=Ne L 9A5NE-02

-0.79050E~-02

-0, 16534E 00

N

-~

=0 18A0 -2
=0.68294%F (0
. 11023F a1l

T FYART
0.9620 1F=02
0,130 15E=-01

0.117T0F 01
=0.11426F 01
-0, 1116%E 00

0.165498 00
-0,157383% 00
~10996215E-01

~0.50616F-02
~ND.B19KTF-0L
0e5628TE-01}

0.19745€-03
0.95172F-01
-0, 14901€ 00

5

~0.902925-0%

0114948 01

=0, t7842%-02

=N.811I426-02

D,46061753E-01

0.45174E-01

0.57302L-02

0.5{1663i:-04

-0.25025€ 00

~N.19061E=02

-0.13083E-02

=0, 16534 00

‘e N |-

D iadTE-02
=0, 602954 00
N, 114023 0L

=0, 16 10L0=-0]
=~0.962007-02
=0,13875F-014

0. 117179 0y
N, 11425% 0l
Q. 11A63E 00

0. 165%0€ OO
0. 19 TH2E OO0
0,9062146-01

0.50%74F-02
-N.N1566%-0)
0,56207F-0]

-0, 19894€-03
0.95172£-01
~-0.14901€ 00

0. 13620F-02

Oo LLHOOE DY

=0 Tu526-92

=0,373¥5340-102

0.468%0€E-01

N.N30R9:-04

0.57329€-02

U 1597T9E-U4

0.25048E 00

0.144505-02

0. 13640E-02

-0, 16542€_00

0 1525~ 02 .

DeAN2270% 0y
~0~ 110218 01F

D161 18-01
Do #3200 -1)2
Ua L3 ] 16~01

Q.11 779¢ 0}
0,11425F 01
0, 1)80673° N0

0, 16880C N1
D.ASTH2F 00
e 962155-01

N.505971F-02
-0.81568F-01}
0.56209F-01)

0. 19257€-03
-0.95069E-01
0, 148987 00

Wi - N

Q. itni-03

N,1145997 )t

=V TR =02

N.871141-92

~0.646TR6F-01L

~0.128406~-03

=0,51206906E-092

—0.219316-04

=0.25049% )

0.184%1FE~-02

0.13650E-02

-0.165421 00

-0 -

O LS 3E-0)2
0.642230 00
-0, 110218 Ul

gylnl6lt-01
—Q Y lk-02
-0, 138 13F-0]

0,10 TT0RF DL
=0 LLA206F O
-0, TLUA4E )9

. 145491 0D
-0, 5TH3F 00
=6 275€-91

=D A LE-00)

=0, Lu24nfF-02

=0,46A30E-0]

~0. 5006437 -02
-0,315606-01
0.56290E-01

-0. 203035-03
-0.95969F-01

0,14398E 00

-0, % ~1)

3E-02

0,25025% 00

~0.13892c-02
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TARLF 3-% COFFEE TADLE DYNAMIC CASE A (TIME HISTORY ANA}VSIS)

1T SP LAl EHNHENT MAX T MA

_OL—

. " <
NINF NISPLALFMENT MAX [Mum TINE AT eLOTY TN

NUMA TR COCMPINFNTY VALUF MAX I MUM SYMINY
1 t 1.2412€E-04 4.9000F 00 MA
2 D2 a165€-07 4,9000% 00 NA
3 1.2317-C8 2, 6000F N0 NA
2 1 1.239 12E-04 4.9000CF 00 * NA
2 F.4TTINE-OT 4.,92000€E 00 NA

3 1., 260 HE-08 2,6000E Q0 [N . !
3 1 1.2469E-04 4,9000€ 10 NA
2 D ATOTE-0T . 4,9000E 00 MA
3 2, 30S0E-C8 4,9000€ 00 MA
4 1 1.2469%-04 4.90008 0O NA
- 2 9.4760E-07 4.9000€ 00 NA
: 3 2,0202F-08 4,9000% 190 NA
5 1 2.6000F-04 4.,9000F N0 NA
2 1.7039F-0¢C 4.90C0F 0O ‘MA
3 4o T4 50E-0OR 429000F 04 NA
6 [ 2.7227E-04 4.9000F 00 NA
2 1.7N615-06 4.9000F 00 NA
3 10 7200E-08 4,9Q000€ 00 HA
r t 2.68007E-04 4.9000F 00 MA
2 1. 163PE-06 4.9000F 00 NA
3 1.51¢64€-08 2, 6000F 00 NA
1] 1 2.6040%-04 4.9000€ 00 MA
2 2.011CE-05% 4,9000€ 0O NA
. 3 1. 7429F~07 4+ 9000F 00 Ma
9 1 2. 6L A0E=-04 4,9000F 00 NA
? 2.0110F-0% 4.,9000F 0O NA
3 1.72156-017 4,9000E 00 NA
10 1 2,6H01%-04 4.9000% 00 NA
2 Lo 70.39F~04 4,9000€ 00 NA
3 1.5151E-08 2+ 6000E 00 NA
11 1 20 1227F~0U4 4o 9000F 00 NA
2 1. TUEIE-1¢ 4,9000F 00 NA
3 1.65237-04 4.90008 00 MA
12 1 2.6NCOF~04 4. 9000E 00 NA
-2, l.7638%~0¢ 4,000 .00 ) NA
: 3 4,0T704E-08 4, 9000F 00 MA
13 ] 2R IAE-04 4.9000F 00 MA
? 2,01 06F-0% 4, 90007 00 HA
3 1661601 4. 9NUOE NO HA
14 t 2.6034F-0¢ 44.900NF 00 HA

2 2,01 05FE-0% 40W000E 00 MA

2 1.66226~-01 4.90005 00 MA

*All values represent the absolute maximum

Note: Displacement Components 1, 2, and 3 respectively correspond to x, y, and !

- -

7
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TABLE A6 COFFET TABLE DYMAMIC CASE A (TIME MISTORY ANALYSIS)

J
TOorviCE COPONENT HAX T HA 3
ELEMENT TYPE NUMRER = 2 {
SLEMINT LECATICN fFUPCH MAX THUM VIME_AY
TTTRNONIER COMPONENT VALUF MAX TMUM
1 £MD-§ FX 2,04 10F un 4,9000F 00
FY G.S51N4E-N4 2.4000F 00
Fl 5.6344E 00 4.9000F 00
X 2,8012¢€-0] 4, 9000F 00
1y 6.1696F 01 4 .9000F 00
"y 1.1516F-03 2.6000¢ 00
1 FND- FX 2.08410F 00 4490005 00
(A 9,5)1946-04 2.0000€ 00
F7 5.6344fF 00 4.9000E 00
TX 2,48 72F-0} 449000F 00
My S.1517F 90 4..9000€_00
MZ 2.5094E-03 4,9000F 00
2 END~T, Fx 2.0369€ 00 4.9000F 00
[ R GT6LE-04 2. H000F_00
ri 5.0897F 00 4.9000F 00
X 2.AB872€-0) 4,9000€E 00
. MY 5.1520F 1Q 4.9000C_Q0
M2 2.5093F-03 4.9000¢ 00
2 END- FX 2.R369F 00 4.9000F 00
ry Be5THIF-04 2. 6000E 00
F1 . CH97E_00 4.9000¢_00
X 2.8P 126~ 01 4.9000F 00
My 3.AT40HE 01 4e000E 00
12 9, 1496F~03 2.0000F 00
3 CHD-1 F X 1.0427E-01 4.9000F 30
Fy 3.50700-03 4,9000F 00
k2 %,93 18E-11 4.9000F_00
X 1A T4E-13 4.90007 00
My 1. 7410F 90 4.9000F 00
v _ 1.,15016-02 4,9000F Q0
3 [EN] kX 1,0640876-01 4,9000f Q0
EY A.507AF-03 4.,900CF 00
7 093 70F-01 4.9000f 00
1% }1.6AT40-0) 44,9000 00
My LR LE LERD) ¢.900ar ngQ
7 V.94 44F-02 4, 9000F 00
3 =1 [ VL)4nTFE=-0) 40001 00
[ L,22027-01 LR LIS TT N 114)




-
MY 5.1823F 00 4.9000F 00
"7 2.5)1025-03 4,9000F 00
i <
<
8 D | £x 2.8310F_CO 4, 9000F _00
Fy Ao 1489C-04- 2,4000f 00
rFr S,0891F 00 4.9000F 00
1Xx 2.1169C=0]. 4,9000F Q0
My 4. 1525F 00 4.900CE 90
M2 2.5101r-03 4,90006 00
9 FND-J F X 2.83700 N0 4.9000F 00
FY A, 14R9E-04 2260007 00
rl 5.CH97F 00 4 .9000€ 00
TX 2.9069€-01 4.9000F 0O
MY 3.0741F 01} 409000€ Q0
M2 9.9217€-03 4.9000F 00
9 THR-f FX 1.0491E-01 4.9000F 00"
FY Na6251F-Q3 4.9000F_00
r2 $.9313F-01 4.9000F 00
X 1.66004%-03 £.90008 00
ny 1. 1415€_00 4,.9000€E_00
‘ Mz 1.1691F-02 4.9000F 00
L
N
| ! aQ THN-g FX t.0491r-0t 4.9000F 00
' ry 3.6257F-03 4.9000F 00
[ 509303601 4.9000F 00
CTX 1.6604%-03 4.9000F 00
My 3.3803€ 00 4.,9000€ N0
M2 1.9502F~-02 4,9000€_00
10 FMD-1 FX 1.04916-01 409000 00
FY 4.2287F-03 4.7000E 00
Fl 5 .9541F-01 4,9000E_0Q
X 1.5943£-01 4. 2000E 00
ty 3. 3801F 00 46 9000% 00
M2z L.ASR)E-02 4,.9009F 00
Lo rNB=-2J EX 1,04916-01 4o I000E 00
FY HWe 220 T5-03 4.000F 00
e 8,954 1F-01 44 F0D0F 00
VX 1.69436-013 4,9000E 00O
My 1.75527 C0 4.9000% O
e LA IF=N2 4.900F 00
1 Mn-1 I X 2,269 0 4.0900F 90
"y 141 RE-07 4.9000F 00
12 S.0RY ST D0 4,000, 00
! Y 2.92426-01 4.90007 00
ty .87 38597 99 [N TEYELE AFS )



-tL-.

ta 6099E-N2

M2 . 4.900uF VO
. ) .
11 TH=~) (3] 2.8369F 00 4.9000€ 00 N
ry tafl 38F-03 4. 9000F 00
(31 5.0RA3F 00 4.9000E_00
1x 2.92626-0) 4.9900F 00
ny 9. 1515F 00 439000E 00
"2 2.1794r-01 4, 9000F_u0
12 THO~1 [ 2.04117 00 4. 9000F 00
Y 1.7239F-0) 4,9000F 00
F2 5.63296 00 4. 97000E_00
1X 2.92626-01 4.90000 00
ny S.1511€ 00 4,9000F 00
Mz 2. 1790F=-03 4.9000F_00
12 CNN-g FX 2,615 Q0 4,.9000F_00
Fy 1.7239€-03 4,9000F 00
r? 5. h329E 00 4.9000F 00
X 2.92626-0) 4 ,9000E 00
MY ¢.4490F 0} 4, 9000F 00
M2 1.5059F-02 4,9000F 00
13 FND=-{ X 1.,1693F_ 00 44 9000F 00
Fy 2. /1 0AF 00 4.9000F 00
1 1.0613F-01 4.9000f 00
1X N.32956-04 2.0000C_00
MY 1.4628% 00 4.9000E 00
M2 3.9716F 01} 4,90N0F 00
13 END- ) ¥4 1, 1693€ Q0 4, 9000F 00
Iy 2.0100F 00 4. T000FE_00
F7 1.0013€-01 4.9000L 00
VX n,I29%F-04 2. 6000E Q0
"y S5.47165-01 4,9000F_00
w2 1.4493¢ 01 4.9000¢ 00
19 FHn-q X 2.,7189F-03 4,000 00
FY 2. 8986E CO 4.9000f 00
r7 1,09481-0] 4590000 00
1y 1. 22426-C4 2 .6000F 00
ey £L,4730F-0) 4, 9900100
[ 1o h4 130 01} 4,90001 00
14 VNG X 2,019 -013 4.900F a0
ry 2.089086F CO 4.9000f 00 '
ry 1.09407~0¢ 4,90007 00 ‘
TX AN APT SNy 2.6000F a0
uy A TASE =) 49000 Uy
1y 1,4493F 0} 4, IN00L U




1.1696% 00

. N

1S FN-1 ¥ X 4,9000F 00
FY 2.3108F N0 4.9000fF 00
7 1.0614F-01 4, 9000F 00
1X He2304F-0% 2. 6000F 00
MY S.41770-0) 4.9000C 00
ny 1.4493F 01 4.9000f 0O
15 NN~ FY 1.1696F 00 4 ,9000F 00
FY 2.8190C_CO 4,9000f QQ
r 1.06014E-01] 4.9000E 00
TX Re23040-04 2.60008 00
MY 1 4020F 00 45,9000 0Q
M7 3.8736F 01 4,9000F 00
té EMD-1 Fx 1.17T108€E OO 4.9000C 00
ry 2.1 140 Q0 4.90008 00
Fl 1.0533C-01 4,90005 00
X 1.7682F-103 4 .9000F 00 i
1"y 1a43223E. .00 4.90007 00 .i
"7 I.ATA4LE 0t 4 .,9000F 00 ;
!
16 CND- X 1o 1718F 00 4,9000f 00
FY 2.8114% 00 4.2000F 00
L A 1.0533€-01 4.90005 00 !
TX te76A2F-01 4.9000F 00
‘MY 5.4379F-01 4.,9000( 00
M7 1.h996F 0} 4,9000F 0Q
17 Ftn-1 FX S DANLE-D 4.9000F 00
. Yy 2.0992F CO 4,9000F 00
F2 1oL 130-01} 45,9000 Q0
TX 1. T665FE-03 4, 9000F Q0
My S.4340F6-01 4,9000F 00
H? Lo A4 90F 0} 4,49000F 00
17 FHNN-g FX B 9NBAE-04 4,9000F_00
Y 2.,09921 Q0 4.9000F 00
Fl 1.0673F=-0} 4,9000% 00
X L TG 0H4%E-03 4, 000F 00
MY HS.aV84E-01 4,000 w0
47 1a /%967 0} 64,9000 00
18 FM-1 X 1.1719% 00 4,99000 00
ry 201148 00 4,008 (10
.7 1.0%4 WF=-01 4.000010 D0
184 La 16 74E=-01 4, ANNDE 30
My LT ALT I | B B [ 1)
ny Loabant ) A T T4 TE 4 Y1)




—gL_

1.ETL9E 00

END-) FX 4.,9000F 0D
ry 2.81147 Q0 4.9000F 00
fe 1o 064 1E<01 4. 90088 00
X 1. 76 74F-03 4.9000t 00
MY 1.4527€ 00 4,9000E 00 °
M2 3.0744€ 0L 4.2000F 00
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TARY £

=T COFFFE TABLE UYHAMIC CASE A [TIME HISTORY AMALYSIS)

FLEMENT

LOCATINN

STHFEFSS COHPONENT MAX T HA

I\

CLONGITUDHL CIPCUNFP, SUL AR J
NUNAER STRESS STRESS STRESS )
1 AT 105.22 0.0 5.48
ENC-J .24 0.0 5,40
2 FMNR- 1 11,23 0.0 4.90
cND-J 6721 0.0 4,98
3 ENC-1 3,00 0.0 0,55
FNO= ) S I 0.0 0.55
4 FNE-1 %o T4 0.0 0456
“Nr-J 3.03 0.0 0.56
5 ENE-1 61.25 0.0 4.90
END-. 11.23 0.9 4,98
h FN- 1 1124 0,0 5,49
FrE=g 105, 20 0.0 50,49
7 TNE-1 105,22 0.0 L 4n
ENN- 4 11.24 0.0 5,48
n EnNr-( 11.23 0.0 4,94
Etn-J 61,21 0.0 4.94
0 rNC=1 3,00 0,0 0.55
TNl=.J 5. 74 0.0 0.55
10 FNI-1 5. 14 0.0 0. 54
NE- 3,03 .0 0.%6
1 ENE-1 67425 0.0 4.9
: ENE-J 11.23 0.0 4,90
L 12 FHR-1 11.24 Cal) 5,49
(YT 106. 20 0.0 S.49
K T 6575 6.0 62
[T A | 25,210 0,0 Z2e0r2
14 fap- 24,00 0.0 2,70
I'NE- o 24,19 0,0 2,10




FHi-1
FHR-)

2%.28
6h. 15

END-1

65.76

EHR-.)

29,26

ENE-1
FNE-0

24.20
24.20

EnL-1
EHN-)

2%.29
65,16




TABLF 3-RA  COFFFE TARLF CYMAMIC CASFE R ¢MFESPONSE SPECTRUM)
MGDAL FARTTCTIPATION FACTORS ANG EAFTHQUAKFE SPECTRUM
OIRECTION FACTORS

X = t.000C Yy = -0,0000 7 = =0.,0000

INDICATOR FCR DISPLACEMENT OF ACZELERATION SPECYRUM =

EQG,0 DISPLACEMENT
EQ.,! ACCELFRATICN

MODAL PARTICIPATION FACTORS

MODE x<DIRECTICN Y-DIRECTIOMN Z-DIRECTION

i <.4283F400 \596TF1t J12S57E-07
2 .anzoé-oo 5031F-1¢ L46260E400
5, 3 Z1074E-1) $6T53E- 18 «36RIE-1D
?) T4 S4S0RF=1? W5E4SE-13 .5240E-13

5 .1041F-13 -+331KE-02 LP2334E-12

SPECTRUM TAFLE (IMPERIAL VALLEY E.a, FLCENTRO 1940 SE

NUMBER CF PCINTS & 1] :
SCALE FACTOR = L100C0E+0]

INPUT : SPECTFLM
POINT PERIOD VALLE
1 . V69RE-02 L14%0£-01
2 .28A0E-01 J3A00E-0n3
3 LERN0E-D .7750F .03
4 L1100E-01 7750403
5 «9100F 01 J4406E803
h L1140FEe00 L11RRE NG
7 J1410FE 000 .11RR8E.04
8 .1720E400 s1000F 403
9 .2000E400 RT10E40]
10 .7500F +00 LATICF40]
1 «3230F 00 Jen00f 403



—6[—

T8ALE 3-98

RFSPONSE SFECTRUM CISFLACEMENY CCMPONENTS

RESPONSE FCR MOCE

FREQUENCY '3

NODE
MNUMRER

111,230

CISPLACEMENTS/ROTATIONS 0OF

X
TRANSLATION
-2, 0R94SE -4
-2.0H94GE <04
«?2.08948t 04
~?.0894GF 04
-4 ,4909%€-04
-4, S61AR4ENY
“4,49095E-04
=4 ,49660E-04
-4 ,496R0E-04
-4 ,4909SE.04
~4 ,861R4E =04
-4 ,4909%E -04
=4 ,49A60E =04
-4 ,49660E-04

RESPONSE FCR MODE

FREQUENCY =

NODE
NUMRER

LT DN S W) -

118,794

1

2

COFFFE TARLE CYNAMIC CASFE B lDESPONSE SPECTRUM)

r7

Y-
TRANSLATION
~1.5P7R81E -0k
1.50781E-06h
1.5P781E-n6h
~1.SRTAE~0A
~Z.95%30E-nh
=7 +Q96254KE-0A
-Z.9%830 =06
1.36914E-05
~3.3Ff914E .08
7.95C30E~nb
Z,96256E-06
Z.95820F -n6
=3,3638)14E 05
3,3 914FEnS

r7

UNQESTRAINED

2~
TRANSLATION
-3,33297E-~08
3.33427E-08
~3.37296E-08
3.33427€-0R
5.05570F-08
1.350463E-11
~5.05300E-0R
1.,2R9R3F <06
-1,2R980F-n6k
5.05570€E-08
1,35089F-11
-5.05300€~0AR
1.2R983F 06k
~1,2R980E 06

CISPLACEMENTS/ROYTATIONS OF UNRESTRAINED

Xe
TRANSLATION
3.717584E<16

~3.125R2E-16
3.12584E-16

-3, 772504E~14

-6 4RSARE-]6
A,61097€-22
6.4R590E~16

JIRY3I4E-16
~2.308123zE-1h

-6, 4A587E-1h
R.EYNGL1E-22
6 ,4REPGE LA
?.3R1D3E 14

~2.,38132F-16

Y-
THANSLATION
A, 048 70E-15
I.,84870FE-15

-3.,84070E-15
-2,R4A10F )8
-7 1¢286E-15
S R4HORE-24,
7.1625AE-15
1.65044F <15
1.45044E<15
7.16296FE-15
-€,643THE-26
«71.1F296E-15
~T.4%0446E-15
-7.4%046k 15~

Z-
TRANSLATTON
2.R0400F =13
?2.80400E-13
2.B0400E-13
2.80400E-)3
S,80TRATE-12
5.R1183€E~13
5.807RATE-13
6.15992E-13
6.15992F =13
5.A0TATE-123
S.81183fF 13
5. A0787F~13
6.15992F-11
6.1%992E~13

NOLES

N x-
POTATION
-3.90865E-09
3.91048E-09
-3.90865E-09
3.91048E-09
«2.01945€E-09
-1.11602E-13
2.02028€-09
7.41653€-10
-7.40817€-10
-2.01945E-06
~1.11624E-13
2.02028€-09
7.41653F-10
-7.40817E-10

NODES

X e

ROTATION
3.93976E~14
3.93976E-~14
3,99976E<~14
3.93976E-14
1.80032E-~14
-4.,A0230E-15
1.R0032€E~14
1.80032E-14
1.HN032E-14
1.80032E~14
-4,A0230E-15
1.R0032E-14
1,80032€~14
1.80032E-14

Y-

‘RCTATION
~3,40757€~-07
-3,40157€E-07
3.40757E-07
3.40757E-07
6,346F1E~0T
1.4604GE-14
“6.34ER1E=0T
1.4436RE-07
1.4436RE-07
«6,346F1E-07
-1.49€0RE-14
6,34€A1E-0T
-1.64368E-07
1 4426RE-0T

Y-

RCTAT]ION

-1,20476€E-15
1.20476E-15
1,20676E-15

-1.20476E-15

-2,243RTE-15
6.36143E-16

<2.243R7E-15

-2.9hELRE=15

2.965¢6E-15

2,242RTF 15
~6.36143E-16
2,242R7E-15
2.,568¢6E-15
~2J/96C66E-15

2=

ROTATION
3.00562E-05
1.00562E-05
3.00562E-08
3.00562E-05
1.6SA9AE. 05
1,69A98E-05
1.,69898E~05

~3.71931€E-0¢
+3.71931€-06

1.6$898E-05
1.69898E.0%
1.69A98E-05

=3,71931E-06

«3,71931E-0¢

1~

.ROTATION
~4.,71828E~17 -
4,T1RAPTE~1T

-4 T1R20E-17

4,71827€-17

-3,67625E-18
-3,20688E-23

3.A7619E-18
2.72594E-17

~2.,72593E-17
-,67628E-)8
=3,20688E-23

3,67621E-18
2.72594E-17

=2,72593E-11




-.08-

TAHLF 3-498

RFSPONSE SFECTRUM CISFLACEMENT CCMPONENTS

RESPONSE FCR M~CCE

FREQUENCY =

NODE

NUMAER

-
WN e DODNOV &S WA -

14

137.161

CNOFFEE TARLE CYNAMIC CASF B

7

(RESPONSE SPECTRUM)

CISPLACEMENTS/FOTATIUNS OF UNRESTRAINED NOCFES

X<
"TRANSLATION
=)1.5141%E<1h

=1,51415E-16-

1.91415E-16
).51415E-16
3.5277SE-16
~1.77358E-27
-3.92779E-16
-3.93531E-14
~3.93531E-16
~1,5277SE-1%
~1.£0951€-27
3.52775E-14
3.53531€-16
3.93531E-16

RESPONEE FCR MCCE

FREQUENCY =

NODE
NUMBER

OD N2V S Wi~

215,787

CISPLACEMENTS/KOTATIONS OF UNRESTRAINED

X<
TRANSLATION
4,RY1TSE-17
4,611719E-17

-4,61175E-17
-4,61179E-17
~9,19T04E=)7
3.26624E-2A
9.,19T04E-17
9,24073E-17
9,24073E-17
9,19704€ =17

«9.19704E-17
-9.,26073E-17
-9.,24072E-17

4

~9,18266E29

Y-
TKANSLAT]ON
2.70023cE-)R

-7.70035E-18
Z2.7n035E.18
-z.70035E-)18
-S,02424E-)8
«1.64764G6E-29
5.02424E-1R
2.720672F 217
«2.713062E-17
«S,n2424F- 1R
1.44775E-30

S.n2424E-1A

2.73062E-17
~2.720672F-17

L4

Yo
TRANSLATION
€ ,AC563E-19

-5.2056%-)9
€,An56E-19
~-€,AnS€3E-]9
-1.07FSSE-)A
1,67P04E-29
1.N70SRE-1A
~6 ,218€?E-\R
C.218€62E-1 R
-1 .078C8E-18
A,4FQRAE-29
1.078%5E-18
-6 . 2106PE-1R
S, 2V1FEPE-]R

7~
TRANSLATION
3.20362F <16
-3,20362F~16
-3,203672E-16
3.20362E-~16
6.408054E~-16
6. 4RCT4LE-16
6,6R054F )6
2.,51210E-16
-2,51210E=16
~6,4R054F =16
~€,6R6T4F 16
-6.50054E~16
-2.5)210E~-16
2.51210E-16

-
TRANSLATTON
3.00727E-17

-3.00727€~37
-3,00727€E-117
3.00727F-17
5.91067F-17
5,92467F -7
5.,91067E~17
4,09169F«17
-4,09169F-17
-5.91067€-17
-5,92467€E=17
«5,91067E=-17
-4,09169¢F-17
4,09169F )7

. X~
ROTATION

4.425256<117,

~4.472525€-17
-4,42525E-11
4,42525€E-17
1.77333E.17
-5.04306E-18
1.77333€E-17
6.50763E-18
-6.50763E~18
-1.77333€-17
S.04306E=-18
-1.77333€E-17
-6.507¢63E-18
6.50763E-~18

NOCES

Xe
ROTATYION
4.02RR3E~18
~4.,N2AR3E~18
~4,0PRA3E-18
4,02A83F-18
1.58584E-18
-2.54101€E-19
1 .5A%84E-~18
5,41960E-19
«5,81960E-)9
-1.5ASR4E~18
3.54101€-19
-1.5R5R4E-18
-6.,R1960E<19
5.R1960E~19

Y-

RCTATION
2.28712¢E-17
2.287126E-117
2.2RP17¢E-17
2,28126E-17
4,26002E-17
4,6503PE~17
4,26002E-17
4,88€19E-17
4,8RE)1QE-1T
ho2C0N2E-1T
4,6503RE-17
4,26002€-17
4,8RE€I1GE-17
4,8R€19E-17

Ye

ROCTATION
-2+35S11E-1R
-2.35C11E-1A
~2.3%C11€-18
~-2.35511€E-18
-4 ,JREIAE-1R
-1.27221E-17
-4 ,3P€RE-]ARA
6.43450E-18
H,43450E-18
-4 ,3R€3AF-1R
-1.27221€=-17
-4,38€3RE-18
6,43450E=1A
6,43450E-1R

7~

ROTATION
2.66T44E=1T
2.66744E-11

~2.66T44E-1T
=2 EETAGE-YT
=1,18438E=-17

£ ,5S179E-29
1,18438E~-17

~3,24086E-)8
-3,24086€-18

1.104238E-17
€,63012E-29

=-1.1843BE-17

3,24086E-18
3,240R6E-~18

Y &
ROTATION

~6.23411E~18
~6.23411E-18

€.23411E-18
€.23411E-18
2.72951E-18
4.12463E-29

?.72951E~18

5,47953E-16
5,471953E-18

-2.12951E-)8
«4,91240E-29

2.72951E-18

=5,47953E-19
-85,47983F .19



TABLE 3-9C

COFFEE TABRLF CYNAMTIC CASF B

RESPONSE SFECTRUM NISFLACEMERT CCMPONEMTS

RESPONSE FCR MOCE

FREQUFNCY =

NONE
AUMRE R

OT ~NIN b W~

SGUARE

NODE
NUMRER

-
- O DI S W -

-
N

123

-
&

404,275

CISPLACEVENTS,ROTATTIONS COF UNRESTRAINED

Xe
TRANSLATION
~2.23040E .22
2.23040E-27
2.23040E-27
-2.23060E-22
R,294728-2)
5,132271€-19
B.29472F-21
1.06256E-2)
-3,06258€.2)
-8,29477E-21
~5.73227€~19
-8,29472E-21
«3,06258E.21
3,06259€-21

3

r7

Y-
TRANSLATION
4 31079822
-4,17079F-22
-4 ,37079£.-22
-4 .37079E.22
-R,0FBO0RE-22
3,26728E-21
-P.NEBORE-22
-Z.18227F-20
~Z2.,1€6222E-20
-B.06RARE-DP2
1.2672RE-2]
-0 ,.necR0eE-22
-2.16222E-20
~Z.162278-20

(RESPONSE SPECTRUNM)

&
TRANSLAYION
-1.14527€-20
-1,14%27F-20
1.,14527F=-20
1.14S27€=-20
2.13986E=~20
8,19491F-31
-2.13986E-20
-1.22961€-18
-1,27961F-18
-2.13984F-20
-3,0365A8F-31
2.13986E-20
1.22961€-~18
1.22961E-18

NORFS

)

ROTATION
-1.40312E-21
-1.40312€-21
1.40312F-21
1.40312€-21
A.49229E-22
-3,42682E-32
-R.49229E-22
-0.49229E.22
-R,49229F .22
~R,49229E-22
1.60AR1E-33
f,49229E-22
A.49229E.22
B.49229E-22

ROUY OF THF SUM CF ThE SOUARES OF THE NODAL DEFLECTIONS

CISPLACEVMFNTS/KOTATTONS NF UNRFSTRATIMED NODES

X
TRANSLATION
2.008G54GE <04
2.0894GE 04
2.08945E-04
2.0094GE-06
4,4909%E.04
4,SR1AR4GE-04
4,49095E-04
4,49660E-04
4.,49600Ea04
4,4909%€E~04
4,5F1P4E-04
4,4G095E 04
4,49660E-04
4.,496A0E 0%

Yo~
TRANSLATYON
1.9RTR1E-n6
1.507R1E-05

1.5P71R1E<nb-

1.5¢67RJE-06
7.95€30F-06
2.96256E-06
7.9%%2nk 06k
3.3£914F-05
A,34914E-058
7.9%2230E-nk
7.960286F .06
7.9€€20t -0k
2.34914E-05
2,.36914F .05

7-
TRANSLATION
3.33297E-0R
3,3234276€-~08
3,33294F~0R
3.33427E-08
5.05570F-08
1.3518AF-}1
5.05300F~08
1.2R9R3F -0k
1.2A980F -06
5.05570F-0R
1.35214F-11
5,05300F-0R
1.2A9R3F -06
1.2R9A0F~06

)

ROTATIOAN
3.90865E-09
3.91048E-09
3.,90865E-09
3.9104RE-09
2.0)945E-09
1.11706E-13

?2.02028E-09-

7.41653E-10
7.40R1TE-10
?.01945€-09
1.11727E-13
2.0202RE-09
7.41653E-10
7.40817E-10

Y

RCTATION
6.13402€E-20
-6.13402E-20
6,13407E-20
«6,13402F-20
~1,1424¢E=-19
1.18200E-32
1.16246E-19
9,404T7RE~20
~9.,404TRE=20
~1.14246E<19
~8,03S0RF-33
1.14246€E-)9
9.40478E-20
-9 ,4047RE-20

Y~

FOCTATION
3.460157E-07
3,40157E-07
3,407157E-07
3,40757E-07
6,346 E-0T
1.,461R9E-14
6,364ER1E-0T7
1.4636RE-07
1. 4436RE~QT
6,364661E-07
1,49744E <14
¢.30€61E-0T
1.4436RE~07
1,4436AE-07

7~
AOTATION

=3,JR229E-22

3.38229€-22
3.30229€.22
3.38229€-22

=1,93594€-21

1.93594F-21
1.93594€-21)
1,62699€.2)
1,62699E-21
1.93594E-21
1.,93594€.21
1.93594€.21
1.62699E.21
1,62699E.21)

2~

ROTATION
3.00562E-05
3,00562E-05
3,00562€-05
3.00562€-05
1.69898F-05
1.69898F-05
1.,68898E-05
3,71931€E-0¢
3.71931E-06
1 .6SAYARE-0NS
1.6SA9HE-0S
1.65898E-nS
3.71931E-0¢
3.71931F-0¢




=78~

TABLF 3-10

COFFEE TABLE CYNAMIC CASE R (RESPOMSE-SPECTRUM)

RFSPONSE SFECTRUM FCRCE COMPONENTS

SCUAHE @n0T OF THF SUM OF

(FOR ALL ELEMENTS)

ELEMENT TYPF

PX (1Y
LATAROE 0N

ELEMENT TYPF

exely
L4TS3IEem

Px
vy
vz

(asc P 1T PE

VY (1)
.2218F-02

3/ F

vy (1)
L20723E-02

1

v2(ly
«9439E 401

P F

vzl
LAS2TFE 01

ELEMENT TYPF (3sC P I P E

PX (1)
«1757€+n0

ELEMENT TYPE

PX (1)
L1TSTE+n0

ELEMENT TYPF

PX (1)
LAT53E 40

ELEMENT TYPF

BX (1)
LOTAQE 40

vy (1}
L6S3IE-02

" (3/0 F

VY (1)
L6R4E.02

(/6 P

VY (1)
2013k -02

(s F

vy (I
2?2168k -02

%

1

I

L

vzl
.99A0F ¢n0

P E

vl
+9960F+00

P E

vzl
LRS2TF 01

P E

vzl
«P439F 0

X-axIAL FOPCE
Y-SHEAR FORCE
2-SHEAR FORCE

) /

T
JAREQF 400

) /

TX(I})

L4B&9F 4+ 00

) /

T
LT149F .10

) /

XV
JTY160F-3C

) A

TXt1)
LURASF L0

) /

TX(rny
LARET 4N

THE SGUARES OF ThE

[de I

7/

/

/

/

/

/

vODaL. FORCES

™
MYy
M2

Wonon

INITIAL NODE

"nuan

F INAL NODE

/ ELENENT NUMBER (

MY (D) MZ (1)
.1030F+03 ,1835E-01

/ ELEMENT NUMPER

MY (D) MZ(1)
LR63PE401  ,3830E-02

/ FLEMENT NUMPER (

MY (1) CoMZn
.292RE+01  ,23R2E-01

/ ELENMENT NUMBER

MY (TY T M2 (D)
S5662E+01 +3253€E-01

/ ELEMENT MUMRER (

MY (1) M2(T)
L6491F402 L 2171E-01

/ FLENENT NUMHER

tay (1) MZ (1)
.BA3PF 0] .3R0E-02

X-TWISTING MOVMFNT
Y- PENCING MONENTY
2- RAENCING MOMEMNT

1)

PX(J)
+4760E.01

2)

PX (J)
+4T153E+01

K}

PX(J)
L1TSTE+OO

4)

PX{J}
.1757€E+00

S)

PX(J)
L4T53E401

6)

PX(J)
L4T760E 401

CENTER NOCE (FOR PIFE BEND ONLY)

VY (J)
«221RE-02

VY (Jy
«2073E.02

vY ()
.6533E-02

VY (J)
+6534E-02

vY €J)
L2073E-07

VY (J)
«2219€-02

VZ(J)
«9439E+01)

vZ(d)
«B527E+01

VZ(J)
.9960E+00

vZ(J)
. 9960E+00

vZ i)
L852TE+01

VZ (Jd)
+9438E 40

TX(J)
J4RESEL00O

TX (D)
LARESEL0D

TIX(J)
+T149€E-10

X {(J)
,71605-10

X (0
J4BEIE N0

T®@d)
+L4BESE 00

¥

MY (J)

.8632E4+01

My (J)
.6491E402

My (J)
«5662E401

My (J)
.2928E+0)

MY ()
.8632E.01

. My ()
.1030E+0)

MZAY)

«JB830€E-02
MZ (J)

.2171E-01
MZ tJ)

. «3253E-01
MZ (J)

«23R3E-01
MZ (J)

«3R30E-02
'J)

. E~01



ELEMENT TYPE

ELEMENTY TYPE

ELEMENTY TYPF

ELEMENT TYPE (3/0

_88-

ELEMENT TYPE -(3/C

ELEMENT TYPE

ELEMENT TYPE

ELEMENT TYPF

RFSPONSE SFECTRUM FCRCE COMPONENTS

} /

TXt1)
L4REIF 40D

} /

T
+JURAIF 40O

) /

ST
.2145F-09

) /

™y
«2141F .09

) /

TX (1)
LH969F 400

) /

X1
L4RESF .00

) /

TX(n
211RF 02

) /

TY (1)
.2118F-02

TABLE 3-10 COFFEE TARLE CYNAMIC CASE B (RESPONSE SFECTRUM)

/7 7/ FLEVENT NUMBER ( 1)

MYCH)  MZ(D PX(J)
L1030€403 [1RIGE-01 L6T60E40)

/7 7/ ELEVENT NUMBER ( 8)

My il)y" = Mzl PX(J)
LAKIPEL01  L3RA0E-02 ,4753E401

7/ ELEMENT NUMBER { 9

My () M2 PX(J)
.2928E401 L23RJE-01 ,17STE.DO

/7 7 ELEMENT HUMRER ( 10)

My (1) oM PX(d)
.5662E+01 ,3253E~01 ,1757E«00

/7 7/ ELEMENT NUMBER (  11)

MY (1) CoMZUD PX(J)
64916402 L 2171E-01 LATS53EL01

/7 7/ ELEMENT NUMBER (  12)

My (1) MZ (1) PX(J)
L8632F+0) ,3R30E-02 ,4T760E.m

/ 7/ ELEMENT NUMRER ( 13)

MY (1) Mz (I PX(J)
J244PEIN) _E4Q1EL02  [1962E40)

7/ FLEMFNTY NUMBER (  14)

MY (1) HZ (T PX(J)
LY13RE400  _P479F 40?2  L,3330E-07

V2 ()

Te9439E401

vZid
.8527E40)

vZ(Jy
«9960E+00

VZ(J)
+9960E+nn

VZd)
LB527E401

vZ(J)
+943SE 401

vVZ it
L177T1E 400

V7
LIAZPE0N




TAHLE 3-)0 COFFEEF IABLE'CVKAMIC CASE B (RES20ONSE SPECTRUM)

PESPONSE SFECTRUM FCRCE COMPONENTS

ELEMENT TYPE (3/C P I P E ) 7 / 7/ ELEMENT NUMRER ( 15)

PX(I) vyl vl TX(D) MY (D) MZ(D) PX (J) VY (J) I X () MY (J) . MZ ()
L1967E+01  L4710E+0) J1771Es00 .2118F-02 .L913BE+00 L2429E+02 ,1963E+401 ,4710F+01 ,1771E+00 ,2118E-02 ,2442E401 ,6491E402

ELEMENT TYPF (3/0 FIPE ) /7 r/ ELEMENT NUMRER ( 1¢&)

_Pxcy vy () S A1 8 TXen . MY LY . MZLT) XYY vyt VZ () TXCJY MY (J) MZ(J)
LI962E401 L4TI0EL0)  J1771Ee00  L211RF-02 L2467FE401 LE6491E+02 L1963E+01 L4T10E401 .1771€400 ,2118E-02 .9138E+00 ,2429F 402

ELEMENT TYPE (3/0 P 1PE ) /7 /7 7/ ELEMENT NUMKRER ( 1T}

PX (1Y 1758 vZ (1) TX(1) My (1) T Mz PX (J) VY (J) V2 () CIX) MY (J) MZ (J)
«3325F-n7 LAASTE 4+ 0) «182RF 400 «211AF .02 «913RE4+00 .2429E4+02 . 3325€-07 +ABETELO] .1B2AE+00 +2118E-02 .9138E+00 2 2429E .02

—78-

ELEMENT -TYPE (3/C F1PE } /7 7/ ELEﬂEfJ“NUMEER t 18)

PX (1) VY (1) vZ(hy - Dun MY(T)  MZU(D) PX (J) VY £d) VZid) T MY (J) MZ ()
J19A2E401  L4T10E+01  .1T716400  L211RF-02 L913RE.00 .242GE+02 .1563E+01 .4710F401  ,1771E+n0 ,2118E-02 .2642E«01 ,6491E.02
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TAHLE 31-11 COFFEE TAHLE CYNAMIC CASE B (FESPONSE SPECTRUM)

RFSPONSE SPECTRUM STRESS COVPORENTS

ELEMENT
NUMAER

" ELEMENT
T1YPE

TA‘GENI
) 1AAGéN1
TANGENY
TARNGENT
TANGENT
IARQEN!
TANGENT
TANGENY

TANGENT

TANGENT

TANGENT
TANGENT
TARGENT
TANGENT
TANGENT
TANGENT
TANGENT

TANGENT

LCAD
CASE

STATION

ErC.T
ENC =Y

ENC-T.

ENC -y

ENC-T
ENE =Y

EnC-1
ENC -y

EnC-1
ENC ~J

ENC-T
ENC -y

ENC-T
ENC Y

éucfl
ENCoy

ENCT
[ 2 N MR

EnC<1
Entey

Erla-1

EnCed .

EAC -1
ENC-U

ErCa1
[N

[ AN |
[N =N
ENL LY
ENC-U

| LN W |
END LY

EnC-1
EnL-J

Enlol
FAab -y

LEGTOL
STRESS

1RP, 192
19,827

19.821

" 120.205

5.,3R7
104263

1.0.263
5.387

120.208
19.821

19.827

188,192

1AB,192
19,827

19,821
120.205

65,387
10,263

10.263
5.387

120,205
19.87)

149,827
188,192

117.690
45.177

43,350
43,350

45,1717
117.69n

117.€50
a5, 1177

413,350
413,350

45,177
117,690

CIRCUMF
STHESS

0.000
0.000

Q0.000
n.000

0.000
n.ono

0.000
0.000

0.000
0.000

o.000
n.0n0

6,000
o.cn0

0.000
0.000

0.00n0
0,000

0.000
0.000
0.000
0.000

0,000
0,000

0.000
0,000
0.000
0,000

0.000
6.0n0

0.0n0
n.onn

0.000
0.nn0

n.onn
n.nnn

SHEAR
STKESS

9.219
9.219

8.369
8.369

.927
.927

.927
.927

8.369
8.269

9.219
$.219

9,219
$.219

8.23¢9
8.369

.927
927

.927
.927

8.369
8.3€9

9.219
9.219

4.388
4,388

4.52%
4,525

4,388
4,388

4,388
4,388

4,525
4,525

4,388
4 .I0R




TARLE 3-1Q. COFFFE TABLS DYNAMIC CASE C (STEP-BY-STEP INTEGRATVION)

<
DT SPLACEMENIE MAXITMA N
B u J
NODE DTSPLACFAFNT MAX T AUN TIHE AT PLOY }
NUMEP. COEMPONENT VALYS MAX EMUM SYMANL
1 1 1.2653F-04 T 4,.9000F 00 MA
» 95334107 40 9N00F 00O MA
k! 5097458 -9 4.9000F 00 t4A
F 1 1.2653%-04% %4.9700€ 00 MA
2 9433411 -07 43 9000E 00 NA
3 6.55107-09 4.4900CE 00 MA —
3 ] 1. 2650F—04 4.9000€ 00 NA
? 9.3%42€-01 4.9000F 00 NA
3 2.00867-08 4,9000F 00 NA
{ “ T 1.2650E-04 4,9000€ 00 NA
2 9.334646-07 4.9000€ 00 NA
3 2.0677F-08 459000€ 00 NA
] 1 2.6TRTIF-04 4.49000F 00 hA
2 1.73R5F-06 4,9000% 00 HA
3 4,39t 8¢ -08 4, Y000E 00 MA
[ 1 2.71875-04 4.9000¢ 00 MA
2 1.734H5-06 4.9000E 00 NA
3 1.5106E-08 4. 9000E_00 NA
F ] 2.67930-04 4.9000% 00 HA
2 1.7384F-06 4.9000€ 00 NA
3 1.5115¢-08 2. 60006 00 HNA
[] 1 20 LB25V - 04 4,9000€ Q0 MA
1 2 1.954RF-05 4.9000E 00 NA
g . 3 1.19836-07 4.9000E 00 Ha
3 9 1 2e 6A25K 14  429000F 00 MA
2 1.9548F-05 4. 90008 00 MA
_ 3 1.19C05¢-07 4,9000€_ 00 1A
10 1 2, 67193F-04 449000F 00 NA
2 1. 7304F-06 4.9000€ 00 T
: 3 1.6039E-01 2.6000€ 00 MA
1 1 2. TIBBF-04 4, 9000F 00 MNA
| : 2 1. 73427-06 4,90005 00 NA
3 1.3933<-08 4,9000F 00 NA
12 1 2.67187F-04 4. 9000F 00 " NA
? 1. 73047-06 4.9000% 00 ta
) 4.2749%-08 4.90005 0N NA
13 1 2.6RI9F-04 4.49000F 00 MA
2 1,95 445 -05 4,9000% 00 MA
3 1.14247-01 4,9000% 00 NA -
14 1 2.50096-04 4, 9909F 00 MA
2 19544706 49002 Q0 NA
a 1 1240F=07 no NA

4,9000F

* All values represent the absolute maximum.




TABLE 3=13COFFEE TARLE DYNANIC CASE C (STEP-BY-STEP INTEGRATION)

FARCE COPONFENT MAX I MA
. N\
FLEMENT TYPE NUMAER = <
ELE¥INT  LOCATICN FORCE MAX MM TIME_ AT —
NUMNIR COAPANFNT VALUE MAX ] UM
1 LNN-§ Fx 2. 17936 00 - 4,9000F 00
33 2.3013F-C4 4,9000F 00 .
K1 %92 18E 00 4,9000F 00
TX 2L, T0N6E=9] 4,9000F_Q0
(137 h 2956F 0L 4,9000f 0O )
M2 2.0619F-01 Ha9000F 00
1 FNR=3 X 2.1T9M3C €0 4.9000F 00
vy 2,8 1IF-04 4,9000F 0Q N
Fl %.92 127 90 4.9000% 00
TX 2. 10958701 4.7000¢ 00
My 3.0THIE_00 4,2000F 00
"y L 17726-03 2. K000F 00
2 END- | rx 2. 1991F €O 4,9000F 00
Fy 22, 37159F~04 4,9000F Q0
' Fi 4.8478E 00 4,9000f 00
fee) TX 2.7096F-01 4£.9000F 00
o My 1,6709¢ 00 4,9000F 00
M2 1.1772r-01 2.6000F 00
2 £MN-) FX 2. 1901€ €O 4,9000E 00
£y 2.3759€-04 4.9000€ 00,
FI 4,84 IRE_J0 4,9000f_00
TX 2. 1NI6FE-01 4,9000€ 00
Mny 3.0133F 91 4.9000F 90
" 1.67245-01 4.5000¢ 01
) ENN-1 FY 1. N019R-0} 4.9000f 00
ry Q. 27201F-4 2.6000F 00
F? 5.508665=11 4. 9000 00
TX 1.49545-C3 4.9000F 00
MY 1.6402F 00 4.9000F 00
"y 1. 46916-03 4.50007_00
3 END-g F X LLOMUE-D1 . 4.,9900F 90
(7 9 272016-04 2.4000F (00
Fl 5. S5RAGE=-01 4,9000F 00
X 1.49%4F-33 4,9000F 00
ny L1749 90 4,9000F 00
Y (.4309%-07 2 6D00F 00
4 SND-T Fa 1.t 7=-01 4, 1000F 0o
Fy 1. 0a29c=0% 450005 00

L




_88.—

F7

5. 59R7C-01

44270008 Q0

Tx le4640T~-03 4.,9000fF 00

MY 3.17A7E 90 4,90008 00

M7 6.42(9E-03 2.5000E 00

4 END -3 Fx 1.00187-01 4.9000¢F 00
i 4 1. 14097 - 04 4.5N00E 00O

Fl S+5UNTE6E-01 N DNODE (0

TX 1.464R7-03 4. 9000F 00

MY 1eA621F 20 4.90006 00

M2 5.67126-03 4,9000E 00

5 END-{ FX 2.7T982E CO 4.9000€ 00
Fy 9.3375¢-04 4.9000F 00

Fl 4.8465F 00 4.97000E 00

TX 2.7433F-01 4.90008 00

MY 3.8123F 01 449000F 00

Ml 1.2196E-03 4,7000F 00

5 FND-J FX 2. 1992E 00 4,9000E 00
Fy 0,.337687-04 4,9000F QO

Fl A.RAMASE N0 4,9000F 00

I X 2. T433F-01 4,92000E 00

MY 3.6175¢ 00 4.9000L 00

M2 1.4810C-03 2.6000F8 00

[ END-1| FX 2.1984F Q0 4.,9000F5 00
FyY 9. 3685F-04 4.9000F 00

F7 5:92h5% 00 4.9000% 00

TX 2.,1433€E-C1 4.9000F 00

MY .ATIBE Q0 T4 ,90008 00

M7 1. 4011E-03 2, 6ON0F 00

S N~ Fx 2.1904€ 00 4.9000F 0O
FY 9. 36856104 4,.,9000E 00

F2 5.9245F 00 4,9000% 00

X 2.7433F-CY 4. 9000F 00

My 6.2943F 01 4.9000% 00

M7 1.0203F-02 4,9000F 00

7 ND-T Fx 2o TORNC QO 4.,9000° 00
ry 2.0501F-04 4,2 000F_00

r2 “.02176 00 4, 1000F 00

1X 2211028 -91 A5 9000F 00

ny h.29546"% 0} 40008 00

iy J3.040010~0) 4. )D008% D0

1 rHn-J FX 2.79u3" Q0 L0007 00
£y 2 0501F-04 4 0N )

< £.520110 )0 A6 Dy

1% 2,010, -0 400008 00



_6 8..

I.4TRTE QO

My 4 .9000F 00
M2 1.1928F-0) 2.60006 00
<
] ENN-T FX 2.1981F_Q0 4.'0000F 00
. (2% 269787 -04 4.9000F 00
F2 4.047AF N0 4 ,000F QO
X 2.7102F-0) 4,9000E_ 0y
MY 1.6789F 00 4,9000% 00
M2 1.19271F-03 2.6000E 00
] FND- Fx 2. 790LF 00 4. 9000F 00
FY 2.63100-04 4. MYUE_0Y
F2 4,04 T0F 00 4.9000fF 00
X 2.7102F-014 4.9000F 00
My 3.08)133¢ 0} 4,9000F_y0
Mz 1.0025¢-03 4.5000E 00
9 END-1 F X 1.0016E-01 4.9000¢ 00
FY 9,0414F-04 2.400Q0F_00
F7 5.58547-01 4.9000F% 0O
TX 1.4648F-03 4.9000F 00
MY 1.45403F 00 45,2000 90
My 1.8015E-03 4.5000€ 00
9 END-J F X 1.0010E-01 4.9000F 00
FY 9.0414F-04 2.6000f 00
F2 S.50540-01 4.90006_00
TX 1,4640F-03 4.9000F 00
My 3.17726 00 4.9000E 00
M2 ho 4294F-03 226000500
10 END-1 FX 1,0016F-01 4,9000¢ 00
Fy 7.59127-04 4.5000¢ 00
(24 5,5991€-01 4,9000E_00 —
TX 1, 3005F-02 4,9000F 00
My 317718 00 4.000F 00
M7 6,4308E-03 2.60N0E 00
10 Citn-Jg FX 1.001A7-0] 4,90005_00
£y T.59127-04 4.5000F 00
ry 5.5991F-01 4 9NONE 00
1X 1. 3A15C-0) 45,9000 00
MY 1.6520F 00 4.9000F 00
M7 5.4426FE-0) 4o INOOF DY)
1 -t <X 2,1941F 70 4 INVIE )0
(3 V64 LF=04 4)000F 00
. Pl 4 06657 DY 4.000F 00
¥X 2,3437=~01 4, 10035 )
My 0020 9 4,000

[y
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"y 7.001306-03 4.9000E (00

s 1 ENN-J FX 2.7901F 00 % 9000€ 00
. L FY 3.0641F-04 4.1000E 00
Fl 4.84065€ Q0 4.9000E )0

rx 2.7437F-01 4.9000F 00

my Y4118 D0 449000% 00

M2 1.46061€6-92 2.6000€ 00

12 FND- (3% 2. 19835 00 4.7000F 00
: . FY L 0.00410-04 4.9000E 09
Fl 5,92 4% 00 4:9000% 00

TX 2.T436E-C1 4 .9000F 00

MY 3.ATA0E 00 4.9000F 00

M7 lo46615-03 2.4 6000F . v0

12 END- 3 FX 2, 71983 QO 4.9000€ 00
FY 9. 0941E-04 " 4.9000F 00

F2 5.9265F 90 4.9000E 0O

TX 2.7436F-01 4 ,9000€ 00

MY 1..2943F 01 4.9000F 00

M7 9, 9089E-03 4590005 00

13 fMn-1 FX 1, 1150E_00 4,9000% 00
Fy 2.7193¢ 00 4 .90008 00

F? 1.0104r-01 4. I000E 00

X 1,97106-03 2.6000¢ 00

MY 1.37765% 00 4 .9000¢ 00

¥4 3.0125E 01 4.9000E 00

13 FNO- FX 1. 11500 a0 4.9000% 00
: FY 2.1943F 00 4,92000C_00

[ 1.0104F-01 4.9000€ 00

X ka2 §7705~03 2.60005 00

myY 5.06186-01) 4 ,3000E_00

M7 1.4097F 01 4.,9000F 0O

14 FHN-1 £x 2.H885F~0N3 3.H000F D0
- ry 2.8014F Q0 4,90N0F DO

F? 1L.01.220-01 4., MOVF N

X 1.591/9F=03 2.6000F 90

"y S, N4 LRE-0] 4. 7000F iy

M7 1.4097F )1 4.9000% 00

- i =) [ 2. ARRSF-0Y 1.5000% 00
Iy 280048 00 440007 0

. ry 1.0122F -] 4, 90ND0F 0

[ 3 1.G5779€-)3 2.5000F VO

v SO =) 4,90001 LY

ty 1oty 0} 4, 0)00F DY)




_'[6..

15 FNN-§ FX 1.11492F 0O 4,9000E 00
ry 2.1964F 90 4.2000¢ 00
F7 1.0109F-01 449000 00
X 1.91060-03 2,6000F 00
MY H.0590LF-01 4.9000F 00
M2 14007 0L © 4,9000F 00
15 END- 3 Fx 1.1182¢F 00 4.,9002F N0
FY 2. 19645 90 _ 4.9000E_00
Fe 1.01097-01 4. 9000% 40
Ix L. IUBKE-03 2.0000F 00
"y 1. 1119€_00 4.,9000F_00
"’ 3,8125€ 01 4.90005 00
1A ENN-] FX 1,070 00 4.9000F 00
EY 2.19608F_Q0 4.2000% 00
Fl 1.0041E-01 4.,9000F 00
X 1.3220€-03 2. 6000 00
MY 1.30689% 00 4.9000F_00
9z 3.0132F OF . 4.9000F QO
14, END - FX 1.1177F Q0 4.9000F 00
FyY 2.7968F 00 4.9000F 00
£l 1.0041F-01 4.9000F 00
X 143220£-03 2. 6000F 00
MY %.,02917-01 4,.9000F 00
M2 1.%010F 01 4.9000E 00
17 END-) Fx 1.7090F-03 2.2000F 00
FY 2,8019F 00 4, 90008 DO
F2 1.,00%9€-01} 4.9000FE 09
1B 1.32116-03 2.6000FE 00
MY 5. 020RF-01 4. 90008 00
M7 1,40407 0] 4,9000€F_00
17 FND—- B 1. LCD0F-03% 242000E 00
FY 2.80197 00 4, 9000F VO
F2 1. 0059F-01 4,49D00F N0
Ty 1.22116-93 2260000 00
MY S,02300¢-01 Ho 900N DO
M2 a0k O 4.,9000¢ 00
19 FNQ-§ FX t.1) 771 _an 4,000F 00
fy 2. 75001 N0 4,900 110
f7 ba{Ha T =0 45900008 00
LB 137203 =00 2.6000F 00
MY §.N29r-n) 4, 9000F 20
»7 1.,-4010F DY A5 90008 QO




1 FND- FX L.t 1iF no 4,9000F 0U
FY 2. 7948 00 4.9000F 00
[ R4 1.004168-01 4.900UE WO
T 1.3293F-03 2.5000f 00
My 1.3690F 00 4.9000F 00
M7 3281321 01 409000 00




ARt £ 2y &corenr TARLE I)YNAlMIC CASE C (STEP-BY-STFP INFEGRATION)

-€6_

2

STRFISS COMPONENT HAXTHNA o

ELEMFNT  LCCATION LOMG IR CIFCUBER, SHE AR J

FUMAER : STRESS STRFSS STRESS )
i FNT=T in7.¢2 A0 574
ENC= 6.74 n.n 5,74
2 enpy 8,74 0.0 “.74
o ENN- ) 66.21 0,0 49,74
1 ENC=1 2,43 0.0 0,52
tND-J 5.39 0.0 0.52
" ENR-1 5.39 0,0 0.52
FNC-J 2.8% a.n 0,52
5 ENC-1 £6.20 0.0 4.74
ENR-J B.74 0.0 4.14
2 ENC-1 8o 14 0,0 Salh
END-J 107,60 0.0 5. 14
7 FNR- 1 107.¢62 0.0 5.4
ENF- va 74 0.0 5,74
a ENC-1 A.74 0.0 4,74
ENC- 4 66a2l 0,0 4,14
9 ENR-1 2.83 0.0 0,52
ENB-J 5.39 0.0 0,52
10 ENC- 1 5.9 a.0 0,52
CENC-g 2.05 n.n 0.52
1 ENF-1 66,20 0.0 4.74
CHL-y ni 14 2.0 4,74
12 ENEC- | A4 v, 5,14
ENE—) T07.60 0.0 5.14
1} ENC -1 NHaehl N, 25061
L DEN ] 294402 0.0 2.601
[ ENF-1 23.138 0,0 2501
TN- 8 21,34 A 2,01




L5

ENE-T 2442 2461
“NR-J 64.bT 2.061
16 Ene-1 t4.69 o6l
ENE-J 24042 2.61
[} CENF-1 23.39 2.61
ENC-1 ‘21-39 2,61
| R ENEC-1 24.42 2.61
FENC-J 64.69 2,6]

-.176-.




P:oblem 4 - Static Analysis of Spence's’Pibe Work Problem

In this problem, a piping system provided by .Spence

was analyzed. Comparisons are made between results obtained

from the *EPIPE' program and those obtained by Spencell. from

the SPANDLE program.

Problem Description

i. Geometry'— The layout/df this piping system is
shown in Fig. 4-1. The piping elements 2-3 and‘lO—ll are
stiffened by taking the internal diameter of the ﬁipe as
zero. Table 4-1 showé the input nodal coordinates data.
The element p?operties of the pipe are as follows:

Outside diameteri(inches) 12.75

Iﬁside diameter (inches) 7.625

Mean radius of curvature
for all bends (inches) 48.0

ii. Material data -
‘Young's modulus (psi). 3.0 E7
Poisson's‘ratio 0.3
iii. . Loading conditions -~ The piping syétem is assumed
fixed at node 1 and sﬁbjected to the prescribgd,displacement
at node 19 resulﬁing from the temperature change. The

amount of the imposed displacements are -as- follows:




X - displacement 6.8526 in.

Y - displacement = 1.9602 in

=3

- displacement = 2.6487 in.

Analysis Results

The computer output is given in Tables 4-2 to 4-4, show-

ing the nodal displacements/rotations, pipe forces and moments,

~and pipe stresses respectively. It is to be noted that due to

extreme bending different fiber stresses result at the same cross-
section of the tubes. These aié%shown as the positive and nega-
tive values given in Table 4-4. A comparison of the results are

made on a selected number of nodes and elements as shown in

Tables 4-5 to 4-6. The results obtained from the EPIPE agree

guite well with those obtained from SPANDLE.
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Fig. 4-1

Isometric Sketch of Spence's Problem
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TARLE 4=1  19PUT DATA FOF SPENCIYS PEPELARK PUORLEN
> L5 Ch ) I A N E Y VI (N7 S AN -
HONE BCUNDARY CONCITICN CODES NODAL POINT COORDENATES
HUMBER X \§ ] XX vy 24 X Y 7 L
- l | l PPN l PR l..__Al ._...‘ J— 0.0 . - 0.0 _— e e . 0.0 - o,... e ee mm e 0'0
2 0 0 0 0 0 0 0.0 0.0 90.000 0 0.0
"3 0 1] 0 0 0 0 0.0 0.0 150.000 [4] 0.0
4 Q0 -0 -0 - Q0 =D Qs 0:0 = 0.0 - - = 168000 -0 =" 0.0 s -
5 0 0 0 0 0 0 48,000 0.0 216.000 o 0.0
6 0 0 0 0 0 0 228.000 0.0 216,000 0 0.0
7T -0 =0 -0 - O 0 — Q- 274,000 - ---=48,000 - 216,000~ @ ~——-~-0,0 - - -
n 0 0 0 0 0 0 324.000 ~96,000 216,000 - O 6.0
9 0 0 0 0 0o 0 348.000 -96.000 216.000 o 0.0
10 - 0~~~ 0 =0 - 0 e Qe 0 -——- 394,000 -— —- -4/.090 -216,000 —- Q- --——- 0,0 - —— - - -
11 o0o. o V) (4] 0 0 396,000 244,000 R 216.000 0 0.0
12 ] (1} 0 (4] 0] [4) 394.000 12.000 264,000 0 0.0
13 0 0 -0 -0 -0 —0------394,000 -~ - 72,000 -~ --279.000 -~ -0 ==~ ---0.0 -
14 0 0 0 0 0 0 494,000 72.000 327.000 0 0.0
15 0 0 4] 4] 0 0 615,000 12.000 327.000 [4) 0.0
16 9 .. 0 -0 - Q- 0~ 0 - - 6274000 - -—-- T2,000 -~ = 327,000 - 0Q--m-—m- 0,0 e - SRR
17 0 [¢] 4] [1] 0 0 198.000 12.000 321.000 0 0.0
18 0 0 0 0 0 0 844,000 120.000 3271.000 0 0.0 |
~—. 19 Q- 0. -0 e b= ) --- B4K.000 242.000 ——- - 327.000 -— Q--——-—- 040"~ - EERE
20 1 1 1 1. 1 1 846.000 24%.000 327.000 Q 0.0
21 1 1 1 1 i 1 846,000 242.000 330.000 0 0.0
22 1 1 1 N -1 B - 850,000 - 242.000 - 327,000 Q- - - 0.0 -
[
[ + 4

¢



TARLE £~2 ANALYSLS OF SPENCE®S PIPING SYSTEM

LOAD CASE i

MODE
NUMRER
?
R

15
16
v
18
19

CISPLACFMFRTS,FOTATIONS €F UNRESTRAINED HQODFS

X -
TEANSLATION
-5.%R8334F <01
~1.26611E400
~1.4A887E 400
~?2.00127E400
~2,004604E 000
~2.6€16LE 400
-3.13007€ 400
«3,1304€E 400
-31,42594€ .00
-4,27920F 400
~5.25990F .00
-5,37nS0F .00
~5,623365¢ .00
=5,63642E 400
~5.63ASEEL00
-8,63933F .00
NN LELET YY)
~6,R5260E 400

. v -
TEANSLATION
-1.527472E-01
«3.72223E-01
~4,4R815E-0n1)
~1,16401E400
3,72315E«00
-4,40949E.00
-4 ,TE4SIE 00
~4,A1692E4+00
~h JREIARTELON
-4 .,65402F+00
~4,55540E4+00
~4,523061E400

~4.NBT02E+00

-2,7GR8nE+00
=2,25376E400
-2.37250E400
-1.9SGBSE 400
~1.9¢6020E400

7~
TRANSLATION
-3.6R224F 04
~5.,25909E=-04
~5.99554E 04
4.53685F-01
9,9356AF =01
8.0R533F-01
6.53797F-01

6.48230F =01

6.12935F -n1
4,29822F .01
3.18594F~01
3.18534F-01
5.07213F=~n1
~1.55637F=01
«2.536433F-01
-1.82304E400
-2.305645FE400
«2.64BT0F +00

X
ROTATION
3.10317F-03
4 ,ORIROF 0]
4,2T73RSF <013
4,16360F-03
3.83544E-01
3.25691E-03
1.10661E-02
1.744A3E .04
«2.,216825F-03
~2.5712428-03
-1,73394E-03
-1.60931E-02
~-1.R9972F-03
“2.h4149E-03
-2.6RALB9F-03
~3,42866E.03
-3.53716F-03
0.

Yo
HCTATION
~].0F4RQE~02
-1,22190E-07
-1.1932SE-02
-7.610F0E=03
-3,231RQE-05
S.2T19VE-04
3.95750E-06
~3,2PEG1E 0K
-2 .15455€-013
-5,57654F =03
-7.4SBATE~N]
~7.03492E-~03
~1.71419E-03
71.S7f1pE-02
A,ZATRAE-03
B8,69G05€-03
5 .B9RT2E-03
0,

7.
KOTATICH
~4 ,87690E-03
=T.,R1042€-02
~R,PESHOE~N]
«1,22069F-02
~1.4€915E~-07
=1,72597€-07
~1,R4996E.02
el JEEH2IF-04
§.26043F 023
1,322718E-02
1.,06260E-02
1.N0636F-02
&,52214€-03
3.74952F -02
3.78076E-02
7.57431E-02
G.53483F .03
n,




TABLE /-3 ANALYSLSE OF SPENCEM"S PIPING SYSTEM

P TP E

FLFVENT
KGVRER

-001-

0

14

FORCEF

FLEMENT
TYPE

TANGENT

TANGENTY

TANGENT

" RENC

TAKGENT

RENE

RENE

TANGENT

(A

TANGENT

HENE

FANGERT

F

TANGENT

TANGENT

<

LCAD
CASE

!

N T

STATIOAN

END 1
FAC <y

ENC-t
ENCay

FACT
ENE &Y

[N, |
CENTEF
Frley

FEAC ]
ENC ey

ENC-T
CFNTEFR
FAL <Y

FAC-T
CENTER
FnCay

FRC-1
FAC -y

EAC -1
CENTER
FAESY

FAC <]
FAC -y

FAC T
CENTER
ENC-J

EMNC T
ENC Y

EAC-1
(FNTER
FRC .y

FAE -]
FAl -

rane.t

NN

¥y OMENTS

TAXDAL
FORCF

~1006k 340
-10066.348

~100NFF 348
=100RR,J4R

-100F€ 348
—10NFR&, 348

-100F€,34R
-353715.501
-399A2,.731

=399€2,7131
-39962,731%

=19942,73)
-=23772.446
11?21.233

7121.233
-232722.446
=399¢2.,731

-399/2.73)
=399¢2,731

-39962,72)
~-33292,3%0
-1121.233

-1121.223
=7121.2233

~71214233
~12153,455
~100A6,34R

—100AE. 348
~1006A,348

~10NAE 348
-35776,901)
-39967,731

~396¢7,7121
=189 2,71

-32963 .77
~AU0en Ty

Y-AXTS
SHFEAK

-7T121,232
-7121,2323

-T121.232
~7T121,2232

-7121.232
-7121,233

39962 ,7131
21139,93¢%
10066 ,34R

~7121,7132
~T121.232

T121.232
33793.290
39967,711

~39962.731
33293.290
-T121.2323

-T1721,2232
=7121.272

~7121,.232
2277406
29962,731

~-10NBF 4P
~1006F, 348

10066 ,24R
~?20R7,511
7121.72132

-7)21,73
-7121,7a2

~190h2,73]
21139,63¢%
CAI006GF 348

~7121.772
BN A I B

1127 ,7132

BN el B )

7-0Xx1S
SHEAR

9962.721
39962.731

3egéez.131
39962,721

39962,731
39462,73

-7121.233
~7121.733
-7121.233

~1006€,348
-1006€,348

100€€,.348
10066,34H

10066,.248

~10066.,34H8
-)J00KE 4R
-10066,34A

-10066,348
-100kE,34R

-100F€.36R
-1006€,340
—10066.34A

~3Q06¢62,721
~39962.17131

~396€2,721)
-39962,1731
-36G62.713)

39662.13)
39662.771)

=T171.732
~T181,733
~1121.72213

YT
~10066 4R

—lenee 340
~lanee, aan

TORSIGANAL
MOME RY

-16442657,0p
-1442657.,0P

1443657 ,0F
~1643657.0F
L]

=1442A87,0F
~1446232657,0P

~1442657,0F
-9y ZRAT .57
-4156%,5S

“41565,.56
-b75f\q."q

47565 ,5¢
-PA1849,QF
-39703,1¢

~36703,1F
-K44893,07
-10123934,6°

-10113934,9°P
~1012934,9F

-1012934,9f¢
=1342907,71
~11/B258,5°P

-1160258,5¢
~114BR5A,GE

-11RA2KR SF
~109ZRTT 40
-1500965,5)

~1500965.51
-1500965,51

-15n0965%,5)
-50608733,24
-1313248,40

-1)274%,40
-112245,60

~113245.4D
~1120A8 A

Y-~AX]S
MOMENT

-%¥813934.,.79
-22171728n,GR

-27217720R 9P

1H0A4T4 .90

1A0474,90
RI3A04 , 06

294253,59
9AT185, 74
1101R37.90

2334830 ,47
522887 .06

-522R87,8¢

5559,68
530750,29

-530750.79
-HAARHS G2

~443441 ,87

~443481,823

«6AS073,PR

=hASNTR,RP

-109123,.7¢
5307%0,29

22945€2,7°
417245, 60

417245 ,60

=235259,32

-7499%2.5%2

7490992 &7
1349391,49

2p8511.1P
QRYP2AA DD
LI85146,22

27R4417.C0
I0r3INT4 472

1063074 47
DLPPIR 24

7-ay1S
MOMENT

-1460620,772

-049109, 76

-R497049,.76
472435, 78

-477435,78
G423 ,59

AGSB04 , 06
2114662 67
7324830 ,47

-110YRAT .90

176984 .02

“17$9R4 .07
-9£35}17.,.10

-~264400)4,30

26440014 ,30
IRSES]0,90
4700044 SR

4700044 SR
4AT0954 )7

4AT09%4 17
4S<0H25,A)
3264567,2%

-530750,29
164070, 76

164026, 16
435573 41
335392 .,78

-33%29p7 7P
-27R573,11

|3ac301.4Q
29F4P5D 08
PTIP4A419,90

-11%CS14A,32

SPSA4 .50

wpGas G
1han iy 0



TANMLF 4-3 ARNALYSLS OF SFFRCEDS PIPING SYSTEM

PIPE FONCFS ANE FOMFENTS

ELEFENT  ELFPENT  LCED  STATION Ax1AL
RUPHE TYPE CASFE FOHCF
16 YAMGENRT ] FrC-1 ~39%A2,731

ENE Y ~19962,72)

17 AF N 1 ENC.T ~39%€2,73)
CFNTER -311293,390

EnC-y ~71721.233

16 TANGENT 1 FAC-T -7121.233
FRC-y ~7127.233

-T0T~

Y-AXTS
QHE AR

~7121.733
-7121.773

-7T121,.2232
23227 .446
19862 ,131

-100AF, 74P
~1006AF , F4R

TORSTONAL
MOME ]

2-AX1S
SHE M

-1006€,348
-10066,348

~113245.40
=112245,40

-113245.40
<T724R) . A4
~1262251,92

10066, 348
~1006€,348
-100EE,34R

-12£2251,92
~1762251,92

~-399¢€¢2,721
~39%€2,721

Y-AXTS
MOMENT

43218, 24
~T779067,724

-T79067 .74
<A12470,73)
.-369939,.30

~2V4621,P0
-S09007%,07?

7oAX]R
PONFME

raanin »c-
13fF17T0 .12

137177017
1061661, TF
214621 .00

36939 10
1560033, 74




VABLF #.4 ARALYSLS OF SPFACF9S PIPING SYSTEM

F 1T PFE ST HESSGF €

ELFMPAT  ELFYENT LCAN  STATION LONG T THD THAL STHF RS Fene  STRESS SHEAFE SHHZ‘:Q‘

INRECIY] TYFF  CASF FGSTITIVE MEGATIVE FOSTTIVE  NFGAYTVF ECETTIVF  NEGATTVE
I TARGENT ) FAE ST 33699,70 -3394%,19 0.00 0.0n CARI L T) 686D )

: : [N . 1326R,27 -13%03,.70 0.00 0.00 ~3872,7V 4567 A1

2 TAMNGENT 1 (AN { 11590.5) =11740,19 n.o0 0.00 ~2229,42 <3865 PR
FNC-y ZYIALAO  -233¢,3R1 0.00 0.00 -2729,472 <3ARS PR

3 CTANGERY ) €rC-1 2465,92 =27T11.40 n.on 0.0n ~3872,7TY  ~4562 .61
EANC~y S712.00 %5457 7 0,00 n.0on =38712,71  =-45A2,¢1

4 RENT 1 EnC-1 €2172.09 -5457.,87 105F ,42Z  -213F,5R =35712,71  -4%A72 F)

. CENTFR 127119,76 <13%R7 46 24RT,43 -502%,6% -2300,11 =2R44 )0

EnC -y . 14061.69 ~1503F,04 2146,4) <5545 ,72 14,33 =286, 27

4 TANGENTY ) FAC =T 140A1.49 ~15026,.046 n.00 .00 1,323 -284,27
FAC-Y 2EPR,9A <3Fn32,%51 n.00 n.en 16,33 «2R4 Q7

[ PENE 1 EAC-1 267R.98 -3£03 .53 211.71 ~421.17 14,33 ~PHG4 T

: CFNYFR 525926 ~5P25 54 V156,86 22337 ,54 -313,68  -1161,°9

ENC -y 1415A,36 ~139R4 .70 2RTND,14  -5T96,Z21 260,63 -6Y4 .36

L ? HF 0l 1 ENC=1 14158.3A =-13984.7n 2P70.14 =579G,71 390,63 -614,36
o CHFNIFR 2201%,03 ~?225A1,23% 45A,38 -Q2K0,.RS -13111,19  -1959,40
T’ FAC -y 26116,.12 =27090,67 562R.5€ 411)170,FF «2706,52 <-3007.2°7
n TANGENT 11 AN 26116,12 -27090,.¢7 n.,00 6.00 -210k,52 =3007.,27

. FAL -y 27231.74 =28206¢,29 . 0,00 6.00 -Z106,52 -23007.27

Q. AFNE 1 EnC-1 21231.74 -28206,.29 5729.60 -1157¢€.P¢ ~2704,52 =-30071,72?
CENTEFR 25246 ,?29 -2605P8,20 £353.,04 -10R1E€,0) ~3475,1¢  -40nY2,2A

FRC-y 1R7T1A,10 -1ARQ} 76 IHTS .22 -7R30.2) -271RQ,20 -3794,19

10 TANGENT 1 ENCT 1871R,10 -1RP9) 76 n.onn n.oo -27RC .20 =13794,16

ENC ey 2506,23 279,09 06.00 0.00 -27RQ,20 -3794.19

1 RENE 1 ErCo1 2506,23 <2676 .PY 2P G723 -4h] 15 -278Q,20 =3794.19

: CERTER PE4V 50 ~2937.PR 517.3F -1p3S,z2 -?28Q%1 3¢  -3547,.01

ENCey 4506.77 152 .26 194,51 . =197 ,17 -3734 1P 4724 ,08

17 TANGFNT ) [hE-1 4E06,TT  -41S7,.76 n.on 0.0n =2734,18  -4724,.0FR
EnC.y 1819, 7n  ~TP3I% 1A 06.00 0.60 -2734,18 <4724 ,0R

1K} REL 1 FhC a1 151G, 70 -TRI% 1A 16AT.26  .3207.17 ~A734,18  <A124,0R
CENTER 15040.A5 159073 ,34 INLALPR 6094 .05 ~?28568,14 -20R0 113

FRE .y 16508 R6 ~1T74R3 4 AZTIE PF -0R1T.17 ~168,77 YA

14 ITANGERT 1 Fhl_;-l JESOR G ~YT4RY 4 n.en G.0n -16F,72 -4‘.(,:)..',1
Fai. GE)2 .47 6407 0} n.un a.cn 18,73 SRR



TANLF f-4 ANALYSLES OF SPFACEUS PIFTING SYSTEM

F I Pf ST RESSEFEES

15 TANGENT 1 ENE-1 ' 4919,39  -584E 70 0.00 0.an “1RY,69  <3T4, P4
FAC-y 4371.,51 -4997.5] fn,00 0,00 ~1PY 66 ~374 P4
16 TANGERT 1 FAC-T 4AR4,24 -5P52 89 ) . 0,00 0.60 -160,73 ~4hQ 43
ENC-y H353,66 -9372F.21 0.n0 0,00 «-16R,T3 «4AhQ .43
17 RENT '| ENCLY 8353.66 ~932P .21 160102 ~3723€ .54 -1+R T3 ~469,641
CENTER 703R,34 -7850,2% 1725 .26 22475 €R ~1RFRT 94 -24R5 16
ENC oy 2323.29 -249¢,968 CPR7.4€ -510.09 ~3054,03 ~4059,02
YR OTANGENT ) EnE-T 2323.29  -249¢,65 0,00 . 0.00 -30%4,03 -405Q,07
ERNC =Y 26977,21 -30150,0R 0.0n0 0.00 «2084,03 .-40%9,02

-£0T1-




-%0T=

Solution

Nodé'

Table 4-5

Comparison of Nodal Displacements/Rotations

X-DISP Y-DISP z;DISP XR YR ZR
EPIPE 6 2.0081  -3.7232 | 0,99358 3.8354E-3  -3.2319B-5  1.46925-2
Spence 6 -2.0044  -3.7244 0.99407 3.8338E-3  -3.4540E-5 ;;.4697542
EPIPE 1. ~3.4259 _4.6538 0.61294 ~2.21538-3  -2.7546E-3 3.2905E-3
Spence 10 —3;4265_ ~4.6560 0.61375 -2.2179E-3  -2.7548E-3

9.2867E-~3




Table 4-6

Comparison of Forces and Moments

MZ

Solution‘Eleméﬁt' FX

EPIPE l~i_ 10066
-J 10066

Spence 1-1 10065,

-J . 10065

-1490620
-849709

1443657
1443657

~1490900
- 849790

5813935
-2217288

5814300
~2217600




Problem 5 - DYNAMIC RESPONSE OF A LOW FREQUENCY COFFEE TABLE

It is important to realize that there can be greater differences between
the response spectrum resultg and those obtained from either time-history or
direct infegration methods, when the natural frequencies of the system are in
the vicinity of the peak éarthquake values. To demonstrate this, the legs of
the .coffee table (problem 3) were extegded so the natural frequencies come out
to be in thé viéinity of the e#rthqﬁake peak shown in Figure 2-3. As can be
. seen by comparing results'shown in Tables 3-7 and 3-11 with those of Tables
5-7 and 5-10, there are indeed greater differences (about three to one) between
the,responsé épectrum and the time history and direct integration method results
for the case where the coffee table's natural frequencies falllout near the

. peaks.

-106-



-L01-

JRESIN : B

. 27,250
27,250

18,625
18,£25

8.625
17.250

-0
=0

‘00000
—=0.000

- en— - TABLE S e | LOW-PFEQUENGCY-CCFFEE—TARLE - GASE~A—(TIME--HISTORY--ANALYSIS) - ——- — e .
N~6—0—~d——€0—0-R -D—1—N-A-F-E--§ e
. “ ) .
NODS  MBOUNOARY CONDIVION COUES “NODAL POINT COORDINATES T . e T T T — -
e NUMIER X e Y e T XA XY 22 _ X PURNIUUIUEUIO (U WL T e e e e e e e
t o 0 0 0 0 0 6.000 -30,000 0.000 -0 -0.4000
—_— .. 2 O . 0 o BB B 274 2502 30,000 . e 00000 om0 =B 000 o
3 0 0 0 0 27.250 ~30,000 17.250 -0 ~0.000
[SUSSOS T SUIPU | 1] fi (1} 1.0100 -3n.000 17.291 -1 -0.000 e e
5 0 0 (1} o 0,000 18.625 174250 -0 -0.,000
e e B o B 00 i} 0.000 18,625 B..625 =0 =0.000 S
7 (1} 0. .0 0,000 18,625 0,000 -0 -0,000
.8 ...8. .0 0. Q 8.€25 184625 0..000 ___=0_ -0.,000 e e -
9 0 0 ] 18,629 18.625 0.000 -0 -0,000
USRS | DU | B ] n 22,258 1R.625 . _f.080 -0 =0.000 J
0 0 0
.0 i
0 0

—

b

[—)
h
|
'
=)
i
I
|

=}

18.625
B.625

18.625
18.625

17.250
172.25.0

-0
=1

-0.000
=0..000

PN

0,000
22,250

" -80,000

-A0,0010

0,000

0. 000

-0
-0

-0,000
=0.008

membtocopobobops

RO ROopPpOoCSo

ke poDoEOoDOES®

1
. h e
17 1 1 IR 27.250 -80,000° 7,250 -0, -0,000 .
e TSRS 1 JERE JPRER 2 = —-1 0.000 =80,000—___ 17.250._=0 1::=0.080 i b e
S N S Y - - .-
. i "\ ) -
.:1. . _
4
—_—— ; ‘ ——— - -
——— _‘.‘
! s




=801~

T1ABLE 85«2 LOW FFEQUENCY CCFFEE TABLE CASE A (TIME KISTORY ANALYSIS)
LUMPED KASS DATA
NODE  LOAD X-AX1S Y-AXIS 2-AXI1S X-axIs Y-AXIS 1-AX1S .
—— NUMBER ... CASE- e FORCE ~.FOKCE FOKCE MOMENT MOMEMT_ oo MOMENTY o ..
et e b DG WLT00E~DL CLLZODE=0) L 4&JO0E=D)1__ =0, - =0, ~0 ot o et et o
2 -0 J4y700£-01 U G4y TO0E-01L «44700E-01L -0, -0, -0,
e e Y =0 L GLZRNE-0) L LLT00E-01 L 4GLYOAE-0) =0, Qe “fla_ _ — e -
4 -0 S44700NE-01 _e4LT00E-01L «447002-01 -0, -0,
e e e S D s e 4327062 0L W43220E=00 L 43270E~=0t =04 =20e— S
6 -0 «89400E~-02 «BYKNDE-02 «894D0E~02 -0, -0
e e P =0 W32V 0Ee 0 (4 3270E~01  43270E-01 =0, =0 : - —
8 -0 «89400E-02 +89LOOE-02 +89L,00E-02 -0, -0.
..... e Ym0 W BSulNE=02 L, B89400£=012 AB0uN0E-N2 =fla =0 o it e
10 -9 43270€-01 «43270€-01 «43270E-01 -0, -0.
— a1t =m0 em el o BYLOOLE=-02.—  ,8940.0E=02 -+89u00E=02 =0, =0 —— -
S ¥ -0 c43270E-01 «4327DE-01 e43270€-01 -0, -0,
D43 im0 G BI400E=02 . BS400E=02____  ,89LOOE=02 __ =0 =0, —— -
| ta -0 +89400E-02  .89400E-U2 . +89400€-02 -0, -0,
o . .
1




. o TADLE.5-3. . LOW.EEEQUENCY_COEEEE TAGLE CASE_ALTIHE HISTORY_ANALYSLS) e
NATURAL FREQUENCIES
MOOE  CIRCULAE - . .
NUMBER. .. _EREQU-NCY. . EREOUENCY  PERICD . L
(RA0/SEC)  (GYCLES/SEC) (SEC)
t JSL74E+02  JBT12E401 © L11LBE+00
2 LUS33E002  JBBOSE+0L o 1136E400
YT T U1100Ee 08 L 17516402 L 5T12E-01 T
“ " ,2536L403  J4037E402  <2477E-01 o o
5  J2615E%03  J4163E402  .2402E-01 o ’ i
! -
L .
CI
(Xe) . e e e
. L




TAALE S5-4A LOW FFEQUENCY COFFEE TARLE CASE A (TIME HISTORY) S
M ODE-SIF AP E-mmm e . e
MODE NUMZER 1.
FREUUENCY = §,71197 1y, _
"EIGENVECTORS NORMALIZED 10- & UNTT HASS MATRIX - -

" NQDE

NUMBER

LD N B W)

'
i

U L ¥

11

14

-011-

T
9
2
9

DISPLACEMENTS/HOTATIONS "GF UNRESTRAINED

. x -
hSLATION
401E-01
7401E-01
S7401F-01
9,57401E-¢1

>-!

R

Im\m

1+92035E+00

12 1, 92035E+00w
13 1920376400

__1,92037E+00

__MODE. NUMYER 1

EEGENVECTORS NORMALTZED 10 1,000

T NOUE

- NUHBER

QNS IR

“DISPLACENMENTEG/KOTATIONS OF UNRESTRAINED

‘kn

JJRANSLATION

4,98505E~01

~4,98505E-91

4,98505€-~01
4:98505E-01
9.99901E-01
1,00000F+00
9.95901E-01
9,95909E-01

T9,05009E~0i1

9.95901E-01
1,00000E+00
9.95901E-01
9,95999E-01

9,95999E-01

LT

THANSLAT|ON
2,0€221€6-03"
~2,06221E-0"

n2,06221E-03"
2,06221E-03

4.06727€-03
4,06775E-03
4,06727E-93 "
"7!41\579c 03
7.,41380E-03
«4,06727€-93
a4y 067/)5 03
-4,06727E-03

733137985
-7,41380E-03

Y-
THANQLATIUN
1,07377€-0

~1.07376E-03
~1,07377E~03
1107376E-03

2413777k~ 0'

2111802h N
2,11777£.03
~3,R6026E-03

3,86026E-937

~2,11777E-0%
=2411£02E-03
*2411777k-0
3 P6|.26t 0.‘
*3,86026E-0"
Uy
0,
118

Lr

_THANSLATION

1485450105

=1115299E-056

1,851456-06
=1415294E-04
~7476167E-97

§192336E-07

2,16083k-04
?35556°4k 05
3:169514E-(5

_.=1,76267k-q7

619223607
2416073045 .

T3,58664E-05

_3:69515k-05

-
TNANSLAIlUN
9:64051t-07

~6,00348k-07
9164025k-07
~6100321k707
~4,041406-07
3,60490¢-07

T1,12512¢-0¢

-1,85189-0%
1492401E-0¢
-4,04192c-07
3,60438E-y7
{¢12506k~-0¢
~1485189E-05
1:92401E4¢%
0
0y
0
0,

i

WODES T T

e

RoIAIIOKq
4,57369E-08

22,5447 0k - 08

4,57354€-08 -
‘-9 14922t 06

<2 555?§§m95
507203OE oe

=8,21298E-11

o5, ,44550E-p8
—1v?1139F ¢
2,18616E-08

. 5,72029k-08
=8,21072E"11

=5,44552E- Q€

Te1,91138E798
2118617k 08

NODES ™~

x-

"ROTATION

2,38145E-08

©1,32499E-0€
2,38138E-0F

’1.32491& oe
2,97848E-08

-4,27638E-11
22.83540¢£-08
-9,95227&-09
1,13830k-08

2,97847E-08

-4,27521E-11
-2,83541E- Q8
~9,95230k-09
1,13831E-08

Ty

HUTATIUN
9,12%21c-06

9 12522t 06

-1.1v995L 05
0 31443E-12
1 I9995t 05
~a.n/u19t 06
-4, 07815k-y6
1, /999St 85

’-o.uau41t 13

-1 719Y95E-05
07020t 04

4,07816E-06

Y-
HULALION
4,751376-06
4,7918BE-96

=4,75137k-06

“4,75137E"06
-6, 4/208k-06
42921¢ -12
$,37207¢-06
“2,12346L-06
«2,12844E-06
9,37209%-0¢€
-3,65960E-13
, 37207606
z.12846E-96
2.,12944c€-¢06

o

’
.
L]
L

‘-
ROTATIUN

3,79482€-02

<2,79462¢-02

$=2,79462E-02

-2,79462E-02

'-4.62897t K|

<4,62897E-03
24362897€-93
7114@495 04
7,14639E-04
-4,62R97E-03
S4T62BRTE-0S

=4,62897€-03
'"7 {4639E-04

714639 -04

‘-

ROTATIUN
~1,45512€-02
-1, ! 45512€-y2
-1,45512k-02
1~45512t u2
-2,41024E-03
-21410245 03
<2,41024.03
3,721036-04
3,72103k-04
-2,41024€-03
-2,41024€-03
-2, 2 41024E-03
3,72103E-¢4
3,72103€-94



-111-

TABLE S-48

M

0

D

LOw FFEQUENCY COFFEE TABLE CASE A

E S APE"

MODE NUMHER 2

FREQUENCY =

EIGENVECIOHS NORMALTZED

NoDE T

NUMBER  TRANSLATION
17 -9,96a53F-06
2 %.ooabﬂﬁ.u?
3 =9,96R50E-06
4. .1,00869E-02
5 1,25226E-05
6 1,18703E.97.
7 =1.,2€6853E-05
8 -4,5€004E-06 _
9 4,817376-96
10 . 1.25226E-05. .
11 1.187¢3E-07
12, +1.,26852E<05_. .
13 =4,57998E-056
14 4,B1742E-06
MOpDE NUMUFR 2

EIGENVECVORQ NORMALTZED

NODE
NUHHER

NP IAD N

[SOye
-0

12
13

15
16
17
18

8.80624

DISPLACEMENTS/KNIATIONS UF UNRESIRAINED

TDISPLAGENENTS/HOTATONS OF UNRESTRAINED

o

TRALSLATION
=5,15061E-66
5,26132E-06
-5,15959E-06
5,261349E-06
6,74048E.06
L6,15158E-08
-6,61666E-06
-2,38896E-06

3,51375€6-¢d" "

8,74045E-06
6,15158E-08
“6.61663E-06
-2136"93E-O(l
2-51278E'06
6. .
0.
a.
0,

AR

He

~3,35¢70E-0"
«3,3997¢k-03
3435670E-03
C3,385970E-0
5,02626E-03
2,51415E-1¢
~6162626E-03
‘6162010[:'0(
-6'629105-05
=6:62626E-03
=2+51417E-19
6,62626E=-03
6,62910E-03
6,62910E-0

10 1,000

Y~
THANSLAT LU
©1,75243t-03
=1,75242E-0"
1.7574xt 03
1,75243E-03
3,45623E-03
1,31139g-1"

. +3,45428E-03

«3,45776£-05

Te3,45776k-03

«3,45628E-03
-1,3114pE-10
J149626E-03
3,49776E-048
3,45776E-03
U 1]
0.
N
LR}

v
TRARSLATION

(TIVE HISTORY)

10 A UNIT HASS MATRIX

-
TRANSLATION
-9,66873kE-01

=9,64873k~-p1

=9466873k"01,

. =9466873E-01

-1,91651E+00

=1,91652E+gg

-1191651E*00
-1¢91217E*00
<1.917176+¢00

. =1191651E*00

-1191652E+00
=1191631E+90
~1191717E+00
<1191717E+00

. Z-

TRANSLATION
-5,04323:-01
-5,04323E-¢1
'5'04323b 01
-5,04323E-0)
-9,99658E-01
-9,99662E-01
-9'99658£ 03
-1, 00000p+00
-1:80000E+do
~9+99658E-01
-9,99662E~1
~9199658E-¢01
~1+00000kE+g0
-1:00000E*0Q0

0

0o

0

(1K)

MODE 3

ROIA]IOh
=2, BOGb?t 02

22,80852k-02

°2.80852t 02
-2,80852E-02

-3,80356E-03

A

2,27336E-04

3,80356E03
-3,80356E-02
-3180356E-03

'3:80356t 03 .

2,27336E-04
«3,RQ356E-03
-3,80356E-03

NODES

Xe=

_ROTall0M
©1,46493E-02
21,46493E-02
=1.4e493t 02
-1,46493k-02
-1 98394t 02
1 18579E-04
-1 9e3v4t 03
1) ,98394E-02

=1, 98394& ol

-1,98394k-02

1, 185)9h -4

21,98394€£-02
~1,98394E-02
-1|98394t_:.’03

04

0,

1]

04

Y-

L HUTALLION
L 22923k-05
,2RY23E-95
2022923705
2,22vY23k-05

4,39715k-05

-1 L4515t 0%
a, 39/15h 0%

5,46972k-05

L]
3. NY AM

B! LA0972E-¢5

-4 JV{lSt 05
1,24%15E-05
-4,39715E-¢5

“-5 46972E-05
«3,B0356E-03

5,40972E-05

Y-

NU]AIlUN
1,16277€-05
-1, 10477t DS

'-1 i6277€=05

1_19&77? 95
2,29356k-05
-€,4,875£-06
1 2,29357¢-05
2,85302¢-05
=2,E03¢2k~05
-2,29356E~05
€,4v4766-06
=2.29356E705
~2.8Y302t-05

_2|E>902F-05

o,
0,
O
0.

Zo

ROTATIUN
2,51739€-07
-2,55193€-97
2+51738E-07
-2,55193E-07
2,49156€-07
-2,86103E-1p
-2149728E-07
-2,24828E-07
2124917607
2:49156E-97
~2,86103€E-10
-2,49728€-y7
-2124828E-07
2,24917€-07

L-
ROTATIUN
1,3130BE-07
-1, 33109t 07
1.31307€-07
-1,33109t 07
1,29960£-07
-1,49232¢-10
-1, 30259& 07
-1!17271t 7
1,17347k-07
1,29960E-07
-1,49282c-10
=1.,30259E~07
-1,17271k-07
1417317E~07
0,

0y
0.
0




-CT1-~

TABLE 5-4C LOW FFREQUENCY CCFFEE TABLE CASE A
M ODE SIir AP tAb R
MODE NUMBER _ 3
FREUVUENCY = 17,5079
EiGtNVtCibﬁé'ﬁo RHA

NOUE
NUMBER  TRANSLATIOH
17 26,03147¢-01
2 -6,03147E-01
T3 8,03147E-01
3 6.03147E-01
5 "71.,03441es00
.,b *9,82459E-11
7 -1,03461E+00
B -1,03464E+00
9 “1.03464E+00
an -1.0‘461E»oo
11 -9,81386F-11
12 1.03461F+00
13 1.03464E+00
14 1,03464E+00
HODE NUMBER 3

EIGEHVECTORS NORHALTZED

LIZFD

H2

(TIME HISTORY)

10 & UNiT MASS MATHIX

HiISPLACEHENTS/ROIATIOMS OF UNRESTRAINED NODES

T

Y-
INAASLAT]UN

" i,14969E~0"

-1”14969E 03
1,14969€-03
~1414969E-03

(-2,28675£-03 77

-1,48437€-~13

2,26675£-03 7

3.,48084E~03

“3,48E84E-03

-2,26675E~0
1,98267£-13

2426675E-03

3,46084E~0
-3,48084E-03

D 1,000

l-

_ THANSLATIUN

" 9,70100E-01
-9,7p100E-01
-9,70100E-01

9,70100& 01

1,66517E+0n

1,66520E+00
1,66517k+00

m6!176§§§,01

~6117688E-01
~§1166517k+40
~1,6652pk+g0
~1166517E*0¢
-6117488k-901

.. 6217688E-01

X-

ROTATION

2,46567E-02
*2,46567E-02
-2,46567E-02
2,46567k-02
i 85501&'03
-2 59441E-04
1 85501t 0"
6 802485"04
©6,90738E"04
«1,855Q1E-03
2 594 1k- 04

'1|55501?,0§m

©6,R0738E-04

6,80738E-09

U{SELAEEHENTS/HDIAT(UNS OF UNRESTRATRHED MODES "7 7

-
_TRANSLATJON
=3,62207€-01

m3,62z207E~01 _
3.,62207E-01

_3.62207E-01

6,21313E-01
-5,895996E-11
“6421313E-01
=~6,21333C-01

=6,21333E-0)

t6,21313€-01

“5.90552E~11
 6.21313E-01
6 ?1333E 0l
.?.?13§§§M01u

on
0,
0,
0

yo o

THANSLATION

6,90422E-0"

~h,90422E-04

6.90422&404'“

-6,90422E~014

-1,36125E-03

-8,61495L-14
1+.36125E-03

2.09515E-03.
S2,09515E-03

~1+436125E-03
N.90389E-1"
363125E-0
2,09515E-04
“2:N9515E=-03
HIN
0,
n,
e

l-
_THANSLATLON
T5,82574E-01

=5.82574E-04

~5,012574kE~-01
9,99984k-01
.00000t*00

T 94199984k-01y

3¢70940E-01
-3,70080E-01
~9,99984k~(
~1400000E+00
-9,99984k-01,
-3,70940E-01
3470940E-01

’n.

Ny
o

g

ROTATION
1 4807]& 02
21,48071k- 02 _

=1.4eo71h 077

1,48071k-02
1 11399€-~03
~1 ,55802t-94

1.11399t 03

4,08803k-04

=4,08803E-04°

<1, 11399t 03
1, '55802E-04
s1,11399E-03
=4, 088p3E-p4
4,08803k-04
u, '

0

[}
0,
(1K)

Y-
KUTA] LUN

"€,03597E202

€,08997L-02

T 6,03997k~02

£,05997L-02
1,19060E-01
1, 24248k-01
i ,I9U60E-01
;916?58F 01
1,229Y58k701
1, 17060E-01
1.20248E =04
1.19060E701
1,229%8k-01

1 W22958E-01

Y-
HUTAILIUN
3,624978E-02
3,67878E-02
"3,62478E702
3,6¢978E-92
7,13988E-02
) zalzot -2
7.14?69t ]
7.3c3996-¢2

~7,33399£-02

7,14Y88k-07
7,22126L-02
7,199868k-02
2.35399k-¢0?
7,30399E-02

)

0

.
0o

L-

ROTATIUN
1,53263E-u2
1y 53263& 02
-1, 53263& e
-1, 5&263& 02
-1'12523E ul
1,68731E-13
1, 12523& u3
-4, 68575E -u4
~4,68575E-04
1,12523E-09
1, 68781t 13
-1;12523E-03
4,68575E-04
4,68575€-04

L-
__ROTATUN
9.20388E-03
9,20388E-u3
“9,20388E-u4
-9, 20380& ~03
-6 75732€-04
1,01328E-18
6175732&;u4
~2,81393€-04
-2181393EJU4
63 75732E-04
1,01358E-13
-6,75732t-y4
2,81393E-y4
2.81393E-04
St

>

[P

2D
- -



-€11-

TABLE S-4D LOW PREQGUENCY CCFFFE
MODE St APE
MODE NUMBER 4

FREQUECY =

ELGERVECTORS MORMALIZED

NODE
NUMBER

~

b b et s
N
; :

1

I N B

=D 0.&

. TRAR

40,3608

UISPLACEHENTS /KT ATTUNS OF uHRESTRAINED

X-
SLATION
~2,3€247E+00

2,36247€E«00
2+36247E+(0
~2,36247E+00

T .1,36755C-03
=1, }71?95 ux'
~1.36755CE-03

..'J001985F 04

5.01a83¢.04

m113¢7=55 03

1..37429E-03

m! 167555 05
5,01883E-04
.."5.,018083E-049

MODE HUMYER 4

EiGENVECTORS MORMAL1ZFL

" NQUE T

NUMBER

%

14
Tt
12
13
14
15
16
17
lﬂ

NO TSN -

"DISPLAC

x-
THANSLAT{ON
=i,00000£+00
_1,00000E+00
1, 00000E+00
=1,00n00E+00

T8, 78R64E-04

“5,80445F~-04
-5,78B6E-p4
“2,12440E-01
2% 1¢440l -4
5,78864E-01

) 5.862459-04

5.7€8864E-01

C2.12440E-01
=2,1Z440E-0"

0,
o,
nn
0,

TARLE CASE A

pe

-

THANSLATION
-2,84097e-0"
~2,34n97€-04
“2.340n97E042
«Z2.34097E-01
-1.60664E-04
-4.(:4308(;':-0“

A, 60Aa64E-DA
-2.40431E-01

-2,4043%E-g1

‘4~60664E 04

-4, €ATQBE-04
. 60664E-0°

-é.nnasxt 01
-2,40431E-01

10 1,000

N

THANSLATTON
-3.9089R8E-0"
~9,90898E-05

~9,90898E~0%

*7,90898E-0¢5

-139406?E-b4'“

©1:96535E~0t

-1,94995E-g4
T=1401771E-01

-1,01771E-01
-1.94992k-04
-1,965%5L-04

«1,94992k~ 04_

'1."1771E 01

~1yN1770k-00

nl
0,
0,
Cs

(TIME HISTORY)

IC A UNIT MASS MATHIX

L~
TRANSLATION
~4,13419£-05
-4,13419E-95
4113419705
4,13419E-05
1 46837E-00
1, 521p0k-14

‘-1.46356t ue

2174993k-06
2 74993k-gs&

~1146n36E-08

-2:36265k-15
1,46836K-q8

5 T4993E-06
=2174993kE-0¢

EHENTS/HOTATIUNS UF NRESTRAINEY

-
THANSLATION

-q,74994E-05

~1174994k-05
1,74994E-¢5
1174994h 05
6121537E-0S
6:43818E-15
~6,21536E-¢%
1116401E-05
1:116401E-05
~6121537E-09
-1:00008E~15
6921537E-09
-1116401E-06
~1+16401E-06
Do

0y

e

L)

NOUES

x-

ROTATION
=1,43475€-07
-1,43475€-07

11434756707
1,43475E-07

-7 09631& 07

1)06656E-16

7909651& -97
7,09631E-07 -
7 09631t 07
: 4069?4”? e7

.t096415 67
2,97748k-16
-7,09631E-¢?

=7 109631k-07
“7,09631E-07

NODES

%
ROTATION

-6,07306E-08

-6,07300E-0€
6,07308kE~08
6,07308E-0F

-3.00376h -07
4,51459E-17
3,00376E-97

c00376h 0?
3,00376k<07
3,00376E-07
1,26032E~-1¢

-3, 00376t 07

~3 N0376E-07

=3,00376k=-07
0.
0!
0!
0y

Y-

{UTALIUN
-2,85729-07
2,367296-07

"2.3h/z9k 07

2,34 129t 07
4 6h948t 07
2 ?Ulélt 15

-4.oavaﬂt 07

=1,72219t-07
b 74519L 07

2,27177E-15
-4,66948E-07

“1.72219E-07

1,72519€-07

Y-

HUTAL JUN
-1,00¢04e-07
1,00204€-07

Toi,09204k-07

1. Uuzu4L 07

T 1497652E707

§,31934E-16
—1,97952E-07
-7,3u249:-08

7.30249t-08

1,9/6%2k-97

S,b61008E~16
-1,97652e-07
-7.310249E-08

7.30249;’09

L-

ROTAT JUN
8,201676-09
-R,20167€-u3
‘8-20167& [[N)
8,20167k-03

-4 ossoie u?
-4, 05301L 02
-4,05301L-02
i 49751& 02
,49751e-¢72
4_05301& vz
4,05301k-02
4,05301e-4?
1749751E-02
“1,49751E-u2

L-
ROTAT UM
3,47164E-0b3
-3,471646-03
'3 47164E-03
3,47169€-03
'1.71558t v2
-1,71558E-02
-i 71550E-y2
-6,33872t 03
6,33872E-03
1,71556k-92
1,71558E-02
1,71558L-02
6 '33872E-03
-§_3387?E 03
0,
a,
0,
0



TABLF S~4F

LOW FFEQUENCY CCFFEE TARLE CASE A
MODE SIFAPE
MODE NUMIER 5
FREGUERCY = 41,6264 e

DiSPLAGEMENTS /RDIATIONS OF UNHEGTRAINED WODES
NOUE T x- e 2~ X- Y- ‘-
NUMBER  TRANSLATION = THANSLATION — TRANSLATIUN ROTATION _RULALIUN ROTATIUN
17724,67960E-05  6.98736E-~0 2:36453E400 5,84921€-03 “-4,85179k-07 1,158226-07
2 4,67960E-05 5,98736E-05  2,36453k+00 5,84921E-03  4,E2179E-07 -1115822€-07
30 4,6793%-95  4,9b736E-05 -2,36453k+00 ;s,a4ozie;o3 -4 e>1/9t 07 -1215810h u7
4 =4,6793BE=05  5.98736E-05 ~2,36453E*00  =5,84921E-03  4,E5179E707  1,15818E-07
5 -3,06139E-08 1 37479E-04  -9,60379t-04 3,116456~02 $,5/016E-07 =-6,16270E-07
5 -4 16331FE-06 34714& 01 -8,36108k-13 ~5,28628E+15  2,22221&-13 -6 16281E-07
R N LOETT2E08 1.57479& 6377 9, 60379t 04 -3, "11648E502 7 -9 50166507 T-6,16293E-07
B -1.12370E.08  1,34466E-0"  9,70496E-04 -3111645€-02 -7 TB7350£-07 -1165732e-07
9 " §,12351€.08 1,34466t;04"‘§;76496e—04 -3,i16458-02 "7 TB1350E-07 1,65732e-07
S0 3,06153E-00  1.37479E-04 _  9,60379E-04 =-3,11645E-02  §,5/016t-07 116292E 07
11 4.16331E~06  1+34714€-03° " 2,79403E-13 =2,69589E-14  4,4u446t~14  6,16281€-07
L 12 3,06458E-08  1,37479E-0% -9,60379k-04  3,11645E- 02 _ ~5,57016E-07  6,16270E-07
— 13 1,12365€-08 1, 132486¢- 04 -9,70496t 04 3 11635E<02777-7,8735%pk~g7 1,65723c-¢7
T . 1?."1»12‘4§§”03 11344565.04_“-9_70ﬁ9¢h a3, 1193?§m0?~m«7~”?°50F“07 ."1465724E-07
MODE WUMBER S :
-EIGEIVECTORS NORMAlllFD in i,000 )
DIEPLACEMENTS/ROTATTONS OF UNRESTRAINED NODES )
NOUDE X- Y- L- X~ Y- (-
NUMBER  TRANSLATION  THANSLATJON  TRANSLATIUN ~ ROTATION RUTAT TON ~ ROTAV}JUN
i °1,97908e-05 2,95507t-05 1,00000E+00 2,47373E-03 -2,05190e-07  4,89829t-08
2 1,97908E-05  2,95507E-0D_  1,00000E*00  2,47373k-03 . 2,0v190k-07 -4 ,89829E-yH
3 1:97R99E~05 2.956076-05" -1400000E*0¢ 22.47373k°03  ~2.05190E707 -4,89813E-08
4 -1,97899E-G5  2,95507E-05 ~-1,00000E+0n =2,47373E-03  2,0>190E-07  4,89813E-0H
5 ~1,25471E-0B8 5,014226-95 -4,06160E-n4 1,318¢0k-0¢ 4, 91738k-y97 -2,60630k-07
6 =1¢76073E~06  5+69729E-02 ~3:53604E713 <=2,21451E"15 '..69907t 14 =2,60635€-07
7 =1.25485E-08 SsR1422E~05 4,06460E-04 ©1,318006-02 -4,047376-07 ~-2,60640E-07
B -4,752326.09  S.6U679E-0>  4,1043Bk-g4 =1,318gok=g2 -3,$2983k-g7 -7,00907L-08
9 4,78150E-09  S.el679E- 05 4,1043BE-04 <=1,31800E-02  3,32v83t-07 7, 00907E-0b
10 1,25477€-¢0 ‘5}}142((: 0% 4,06160E-y4 <=1,318yok-p2 4,04738k-(7 ? 60640E-07
i1 1.,76n73E-06  S5,6Y720E-072  1.18164E-13 =i;idb14t413 T 1,6062726-14 2,606355 u7
12 1.,2%47°E-08 5,R1422E-05 ~4,06160E-04 1,318006-02 -4,04/38E-07 2,60631E-07
135 4,75210E-09  5,6BA79E-05 ~4,10438L-04  1,318¢0t-02 -2,32Y83k-07  7,00871E-08
14 -4,75128E-0Y 5,68679E-0" -4.1043RE-04 1,31800E-02 3.32983E-07 -7.,00872E-08
15 0, n, 0y 0, v, g,
.16 0, 0. 0. 0, 0. 0,
17 0. 0 0 0 0, Ny
18 . 0. N 0 0« Ne 0

(TIME HISTORY)

EIGENVECTORS HORMALTZED 10 A UNiT MASS MATRIX



-STT~

- e o oo TABLE. 5=3.. _LOW._FECOUZNCY _COEELE. . TABLe _CASE . ALTLHE HISTORY. ANALYSIS). o oo o et e e e e
0l SPLAGCEMENT HAXIHA .
. NODE ..._DISPLACIMENT HAX LHuM TIME AT - pLOY R
NUHBSR COMPONENT VALUE MAXTHUN SYMBOL
1 1 5.01005-02 2.5000£400 NA
e e e a1 0 02 QL E 2O 2,.500.05400.._ - ___NA e et e e e e S,
3 9,3716E-08 . . 2,5000E+00 NA
——2 1 S.01007-02____2,5000:400 NA - e e
2 1.0791€-0u +E000E+00 MA
et e 3 €2 3506E=D6 2,5000E400— KA e e e -
3 1 5.01006-02 . 2,S000E¢00" HA
e e e R 1,0791€E=04___.__2,.5000E+.00 NA , — i e = .
3 9.,3712€-08 2,5000€+00 NA ' .
_ 4. 1 S 0100€=-02 2. 59000400 MA e e
2 C1.07913-04 2.5000E¢00 HA
- e =3 Be35035-08____ 2,5000E+00_ NA . e e e et e
5 1 1.00495-01 2,5000£¢00 NA \
e et 2 241283E=04 2.50008c+00 NA e
3 4.0900£-08 2.50005+00" HA
SR - SO 1. 2.00S0F-01  2.50G005¢8Q_ . NA — . -
! 2 2.128€E-04 2.5000E+00 - NA
e et B 24 QBN ES OB 2 . 5000E400 NA e e
7 1 1.0049E~01 2.50005400 NA
C e e 224 82838 =06 2,5000E400 NA U
: 3 1.0679£-07 2,5000€+¢00 MA
i B b 1.0049F=01_ 2.%000E400 na ' e =
2 3.87955-004 2.5600E+00 ' HA
i i vm cee B LG BEZLE 06— 2, 5U000E400- NA ———— — -
9 . 1 1.00496-01 2.5000E£+00 NA '
e e it e 2 3 BTAGE= 05—~ 2,5000C+.00 HA .
3 1.92732-06 2.500U0E+00 NA - .
e Al 1.00L9E=G4  2,5000F200 _____ _NA e e -
2 2.1283E-014 2.5G00E+ 00" NA ;
e e e 3 4.6908E~06 .._2,.5000£400 i A e o
11 1 1.0050¢-01 50005400 NA
e e e 241 2REE~=AL___2,5000£4+00 HA e e e
) 3 2.3937¢-08 2.50005+00 NA
e b 1.B04SE=D1_ 2,.S000Ff+00 NA d e e
2 2.1283:-04 2,5000£400 HA
e e e 3 e 1406780207 . 2.,50005400 ... __ NA__ —_ et e e e e et e o+ e .
13 1 1.0049€-01 2.50006+00 MA
i e e 30 8T U T Bl SD00EF00. o e e e e e e e e e e e e
3 1e36G742-08 2.,5000E+0D A
IR Y S 1 1.0049E=11" 2.5000C04.00 MA e e e .
2 3.87950-04 2.5000E+00 MNA
e 31492730206 .. 2.5000L 400 ..._. NA. . - e e e - -




-9T1-

e CTANLE. 55— LOM._FAZQUELCY_COFFEE. TABLE_CASE- n(rxn.“uxsroav_ANALVSISn._~-u i e e — -
f OFCE GCGOPONENT HAXIMA
ELEMENT TYP( NOMEEK = 2
ELEMENT . LOCATION.. .. . «.coe _ FORCt e MAXTHUH— .  T.IME_AT. —— U — —_—
NUMBDE P COMPONENT VALUE MAXTMUH
1 ENDO-1 FX 6.L703E+01 2.5000&+ 00
e e R lfv £ A8 L3E-115 Q.Enn,nunn I S,
. F2 2.3777€+01 2.5000E+00
MY 1.13776+03 25000400
. - M2 2.00435C203.——_2,5000E400 .. et e+ e W e et e e e e s -
1 END-J . FX 6.4703E¢01 2.5000€+00
C e - i FY 6435436205 . 2,5000E+.00 - —— i -
F2 2.3777€¢01 2.5000E+00
e e e Y X 1 43ELEESBL— 2.5000E4.00 - i e -
MY . S.1150E+01 2.5000E+00
S HZ 27.33696=04 _ _2,5000F¢00 e
: /
I 2 ENN-1 F.X e
FY 5.0947E-05 z.sonoroon
. — £7 1.7067FE+01 2.5000E+ 00 - IR
TX 1.3645E-01" 2.5000E+00
e RY 5.1160E408 _ 2,5000E+00 2 et
Mz 7.3369E-04 2.5000E+00
2 e ENO= - —— —FEX  6.LEBOEsOY  2,.ENNEs00 R
FY E.094L7E-05 2.5000E¢00
et FZ 1.7062E408. _2,5800E4.00 e~
CTx ! 1.3645E-01 2.5000€E+00
e e e MY 849102E402____2,5000E+00 N
M2 3.2110£-03 2.5000E+00
3 ENO-1 FX 2.6710C-01 2.5000c+00
s e e e F ¥ 20 882LE 03— _2,5000E¢00 — - —— SR -
F7 1.3461E+00 2.5000E+00
S 1x 1.3085%6=08 ___ 2,5000E400 I
MY 3.7T7€5€+00 2.5000€+00
.. . et emme e e M2 6o 224bE=03. - ._2.5.000E4.00 e - - R N N
1 END-J FX 67 10E-01 2.50002+00
- v e e EX o 2.8B2LE=-03__ 2,5000E400 — e et e e e e e e e e
F2 1.3uEL1S¢0Q0 2.5000%4+ 00
LTX 1.3095E-03.. . "2.5000E£4+00.. .
MY Tec333TH00 2.50006+00
M2 1.6.68LC=02 2.5000:¢00




=LT1-

b ENO-T . ..
Fy

—— e B

~--1,3LELEC00......2,5000E400 . ... ...

2.8195E-03 2.500NE+00

e e 2 e BTAOE DL 2 e BB E F B e e e e e e o e o 1 e

Yy .

MY
M

113776403
1eizlst -3

2,5000¢¢00
2.51000%¢n0

12 1.3104E-08 2.5000E +00
e e e MY 7.£3336¢00 _ 2,5000E400 e = e
1z 1.8586E-02 2.5000E400 .
G- .. END=J .. EX 2,E7L0E=01___2.5000£4.00 . -
FY 2.81956-03 2,5000E+00
o EZ 1.3461E400 2.50005400 e e
. ' TX 1.31046-06 2.5000E+00
e e e e oMY 3T TESERN0 2,5 000E00 e e -
M2 £.7321€-03 2.5000E+00
l
L END~I ) F X t.LbAIESLUL 2.5000E+00
. e e EY .. L,0554E=05 12,.5.000£4+.00 e e
FZ t.7067C0%01 2.5000E+00
- e e X 1.36L5€=01__2,5000£00 —— . -
MY 8,8102E+02 2,5000E+00
e e M7 2.6E85E=03 2.5000E400 e
i eeee e m ey e L i e mimt —— e s e
S END-J . FX - €. 4689L+0L 2.5000E+00
S, EY he055LE=05 2,5.000E200.. e e e o
F2 $.7067E¢0D1 2.5000E+00
e _ 1K . 1. 36LSE=01 _  2.S000E+400 e
MY 5.1160£¢01 2.5000E+00
3 . MZ £.9652E=04__ 2,S000E200 e e
vceoinboeee _END=1 EX £ LINIES DY 2.5000E400 . o
FY 4 ,9015€-05 2.5000E+00
SOOI -3 4 2.31727E+014 2.5000£4.00 o S .
TX 1,3645E-01 2.5000€ +00 o
e . MY. 5.1160E4.04 2.5.000Z400 _ R R
M2 €.9652E~04 2.5000€+00
.6 . . .. EHU=J _. o FEX £ 4703b408 __2.50005400 e e s
Fy 4.901vE-05 2.5000E+00
e e EZ... 2,3777€401 0 __2,5000€400 — e e e s et e
X 1.36456-01 2.5000E+00
e e MY 1.1322E¢03 2.5N000E+00 o ) e
M2 1,74 2F-03 2.5000£+00
7 ENn-1 FX 6.L703F¢NL 250005400
¢ ememmn tes et e e et e — EY Loalyric=0¢%_ - 2.5.000 2030 S — e e e
F2 2.377TE+ DY 2.50005+00
o IX oL 3 E ) t2,50002400 ... . N




—-8T1-

34 Hbe2rudE-03 2.5000L+00

7 ENOD-J FX b 4703 ¢0Y 2.5000L+00 )
e e e e e e B 90 17E-05 L2 B B0 B0 et e e e = —m
F2 : 23777 ¢ 018 2.5000E¢00 ’
TSI # S Le3bLYE=0L _ . _2,5000c400 e e e e e e e s -
T MY ' 5. 11608¢01 2.5000€¢00
M7 6£.9€53€E-04 2.5000E+00
. 8. - END-I.. F.X 6.4683E208 . 2,5000E2£00 - —
' ' - FY Le0555€-05 2.5000E+00
et e e e e £z L.I0EZE202 . _2,5000Z200 e —-
: TX 1.,3645E-01 2.5000C+ 00 .
P HY €e1160E400 . _2,5000E¢00 -
: MZ- 6.9653£-04 2.5000E+80
e e B END=J : EX £.u0B9ER0L ___ 2,.5000£400 [,
- Fv L,0555E£~05 2,5000€E¢ 00
ce e e e e E2 1+7067E40)L  2,5000E¢00 PR
X C1e3045€-01 2+5000E4+00D
e et ¢ e HY. £,B81026402_ _2,50800E4.00 e e+ e =
MZ © 2.€685E-03 = 2.5000E+00 .
9 ENO-T FX 24.6710E-01 2,5000£+00
e e e am et — £Y - 2.8195E=03 . 2,5000E¢00 - — e
F1 1.3u61€400  2,5000E+00
. X £aNZAYE=1D 5.0000F¢00 e
MY 3.7765€6400 2,5000E¢00 . .
e e e, MZ Se7321E=03 2.5000£4.40. - - .
g9 END-J Fx 2.6710€-01 °  2,5000E400
— £y 2,.4195F=03 * _ 2,5000F+00 e
F2Z 1.3461€¢00 2.5000E+00
e s oo e e e X E.0782E=10 5+0000E400 —
MY 7.8333E¢00 2.5000E+00
- e M ~ 1,8586€=02 245000E+¢00. - ————ee
~-10 .. ... END-L.. EX . 2.67.40E=04 . __2.5000E+00 — - S P
. FY . 2.6824£-03 2.5000€+00
s e Bl L W SLELE# 00— 2,500064#00. - _____ JE—— i e =
TX €.,0297c~10 5.0000E+00
e s e e »y 7.833354008_ __2.5000E¢00 . e
M2 1.8566E-02 2.5000E+00
.10 e FND S e o Y e R €TI0, 0L 2050008800 o e S
: . FY 2.8323E~-03 2,5000E+00
e e e e e e D 1 30ELES00 _2,5.000{ £00. ——- e e e -
X £.0297¢-10 - 5,0000z+00 )
e e MY L BTTERESD0. L 2,50002400 ... L e



-6TT-

11 END-1 FX 6.4689€¢01 2.5000£+00
s e e i FYe 5, 09L5E~05 .. .. 2,5000E400. .. - e o e e e e
F? L 70e7TE+01L 2.5000€400 .
——— . JIX- 1.35645E=014- 2.5000E¢00 — e e e, e e —
MY 8.8102€E¢02 2,50002+00
e MZ 3.2100E=-03 __ 2,€000€200 -
e e e e . ——t — — —_— e
1t END-J FX 6. 4689E¢ 01 2.5000E+00
SRR . A 5.0945E=06.____2,5000£4.00 : - ————
F2 1.7067E¢01 - 245000E+00
Ix 1.36LYE-Q1 2.5000E+00
MY Ge1160E401 2.5000E+00
e e e Mz 7..3368E=0h_——2,5000E¢00.. ... I e e+ S, -
el 2 ENO=1 EX £.4203E 201  2,.50009¢¢00 e e
FY 6+3941€-05 2.5000E£+00 ,
e . £2 2.3727€201 . 2.5000E¢00 SR
TX 1.3645E-01 2.5000E+ 00
e MY S.1160F$01  _2,5000£400 - e
M2 7.3368E-04 2,5000E+00
.12 .. LLEND=J .. EX EJL703ELDL___2,5000E4.00 : : - _ e .
FY 6.3541E~0D5 2:5000E+00 :
- . e e El 2.3777401——__2,5000E+.00 _ —— -
TX 1.3645E-01 2,5000E¢00
..... _ MY 1.1377€403_ _ 2,.S000E:00 S,
MZ 2.LL3LE-03 2,5000E+00
13 END-1 FX 2.6919E+00 2,5000€+00 :
— EY £.UBEAES0Y  2,5000F400 , — ———
FZ - 2,67 14E-0Y 2.5000£+00 : :
I e - 1.X 3.0636E-03 . ___2.5000E400 : —— o L
HY 3.6L006¢00 2.5000c+00
. — HZ e B.8102E402 ____ 2,5000E400.._ .. e e e .
13 END-J FX 2.€919E+00 2.5000E+00 v
e __FY.._ BabbSBEROL 2.5 0008 00 e e e e e e
F2 2.€716FE-01 2.5000E+00
JEIDRSIESERPUTI, & APIUURII. S (1 -3 { <3 X3 7 SOOI 00 1111 1 T 3 1 | OO OO -
MY 1.3359C+00 2.5000E400
- o MZ o 3.2330L£402 __ _2.5000fs00 e e
b LEND-T C o P X e 0 23B3E 07 2050003000 . L o e e e e e e e e =
Fy GeWEESECDY 2.50005+00
SV USSR N 5 2SN 19 -3 A 1 X1 B SO0 1 111 1 O S SO

TX
MY
274

3.0€3€5-03
1.33595+ 00
J.233.5402

©2.5000Z+00
2.5000Z+00 e
2,5 0045 +00




el L END= e X 4s2383E=02 2.5000€200 e e e e
FY £4L66YE0Y 2.5000E4 00
e e e o Pl _246T19E=DL 2050006400 ... e e e e
X 3.0636E~03 2.5000E+00 :
e e e e WY 14 3360E4.00-- —2.5000E400._ _ —_— e e e e ¢
Mz 3.2334€402 2.5000E4 00
15 END-1° FX . 2.6919E+00 2.5000€+00
- . - RSO 5" JUNEUURISPVUINE YO P 75" . - T8 | [ DR Q-3 F | 1 3 | g U U PO O U SR
F2 2.6714E-01 2.5000E+00
N e X _3a0L3LE=03__ . 2.5000£400 e
ny . 1.3360c+00 2.5000£E+ 00
el e 30 2334E402.__2.5000€E200__ - e e -
15 END-J FX 2.6919E+00 2.5000€¢00
FY 6 UHGSEESOL 2.5000E+00
F2 2.6714€E-01 2.5000E+ 00
f ] . . - —TX 3..0c35E-03—_2.5000£¢.00 _ e
= My 3.6400E400 2.50085¢00
%; | B MZ.  B.8102£+02—2.5.000E+00 S
16 - END~Loiom e oo FXe 2.6919E4.00.— 2,5000£+.00 —-
FY 6.4658E 401 2.5000E+00
e e £2 2.6714E=01__ 2,5000£4.00 e -
TX 3.0636E-03 2.5000E+00 !
U, MY 3.6400E£00  2,5000E200 L
M2 6.8102E402 - 2,5000E+00
16 e END=J o EX 2.6919L¢00____2,5000£4+.00 R
FY 6+4658E+01 2.5000E¢00°
- FZ 2.07Z14E-01 2.3000E% 04 e, e —
: T . 3.0E36E-03 2.5000E+00
- e e - HY. et e 3IHOE 00 —-_.2,5000E200 e
Mz 3.2334E002 2.5000C¢00
17 END-1T F X 4.3787E-Q7 2.5000E+00
. e e i e B b LEBOE 0L 2 B 000E 00 e e e e S P —
F2 2.4719€-01 2.5000E400
- e e eme e T K e F e QLICE= 03— 2,5000E84 00— - e v im0 ot e
MY 1.33596+00 2.50005+00
e trmeimen e mnn ot vomin i e oot e e 194 3.ZJ.J,LE.O.DAZ___."_Z..S.OIIBE,.QJM] e e e ¢ s ermins n e et e ne n
17 END=-J FX L,378TE-07 2.50005+00
. . i e FY L oL B obBRIE+0Y .25 0005¢00 —— e .
F2 2.6719:-01 2.50005+00
. e e e IX.... 3.0L3€6C=03 02450008800, oo o e e e e
MY 1.3360c+00 2.5 030E+00
M2 . 3.233uL402 2.500004+00
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END=1 EX 2.6919E400 _ _2,5000t¢00 — . — -
FY €.LG58C401 2.5000E+00
— _F2 —246TALE=0L___:2,5000E400... . __. — e e N
™ 3.0636E-03 2.5000£400
- HY —-143360E400.—.__2.5000E400. —_— LU
nz 3.2334E402 4 2,5000E+¢08
CEND=Y e e B X 2,6913E4 00 ._2.5000E4.00 e e ettt e e = -
FY 6,LoSBEDY 2,5000c¢00 -
e o S 2.671LE=01___2,5000E4.00 e e i .
X 3.0630€-03 2.5000€+00, .
e e _______nx__..___x,bs.ﬁnuna__zdnnntt ng.
MZ 8.8102E¢02 245000E4+00

'
‘oo ——— + -
- - — -
- e ——— -
A
O —— ——— o e e e e =t o 5 e o . A e £ e o B+ 14 4128 44 3 7 P2 S e A 28 s e s e+ e v mirte o e e e e ———— e ———




A4 S

. o e TADLE. 627 _LOM_EEZNUENCY_COEEEE_TABLE_CASE_A(TIME.HIS TORY_ANALYSIS) - e e
STRESS COMPONEMNT HAXTIHA
ELEMENT  LUCATION  LONGITUBNL  CIFCUMFF SHEAR
. NUMBEE SIEFSS_ SIFESS. SIRESS e
1 END-I  20689.50 0.00 22.25
D EMD=Y e e AL T e 0400 22,25 — e
2 END-T 151,46 - 0.00 16.00
e e e ENDmd s 1630069 0B 16400 — S S
3 END-1 6,96 0.00 1.25 ~
e _END=1 14,22 n. 040 1.28 o .
4 ENC-1 14,22 0,00 1.25 ‘
. — . END=J 6£.98 0400 1.25 —_ _
< END-1 1631, €63 0,00 16,00
e —END=J 151 46 0.80 16.00_: e
: € END-I 151,07 0.00 22,25 ., ’
e _ENU=b_______20B3.50 1,00 22.25 S
7 FND-T 2089,50 0.00 22,25 T T
o END=di— o A1 LT 0.00 22.25 —_ e
8 - END-1I 151466 0. 00 16,00 T
L EHO=d . .. 15631.69 0.00 16,00 i e e - -
9 EnD-1 6.98 0,00 1.2
ORISR -8 M 3 E | 14422 101 1.25 R e
10 ENU-E 1“0.2? I]..OU l—.—z' 5_ T e e T . -
. i END= e B0 3B . 0.00 - 1025 e e e e e e e . .
11 EnC-1 1631,€9 0.00 16,00 i T
1 |1 DU Y7 DOV ST P W T30 T N ; e e
12 ENC-T 151,47 I T P PP S T
c L LNU=3 L 2089450 o D00 220250 . . - el . ) .



-¢CI-

60.18

60.18..

th END-1 576,76 0,00 60.19
e END=d . 5T5.476 0.00 60,19 - - - e .
b s ENHD-1 579.26 0.00 60.18 . n
e .l..«._.....-END:J.... 152401 N..00 hll.18
16 EHD-1 1574401 0.00 60.18 ‘ .
e . ENO=D . 579,.26. N.00 60..18 e e ”
17 END-1 576,76 0.00 60419 T
et e e EHD RS 526 .76 0,00 60419 e e e e m— s e
18 . ENO-I 579,26 0. 00 60,18 o
e e END = 1674,01 7 .00 60.18
i
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TABLE S-8 LOW FFEQUENCY CCFFFE TARLE CASE B (RESPCNSE SPECTRUM)

MCOAL PARTICIPATION FACTORS AND EARTHOUAKE RESPONSE

OIRECTION FACTOFS

X = 1.n00( Y = - «0,0000 2 = -0,0000

INDICATOR FCR DISPLACEMENT CF ACCELERATION 4PECIRUM =

€EG.0 UISPLACEVMENT
EQ,1 ACCELERATION

MODAL PARTICIPATION FACTORS

MODE X;DIFECfICN' Y-DIRECTION 2=-0IRECTION

) L 6066E400 COR14F <1 .2194E-06
2 L3749E-07 - 9541F<11 -.60T4E400
3 l.3736F-)0 4532F-16  LANBTE-1]
4 -.1251E-13 < AT12RE-07 «P261E~14
5. .2758F=14 . .2450E-02  .9110E-13

SPECTRUM TARLE (JMPFRIAL vALLEY E.AQ, ELCENTRO 1940 SE

NUMRER CF PCINTS := 1)

SCALE FACTOR  :: L10000F 01
INPUT B SPECTRALY
POINT PEFIOD VALLE
. 1 .168RE.02 .1450F403 \

? .FRENE-0] JAN0EL03

3 .5800F-01 .1750E403

4 .T100E-01 .7750F 403

5 L.910nE-01 L6600E 403

.6 L1140E600 L11RAPEL 04

1 L1410E400 L1VRPE 404

A L1720E400 .1000E403

9 .Z000E+00 LAT10E402

10 .7PS00€400 .ATI0E.03
1 .3230€400 " L4n00Es03



A

TABLE 5-9A

RESPONSE ‘SPECTRUM CISPLACEMENT COMPONENTS

RESPONSE FCR MCCE

FREQUENCY =

NODE -
NYMAER

CD~NI2NS W~

HESPONSE FCR MCGE
FREQUENCY =

NODE
ANUMRER

—
>

1
12
13
14

A, T1197

DISPLA(é“ENYQ/FOYAYIUNS 0F UNRESTRAJINED

. . )
TRANSLATION
2.30250E-01
2.302%0€E-01
2.20250E-0)
2.30250E-01
4,61A34E-01
4,81AR0E -0
4,61834E-01
6.,€1038€-01
4.&1R3ICE-N]
4,61RI4E-0Y
4,61RBOE~OY
4.61834F 201
4,6VA3RE-0)
4,6183RE-01

A.RCRZ4

CISPLACEMENTS,ROTATIONS OF UNRESTRAINED

X
YRANSLATION
-1,43256E-113

1.4485¢fE 13

-1.43255E-13
1.,4495€F <12
1.85706E-13
1.10S86E-15

-1.82297€E-13

-6.581REE-14
6£.92294E~14
1.8570RE~)2
1.7058€E =15

-1.87297€-13

~6,SR1AQELL4
6.92302€-14

1

.2

+7

. ' Y=
THANSLATION

4,959%1€-04
-4 ,95950E=-04-

-4 ,9%Q851E-n&
4.959snk -4
S.7P154E~04
S,TR2T0FE =04
_S.T7P15AE-04

~1.7R29RE-03
1.7P29RE-01

-5.7P154FE-04

~-5,7R270kE-04

=G, TR1SAE-04
1.7P26AE N2

-1.7829Rt-03

F2

Y-
TRANSLATION
-4.RP2816E-11
=4 HZA16E-11
4,RZR16E-11
4 AZB1AE-1]
$.57247E-11
1.,A1303E-1R
~G,5724TE-11
“6.57656F~11
-5 .,57£58E-}])
“§.52247F-Y1
-3,6)306E-1R
S .5724TE=-11)
S .57€55F -1
6 .S7€SRE-1)

=
TRANSLATION
4.45276E-07
-2.77289E~07
4,45264F~07
~2.77276E-07
~1.80664E-07
1.66503E-07
5.19669€=07
-8.55351E~06
8.aR661F~06
-1.866HRE~07
1.66479E-07
§.,19645€E~-07
-8,55352€~06
8.ANR662F~06

. oge

TRANSLATION
~1.30947E-0AR
-1.3894TE-08
~1.38947E-08
«1.3R947F .08

'-2.7541R8F~08

-2.,75420€-08
-2.7541RF-08
-2.,75513E-08
-2,15513F-08
-2.75418E-08
«2.75420E-0R
-2,7541RF-nAR
-2.75513€-nA
-2.75513F-pA

LOW FREQUENCY CCFFFE TARLE CASE R (RESPONSE SPECYRUV)

NODES

X-
ROTATION
1.09995¢-08
-A,11985E-09
1.09991E-08
-6.11950E-09
1.37570E-08
~1.97518E-11
-1.30961E-08
-4,59675E-09
5.25760E-05
1.37570E-08
-1.97463E-11
-1.30962E-08
-4,59677E-09
5.25761E-09

NORES

,x-'

ROTATION
-4.,03607E-10
-4,0360TE-10
~4,03607E<10
~4,03607E-10
-5,46801F-11
3.26700E-12
-5.46601E-11
-5,4A601E-11
-5 . 46601E-11

-5.46601E-~11

A,26700E-12
-5 ,46601E-1]
-8, 4RAN1E-11
-5,466001E-11

Y~

PCTATION
2.V945KE-06
2.19456E-06
-2, 1945KE-06
'2.194565 -06
-4 ,32PTRE-06
1.99957€-12
4,32R77E-06
«9,807TRIF-07
-9,B0773F-07
4,32R7RE-06
-1,67R78E-12

-4 ¢I28TTE-06

9.807RSE-07
9,80775£-07

Y-

AQTATION
3,Z2035RE-13
-3.,2035R8E-13
-3,2035RE-13
3,2035RE~13
6.31906E-11
~1.78$39F-13
6.31506E<13
7.86043E-13
~7,86043E~13
-6,31906E-~13
1.7R933E-13
«6,3160nkE-13
-7,86043F-13
7.86043E-13

2=
ROTATION

~6,72092€-03
-6,12092E~03
-6,72092E-02
b ,T2092E-02
=1.11324E-02
=1411324E~03
~-1,11324E-03

1.71867E-04
1.71867E-04

=1,11324E-02
=1,11324€-013
«1,11324E-03

1.7T186TE-04
1,71867E-04

y 2

ROTATION
3.617A9E-15
=3,66T32E~15
3,61768E-15
=3,66T3IIE-1S
3.5€0STE-15
~4,11153£-18
~3,58AT9E-15
«3.23096E-15
3.23223E-15
3.58057E~15
-4, 11153E-)8
~3,58AT9E-1S
-3,23096F-15
3.23223E-15




=-9¢T-

RESPONSE SPECTRUM DISPLACEMENT COMPONENTS
RESPONSE FCR MOCE
FREQUENCY =

NODE
NUMRER

- -
N O OD NN S WN -

13

-
&

17.56079

3

F2

TABLE 5.9 LOW FREQUENCY CCFFEE TARLE CASE 8 (RESPONSE SPECTRUM)

CISPLACEMENTS/ROTATIONS OF UNRESTRAINED MODES

X
TRANSLATION
-1.230726-12
-1.2307ZE<12
}.23072E-12
1.23072E-12
2.11113E-12
-2.00471E222
“2.11113E-12
-2.11119E-17
=2.11115€-12
-2,11113E-12
-2.00661E-2
2.,11113E-12
2.1111656-12
2.11118€-12

CISPLACEMENTS/RNTATIONS OF UNRESTRAINED

RESPONSE FCR MOCE
FREQUENCY = 40, 266R
NODE X
NUMRER JRANSLATION
1 ~1.71970€-16
? 1.71970E <16
3 1.719870E-~16
4 =1.TY1970E-16
8 -9,9%477E-.20
6 ~9.9R192E-20
7 -9,65472E-20
8 -3,6£5333E-20
9 3,65322E-20
10, .9.95472€-20
1t 9.9R192¢8-20
12 9,95472F .20
33 3,533 .20
14 <3,65373€-20

4

. Y-
TRANSLATION
7. ¥4595E-15

-Z.34595E-15
Z.34595E-15
-7.34595E-15
-4.,62532E-15
~3.02RRRE-25
4,62532E-15
7.11500€E-15
~-7.11900FE-15
~4,62832E-15
3.,02540€-25
4,625326215
7.11900E-15
~7.11900E-15

v7

Y-
TRANSLAYION
«1.70408E=20
-1.70405E-20
~1.70405E-20
~)Y.70405E-20
-3,38329E-~20
=3,376R1E-20
-31,35329E-70
-1.7%016E-17
“1.7501AE <17
-31,38329L-20
~3,379RE~20
-3,3¢329k-20
“1.7C016E=)7
~1.750YRE-T

Y &
TRANSLATION
1.97950F-12

-1.97950€-12
-1.97950€-12
1.97950€-12
3.39779F <12
3.39784F 12
3.39779€.12
1.26040E-12
-1.26040E-12

-3,39779E~12

-3,39784F -2
«3,39779E-12
-1.26040F=12

1,260640F =12

-
TRANSLATION
-3.0093RE-21
-3.00930E-21
3.0093AF-2]
3.0093RE-21
1.0ARRGE =24
1.10718F <30
-1.N6BAKE-24
2.0017T4E-22
2.00174F-22
-1.068R6F =24
-1.71983F <31
1.0ABRKFE =24
-2.00174E-22
“2.001T4F-22

Xe

ROTATION
S.N3121E-14
-5,03121€-14
-5.03121€E.14
5.,03121E-~14
3.785146E-15
-5,29392E-16
3,.7A516E-15
).38905E-15

-1.38905€E-15

-3,7A516E-15
S.,29392€E~16
«3.78516E-18
-1.38905E-15
) .3RA905E-15

NODES

X

ROTATION
=1.04439€-23
-1.064439E.23
1.04439E.23

1.06439E423°

-5.16558E-23
7.76375€-33
5.16558E-23
5.16550€-23
5.16558E-23
5.16558E-23

" ?2.16738E.32

-5.1A558€-21
-5.16558E-23
-5.16558F.23

Y=

RCTATION
1.23164€-13
1.,2316A4E-13
1.,22164E-13
1.,23164E-13
2.42947€-13

2.45367E-13

2.42942E-13
2.50096E-13
2.50894KE-~11
2.,42542E-13
2.452367€E-11
2.,42942E~11
2,50P96E-13
2.50894E-13

Y-
HCTATION
~1,72221F-23
1.72321€-23
-1.72321E-23
1,72371E-23
3.39903E-23
1.60265E-31
~3,39603E-23
-1.25€R1E-213
1,255R1F-23
3.,39603E-23
1.652F8E-31
~3,39803E-23
-1.255@1E-23
1.25SR1E-21

2-
ROTATION
3.12733E-14
3.12733E-14
«3.,12733€-14
~3,12733E~14
«2,25603E-15
1,44297€-25
2.29603€-15
=9.56130E«1¢
~9,56130E-16
2.29603E-1S
1,44399E-25
~2,29603E+15
9,56130E~16
9,56130E-16

1..

ROTATION
5.97019€-~19
~5,97019E~19
-5,97019E-19
S.97019E-19
=2.95029E.18
~?2,95029€E-18
«?.95029E-18
~1,09007E-18
1.09007€-18
2.95029€-18
2.95029€-18
2.95029€-18 -
1.09007€E-18
.~1.08007€-18



TABLE S5-9C

LOW FFEQUENCY CCFFFE TARLE CASE B

(RESPONSE SPECYRUN)

RESPONSE SPECTRUM "DISPUACEMENTY COMPONENTS - - wooms o

RESPONSF FCR MCHE
FREQUENCY '3 41 .€264

NODE
AUMBFR

O D~ S W) -

10
1
V2
13
14

-LT1~

SQUARE

NODE

O DN -

NUMRER

CISPLACEMERNTS,ROTATIONS OF UNRESTHRAINED

X<

TRANSLATTON -

~5,25204E-22
5,25204E-22
S.25180E-.2>2
-5,251R0E-27
~3.43588E-25
«4,€6T1260E-23
~3,4362¢E.-25
~1.26116E-25
1.26094E .25
3,42604F 25
4,67260E-23
3,436)0E-25
1.26110E-25
~1.260R8E-25

k2

Y-
TFANSLATION
7.R4211E-27
1.P4Z)11E-22
1.A4211E.22
7.A4211E-22
1.54287E-21
1.51194E-18
1.54267€21
1.50915E-21
1.50915€-2)
1.564297E-21
1.51164E-]8
1,564297€-21

1.50915€-21"

1.50915€-21

7~
TRANSLATION
2.6537RF-17
2.,653TRF -7
~2.,6537RE-17
-2,653TRE-)T
~1,0778AF-20
-9,3R3ARTFE-30
1.077186E=20
1.08921F-2n
1.0R921E-20
1.077R6E-20
3.13581F-30
~1.07786E-20
-1.0R921F =20
-1,0R921F-20

NODES

Xe

ROTATION
6.56473€-20
6.56473E-20
-6.564713FE-20
-6,564T3E-20
3.4976T€E-19
-5.ATK82E-32
«3.49767€~19
-3.49767E-19
-3,49767E-19

~3,49767E-19

-3.02567€E-31
3.49767€-19
3.49767€E-19
3.49767€E-19

ROOY OF TMHE SUM CF ThHE SOUARES OF THF NODAL DFFLECTIONS

CISPLACEMENTS,ROTATIONS OF UNRESTRAINED NODES

X
TRANSL AT TON
2.30250€-0)
2.30250F-01
2.30250F -0
2.30250E-0)
4,61834E-01
4. €1RAQ0F 0]
4,61834E -0
4,61RIRE_N
4,61RIPE-0]
4,61834E -0
4, 61RE0E~01
4,61R34E.0)
4,6)1R3RE.0)
4,€61B38F -

Ye
TRANSLATION
4.959S1E=-04
4,95650E-04
4,9%951E-04
4,9%950k-04
S.78154E-04
S.78270E-n4
S.TP1S6E~04
1.7TA2SRE~03
1.7P29RE=-N3
S.TR154E-04
S, 7R270E~04
S.7P)E6E-04
1.7R29RE~N]
1.7TR2SRE-D]

z-
TRANSLATION
4.45493E~07
2.77637€-07
4,454R0E-~07
2.77624FE~07
1. RRORGE 0T
1.6A766E-07
5.20398F ~07
8.55356E-06
8.ARAESFE-06
1.RRT7T09F-07
1.6RT42F-07
S.20374F 07
A,8835TF~06
B ARKKAF -06

X

ROTATION
1.10069F-08
6.13315E-09
1.Y0065E-08
6.13200E-09
1.37571E-08
2.00201E~11
1.3n962E-08

4 ,5970AE-0S

5.25788E-09
1.37571E-08
2.00148E-11
1.30963E-08
4.59709€-09
5.75789€-09

Y=

RCTATION
-5.44S30E~24
S5.44830€-24
-5,44830E-24
5,44530E-24
1.,07408F =21
2,49404E€E-30
-1.,0740RE-23
~A,83FF4E~24
B,BlkA4E-24
1.,07409€-23
4,94324E-3]
~1.07409E=-23

«B,82€664E-24

8,836A4E-24

Ye

HCTATION

2.19456E-06
2.19456E-06
2.19456E-06
2.19456E-06
4,32R78E-06
2.02250€E-12
4,32877€-06
9.,807R3E-07
9,80773E-07
4 ,32FRTRE-0K
3,4660/E-113
4,32P77€E~06
9.8071A5F-07
$,8077c€E-07

l. -

‘ROTATION
1.26990E-24
=1.,29990E-24
=1,299R6E-24
1.29986€-24
€ ,91656€-24
.6 ,91669E~24
-6,91682E-24
««1.,86005E~24
1.B6005E-24
6,91682E-24
6,91669E-24
6.91657€E-24
1.85996E-24
~1.85996E-.24

7=

ROTATION
6,72092E~02
6,72092E~02
6,72092E~03
6,72092€-03
1.11324E-02
1.11324E-03
1.11324E~02
1.7186TE-n4
1.T1R6TE-04
1.11324E-02
1.11324€E-03
1.11324E-02
1.71R67E-n4
1,71R67TE~04



~8¢T-

TARLE 5-9D LOW FREGBUENCY CCFFEE TABLE CASE B (RESPONSE

‘RESPONSE SPECTRUM FORCE COMPONENTS

SGUARE ROOT OF THE SUM OF

(FOR ALL ELEMENTS)

ELEMENT TYPE (3/E P

PX (T ) VY (1)
.29T4F 401 .29915-93
ELEMENT TYPF (3/D P
Px (1) } vy (1)
L2973E+03  ,P362F .03

ELEMENT TYPFE (3/D F

TPx(I
L 122PF 40

vy(mn
L13Z28E-01

ELEMENT TYPF (3/0 P

VYLt
L12S3E-01

PX (1)
L1228F 40y

ELEMENT TYPE (3/1 p

PX(Iy  vY(n
L2973E403  L1814F-03

ELEMENT TYPE (3/C P
PX(TY VY (T)
L2974E403  [21P4E-03

1

1

1

1

1

I

THF SRUARES 0OF THE

. X=AXIAL FORCE

(a i}

PX = -
VY = Y«SHEAR FORCE
V7 = 2-SHEAKR FORCE
P E y s
vZin) TX(T)
L1093E 407 L 62TIFL00
P E ) /
vz (1) TX(T)
JTJ844F 402 LB62TIFa00
PE ) 7
vzl TX(T)
.6186E+01 ,S5645F.07
P E ) 7
vz S T
LAIR6E+N] S5A4SF 0T
PE Y v
vzl TX(1)
JTRGEESN? L62T1F 400
P E ) /
vZily - ITX(TI)
LGPTIF 400

.1093F«03

SPECTRUM)

Mo0DAL FORCES

1Y = X-TWISTING MOMENTY
MY =  Ya RENDING MOMEMNY
M2 = 7. BENCING MOMEAT
= INITIAL NODF
= CENTER AODE (FOR PIPE BEND ONLY)
= FINAL  NCDE
/ 7/  ELEVMENT NUMBER ( 1
MY (1) T Mz PX{J) VY (J)
.92729E404 JISTE-N) .2974€403 «2961F-03
/ 7/ ELEVENT NUMBER (  2)
MY(D)  MZ(D) PX (J) VY ()
.2351F+03 .3390E-02 ,2973E+03 ,2392F-03
/ 7 ELEMENT NUMRER {  3)
oMY (D Mz PX (J) vY (J)
1736E402 .2910E-01 ,1228E+401 ,1328F-01
/ 7/ ELEMENT NUMBRER ( 4)
MY (1) . MZ(D PX(J) VY 0d)
L3600E+02 _BS42F-01 ,1228E+0) ,1293E-01
7/ /7 ELENERT NUMBER ( 5)
MY (1) oMz, PX(J) vy ()
L4049E+04 ,1200E-01 .2973E+03 ,1RA14E-~03
/ 7/ ELEMENY NUMAER ( 6)
MY (1) oM PX(J) vy ()
L2351F+03  L31A3F-02 ,29T74E+03 ,21P4F-03

VZ(D)
L1093E+02

vz
LTBGULE Q2

VZ ()
HIBRELOY

VZ 9y
LO1B6E+0)

vZ(Jd)
LTR4LE S0P

V7 ()
.1093€4+03

X
26271E+00

TX (J)
L6271E+00

TX(4)
J5645E-07

X
.5645E-n7

IX (D)
.6271E.00

TX(J)Y
.6271E4+00

MY (J)

.2351F+03 |

My (J)
L40D49E+04

MY (J)
.3600E4+02

MY (J)

L1T36E402

MY (J)
.2351E+03

My (J)
.5229F +04

MZ (J)
+3390E-02

CMZ()
.1502€-01

MZ (J)
«8542€-01

MZ ()
+260RE-01

MZ (D)
.31835—92

MZ ()
«TT36E-02



-6CT~

TABLE S-9F€ -LOW PFEQUENCY CCFFEE TARLE CASE B (RESPONSE SPECTRUV)

RESPONSE SPECTRUM FCRCE COMPONENTS

ELEMENT TYPE

PX (1)
.2974E 403

ELEMENT TYPF

PX (1)
«2973E+03

ELENMENT TYPF

PX(T)
«1272BEen:

ELEMENT TYPF

PX(Ty
L122PE .0

ELEMENY TYPE

PX (T
.2973E+02

ELEMENT TYPE

PX (1Y
.2974F 407

ELEMENT TYPE

Pl
« 1237k 40?2

(a0 P IPE
VY (1) V72 (1)
L21P4E-02  .1093F 403
t3a/0 P L PE
VY (1) vzl
LJIA14E-03 .7R44E+02
(/8 P 1 PE
Covtn) V2l
L17263E-0) LJHAIAKRE+D]
(a/sn P 1 PE
VY (1) vzl
J132PEL01 LA1RGEO1
ta/f F I PE
oY) V7
.2392F-02 ,TBA4E+02
(/0 F I PE
VY () vZ(h)
.2961F-02 L,1093E+02
(376 P 1 PE
vyt vy
L2672F+03  ,1228E401

) /

Txc1)
L6271F 400

) /

R T3 §)
L62T1F400

) /

TX(1)
JIT4F 07

) /

TX (1)
L1736F-07

} /

FX(F)
.6271F+00

) /

TXen
LAPTIFLQO

) /

T
LYANAF 0]

/ /  ELEMENT NUMBER ( 7)
MY (T} NI PX (J)
L5229F 404 LT7ITE-02 ,2574E03
/ 7/ ELEMENT NUMBER ( Ry
My (1) oM PX{J}
.2351F+03 L3YRA3E-02 ,2973E.+03
/7 7 ELEMENT NUMBER ( 9)
MY (1) N PX(J)
J1736E+02 L2608E~01 .122PE«01)
/7 7/ ELEMENT NUMBER ( 10)
MY (1) oMz PX(J)
.3600F+02 LBB42E-0] ,122RE.01
/ /7  ELEMENT NUMBER ( 11}
My (1) Mz PX{J)
L4049F .06  L1502E-01 .2973E403
/7 7/ FLEMENT NUMBER (  12)
oMY MZ(T) PX(J)
L2351E.03  L,3390E-02 ,2974E.03
7/ s CFLEMENT NUMRER (13}
MY (1) oM PX(J)
LN6TAFL02  L4049E 204 J1237€E+02

\AAND
.2184E-013

VY (J)
<1814E-03

VY (J)
.1293E~01

vy ()
.1328€E-01

LANES))
«23S2E-01

VY (J)
.P9G51F-03

vy id)
.2912F +03

vZ(J)
«1093€E.403

vz
«TR44EL02

V2(Jy
+6186E 401

VZ(J)
LE6186E40)

VZ(J)
«TRGAESQ?

vZ(J)
+1093E.03

VZ(Jy,
.1228€E4+01

@
.62T1E400

IX )
+62T1E+00

TXA(J)

TX(J)
.1736E-07

IXtd
.6271E+00

XD
«6271E4+00

TX(J)
.1408E.01

MY (J)
.2151E4+0)

My (J)
.6049F+04

MY (J)
.3600E402

MY (J)
.1736E+02

My ()
.2351F+03

MY (J)
«5229E4+04

My (J)
«6140E+01]

MZ (D)
.3183E-02

M2
L1200€-01

MZ (J)
.8542E-01

MZ ()
.29710E-01

MZ (D)
.3390£-.02

M2 ()
<1187E-01

M2 (J)
J14R6EL04



TABLE 5-9F LOW FFEGUENCY COFFEE TARLE CASE B (RESPONSE SPECTRUNV) -

RESPONSE SPECTRUM FCRCE COMPONENTS

ELEMENT TYPE (3/D PI1PE ) /7 "/ ELEMENT NUMRER (  14)

PX (1) vy(n V2l ) TY(Y) MY (1) ) MZ(T) PX(y) Vfﬂq) \2AN) TX(J) MY (J) MZ{J)
«2411E-0% ..297?E¢n3 J1228F401  L140AF.01 ,6140E401 ,L14R6E+04 ,2411E-05 ,2972E4+03 ,122RE+01 ,140BE.01 ,6140E+0) ,1486E.04

ELEMENY TYPE (3/0 P I P E Y . 2 ¢ 7 ELEMENT NIMBER ( 15)

PX(T) vy (I vZz(ly  1n MY (D) M2t PX(J) vy (J) vZid TA(J) S oMY (D) MZ () -
1237€402 .2972F403  ,1278E+01 ,140RF.01 ,6140E+01 _14R6E.04 L1237€+02 ,2972E4+403 ,122RE+0) ,1408E~01 ,)16T3E+02 ,6049E+04

ELEMENT TYPE (3/D P1PE ) /7 7 ELEMENT NUMBER ( 16)
PX (I oovven vZily CTX(T) ‘ MY (1) MZ (D) PX(J) VY tJ) VZiJy, TN (D) MY {J) MZ()
J123TE402  L287ZE403  J122RE40]  .140RF.01 L16T3IE402 "7,4049€404 ,1237E402 ,2972E+03 ,122RE+0) .1408E-01 .6140E+01 ,1486E400
—
Lo
=
1 . _ . . .
"ELEMENT TYPF (3/D P1PE ) ] ELEMENT NUMBER (1T}
PX(1y vy (1) vz (1) My (1) MZ (D) PX(J) VY (J) VZ(J)' ITX(Jd) MY (J) _ MZtd)

L2455€-05 ,2972E+03  L122RF«01  L1408F-01 .6140E+01 .14R6E+N4 ,2455E-05 ,2972E403 ,1228E+01 ,1408E-01 ,6140E+0) ,14B6E.04

ELEMENT TYPE (3/0 P I P E Y/ s 7/ ELEMENT NUMBER ( 18)

PX (1) vyen o vaeh TX (1Y MY () HMZ(D) PX(J) VY (J) VZ(J) TX(J) MY (J) MZ (J)
J123TE+n? . 2977E403  L12PRE+0] L 160RF-01 ,6140F«0] L1686E+046 ,123TE+02 ,2972€403 ,1228E401 L1408E~01 .1673Ee02 ,4009E404



TABLE 5-10 LOW PFEQUENCY CCFFEE TABLE CASE B

RESPONSE SFECTRUM STRESS COMPONENTS

ELEMENT
NUMRER

-T€T-

10
11

12

ELFMENT
TYPE

TAKGENY

TANGENT

TANGENTY
TAKGENi
TANGENT
TAkGENT
TANGENT
YANGENi
TANGENT
TANGENT

TANGENT

TANGENT

TANGENT
TANGENT
TANGENY
InhéENY

TANGENT

LCAD

CASE

STATION

ENCAT
FAC=J
EnC-1
EnC oy
ENCT
FAC <y
ENC-T
ENC oy
ENC-1T
EAE .Y
ENC1T
ENC.J

ENCaT
ENC oy

EnCaT
EnC~J

ENC -]
ENE U

ENC AT
[N EN]

[ |
(A *"N]

Enliad
ENC.d

ENC-T
ENC -y

EAC .Y
ENC-y

ENC -1
ENC o

FAC-T
ENC-Y

ENC.Y
FAC U

(RESPONSE SPECTRUM)

LNGTDL
STRESS

9603.027
A96.134

696,073
7499.00)

32.101
£5.,357

(5,357
A2.101

7499,001
€9¢€.,072

696.134
S603.027

$603,027
696,134

A96.072
749%9.00)

32.10])
£5.357

£5.357
32,101

7499001
696.073

696,134
9603.027

7223.897
262,199

26%0,686
2650.686

2662.199
7233.097

77233.,897
26AZ,199

2650 ,6R6
2REn 6P6

CIRCUMF
STRESS

0.000
0.000

0.000

0.000

0.000

0,000

0.000

0.000

0.000
0,000
0.000
0.000

0.000
0.000

0,000
0.000

0.000
0,000

0.000
0,000

0,000

0,000

0.0n0
0.000

0.000
0.000

f.000
0.000

0.000
0.000

N.000
0,000

0,000
n.000

SHEAR
STRESS

102.254
102,254

73,554
13,554

5,757
5,757

S.157
5.157

73.554
73.554

102,254
102,254

102.254 .
102,254

73.554
73,554
5,757
5,157

5.757
5,757

73.554
73.554

102.254%
102.254

276,563
27€,5€3

276,608
216,608

27€.563
276,563

27€¢.563
276.563

216,608
276.60R

I



-CET-

TADLE S5-11 LOW FREOUENCY GOFFEE TADLE CASE CUSTEP-OY-STEP INTEGRATION)
et et e e DT S P LAGCENENT M AX T NN e
HODE DISPLAGEMENT HAX TMUM TIHE AT PLOT :
NUHDER _  COMPONENT _  VALUE  MAX L HUM Y O e e e e e e e i e
SR — el We99RBE-02  2.5000E400 NA e e e - . e~ e e o
2 1.0883E=04 2.5000€400 NA
. 3 7.8501€-04 2.5000€400 NA e
2 1 4.9985€E-02 2.5000E400 NA
e a8 1< B89 3E-04  2,5000€460_ __NA____ e e e e e et e et e o e e e o
3 7.8508F-04 2.5100E¢+00 NA
R I 1. h,99R6€-02 2.5000E¢00  __ __NA _ e s e e e e e e e e
2 1.0853E-04 2.5000E+00 NA
—— ———3 T.8506€-08 2.5900E100 NA . —— e e e e e =
4 1 4.99A5E-02 2.5000E+00 NA
e @ 1.0853E-04  2.5000E400 NA_ e e e e e et e e
3 7.R504E-08 . 2.5000E+00 NA
oM 1.0054E-01 2,500CE400 NA_ - e e e
2 2.1405€-04 2.5000€+00 NA
3 7.7840€E-08 .2.5000€¢00 NA B
6 1 1.0055€6-01 2.5000E+00 NA
S 2 2.1 08E-04 2.5000E+00 NA —_— -
o o 3 4.9954E-12 2.5000E+00 NA -
M 1.0054E-01  2.5000€400 NA . - e e e et e oo e .
? 2. {0 D5E<DG Z.5000E+00 NA
o 3 7.7830E-08 2.5000E400 NA L
8 1 1.0054€-01 2.5000€+00 NA
N e _3.901RE-0n  2.5000E400  NA - - ;
3 1.9219€-06 2.5000E¢00 NA T T - T T )
. : ool 1.0056F-01 2.0000E¢00 O NA — e e e s — -
2 3.9)16E-0d4 2.5000€+00 NA .
e 3 1.9219€-06 2.5000E¢00 NA__ o e e i
10 1 1.0054E-01 2.5000€+00 NA
) ) 2 2.14USE-04 _ 2.500G€¢00 NA ‘
3 7.7L306-08 2.5000E+00 NA T T
_1t Jb 0 Le0USSE-DL  2.5000E00 LUNA .
2 2 14 0AE=04 2.5000€ +00 NA
e e S VTR RSO 0 NA - el -
12 1 1.0.54E~-D1 2.5003E ¢00 NA
2. 2.14G5E-64 _ 2.500CE+00 NA
3 T.7861E~48 2.50GCC 00 NA |
13 ) _L 0 _ 1.0550F-0y 2.5000E+00 MA
, 2 I.924AE-04 2.5900F +00 NA
e e e 3 V921960 2.5000E%00 L NA - .- — -
14 ) 1. ULS4E-r1 2.50CCE+QC NA
2 3.961eT-06 2,5300€6400 NA
3 1.92196~0F -+ 2,50CCE+0D NA




T TTAOLE 5-12 LOW FREQUENCY COFFEE TADLE CASE C(STEP-AY-STEP INTEGRATION)
e e FORCECOM PO NENT MAX T WA S _
FLEMENT TYFPE HUMALYWY = - 2 o . - e
ELERENT TLOCAYION T TTTTTTTRORCET T T T T MAXTHUN T T TEME AT T T T ) T )
HUMOBER  COMPONFNT - o _.VALUE  HAXKTHUH - - e et - B
L €un-1 FX 6.5074E401 2.5000E4+00 L L
FY 5.5248F-05 3.5000E+00
R ¥ 2 (2035556401 2.5000E¢00 .
) T YK TT1.3822E-01 2.5000E400 ’ B -
e MY 1.1323E403  2.5000E400 e e
oo T M 2.0497€-03 2.5000E+400 '
I ENnp-J L FX o 6.50TAEr0L  2.5000E400 e e -
FY 5.5248E-05 3.5000E+00 N
e e e FX_ 2.3555€401  * 2,5000€¢00 - — e e e
' T 1.3822E-01 2.5000E400
. MY 4,8981E¢01 %.9000€+400 o
Mz 9.0951E-04 3.5000E+00
2T TTENO- FY GBOSAEVIT - 2.S00aERN0 T T T T T T T e e e e s e e T
o Fy 5.3474E~05 2.5000E¢00 . o
F2 1.72876¢01 -2.5000E+400
, T 1.38226~01 2.5000E+00
T R 12 TTTRLBONLEYDY T T 4. 9000EV00 o "“ - TrrTmTrTR T T e T
e e e e ML 9.0951E-04  3.5000€+00 3 — U
\
2 END-J EX 6.50586401 2.5000€+400 e e
e e e e e B B4 3WTHE-05  2,5000E400 e e e .
F7 1.72876+01 2.5000E+00 ) -
e e L WX 1,38228-01 2.5000€400 - e
MY B,8603E¢02 2.5000E+00 - T - -
L ‘M2 3,22076-03 2.5000E400 . o e )

. 2sTOSHE-01
3.05146-03

e W Y P L
. - - A .3.02536400

TR TS HF-03

s IOIHWEO00

2.5G00E 00

2.5000€+00

.£28000E400

2.5009€E+00
 2.5000E+00
2.5C00€E+00




X EHD-J FX 2.7055€-01 _ 2.56G00E+00_ _ - e
FY 3.0514F~03 2.5000€+00
, _FL -”1136355900..__2-50005000 e e _ .
ToTmmme - 1B 8.,8021¢-09 2.5000E+00
MY TJ9345E%00 . 2.5000€E+00 L e ) . L
- Mz “f.9046E-02 2.5000€+400
4 chn-1 FX 2.T055€6-01 2.5000€E+00
_____ . e EY . __3.0518E-03 2,5000€¢00 - N e e e
Fl 1.3634E400 2.5000E400
e Ix_ 8.R063FE-09 2.5000€%00 __ - . - - el -
"y 7.9345€¢00 2.5000€E¢00
R o S L1} 1.90846E-02 2.9000€400 e e et ey e
YT TTEND=D TR 20TU5SE-01 2.5000E400
£y 3.0518E-03 2.5000E400 e
F2 1.3634E+00 2.5000€¢00
. L XX B.8003E-09____ 2.5000€t00 _ . . . i
My 3.8253E400 2.5000E+00 .
S e et e BT _6.4T60F=03 2,5Q00E#00 e e e -
| - e e e e
’.A R .
L T £Hn-1 o EX_5.5058Et01 2.5000€£+00 e e e+ e e
T - - FyY 5.3476E-06 2.5000E+00
- e —_EL_. A.7287€¢0t  2,5000€400 S
TX 1.3822E-01 2.5000E¢00
~ ny 8.8603E¢02 2,5000€+00 . o
T} 3.22086-03 2.5000€E+00
5 END-J o fX T 5.505HE401  2.5000€+400 o o . e
- TR T S 347ef-05 2.5000€E+00 \
F2 1.7287E401 2.5000E+00 e
1 1.3822€-01 2.5000E+00
"y 4.8981F¢01  4.9000€E+00 e oo et e et e e e e e et e
T N T T UNTTTTTTTT 9095160k 3.5060€00
6 €EnD-1 rx 6.507hF+01 2.5000E¢00
e e EY . 5.5250C-05 = 3.5000€+400 . N . B}
o Fi 2.3555F ¢ 01 2.5000E+00
i TX 1.39226-01 2.5000€+00
T E TTTRY T UL AR EY 01 - T 4.9900€400
"z 9,0951F-04_  3.5000E00 .. U e e - N

R 2TV

f.5074E401

5.)Lqur 0%
2.3555F01

1.3822F-014

1.1323F+03

SaaNr-ny

2.5000€+00

3.5C00€+00

‘2.5000€E+00
. 2.5000E¢0C

2.5000F +00C
R.EN00F 00




-S¢ET~

7 AL FX 6507405400 2.5000E400_ . _ R e
FY 5.52408E-05 3.5000€400
e e e FT __2,35556401 __ 2,5000E+00 __ e
2 1.38226-01 2.5000€+00 )
e _ —_ R Chy _.1,1323E¢03  2.5000£¢00
HZ 2.0497€-03 2.5000E+00
e _ENODZJ . FX _6,5074F¢081  2.5000€¢00 _ ..
FY 5.52468F-0% 3.5000€+00
e e FZ._ . 243959E¢0f . _2.5000€¢00 ' ) e e o
! X 1.3822€-01 2.5000E¢00
. MY L.89RLE+DY 4.9000€E+00
T¥4 9.0951€6-04 3.5000€+00
8 END-1 FX 6.5058E+01 2.5000E400
e _FY 5.3474E-05 2,5000€400 . o
Fl 1.7287€¢01 2.5000E400 o
. B L IX o 1.3A22€-01  2,5000€400 N B .
My 4.8981F+01 4 9DO0E 00 o
e e et e Wz 9.0951E~04 3 5000€+08 — e e -
A END-J FX 6.5058E401  2.5000E+00
L o FY v 5,3474E-05 __ 2.5000€400 B e _
Fi T1.7287E+017 7 2.S000E+00
L Y 143BR22E-01_ 2.S5000E600 o o
Yy 8.8603€#02  2.5000E400 :
e MZ 3.2207E-03 2.5000E+00 ! e
9 END-1 CEX____ 2,7055E-01  2,5000€¢00 ‘. . e e e
£ TTT3.0510E-03 2.5000E+00
_ L F 1,3634E400 2.5000€¢00 - : N . N o
TX 8.78396-09 2.5000€¢00
— — MY 3.8253E400  2,5000€400 — - e o
MZ 6.6759E-03 2.5000€¢00 -
.9 ENN-J F X 2.7055E-01 2.5000E¢00 . L N _
Fv 3.05186-03 2.5000E+00 T T
B _ _F7 1.3634E+00 2.5000E40C
X TTR.T839E-09 7 T 2.5000€400 .
i o MY 7.9345E+00  2.5000E40¢C
T4 1 984602 T2.5000€+00° B )

ey
Fy
F7
TY
e TR
"7

00T EHD-T

2 r0ssE-01

3.05186-03
1.3634F+00

8.77126-79

T.9364F 08
106l =-G2

2.5000¢+00

. 2.5003E4+00

2.5C00E+06
2.5000F +ug
2.50000 +00
2.500TF 400




-9¢1-

10 -0 T T T R T T 2 re6sE-nt T T2 s000E Y00
Y . 3.0510F~03 ~  2.5000£%00 o L
Fl 1.3634F+00 2.5000E+00
TX B.77126-09 2.5000€+00 )
T ny "3.8253E+040 2.5000€4+00
. .. CMZ 6.hTR0E-03  2,5000€000 . . .
1 FHO-T ~ FX __ 6hs50SAE40L  2.5000€%0C_ ~
oo T o “Fy 6. INTHRE-05 2.5000E+00
Fl 1.7287€C¢01  2.5000€¢00 e
T TN T T T 3822€-01 T 2.5060€ 00
o MY 8.8603€¢C2  2.5000E+00 o . S
T M7 3.2206F-03 2. SO000E+OD
11 END-J FX WS058E40 L 2.5000€400
- T TURY T '""?“Jkiéf'us 2.5000€+00
F2 1.7247€¢01 2.5000€+00
TX 1.38226-01 2.50D0E+400
- e e e e My WeB8981E%01 L. O000E00 et e e
M2 9.0951E-01 3.5000E+00
12 FND-T FX 6.5074E+01 2.5000E+00 '.
e e . _Fy . 545250€-05 3. 8000E400 e e e e e
Fl 2.3555E401.  2.5000E+00
e e e e LI 1.36822€6-01 _ 2.5000€400 _ N -
MY 4,8981E+01 4.9000€+00
. 104 9.0951£-04 3.5000E+00
12 END-J FX 6.5074E+01. 2.5000E¢00 !
- e e EY . 545250€E-05. . 3.5000E¢00 _ e et e ..
F2 2.35556+01 2.5000E+00
X 1.3822€-01 2.5000€+00 _ _ o
uy 1.1323F¢03 2.5000€+00
- I _ uz 2.0498E-03  2.5000€+00 . e -
13 Ewp-t FX 2.7266E400 __ _ 2.5000€+00 —— e e
FY f.5026E¢01 2.5900€E+00
R . - e BT 2570659E-01  2.5000E+00 e e e ———
™ 3.25526-03 2.5000€400
LMY 3.687TNE00  2.5000€¢0¢ ) 3
nz 8.86C3E402 2.5000E¢00
13 cup-J . FX 2.72666400 2.5000E+00
o ’ ' ry Fa502RhF401 2.5003E+«00
Fl 2.70590-01  .2.5000€+00
X 3.2552(-03 2.500GE+00
e MY 1436327400 2.5000€+00
M7 G519 4G2 2.500)F ¢d0
> -~



~LET-

I U T ) B Fx Ti{J02usE~-08" T2 7aneké0d T T T T T -
: FyY 6.5037F401 2.5000£+00 — - e e
Fz 2.T064E-01 2.5007E+00
o TX 0 3.25520-03  2.5000€+00 i ~ i i
T T MY 1.3532F+ 00 2.5000E+00
I e e oz . 3.2519E€02  2.5000€¢0p | e .
14 ENp-J Fx 1.,02456-08 2.7000E+00
e EY o 8.5037€401  2.5000€+00 _
T F 2.7064E-01 2.5000€+00
oYX 3.2552F=03  2.S000EN00 e e e e e e
hmmmmrmm o Tmm T Hy 3532400 2.5000€+00
Mz 3.25196¢02 2.5000€+400 . —
_ 15 EMO-1 . FX___ 2,7266E€00 __ _2,S000€%00 i B
FY “6.5026E¥01  2.5000E+00
F2 2,7059F~-01 2.5000E400 _ e
TX 3.25526-03 2.5600E¢00
Y . 1.35326¢00  2.5000€¢00 o - e e e s
- T ) Mz T 3.2519E402 2.5000E+00
’ '
15 END-J F X 2.7266E400 2.5000€+00
Fy 6.5026E401 z S000E+00
e e e FI _ 2s7059£-01 2.5000€400 - e e e e
T 3.25526-03  2.5000E¢00 ’
. e . MY 3.6B70E%00___ 2.5000£¢00 - e e e e e e e e
MZ 8.8603E¢02 2.5000E+00 i
16 cno-1 FX 2.7266E400 2.5000€E+00 T T e .
B o ___FY _6.5026€%01 _  2,5000€¢Q0_ e ~
F1 T2 T059F-01 2.5000E+00 o
e T 3.25526-0%  2.5000E+00 ——e
uy 3.h870E4+00 2.5000E+00
— e M2 B.BRO03E¢02  2.5000€400 - .
16 I EN] TFx T2 12606400 7 T2.5000€v00 ) i ) o
_______ _FY 6.50256¢01  2,5000E¢00
F7 2.7059€~-01 2.5000€+00 - T T
. i o %o 3.25526-03  2.5000€+00
My 1.35326400 2.5000E+00 o )
i CMZ . 3.,2519F+02  2.5C00E+00

o Fy
F?
X
e - ~ i ny

nr

5,579 -09
A.SC3TFI01
2.7664E~C1
3.2552¢-03
1.3632F406
3.25106402

2.5000€¢00
2.5001E+0C
2.5000E+00
2.5000€+00
2.5003E+00
2.5202K 400




~BET-

V7 ENU-g _EX . U.5A79E-09  Z2.5000E+00 .
Fy 6.5037€+01 2.5000E+00
P (4 2.7064F~-014 28000 E 400 e e e e e
TX 3.25526-03 2.5000€+00
e e e e e MY . 1.3532E+00  2.5000€¢00 — e N
Ml 3.25196¢02 2.6000€+00
e amanee o o . — e ein e e ——— ——— - r—— e - e e e en s e ———— ——— . | - - - - - - .
1@ enp-1 FX 2.7266E4 00 2.5000F+00 - .
e e e EY_645026E401 2,5000E+00 S SO A S - N
o T Fl 2.7059E-01 2.5C06E+00
e e VX ._3.25526-03 2,5000€%00 . e et e e
i My 1.3532€¢00 2,5000E+00
e 104 3.25196¢02 2.5000E¢90 L _ e
18 TEHi-g FX T2V 72666400 2.%000E400 T T T Tt )
e e et e e EY___B5.5026E¢01  2,5000€E%00 _ e e e e .
Fl 2.7059E-01 - 2.5000E+00
. TX 3.2552E-03 2.5000E400 .
My 3.687064¢00  2.5000E+00 !
e Mz 8.8603E+02 2,5000€+00 o T



T T “thli'EZTj“{Bk'?Bédﬁ?ﬁéVmébﬁ?éE”fihLE”EhSE"Ei§féﬁiéii§fé5”iﬁtédihilﬁﬁi"‘ )
ST R ESS_C O P OMNENT HMAX T NA e -
1 EHD-T 2081.27 0.00 22.04 - - I
U EHND-Q . 367,93 0022600 _ - - S
] TP SRR ¥7F A ¥ G 0.00 6.2 . i ’
_ __f"_t_l_()__'_J 1huil .97 0.00 1h.21 . e e e e e e iee e e
B T Y1) BN YRR T TR e T {foey T ¢ o T ) i
e M=o Aweo o 0.00 R X 2 S S - -
R N T Y TTih.h0 .00 1.27 - ""' "' T
e Enoey L Te0T 0,09 reer _ S
TR T Rl TTTI640.97 7 7T 0.00 i6.21 - T T Tt T )
END=J 147.91 0.00 16.21 . .
AR SRR Y SR T 20X g.00 35,84 - T T T e T T
e JEND=J _..z2ue80.27 0,00 22,04 . o e e
T EnO- 2080.27 - 0.00 22.Gh ; T )
\ ) £NI-J 147.93 _a.00 22.04 o ,
. o Ewa-g o AbT.9Y  0.00 2.04 — R
w
\O e e e e e e ot amirn o s man e e e e e e o e e e et R e e e s s 2 e i e e e s = . 2
' i EMOST 1477917 0,00 i6.721
~ END= 1640 ,97 0.09 16,24 o N
T T UUTTERNST T TR0 - 0.00 Y. 27 o - o TTTTT o e -
I €MD~y o the0 0,00 _ _oote2l — e I P ..
T e tHn-1 14,40 0.00 1.27 - T oo
AL L L teor o600 .27 e - e e )
B U I YT, 5 TT16edLa? T T oo i T16.21 i
I tHD-S 147 .91 S T X I ¥ - 4% U S A P e
a2 T T Ewesr T T TRy T T T e T T 22460 ’ B
.. CEND=S _20A0.27 . . . 0,00 22.0n%

760,52
60.52

T1582.94°
582.58 T

“Ena-1
Cna-g

13

1 ND-E
I

CRY, NG
LIS FIRRT E A .

K53
LieH3




s edd-1" 77T T5A2.54 T eVee T 60,52 oo ’
— JEnn-9 0 15A2098 0,00 ....60,52 S
1 ENO-T  1482.98  0.00 “e0.82 T T o T T ’ )
_— tHO-J LLBRe.eh 0 Dl00 bG.52 . . -
! - Ceee e et e s e mmmm s mm e 4 s mererre st ———ame it e aam man s m | tee ma —— - ———— T — - — - - — - - - - - - -
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