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I. Introduction 

Dynamic structural analysis of piping syst~us is one of 

the most extensive engineering efforts required for the safety 

design of nuclear power plants. Such .analysis is nonnally per­

formed by using computer programs which can handle complex system 

geometries and various loading conditions, static or dynamic. 

Applicants for nuclear power plant licenses are required 

to provide conf·irmation of the adequacy of their programs, as 

prescribed by the guidelines of the Standard Review Plan and 

Appendix B, Section III, of lOCFRSO.l. Of particular concern 

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 generally large 

programs based on the finite element method, which consider the 

structures to be elastic over the entire deformation history and 

.to experience 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 proprieta·ry 

nature. 

A standard method for verifying computer programs is by 

means of benchmark problems. By verification we define the assur­

ance that these programs produce correct and valid results~ in 

acc.ordance with the numerical and· theoretical methods on which 

they are based. The verification of these programs can also be 

considered as their qualification for solving problems of the 

kind for which they are designed. 
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To verify and confirm the quality of these programs, the 

Hechanical Engineering 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 benchmar~ problems is to provide assurance 

that progr~ms perform according to the claims of their authors 

when applied to typical analysis problems encountered in the de­

sign of nuclear piping systems. 

The purpose of this report is to describe the adopted bench­

mark problems and their solutions. The problems consist in cal­

culating the static and dynamic response of selected piping 

structures subjected to a variety of loading conditions. The 

s·tructures 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 Smd.ll deformation~ nnd sm9-ll disJ?lacements with no 

existing gaps, and remain elastic thru their entire response. 

The solutions were obtained by using theprogram EPIPE, 

which is a modification of the widely available program SAP IV. 

A brief outline of the theoretical·background of this program, 

and its verification is also included in this report. 
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II. Background 

The EPIPE program is a modified version of the general 

4 
purpose program SAP IV , specifically prepared for static 

and dynamic analysis of the.Class 1 nuclear piping according 

h 
. 5 

to t e ASME requ1rements. The piping system may consist of 

straight elements, elbows and tees with spring hangers and 

anchor restraints. The loads can be either mechanical loads, 

weights, thermal loads,· 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 development 

will not be included herein. Instead, only a brief outline of 

the theoretical considerations used in obtaining th~ static and 

dynamic solutions to be discussed later with this text, is in-

eluded 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-
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be considered in the formulation of the stiffness matrix and in 

the stress calculations, respectively. These factors are 

generally functions of pipe geometry and internal pressure.
5

'
8 

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 response of a piping system is described 
}: _,i·. 

mathematically bythe equations cif(~otion 

[M] (i.i} + [c] (u} + [K] tu} = (R(t)} . (i) 

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 Ragleigh 

damping· is assumed, ie,· C=a.M+i3K, where both a. and f3 are 
I 

the damping· coefficients;· K, the stiffness .. matrix (same as 

the static problem), and R (t), either a vector of arbitrary 

time-dependent load~ or of effective loads resulting from 

earthquake motion. 

The dynamic· analysis may be· performed by either the mode 

superposition method, the di.rect_ integration method, or the res-

ponse spectrum analys.is. All three methods are available in the 

EPIPE program. 

-4-



2.1 Mode Superposition Method 

In ord~r to employ the mode superposition method, it is first 

necessary to compute the natural frequehcies (or eigenvalues) 

and cQrresponding mode shapes of the piping system. A choice 

of two different solution procedures is available in the EPIPE 

program to find the eigenvalues: a. determina-nt search technique, 

b . . h d 3 
or a su space 1terat1on met o • When the stiffness matrix of 

the structure can be stored in the computer code as a single 

block, it is more convenient to use the determinant search 

'technique. However, when the structural stiffness has to be 

stored in several blocks, it is more efficient to use the sub-

space iteration method. 

In 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 decomposed into p uncoupled second order 

differential equations. Each equation is solved by numerical 

,integration and the final response is obtained by superposition 

of the various ~ontributions of the individua~ modes. 

2. 2 Direct Inte,gra tion Method 

The equations of motion (I) can be solved directly by 

step-by-step numerical integration. From this analysis a 

~omplete .tirne.-history response of the piping is obtained. 

-5-



In the EPIPE program, the Wilson 8 m~thod is used, which is 

considered to be unconditionally stable. The-numerical 

algorithm of this method is outlined in references (3) and 

( 4) • 

2.3 Response Spectrum Analysis 

The response spectrum analysis method is often used to de­

termine the dynamic response of a piping system due to earthquake 

ecitations. It is usually offered as an acceptable substitute 

for the more complex (and hence more costly) time history 

analysis. 

similar to the mode superposition method, this method 

assumes that the response of a structure, can be adequately· 

described by p lowest vibration modes. The maximum displace­

ment corresponding to ·mode n is obtained from the procedure 

outlined in (8). The total ~esponse for displacements and 

stress resultants at each node is calculated as the square 

root of the sum of the squares of the modal maximum responses. 

The response spectrum method normally gives higher (or more 

conservative) values than thos= ob-tained from the two other 

methods. 

-6-



III. Benchmark Problems 

The EPIPE program was applied to .the analyses of the 

following benchmark problems: 

1. Static response of Hovgaard bend. 

2. Dynamic response of Hovgaard bend. 

Case a, b, and c 

3. Dynamic response of a coffee table. 

Case a, b and c 

4. Static analysis of Spence's pipework. 

5. Dynamic respon~e of a low frequency coffee table. 

The static Hovga~rd problem Was solved analyt~6ally by 

HoVgaard for a piping system under temperature load. 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, El Centro Site, May, 1940, in the S-E direction. 

A digitized a~celeration time-history was obtained from reference 

( 9) and corresponding to ·this accelerogram, .the spect·ral ac­

celeration was generated according to the procedure outlined in 

reference (10). This information was then used as the load input 

for the response spectrum analysis. The dynamic.response for 

both problems were analyzed b¥ all three methods outlined 

previously in section II, i.e.,: 
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case a- Time-history analysis (mod~ superposition), 

case b - Response spectrum analysis, 

case c - step-by-step (direct) integration. 

The output for the dynamic analysis are presented in the 

form of: 

a) Natural frequencies and vibration 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) MaximUm stresses. 

It is noted that the maximum. force.s, moments and stresses are 

the absolute maximum values. 

Finally, the last benchmark solution is for a pipework 

problem provided to BNL by Spence:
1 

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. 1-la and 1-lb~ 

-8-
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Problem.l- Static Response of Hovqaard Bend 

The response of a three-dimensional three-arm pipe, 

known as 'Hovgaard bend' subjected to a temperature gradient, 

has been analyzeda The resultant moments and forces in the 

12 13 
pipe were obtained analytically by Hovgaard, ' and 

14 
numerically by the computer program PIPDYN A comparison 

of these solutions is given in the data and tables that follow 

the problem description. 

Problem D~scription 

L. Geome~ry • The configuration bf the Hovgaard behd, 

as shown in Fig. 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 thi~kness (inches) 

ii. Material data -

Young's modulus (psi) 

Poisson's ratio 

Unit weight (lb/inch
3

) 

Coefficient of -thermal 
expansion (in/in/°F) 

0.241 

24.0 E6 

0.3 

0.283 

7.1E-6 

iii. Loading conditions - The piping system is subjected 

... ------- ···-
,;~fo -internal -pressure wa~-~- ~~~lied to the system" 

. -11·-



Fig. 1-2 

A Hovgaard Bend 

(Figure. not to scale) 
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Analysis Results 

In Table 1-1, the end r~actions at ends A and B are compared 

with those given in references (12, 13, 14). Note that in 

the analytical method, the flexibility factor does not account 

for the effects of interna·l pressure. Furthermore, it should 

also be mentioned that the analytical results shown in the tables 

that follow were obtained from a computerized solution of 

equations 20, 21, 22, 23, 24 and 25, given in reference 13. 

Fo;r t~.e purpose of comparison, Tables l-2 and l-3 show the 
. . . .·· . . 

resultant forces of each member obtained by "EPIPE' program 

(Case a) and by the analytical method, respectively. A com-, . 

parison of the resulting stresses is shown in Table l-4. As 

can be seen from the tables, the differences among the three 

different solutions are rather small and can be considered to 

be within an acceptable range. 

Table 1-5 to 1-T show the comp~ter 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 Restraints 

M (in-lb) 
X 

M (in-lb) 
y 

M (in-1b) 
z 

F (1b) 
X 

F (1b) 
y 

F (1b) 
z 

EPIPE 

End A End B 

-54876.1 92504.8 

+14336~0 -7~555.0 

·+130165.2 ·-62255. 6 

-i711.0 +1711.0. 

-1666.9 +1666.9 

-628.2. +628.2 

Analytical Method· 
[18) 

End A End B 

-56040 1.+952~5·* 
+14400 -80363* 

+133080 -64li3* 

-1750 +1750 

-1710 +1710 

-640 +640 

End A 

'-55624.8 

+14494.8 

PIPDYN 
[141 

End B 

+93732.5 

-79972.8 

+132303.6 -62868 

-1737.2 +1737.2 

-1686.3 +1686.3 

-636.7 +636.7 

* Evaluated from the static equilibrium based on the 
solutions at'End-A ·from Ref. [18). 
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I ...... 
V1 
I 

Nem 

1 
' 

2 

3 

4 

5 

b er T L·ype St -a tl.on 

Tangent End- I 
End-J 

Bend End- I 
Center 
End-J 

Tangent End-I 
End-J 

Bend End- I 
Center 
End-J 

Tangent End-! 
End-J 

Table 1-2 

Pipes Forces and Moments from 'E?IPE' 

Y-Axis Z-Axis Torsional Y-Axis Z-1\xis 
. 1 'Sh Ax1a ear Shear Moment Moment 'Moment 

-1666.9 -628.2 -1711.0. 14336.0 130165.2 -54876.1 
-1666.9 -628.2 -1711.0 14136.0 -56159.2 13539.6 . 
-1666.9 -1711.0 628.2 14:336.0 13539.6 56159.2 
-2388.5 - 31.2 628.2 26390,5 15562.7 82353.9 
-1711.0 1666.9 628.2 36344.9 8469 •. 1 '\7759.1> 

-1711.0 -1666.9 - 628.2 36344.9 - 8469.3 -57759.6 
-1711.0 -1666.9 - 628~2 36344.9 -30897.6 1747.9 

-1711.0 - 628.2 1666.9 36344.9 174 7 .. 9 30897.6 
-1654.1 765.6 1666.9 44657.9 1832L 6 28832~3 
- 6:.!1:1.~ 1711.0 1666.9 62255.6 24162.8 - 8405.3 

- 628.2 -1666.9 1711.0 62255.6 8405.3 24162.8 
-· t:i:ll:l.~ -1666.9 1711.0 622·55. 6 78555.0 92504.8 



I 
1-' 

"' I 

Table 1-3 

Pipes Forces and Moments (Analytical Method)* 

Y-Axis Z-Axis Torsional Y-Axis Z-Axis 

Mem er Tvoe Station Axial Shear Shear Moment Moment· Moment 
b 

1 Tangent End-! -1710 - ·640 -1750 14400 133080 -5()040 

End-J -1710 - 640 -1750 14400 - 57495 13656 

2 Bend End- I -1710 -1750 640 14400 13656 57495 

Center -2446 - 28 640 26670 15899 94344 

End-J -1750 1710 640 36888 8832 58947 

3' Tangent End- I -).750 -1710 - 640 36888 - 8832 -58947 

End-J -1750 -1710 - 640 36888 - 31616 1929 

4 Bend End-! -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 -1710 1750 64173 80363 95295 

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



Table 1-4 

Pipes Stresses 

a) Longitudinal Stress 
Analtyical 

EPIPE Method % Difference 

Member Type Station Tension Comp. Tension comp. Tension Comp. 

1 Tangent End-I 15212 -15836 15548 -16188 I 2.16 2.17 

End-J 6036 - 6661 6174 - 6814 

I 
2.24 2.24 

2 Bend End-I 6903 - 7528 7083 7723 2.54 2.52 
~ -

\ 
Center 10021 -10916 10257 -11173 2.30 i 2.30 

Tangent\ 

End-J 6971 - 7612 7139 - 7795 I 2.35 \ 
2.35 

I l 
I ! i 

3. End-I 6095 - 6736 6222 -· 6878 2.04 2.06 
I 

End-J 3080 - 3722 3153 - 3809 i 2.31 i 2.28 

\ 

\ 
I 
; 

4 Bend End-I 3548 4186 3640 if296 l 2.53 ' 2.56 - -
Center 3957 - 4577 4093 - .47251 3.32 t 3.13 

l End-J 3078 - J313 3215 - 3455 4.26 i 4.11 

i 
l i 
! 

; 

Tangent \ 

i 

5 End-I 2694 - 2929. 2805 - 3045 l 3,96 i 3.81 

1 End-J 13219 -13455 13579 -13819 \ 2.65 
! 

2.63 
I 

i 

\ 
~ \ 

.. 

i 
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Table 1-4 (cont'd) 

Pipes Stresses 

b) Circumferential Stress 

Analytical 
EPIPE) Method % Difference 

! 

Member T_ype Station Tension Comp. Tension Como. Tension Como . 
. 

1 Tangent End-I · 0 0 0 0 0 0 
End-J 0 0 0 0 0 0 

-
2 Bend End-t 10565 -11935 10453 11809 1.07 1.15 

Center 15492 -17502 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 Be rid 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-I 0 0 0 0 0 0 
End-J 0 0 0 0 0 0 

.. 

• 
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Table 1-4 (cont'd) 

Pipes Stresses 

c) Shear Stress 

Analyt~cal 

.EPIPE Method % Difference 

Member Type Station Max Min Max Min Max Min 

1 Tangent End-I 1129 446 1141 443 1. OS 0 ;70 
End-J 1129 446 1141 443 1. OS 0.70 

2 . Bend End- I 1129 446 1141 443 1. OS 0.70 
Center 1568 1332 1S8S 1545 1.07 1. 00 
End-J 2331 1663 2369 168S 1. 60 1. 31 

3 Tangent End-! 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 'l68S 1. 60 1. 31 
Center 2798 2110 2863 21S9 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 

-19-



I 
N 
0 
I 

Member 

1 

2 

3 

4 

5 

.. 

Type 

Tangent 

Bend 

Tangent 

Bend 

Tangent 

Station 

End- I 
. -End-J 

End-! 
Center 
End-J 

End-! 
End-J 

End- I 
Center 
End-J 

End- I 
End-J 

Table 1-4 

Pipes Stresses (cont 'd) 

Lonqitudinal.Stress Circumferential Stress Shear Stress 
Analytical Analytic~l I Analytical 

EPIPE Method EPIPE Metho·d EPIPE Method 

17986.3 17953.4 5848.1 5848.1 1077.1 1115.1 
9385.1 8885.9 5848.1 5848.1 1077.1 1115.1" 

.9699.4 8812.3 18657.4 16308.5 1077.1 1115.1 
12667.3 11574.3 24261.5 21175.6 1534.0 1536.5 

9817.4 8969.3 18880.2 16572.7 2373.0 2303.6 

9416.9 8932.7 5848.1 5848.1 2373.0 2303.6 
6194.2 5947.4 5848.1 5848.1 2373.0 2303.6 

6455.9 6004.0 12820.5 15583.3 2373.0 2310.6 
6224.0 6025.2 12382.7 11600.0 2768.7 2749.0 
5760.1 5499.4 4369.0 4045.6 3844.8 3827.4 

5663.4 5613.4 5848.1 5848.1 3844.8 3827.4 
16308.7 16047.4 5848.1 5848.1 3844.8 3827.4 

.··· .. -· . 
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Problem 2 .. -.Dynamic Response of Hovgaard Bend 

The.dy~amic response of the same piping configuration 

as Problem 1 has been analyzed. The piping system is 

assumed 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 c - 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 analy~is are higher than those 

gotten from the other two methods. 

Problem Description 

i. Geometry - The piping geometry is the same as the 

one discussed previously in Problem 1. Table 2-1 shows the 

input nodal coordinates. In this .analysis, the lumped mass 

method is used: each member is lumped 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 inpu_t masses applied 

the various indiv~dual at nodal points. 

ii. Material data - Same as given in Problem 1. 
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iii. Loading conditions - The piping system is subjected to 

the ground motion of the Imperial Valley Earthquake, El Centro 

site, May 1940, · in S-E direction. The ground acceleration of 

the piping system is assumed in the X-direction. Table 2-3 

shows the data of the accelerograph up to .16 seconds at equal 

intervals of 0.02 seconds. The corresponding accelerograph 

is plotted in Fig. 2-2. 

The same acceleration time-history is used to calculate the 

spectral· acceleration usee!_ for --~he respons,e. !:lpectrum analysis. 

The spectral acceleration resulting from the time history is listed 

in Table 2-4. These values are shown as the dashed lines in Fig. 

2-3. The dark 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 tables that follow. Tables 2-5 to 2-9 give the resulfs for 

the time-history analysis, incluJing the natur~l frequencies of 

the first 5 modes, their ass.ociated mode shapes, the maximum 

displacements with the time of their occurrence, the maximum 

forces and moments, and the maximum stress components. 

Results from the response spectrum analysis are given in 

Tables 2-10 to 2-13, where the natural frequencies, the mod~-­

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

maximum values over the specified time span. For some computer 

methods these values are dependent on the integration time step 

size as ~vell as· the print time step size. A complete discussion 

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

this particular analysis the time span was 16 seconds with 800 

integration steps of.0.0.2 seconds each. The printout time was 

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

tion step was printed. 
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FIG. 2-2 riME I-I/STORY ACCELERATION OF THE IMPERIAL VALLEY EARIHQUAKE El CENTRO SITE AIAY 18, 1940 SOOE DIRECTION 



TABLE 2-4 

Imperial Valley ·Earthquake, May 18, 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 

.1265 7.91 1186.5160 

.1977 6.34 509.5554 

.1889 5.29 665.5077 

.2201 4.54 870.3499 

.2513 3.98 631.5481 

.2825 3.54 406.5282 

II. Acceleration Spectrum After Modified (shown solid line in 
Fig. 2-3) 

Period Frequency Spectral Accel. 

.001698 588.93 145.0 

.029600 34.97 380 . 0 

.058000 17.24 755.0 

.071000 14.08 775.0 

.091000 10.99 440.0 

.114000 8.77 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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TABLE 2-10 "OVGA~RO·PIPI~G SYSTE~ CaSE A IRE5PONSE SPECTRU~l 

~COAL ·PARlfCIPATIO~ FACTORS AND EARTHDUA~E ~ESPONSE·· 

DIRECTION FACTO~S 

lC " l.nooc y = -o.oooo 7 = -o.rionn 

INDICATOR FCR U.ISfll.AC"Et!fNT OJ; ACCELEr~ATtoN SPEClt~iJH = 

Ea.o 
EQ,l 

OISPLIICEMF.i\T 
ACCELERA TIN! 

~OD~l PARTICIPATION F~rTOPS 

t-400E x.:.OI~<ECTJON ·'1-l:lTHF.CTIO" 

.175i?E•on -.?c:;Q;lf.-01 

2 .3f?BE•OO -.?074F-o2 

3 .:.·.S3Q7f-OI -,?<;A2f+OO 

4 .A~61E·Ol -,c;;:>,:,Af.-01 

5 .:.". 7 q ?5E·- ill .f..~O'if.--01 

Z-C tnECT JON 

-.:noAE+OO 

,147AF•OO 

.27Q3E-nl 

-.1174E-oi 

-.iiJSE-01 

SFECTRU~ JAPLE IIMPF.~IAL VALLEY E,n. ELCF.NTRO 1940 SE 

NUMAER CFPCINTS :: II 
SCALE FAtTOR ·- .1~0nOE•Ol 

I~PUT 
POINT 

t 
7' 
3 
4 

"5 
6 
7 
~ 

9 
I 0 
11 

: PER 100 
• H9AE--o::> 
,?P.6nf.-OI 
.c:P.ooE-01 
.7iOoE-Ol 
.c:iooE-ol 
.li4oE+00 
.l'+lnE~oo 
.17?oE •. on 
~i?OOOE~OO 
.?sooE.on 
.~?30f.o00 

«;PECT~L~" 

IIALH 
.14'iOE+03 
.3H011E~03 
• 775GE +03 
• 77'iOE ~03 
• 4'• 0.() E + o 3 
.III'Pf.o04 
·.IIAPE~04 
,7oonE.n3 
,1HlnE~o3 
.1171(1Eo03 
,4norF..n3 

L 
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TAELF. 2-llA ~OVGA~RO PIPING SYSTE~ ·cASE A !RESPONSE SPECTRU~l 

RESPO~sE·-sFfCTRUM CISPLACEMENT ·co~PONENTS 

RESPONSE ~CP ~OC( 
FRFill.lf.I\,CY = ;:o·A .. ~JSO .. 7 

C I SP~. A( f:t.lf:,._ TS 11:01 A 11 ONS OF UNRF:STIH.INEO 

NO Of x.:. Y'- 7.-
1\U"'HfR TPANSLII"TION fj;II~SLIIT!ON TRANSLATION 

2 ·B. 7n'i;>t,f -04 -I.4''''0<IE-o7 -2.i)'i2A6E-01 
3 ? .!;Rfi<lf:E -03 -2.'1';)3'lf:-07 -6.7AA74F.-01 
4 3. 3072?£ -03 -2.AJ20of-n!t -e. 1 31 i r,E- n 1 
!i 1.51n11E -n1 -1 .JPij(,]F -04 -6.MAJOE-03 
6 3.':)59;:f-03 -G .'ir.)f.<IE-04 -4.955l4F..:.o3 
7 J.'i IS3:iE -03 -I.J1674f.-o3 -3.J<I075r:-n1 
a ?..~409':E-01 -P.Af.454E-04 -7.fif>771E-04 
q 9.oeJ?cf-o4 -~.175"oE-o4 -3.35566E-o6 

10 ;:o.440H:E -04 -1'.1~30'iE-O<i -i .E>719iJE-o6 

llESPO"'~E FtP ~OnE ;> 
FREQUEI\CY c <;~;7724 .. 7 

CJSPLA(EMEI\TS!j;OfAltDNS OF iJi<llf. sTRAINED 

NO OF: )(- 't- z-
1\U,..nER TJ;AII:SlAliON TllAI\SLIITtON TRANSLATION 

2 7.ff>70'lE-04 -1.7f02AE-o7 6.1?1:!64E-o4 
3 I .1!745P.f.-03 -~.'il61l9E-o7 l.4'l611f-o3 
4 ?.OfOO'lE-01 -':.OI29iE-o5 I. 329fii:iE -o 3 
5 ? • OS I?.:?E -01 -2.A~3J9F.-ns 4.Mi69lf.-04 
6 2. o490H -03 -J.c;oo7E-o5 -I.Si,IJf>f..-os 
7 ?..o4t.44E-03 -f: .A<;]}HE-06 -4.0:!941E·04 
a I .9J?74E-03 ;;.A710'iE-Of. -3.44191f-o4 
q 1.014!\lf-03 ~.7;:34~E-o6 2.5144!if.-nl\ 

1 n J.tMAH-04 1.17n3?E-of> J.2574JE-o6 

~or.r:s 

X- y. 1-
PO TAT ION ROTATION POTATIO~ 

-7.lii70F.~05 -2.549'l'1E-os .• ;:o. 72979E-os 
-A.SAASlE-05 -5.099<1fiE-05 ·-3.1P.546E-05 
-fi.7'5165E-05 -6.9t>74RF.-O!i ·-2.31254E-05 
-s.?<~<~l!of .• os -9 •. J~'iA9F.-0'5 -1.3lflt>SE-o5 
-4.7?651E-05 -9.7fi04RE-05 ·-l.05131E-05 
-4 .1';3? lE-05 -9.8P.3?7.E-05 ·-A. if.4'67E-Of\ 
-~.17?.56E-05 -II.)Si;f>?E-05 .• 4 .on842E-of. 
-t.47277E-os -4.lOI2tF.-05 ·-3 .52452E-06 
-7.A?.RfJE-Iil> 

... 
-2.2515)F.-05 ··I. 76226E-06 

1\0CF.S 

ll- Y- l·-
HOTATIO" JlOTAT ION ROTATIOt; 

I. 7?.311f-05 l.l81?AE-05 ·-~.157l8E-o5 
J.20391E-OS 2.3t.2"i6F.-05 ·•I.Sit.74E-05 
1.4;>574E-07 3.1tl3'lE-OS ··I. Of!698E-o6 

-1.2'5494£-06 2.990AOE-05 8 .5f.M5E-o7 
-9.'l4AOlE-07 2.5?42AE-05 S.95008E·0·7 
-7.34ni\3E-07 I. 6917?E -os 4.17749E-o7 
-?.f>?036E-07 -2.J4f:S<;E-05 1.39194E-OI! 
9.6313JE-oe -3.7332oE-o5 .• J.f!f.348E-o8 
l.ool'i9E.o7 -2.607A4E-05 .• J. 9J t74E-oe 
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T~BLE 2~iiB ·~OVGA-RO PIPING SYSTE~ CASE R !RESPONSE SPECTRUM) 

RFSPO~SE SPECTRUM ·DISPlACEMENT CO~PONENTS 

RESPONSE fCj; "'OCE ~ 

Ff.lf!HIEI\CY = ·AJ •. ~ooo .. 7 

CJSPlACE~fNTSI~OlATJONS Of l.iNRF.5tRAINEO 

NOllE X- v- 7.-
1\U~IlER TRANSLATION lllA"SU\liON TfiANSLATION 

2 -4.4540IIF.-oo:; ·-f: .1 ;::s19E-o7 2.?.A74qf-o5 
3 -5.e9seeE-ns -T.n24:lF.:-o" 3.03090£-05 
4 -3.74'1131'E-Of. -~.4~057£-os i.?.4<5c;oE:-oh 
5 3.412o<;E-os -1. ?.n73f>t:.:.o4 -2.3A934E-o5 
6 3.414??.E-or:; -1.73'il:'if.-04 -2.277431:'-o5 
7 3.4t473E-oc:; -2.14729E-n4 -1.90397F.-n5 
A ;>.P.:lll1JE-o5 -J.Q:>Jt3E-04 -6.8t'03BE-06 
9 J.262l'P.E-oc; -P..SPJOlE-oc; -4.304AOE-08 

10 3.7476H-Ot, .;; ·""77AE-o5 -2.1530AE-OR 

..... ···-·····--· ····· . -- ··-··-. ·- ...... ·-. 

----·--. -· .. ·- -·· -·-·· ··-·--

RESPONSE FCR ,..ODE 4 
F R[QIJEI'\CY .,. )4).74?. .. 7 

·CISPLAtE~fi\TSI~OlAliONS OF UNRF.STRAINEO 

NOOE X- v- 7.-
1\UMAER TRAI\5:LA110N fj;II,..SLATJON lRIINSLATION 

;i 3.2Q595E-06 -1.?.149MO:-o7 -~.?.5629£-o"i 
3 4.89f?.oe.:.o, -?. .5}27"/E-07 -3.465561'-05 
4 6.3?.A95E-06 -1.2~r,o:;oE-n~ 3.6)936E-ri5 
5 A .'590?.2E -Oil -7.ill4'i5E-o6 7.4A5A9E-o5 
I, B .5?.9?.7E -Oil- -1.?.18SjE.:.o5 6.29367F.-o5 
7 a.45599E-Of> -1.5~404E-o<> 4.oa626E-n5 
A 2.-2 I SOH -oc; -l.A~94!1E-05 4.574lOE-06 
Q ?.:B499E -0'> -l.?054fot::.:.os 4.62335F.-n7 

10 R.60520f-Ofo -4.?.1J]QE-o" 2.3)3fiiif.-o7 

t-OOES 

)1- Y- z.-
ROTAT IO~ RCTATION ROTATIOI'\ 

4.<)4598F.-07 -2.4261QE-OA 9.62767[-07 
.:.J.'l'l2of>E-o7 -4 •. @5357E-OA .• 1. 7<1422E-o7 
-1. "f7A5BE-o6 \.l3no7E-o7 ·-1.287A7E.-06 
-2.549e9E-o6 3.3'i5J9E-o9 ·-3.213A7E-06 
-?..'H413E-06 -1.3574\E-07 ·-2.643A5E-06 
-3.39H30E-o6 -2.7fii49E-07 .• J .9o53SE-ot: 
-4.21314E-06 -6.2J417E-07 s.91717E-o9 
-3.3'l996E-06 -s.o:n?.iE-o7 1.24109E-07 
-?.1795AE-06. -3.203fo1E-07 F>.20547E-oe 

... -·- ... -·· ... 

1\00["<; 

X- v- 2-
ROTATI01'4 ROTllliON ROTATIOt. 

-7 .A18llE-0"1 -S.SA02·PE -07 ·-~ .21!3A4E-oe 
1.4?.1 16E-06 -1.1lf'Of>E-06 .• J.oc;onE-oe 
?.4?.o37E-o6 -1.23HlE-06 ·-1.55336f~07 
1.il879lE-06 3.41010f-07 ·-2. 718(,1[-07 
J.295S8E-06 9.65919E-07 ·-?..16191E-o7 
9.o3253E-o7 1.3P200E-06 ·-1.20Al6E-o7 
?.Oi256E-07 9.097'HE-07 2.11979£-07 

-3.f.?.AOOE-07 -6.11'30f>f -07 2.14791[-07 
-J.IA676E-ti7 ·-6.26747£-07 1.07396[-07 
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fAOLE 2-ilC ~6VGA~~O PIPf~G SYST£~ CASE A !RESPONSE SPECTRU~I 

Rf.SPO~SE SPECTRUM CISPLACEMF.NT COMPONENTS 

RESPON~F. FCR MOCE 5 
FREnllf:t•CY : tf>;,A?.O 1-Z 

CI~PL~CE~fNTS!POl~liONS OF U~RfST~AINED hOrES 

Non f. X- Y- 7- x-
"'UI'IRF.R TPANSI:.AliON lFlA_IISLATlON TllANSLATION llOTATION 

?. -4,<;509i'E-Or:; 2.'iP.Sl2E-oA -3.61522f.-06 -3.7111!3£-08 
3 -?.1457JE-oc; 5.1243'iE-nA -2.37A71E-o7 1 .sn9o7E-o7 
4 I ,59407E -05 -1 ,4P824E-n'i 3.79472F,-o6 2.92335£-07 
5 ?.OP42JE-05 -J,I\721!7£-o'i 2.JS854F.-o~> 3.<~iS30E-07 
6 ?.o«i440E.-os j ,A.<i"11\E.:.o6. -1. 23321"£ -06 4,56585£-07 
7 ? • I 0060f -O'i 2 ,4138<~.£-os· -3,1\S5i1E-o6 5.2)639£-07 
ll 2.013oee.oc; 4 ,t,~f.5QE-05 -3.il483f-06 7.65137E.;.o7 
'l I. I S?'li!E -OS < ,I\Pl47E-O'i -1!,45S56f-n9 9,SooooE-ol 

i 0 3.flll67E-06 P,f.P6'l?.£.:.o6 -4.23311E~09 6,95oo6E.:.o-7 

Y- 7-
RCTATION FIOTATIO~ 

7,691'1<1£-06 5 ,I\25A.8E·Ol 
1.·!:3'lt.4f. -07 -1.?.2149E-06 
l.B3656f-07 .-.1,04923£-n~ 

1•95466E -07 "·24oo4E-o7 
l,lO~A4E-07 I. H'2t8E-06 
l.lilOJE-07 1,23349£-06 

- 1 • 917 9·P E - 0 1 l,t.3832E-Ol 
-3.9125oE-o7 3.71!726£-07 
-2.99<;1\oE-07 I,A9Ji>3E-07 
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TARLE 2-ilD ~OVGA,RO PIPf~G SYSTE~ CASE B !RESPONSE SPECTRU~I 

Response Spectrum DisplaeementComponents 

StllJARE ROOT OF Tot-E SUM CF THE 5XIIJAI<ES OF THE NOU"L 

·CJSPLACE~E~TSJ~OlATTUNS OF UNRESTRAINED 

NO OF.: X- Y- z-
1\IJMRER TI<ANSL.Al tON lf'AI\SLA~ION TRANSLATION 

2 l.J617P.E-01 (: .M-31!9[.:.07 2.33544f-03 
3 1 .t9537E -03 I .V98JE-Of> 6.95)80f-03 
4 3.1.!96/oiE-03 ?..A7S4\:.-o4 8. n924E-o1 
5 4 • 0.7 I o 7 E - o 3 1.4<;424i'.-O'• ___ ft .• M66'•" -o 3 
6 4.0696SE-03 ·c; .hl'''366f.-O'• ·4.95562£-o:l 
7 4.067Pt:E-01 j. I 37SA'E-o1 3.?.t651E-o3 
8 3.19?.74E-03 c;.o2f>7t:E-o4 B.40526E-04 
9 lo3f>?.IOE-03 3.3C2Prf.-04 4.2lfi114F.-06 

I o 3.9979CJE-04 P.. 71 I J?[-05 2.1o96oF.-o5 

OEFLECTIOt-15 

r-oDES 

x- Y- z .• 
ROTATION RCTATJON flOTATIO~ 

7.3J807E-05 2.810A7E-o5 3.41.!J04E-os 
A.f>7175E-05 5.6217SF.-OS 3.53ttOE-OS 
6.7f>040E-05 7. 59!: 17.-E -05 2.34073E-oS 
s.3io2SE-os 9. a nl~· '!.F..~os J.36039E-os 
4.7lB89E-os ).OOI'?.)E:.o4 l.09787E-05 
4.lf>904E-05 }.002ROE-04 R.4P.544E-06 
3.2ol7t.E-os 8.61'134JE-05 4.0il619E-ot-
J.5J495E-05 5.54t,SPE-05 3.553h9E-06 
A.I6288E-06 3.44f.ISE-OS J.17684E0:o6 



T~Ulf 2··12 t10V(;URD PIPI•I\G SYSTEI' r.11SE A !RESPONSE SPECTRUI-4) 

SC.:U~R£ llOOT Of lt-E SL:~ Of TliF. SCUAR£5 OF Tt1E MODAL FORCES 

rF ell ~l.L f.LE~'ENTSI 

PX " X-AXIAL fOil(f TX = X-TWISTING i.tO .. HT 

VY " ·w- ~HE AI~ rnnc:E MY .. Y- eEN.DI~G I-IOH·I\T 

V7 .. :z.:.~HEAH FCWCE H7 = 7.- eENDING ._fOi-EI\ T 

I " INITIAL NOOE 
c " CF.NTER "ODE I fOR PIPE RHO ONL VI 

J FINAL NOUE 

ELEHI\ T TYPf IJIC p p F. I I I ELEIIENT NIJI·.IBER II 

P l Ill II Y Ill VZIII TX II I -~VIII I.IJ I I I PX (JI VY C'JI v:z CJI ·1 X CJI My(J) Ml CJI 

.I!'F.7E+OI .tf:42f!f+Oi? .iit.t-1'•02 .Jt6nf.03 ,R)f,f'>f•03 ,)5f.Of+04 ,)567f+OI ,)Ai'RE+Oi' .tt6f.E.n?. .3ti!OE+03 .22AiiE•01 ,59ti'E~03 

ELEt'EI\ T TYPF 13/C p p E· I I I ELEI"Etq NUMBER i'l 

I' l I I I. II Y r'll Vl!ll TX (II M.Y Ill MZ (II PX CJI IIY(JI VZ CJI 1X IJI HY!JI HZIJI 

.t~F.nf. •ni ,l44lf+O? .79?f,f•nl :,:Hf.nF.o3 .?.?R"f•OJ .5'l12E +03 ,)56nf+OI .t44lf•02 ,792f..E+Ol .JJ60E+o3 ,;>644E+03 .zsc;9E•oJ 

Elfi'EI\T HPF DIC p I p F. I I I F:LEI-IH'T NLJMFIEP 3 I 

I 
.. \JI Px I II IIY Ill VZII)· T X Ill MVill HZ I I I PXICI IIYCCI VZICI TX CCI My CCI loll CCI 

1-' 
I .154~f. •01 .li?I'SF:.ot .'>6?H +01 .3tf,Ofo03 ,?.559Eo03 ,?644[+03 .3006E+01 .sl~;>E .ot ,562t.E.nt ,2064E.o3 ,3379[+03 ,)9AOF.o03 

ELH'f.l\1 TYI-'f 13/C p I p E I I I ELEI'£1\ T NUMRER 31 

Pl IJI IIY IJI VZIJ I 1X I J I MYIJI M71JI 

,4H>IF.•nl ,43P4f.+Ol ,c;l;;>~f+Ol ,6471''•02 ,)9Q4f.•03 ·.15Q6E•OJ 

Hfi-'[1\T TYPf DIC p I p I I I F.LEMEI\1 NIIHI1[fl 4) 

Px 1 I 1 II Y I II Vl I II TX I I I IJYIII t-CZ I II PX IC 1. VY IC I vzco llC IC I MV(CI I>IZICI 

,A?79E•OI .78S5foOI ,A63lf. tO) ,h41lEtO?. ,J994F.t03 .1596[+03 ,I059E+02 ,4242E~OI ,8631E+Ot ,8Jfi!Eo02 ,3403E•01 .12tOE~03 

f.L£1-'F.I\T fYPf 1310 I= I p f I I I f.LEI'EI\ T NWH![fl 4 I 

PW IJI II'\' IJI Vl (,.I PIJI "'Y I Jl M7(JI 

• I I ·p f. • 'I' ,l:lli'EoOl ,At-11F. •nl .197Af .oJ ,?.7~9ft03 .I?19E •03 

ELFYEt-1 TYPF lliC F t p f.' I I I ELE .. Et\'T NIIMREfl· 51 

P WI II II ll 1 I Vll I I TX Ill My Ill 1-' Z IT I PX IJI IIY IJI V71JI TX (JI MY(JI tolCJI 

.1~:1Pf .n? .ln~Pf•OI .1111f•Oi' • I Q 1 ''f • 0 :t .27A9f. +03 • l?.)'lf •03 .1571'[+0? .to5HE.ot .lll1fo0?. ,l9711E+03 ,318AE•O:I .11A4Et03 



ELEt'HT TYPF DIC p I p E I I I fLEI-lENT NUMOEH l>l 

P X I I I IIY I J I 117 I I I Tl< IT I MY Ill loAZ I I I Px 1J1 IIY I'J) V7.(JI TXIJI MYIJI MZIJI 
.19i?9F•n::> ·.9S::!I"E•OO .1?.'•9E+O? .l'l71lF +03 .31RAF.:+OJ .JlA4E+03 .l929E+O?. .9S£AE+00 .1249E•Oi? .1,978£ +03 .4533£•03 .l074E~03 

Elft'HT TYPF Dlr. F I p f. I I I Elf.~Ei>"t NUi-IHF.R 71 

Pll I I I II Y II I V7 I 1-l 1X Ill f-lY i 1 i MZ Ill PliiCI IIYICI VZICI TXICI MYICI MZICI 
.?~R'IE+O? ·.1~?3£•0?. • J54'lf. •Iii .J9Hlf~03 .1074[+03 ·.~533E +03 .?.457£+02 .1191E•02 .1549E+Oi .2174E+il3 .2794f+02 .s3r;JE.o3 

ElEt'EI\ T ·TYPE 1310 p I p E I I I F.LEI'ENT NIJMBER 71 

I' X I J l IIYIJI VZ I'J I 1 X I -.1 I MY(JI M]IJ) .. 
.2?401:.•0? .15fi?E+O? .1549f+01 .i977f.•03 • iili4E+ii1- .541.5F.+03 

ELEI-IH T TYPF. LVD p I p E I I I ELF.I'E._,T NUMf.lER 81 

I Pll I J l \Jy IT I V7. I J I T X I II MY II I M7. (I i PXICI IIY(CI VZICI TXICI loAYICI lA](() V1 
N .?37qF..o::> .IH1E•02 .?J!RF.+OI .1977F..03 .l014E+03 .5465E+03 .184AE.o?. .?.312£.02 .21111E+Ol .1403E~03 .1~9f>E+03 .5454E.o3 
I 

EL FMEI\ T TYPF. 1110 p I p E I I I F.LEI-'ENT NIIMAEP 8 I 

PX IJI lly IJI vz I:J I ll((J) MYI..J) M7(JI 
.13l7F•o? .2fiC:lf..•02 .?.JJIIE+Ol .s~nfiF.oz .2517E+03 .l:5Af>E+03 

F.L E .. EI\ 1 TYI-'f t:'ll c p I p F. I I I ELEioiENT NIJMBER 91 

Pll II 1 II Y Ill V7. Ill T X IT I MY iII MZIII Pli(JI IIY(J) VZ(JI TX(JI MY (J) IAZIJI 
.13tPE+O? .2649E.nt .?AR?.E+02 .5]0h"'·02 .65Rf>E+03 · . .,c;ne +03 .13li!E.O?. .2649£+01 .2BB2E+02 .sJ06f•o2 .1074Eo04 .2937E.03 

ELEMHT TYPE 1311": p I p f I I I FLEI'HT NIIMP.EP I 0 I 

P)( I II IIY I II V7. .I II l X II I .. y I I I MZI 1 I PliiJI VY fJ I VZ(JI TX(JI MYI..JI MZIJI 
.13ll'f•o? .nc;~F.~ot .?941F.•o?. .510f>fo02 ·' 074F.:+04 .2917E+03 .131AE+OZ .Z79Jf+Ol .2941£+0~ .S306f•02 .1615E+04 .3409[+03 



HALE 2-i3 
.~ . ! 

~OVGA~RO-pJ~t~G SY~Tf~ CASE B !RESP6NSE iPECTRUWI 

RfSPO~SE SP!CTPU~ STRESS C6~PO~ENTS 

HEI-IHT Elf Ill': NT LOPD <;tAT 101\ LNGTOL C lilCL•I"F St'EIIfl 

~U,..IiEil TYPE CA~ f. STI'lESS STRF<;S SlllESS 

TAl\ (lENT 1::1\.C -I l'l3,801 ·o.ooo· 21.427 
El\. t: -'J 6'l,949 o.rinn 21.427 

?. TA~GEt.l EH-t f-9. qi, 7 o.ono 20.447 
Efi.C-J 40.730 o.ooo 20.447 

3 Rf::NC EI\.C-1 46.?.4<1 4'l.740 18.945 
f.EI\.lH 4 9_. 4 7 f, 37.243 12. e4il 

EI\C-·J 'i4.1l16 30.025 4 .-e q 3 

4 ~ENC HC-.. t c::s.?75 30.0?!: 5. 743 
CH lF.A 47.0'l7 ?.?..170 f:.401l 
HC-J 39,91:' ;:>;>. 'l23 1?.,50A 

5 T IINGEI\·l HC-1 ::16.207 o.ooo 12 .'l73 
EI\·C..IJ 40,3:15 o.ono 12 .• 9B 

I 
Vl ;, T 1\IIGE!IIl HC-1 4o.992 o.rioil 13.217 
VJ 
I FI\C..-J 54;814 o.ooo 1·3. 217 

7 flENt: o.c.:.J f.?,66A AS.i'AO 13.367 
Cfl\ H'l< 71.557 lOO.f9P )4.)'lA 

f.I\C-J 7::>.617 102.791' q.eos 

A RfNC HC-l 7~.878 1112.791' 14, I SA 
Cf.l\ HI< 75.51'7 !02.~0:! 12.0t.l 
. f.I\C_.J 90.5~4 123.P.'l4 7.1''l9 

9 TAll GENT HC--1 79,954 0,000 8,33'l 
HC-J li'4.P.44 o.ooo 8.339 

10 TAI\GfNT f•C-l I ~'•, At, 4 o.ooo 8.453 
EI\C-J 1A:1.836 o.ooo 8,453 



I 
VI 
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1 

~OIIF 

tiUMI\F !l . 

... ,. . 

TI\Ot.r 2-1.1, lhiVGI\1\PO lll{fli.IL::~ 0\'NI\HJC C115E:; 
0 I ~ P l ~ C f H f ~ f. H A X [ ~ -~ 

0 I SI'LI\C:IO.I1UH' 
.. f. (H11'U lll.tll ···· 

~II\::: P1U 11 , 
... JALIH· 

fl'1E AT PLOf 
.. rtll~ I11:.Jtt...- .. S-\'t1BOl- -· 

ISTEP-UY-STFP lNTEGRATIONI 

1 .. q.nt q-71'-04 2. 22D!lf•Oo- ..... -.A . -·-···-- -··-.- .. ···-· -·-·. -----·---·---··-·--------··-· -·-- ---
2 '••'>l"'•F.-011 2·.F>OOOEtOO !iA 

-· -·-··--·-·--····-----·-·l·-----f..·l114-4E.-04··----:·2· .. 1t~OIIf•·DO·--;--.!IjA-------·~---------
3 1 l.lq~of-03 2.4~0UEtOU HI\ 

-?.. .'). 2'•1 OE-011 -2. llODU[ +oo... -- _ ... !ljA---·-·---............... -·-···-·------·-------- -- .. ·-·-·- - ·-
l t.qnbOF-Ol 2.4QOOE+OO -.11 

'• 1 7.. o; n21: -tt:l 2. 4110'J r • o o . -..A ......... _. __ -- ... . ... ....... -· ............ --· . - ··--... ------. ·- ... . 
7 t.tnJ2E-04 2,41\0IIF.tOU 'll\ 

-·---------------- ----·-- ··-~ ------··2 .. •;f'.-}41':-0-1-·-2 o·4'10UE·•OO--------IIA-----
1 2.~q72E-Ol 2.4d0UE+OO 'fA . . . 
'l · ... 2 ,,,,.., l(-0'• ...... 2-,1, 80Uf t U Q .. ·- --- •. - .. -.A·- .. ___ _:_::.. ..... -·------·-·----··--··_:_ _______________ ... 
J Z,JrOII~-03 2.4~00Et00 ... A 

- .. - ....... · ·--- · t ··- .. 2. '>':-'i -'\E-11 J ...... 2. 4 !10 0 f. tO 0 ------... '·-·NA · -· ---·-"· --- _ .. _______________ --"----·-·--- ... 
2 l.o;BqE-04 2.4600E+OO 'fA 

----------··-·--·------3---1··'1"·~'-E-Ol--·=?·olo'400·E·•OO-----~A··------------------------------·-·--···· ---·· ·- · 
1 1 z,,.g4QE-Ol 2.4~00Et00 -.A 

l- .. l •. lj J f>"lE o:-0'• . 2. 4110 0 E t 0 o ...... --···~-- --NA ·---·- ----'------ -·--- ---------·--------"-·--- ........ . 
3 1.4ftJ4E-Ul 2.41100Et00 NA 

1\ I i?, l'411l E-113 · 2. It 80 0 E •O 0 ............... NA ----· -·----~-- ----~---- ·-·-··------__;_ ___ ----·--- ·-·----· ··- ......... -·· 
2 2.7204E-U4 2.4'\00E+OO -.A 

-·-----:l--It •-':-'1~1t~04r---1! .-4tB-OO E ... I}O A,--------'- ·---------------------
') 1 q,lq'izE-04 2.2200~t00 NA 

................ _ --- ..... _ ....... ~ .......... <J • .::ollo!O~o~;.__ 2.41\00E.•oo ....... _ .. __ -~~~-----------_:_·----· -----------·-···· 
3 t.~l34E-O~ 2.5200(+00 NA 

··- .. (ij ----- ··-·- · --- .... - -1 ---····· J. H 4'1[-04 ··- 2. 2200£ •DO ... ·---·-·-··IIA--- ---------------·-------·---·------ ----
. ? ?.:.u,oqE-05. 2.1t1100Et00 NA 

-··-· -----------·---3--fro-1(-f,f.~f-0·1-·-----2-r~ 01•8- 0 0------'f A··----- ·------------'--"----------,-
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ry 1.~21L~t00 z.~~OOftOO 
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r~ ~-~'~t:•ot z.4~00E•oo 
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- ·· · ······-·-····--·-··-----··-·-·-·-""1-·----'i.'IUI·'i"t·Ol···--<! ... aOOJ+OO---------------------------'------
~z •-~~41~•oz z.~Roqf•oo 
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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 

thre~ different methods of analysis are given in the tables that 

follow s)lortly. 

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-lb. 

The system is the same as the one used by Swanson16 , 

in which the mass of the cube plus three adjacent 3-5/8 in. 

lengths of the piping were lumped at each corner. Intermediate 

mass points M
2

and M
1
respectively, 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 coordinates 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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FIGURE 3-la 

ISOMETRIC SKETCH OF COFFEE TABLE 
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FIGURE 3-lb 

0 ELE/'·1 EIJ T 

o l'JODE 

FINITE ELEMENT MODEL AND LUHPED E~_,S S 

LOCATIONS FOR COFFEE TABLE PROBLEM 
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Pipe outside diameter (inches) 2.375 

Pipe wall thickness (inches) 0.154 

Young's modulus (psi) 27.9 E6 

Poisson's ratio 0.3 

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 frequencies of the coffee table obtained from 

15 17 
EPIPE and those obtained by Crede , Tuba and Wright 

16 (' f ) d . 1 15 Swanson oy use o ru~SYS an exper~rnenta means. With 

the exception of resonant frequencies obtained for the 5th 

mode which are within 13% of Cred~'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 sho-wn in 

Tables 3-3 to 3-14. Tables 3-3 to 3-7 respectively list the 
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natural frequencies, mode shapes, ·maximum displacements, re-

~ultant forces, stresses, and their time of occurrence obtained 

from the time-history analysis. similarly, tables 3-8 and 3-9 

show the modal part~cipation factors, displacmments and relatl:ons, 

and the square root of the sum of the squares, or root mean 

square (RMS), of the mo¢lal 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~step integratiqn ~elution are given ~n Tables 3-10 
. .. . . ' , .. 

to 3-14. Again, for this _problem the numeric~l results. from aJ,.:l 

three methods appear to be similar with the response spectrum 

analysis yielding generally· higher resultant forces and stresses. 

For this pr.oblem, the time span was 16 seconds with 800 

inte<;:r:ation steps of 0. 02 ·Seconds each. Unlike tile Hovc;aa~C. 

problem, only every fifth :.n~regration step was printed. 
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Tl\BLE 3-3a 

Comparison of Natural Frequency Values for Coffee Table 
Problem 

Experimental Tuba and 
Values Crede Wright l\NSYS EPIPE 

Rc f. [ 15] Ref.\ 15·] Ref.\lT-] 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 

359 350.4 385.5 404.2 404.3 
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4 11,7:i'l24~-0) -O,!';fl[o4!"-Ut; !',l'tlr;fJf 01 -0,1\46\ltf-02 Q,J01t05F 00 
5 -0,21~09[ Ol O.I3440F-OJ 0,44717f-04 -O.I9ld7f-qh 0,4'}221lE-05 

-o. 93483E-01 
-0.10~9'iE-05 

o. 2093 H-04 
-0. 761l 1 OE-05 

0. 70913E-02 

o",-.-;,.-, 'r'l't'l -,,.,.,-_-;;:o-. '1 7t.-:;?-.=-'i-:-:.,.,..: --~•l'l---;;:n-.'?''·''•-;;ll-:;3-:-:-:,---,.o'3---;-;-•>. 2Mi'• ti_:-,_-,7Cl4~--:o=-.--:"':-4::-1=-63f.-o?. -o. q 3 so 3!::-o 1 
;> -O,?I•'ofl'1'-'-\12 0,3(•11•1'•!"-01 O,?'d'lll" 1)1 0,756/"H-:11 O,<t42lfll:-02 -0.lfi312E-01t 
:1 '1,13"'-1'11; 1)1 0.17<,,..:•r-lll n, ?H 12f •H 1l,l.o32'ti~£-UI -0.151 qzf: 00 -0, 42~2-':'0-:'6'-::E_--':'0'-:1 __________________ _ 

·----7,---_,.,-ll.:.., .,;-2:;-1 -:-:,;•7-c:-tli-I_-..:O-TI---7.1_1~,~;o-~•.'7-;f-':'•~f---;;ll-;-l----;;tl-'-,~l-':'d ?.4'. 0 I 0. H fi'H·" -0 1 0, I 1)484'. Oll 0, 6'>226!'-0 1 
>;; -O,:I'''·il'·'~"-ol -o.-:~;•t,'')r-o;. -•',1:7-..'•'•"-1.11 -II,Jio6'l'.•l:-'l7. -0·'•"'•53£: no 0.71lf.73f-02 

~) , I < r, t, ;• I 1: f' 11 ~ 1:1. 1 '! ',. -,, ') - 1). n ':\ r; 1 "".:\ r - 1 l ;-. 11. ··n,, Jnr -o 1. 

I 

l 



I 
()"\ 
'-!) 

I 

!\ 

2 -O.<;J,,'i rr-03 o. _\1 "i01F·-u1 u. 2"tn rt.r: 01 I). -/~1>2t.l:-U l 0. l2t,5t,F-Ol -O.ll383E-OJ. 
3 n.l'•f"?t.r OJ Ct.••na.~r-ot n. n•J5ot;f 00 0.23207f-Ol -0.17421·1: 00 O.ll'i51E-Ol 

'• -1).;>2"!i:3f ill -•1.1;-i,Jt( Of' 11."77(11-f 011 O.I.JIJ01E-vl -O.l5317E oo -o. no•H E-o t 
~ -o. l?.llo(:f.-01 -C.I!Ufl'Jt,l"-01 -o.snzo~o£ 01 -0. 3'•lt'>l.f-02 -O.JfJ38SI' 00 0.61>59SF.-0? 

u I 0. '"• 7411F. 01 -ll.IU'i42f 00 -o. H3'15C..:.oz -0. t;t,t,~f-(Jt, -O.Ol4io5F.-Ol 0.201o69E-Ol 
2 0. IIJOI.Cll--(12 o. ·1 I?.'! 1''-lll n:?'iHJhl' 01 0. ht.i''•E-01 -n.tz~ot.sF.-ot--O.TisziF.-O) 
1 0. I'• 0? 1,[· Ill -o. •• 1 H 7•·-u r -U.II'Jf,O?.f ()l) -U.2Hlll:-lll -n.l H2M' 00 o. 115511:-01 

'• -0.220113< Ul n. 1 ?.'• r 1 r ()[l -o.•niil;!!' no -ll.l.}CJI)/(-1)1 -ll.ISHJF. oo -0. Il09 1oE-Ol 
;:;. O.I:?7J"ff-lll -O.IIIt'• if,f Ill -0. 'iO lll'•E 01 -o:-:l461lliE-ll2 O.JRt,OOE 00 -O~hblOOE-02 

7 o. ?.t.-r I "IF 01 o.li.?.~7r:-ot -o. "1Sn7.zr:-o3 -11./.IIIIHE-04 0. J4lt.'tE-O~--0. 9JS02f:-O l 
? o. :>111~111 r-o7. o. 30111~'ll-()l ·(1.2t,1'1M' 01 0.1%23E-Ol o.•Hl7.Jf-oz O. 12622E-Ot, 
:~ 0. l \ 11'J 11f 01 -•.1. I "1'1} 'il'-•11 -0.7.)\ l)f Ol -O.t.32'•&1:-nt -O.l'i.l92E no -0.'o2206E-0 l 
'• -(1., 2l'l711f 01 -o. ~~.-, ru:-•ll -n "'t12'•" 01 -u. 371J'J(,f -o I 0. IOt,Ot,f. no O.h5224f.-Ol 
'i n.v.u~t!'-rll -'•· ~JM ?.r-o?. -O.R"f217F-Ol -0. Jltbllhf-02 0. '• t, f,l OJ; 00 -o. 790B'>E-02 

,, I .o. 2'>1t)ll' Ill 0. I h'•'• 71"-0 \ -O.ltJb)l?.E-03 ll.5j!09UE-05 -0. R0005E-04 -0.934BJE-Ol 
2 0 0 ;u.~tt.nr-0'• n. 'i'it, l6f-flh 11.7'•'ol:\f: Ol II. 2111 "/2[-0l o:-2-.l.79F.-02 -o. 1134 7E-os 
"\ -t). 1fl '\111.1:- 0' -n. ~·.'?h'.r:-11~ -o •. ~liJ5F 01 n.t·t·J•Ibf.-Ol -0. lfo5R3J: 00 0.2B960t:'-04 

'• ll.l.~·:" 11"-0J \l.41,4]'ll;-()~ -o. l'd5nf: Ol ti.U 1t6l5(-02 O.)Ot,O'if: 1)0 -o. nonne-os 
!.i llo 2~"\7/tf 01 o. l32'illf.-tll o.~onzoof-04 -O.'tHOSE-05 -o. llo 7'l<U:-os -0. 7'l0lt9E-O 2 

'i l 0 •• ~4 101t r: 01 u. \67.tt5f-OI -0.'114/,Zf-tl] -O.b527.'1E-05 -0. J5't9hf.-02 -0. 'lJi{! lE-O l 
2 -•J. ?712'1E •12 -ll.l•IOIIUF.-01 o. '"·3'>hf: til •1. 7'ii>2JE •ll -0.9'o272E-02 -IJ.l(,Q9lE-04 
1 -u. l'o~l'of Ill O, 119 l'iF-Ill -0.111131: Ill -u. b "t7. 1o&E-Ill -O.l'ii92E 00 o. io2 264E-O 1 

'• o). :>t·•·nr: Ol n. ~ 'i ., 1"1"-•ll -U.l4124f: Ill -u. 3! ll'lltl::.QJ___Q.._l Olo8 ~E 00---=..Q., 65 2'•01;-0 l 
s o.Brjt.tf:-ot -o. 32'HM'-IJ2 O,IIHBF.-01 O. Hb2lE-02 -0. 46h0t!E 00 -0.7'lO'iOE-02 

'• I). ll'•'l't!: Ol O.!I13Uilf:-02 -0·'•'~'•65E-nJ -0. f•'•'Ht,E-0'• -n. 1 •lll50F. -02 - 0 ...J.!!.2li 00 
?. -tl.l'iMI.I!'-02 -o.t.:.lf>f,•:-ot fl. II 7111F Ill tl. ll• ')t, 'IE 00 -0. 501tlhf.-02 O.l9Jio5E-OJ 
) -n.r,n~!~,·tr: 00 0.'11>211 H:-ll2 -n .l1'•2'•F Ill -•1. 157 illf: 00 -0.01 'ilt 1f-lll 0.9'il72f-O~ / 

'• •l.l\02:11' lll o. 1·1n l~iF-oi -0. ll•llt'oE I) I) -0.,.26 ll'i E.=lll __ ll 2 2.6 2il1t.=.!J.L..=.!lo...l!!.2!l..l 
c; -U.'lO:!c);!·-= Ol -n.l71l'•.?':-02 11. 41ol'i 11:-o l 0. 51lilll-02 -n. 2~i02SE 1)0 -O.lJRIIlE-02 

:\ l 0, II '•'·l't'O I)( -------· -'1. II 1"lll:!f-fl?. O.io517'oE-0!___!!.._2.1!!!1> Ji:-01o -n. t•lot. I t;-IIZ -O.dh5}4E 00 
7. ll. l'ih'l7E-tl2 -I). lt11 1·••"-lll O.ll11'lf. •II o. tt.'i'illE Oil o. 5057'of-02 -o. t'>R'>'·E-03 
3 -n,.. r,n.!'lr,:: 110 -n. '"• 2 ,,n·'-112 O,l1'o2'i" Ill ll.l'jJ'I2F. 00 -fl.lll'iM,f:-01 0. 9'> 112E-O l 

'• fl, ll fL!l'' 01 -11. 1 3111'il'-•ll 0. " Jl/tll' 110 ll.'llo214f-01 0. 'ifo207F.-tll__::Q._l't'>Ol 0 
!) tl. LI<;?.IIF-tl?. -il. U•,'i:>E-•1?. ll. 1toO'iOE-nt (). ~i1 l2'JE-02 0.2!i048E 00 o. 13 b'•OE-07 

?. I o.ll'i<Hit; •Jl -tl~..lU2Y:-•lz.___Q~On'l::-o~.15~i!'ll:-Ui__ __ . .!!d~.~~!1<:-os_ _ _:_Q_df!_~t,2- 00 
2 -fi.l·~;.~·-~ .. :-02. '1. l (.\ ·,11'-•11 O. II 71'1f 01 n.tr,o;'inE 'Ill O.'ifJ'i9lf.-tl2 <1. l '12'i 7E-Ol 

tl.f,:l 'lV' cltJ <) •. ,,, L~·1•;-o12 <1. II 'o .!!iF Ill o. 1 •;-r o ;! r I) I) -ll.1115follf -()I -0.'15069t::-Ol 

'• -o. \ltlllf 01 ''· 1 :1:1, 11:-•11 0., II 1)1, .,,: 1)(1 ___ 1!.!.2~~ , ... ~-111 n. 'in?.!l9f:-lll llJ!!II'lllf; 00 
5 o.n••tl•l ,:-n ~ -•l.IJn·i rr:-•12 -0.4h7R6F-Ol -n. 51 ?.i,•IIE-U;! -o. 2'i(}lo'lf: t)l) o. l3650E-02 

I I) • ll ';,)I)~ Ill fJ.RII~I~-02 -O.lZBiollE-03 -11.21~11E-tl~ I~_. I 0'!~JF.-Ill__-=Q.d~5!!~.LQ.!l ------
l 0, lltll'i \I.: -l),? i~~l. ,,,_:r;-,--,-,;-Tinnr -i)l--u.:·I~4:Ji: lll) -o. 'illt•'•l~-o? -0. 2!110.JE-OJ ., 0. , .. ;. ~~ 1f 1)11 -I). 'llo l'ol ~-:);> -II. II'· "'•'' <II -n.t·;·r,ur- I)() -n.•ll'ionf.-OI -0.95'l6'lF.-Ol 

'• -n. II fl.~ I:: tJl -·1. l.l!lllr.-•11 -tl. 11 Ul,t,t; 1•.1 -Cl.'lh.!"#:.iE-•H ll.'ih2'HII'-tl\ 0, l'o:l90E 00 
···:;---ti"";;I,~-;:;;ITt: -o 1---=o~Tili'..ili'-=iiT---:o: ,-;;. o.l•ll' _,, ~--_-ii; 'iiXil f.:-ii:z·--·-i;·:·?. ~i):!'i"fli·o--=o:-iT~'I2 c:-o 2 

r: I 1; ,; 1\1 S II l IJ T I t! •'I I I H ,. I II ,. -------------------------------------------
'' lt;('W;III.lll"lfH 
l'l·~' N 1 I tJI; 

lt 1.1'1 

n.,,-... ! 



T 111\l I'· 3-5 C flfFU HOU: IWNA"'IC ChSE II lfl'4f ltiSfO~'f 1\NI\I. YSIS I 

I' I s I' I. 'A ~ E 11 E N T M A X I M A ~ 

w~nF 111 S PU f. Hli'~IT fA I\)( I HUH T II~ I' liT PI.OT 
1\!IINIF'R (f.,.,PCI\'~'"~H V~l.llf 11/1),1'41.114 SYf-1'\01. 

l 1. 2'o72E-01o '•. 'JOOOF. 00 ..... 
2 ?. 476 ~E-!l7 4o 'JOOO<; 00 Nl\ 
3 1 • .2.neo:--co 2. 600/)f. 110 NA 

2 l t.2.;uE-O'· 4.9()0()F. 00. . N~ 

?. 9o4770E-07 4.?000E 00 Nil 
3 l.ZMII!F.-011 2,6000E 00 ~!I\ 

l I 1.2'•6'}E-1l't 4, <JilOOE ')0 N.ll. 
2 •l,'o1t,1E-01 4 • 'JOOOE 00 NA 
3 Z :10501:'-CO 4,Q()00f OQ NA 

4 ·a 1, 74t-9!'-04 4.'lOOOE 00 NA 
2 '),47601:-07 'o.'lOOOE .QQ N<\ 
l 2 o?.ozr-oo 4,9000" 1)0 Nil 

r; I 2, 611(10f-0 1t 4,900o)E 1)0 NA 
7. 1.7f.3'Jf-0(. 4.?0C(ll' 00 NA 

3 !!.Ji ~.tl F - 0 il 11 0 90001'" I )!I N 

" 1 2. 72 27E-01t t,,<)I)QOf. 00 Nil 
2 1.71lt-1"-06 4.9000F. 00 Nil 

21!1Jt:-Qil ~ o 2QOQf 'lU tl 
1 I 2. 61J117E-llt, '•·'WOUf 00 ~!II 

I 2 1. lf· JI'E...:o,, 4.<)1l00F 00 Nl\ 
-...I 

1 } •. 5H4f-Otl 7.o '•OOQF no 0 
I 0 I 2.6040':-04 4.9000E 00 ~lA 

z Z.OllCE-O'i 00 N4 
3 7. "f42'JF-OJ Nil 

" I 2. f.11t,OE- 01. 4. <)()00!= 00 NA 
7 2.01101'-0~ '•. 'lllOOf' 00 NA 
3 1-12151'-07 't....2!!00f 1)0 NA 

10 I 2. btiO./IC-04 4,'1000E 00 NA 
2 I. 11· )<Jf:-0(, 4,?000E 00 NA 
3 1. 5'/~lF.-O!L_Z.......QJ,l.illlE QQ II 

II I l.o ll71F-\14 4o '}QOOF. 00 Nil 
l I. 7lii·)JC-1)£, 4,'l0001' 00 Nl\ 
) 1. t-~.i'F-011 t,. 'IOOOF. 00 ~lA 

p I 2. bllt:M-04 4.?000E 00 Nil 
2. J,7r>31JC-Of, ·t,. '1000"' .oo NA 
3 '•, to 704f:-OB 4.'11'00" 00 tlA 

11 l l.i,R J<,!'-0'• 4.'10.UUI" .:lO Nl\ 
? 2.0ill(,f-O~> 4, <J(lOO" 00 til\ 
3 7.M, 77F-fH '•. 'J0flll" 00 , .... 

14 I 2. t•l':'l'•l"-01.. 4. •>onnF no t!~ 

2 .?. Ill 051'-0S 'to •.1nooe 00. Ni\ 
~ l,l,t.22E-O 1 4. 'IOOOf. 00 Nil 

*All values represent the absolute maximum 
-----·-------------~------------

Note: Displacement Components 1, 2, and 3 respectively correspond ·to x, y, and 
----,----r----------------------
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flfi'lfNT TYPf Nl.l1'11f-H 7 

~L~M'~T LCf.AJICN 
---·-NIJ'II•F.It 

Ulfff:f Ulllf OYtJ~ Ml C t:ASE A If I Hf IllS TOR 'I' hNAL 'I' SIS I 

fl)l>(f f.OPONENT HAX HA 

f.!W,C,_~------'t.'-'!1 A_X I IIU•I 
(IJ~IPIIN~IH Vlllllf 

1(31: 1\ T 
W.XJHIJI-I 

__ :.._ ___ [~·~e!.ll:!.l_-.!.1 _______ -;f:,.:· i<::--------;;7_._. !I'• I Of' 00 4, 9000[__Q,.O.__ _______________________ ~-----------------
FY q,5104F-04 2.6000F 00 
FZ ~.63~~E 00 ~.9000F 00 

----------------~l;:-X----7".2.'!fii:CI'-!:·!~Z~f-=-:;9L~_._2!l!H!E __ u_o__ ___________________________________ _ 
HY h,llqhF. 01 4.~00DE DO 
~~ 1.151~~-01 Z.hOOOE 00 

f.Nil-.1 rx 7.1l410r- oo 4.'11101J!": oo 
--------------·-7f~Y ___ ~q ~if=ni____I_,~QQ~E~OyO ________________________________________ __ 

fl 5.6344f 00 4.4000E 00 
T X 2,UR 72F.-01 4o'llli)Of 00 

---------------~~::-·v7z------:~-: ~-~!!;._ 6} !-:~~~~--~o"'o------------- --------------------------• 

2 f.N!l-1. FX Z.A]h9E 00 4.QOOOF 00 

----------------~r~-v~---~~~~r,-!:J~hlf-o~ z.~Qllf:_~o>~o~----------~-----------------------------1 
r1 5.0097F 00 4,900DE 00 
rx z.R072f-OI 4.~onoe oo 

---------------::-!---~..122.QL.!lQ____!t_,2Q.O.OL..Ufi _________________________________ _ 
z.soq1F.-03 4.qooor oo 

2 FN0-.1 rx z.n1~9F oo 4,qoooF. oo 
fY Oo57~1f-04 Z.hOOOF. 00 

-----------------~r~z~---~~~-~c~o~t_n.~o.___~4u.2fiilOE_n,u_ _____________________________________ _ 
I X 7..0r.12F-OI 4.•1000f 00 

,.-NL'-1 

I'Y 3olll~t,f 01 I,,'ICIOOf 00 
I! l q 11, •nr- -tH__2..Jill.i!.l.!f__D,._ _________________________________ _ 

rx 
FY 

I,Oi,,llf.-0'1 
Cl.'ifl"!llf-03 

". •)O(II)f' 110 

4. •);)()Qf: 00 
---------------'::-'"----!.!....!lllllf..=.:l~ ... 1illl.OLOr ... o._ ___ 

I X l.hlr 74E-•)] 4.'1001.1:': 00 
Mr l.f410r ~o 4,qoonF oo 

-------------~--------------~"'-'l~------~'~·~'~s•ur:-oz "·~Q[_uu_ 

_____ ____::l~ __ __,f_:· ~-"11"-l-_J,_ ______ --;I·~;X:------~· tV•111 F.- 0 I ~ .. ~.H!llll_~.u..____ 
I' 'I' :\.~•11111-=r:--~0~1--4 .•l(J00f: 1)0 

I'~ '·• 'H lllf- 0 I '•• 'WOOf riO 
----- ------------------:-:1 X I .f>lll.~I=..Ql__-~.!hi!!!:...Jtil ___ _ 

ltV ~. ·w·v.r: 10 •. ·•o•wr flO 
1'1 1,()4 'o',f-l);> 4o'l•lOOf- 00 

-----~'·~-_.cl~·· t~ll:..:.l_-.!.1. ______ -il·'-: )::-· ------;.1_,_.-';il':;''-:;''::7;.;1',_--;-'l;-'1;--...:'~• ,~'l:717.7hHif OQ__ 
''' .... 2.-.,?7"-0~ '••'ltH)n·~ no 



-1 

~·v '> • I '>.?11' 00 4, 90li11F 00 
''l 2.';11)2!':-01 '• • <)QilOF. 00 

f'N;')-1 FX -~·OHOF co 4. ')01)tlf 0 
fY flo litll'l[-l)lo 2. '>OOOE 1)0 
fl ~.Ofl'}lf' 00 4,'l0CIOF llU 
I X l. fllll)'}(-01- 4, ')l)o)l)f u 
MY !i.l!i25f 00 4,9000E ~0 

HZ z.stotr:-oJ 4,'}000f 00 

!) fND-J f)( 2. 11310[ I)O 4 .9000F. 00 
FY A 4119E-0 1t 2 I 600 r: 
rz s.cu•Hf: no 4.9000E 00 
TX 2. !10h9E-Ol 4.90001' uo 
HV la.!l{4JE !H 4 a.2!llHlf~ 
11l •1._'1217<"-0J '•. 9tH) OF uo 

') ~-wn- 1 FX 1.0'•"' 1f.-fll 4,9000F oo· 
F~ J, h2 5ZF-03~~QQ.O£_j)(}__ 
I' l 5. 93111!:-0-l 4 .•woof 00 
TX 1.'->nO'o"-03 4',lJOOOr !H) 

IIY loZ'd'lE !lO ~ ,20QD.' 
117. I • lt.'.ll F.- 02 4, 'lOOOf: 00 

I ..... 
N 
I ~'NO-.I FX 1.114'Jli'-Ol '•. 'HIOOf 00 

r:v J,l,l."ilF.-03 '•, 9000F 00 
I' 'ia,jl!}ll.>!ll 4.?00ilf__Q 
TX 1.M.o4:-oJ 4. '1000!' 1)0 
I-IV 3.360310 00 4,<JI)OOF. "10 
M 2!i!1 Zf=Jl Z 4 ._2!l1) O.E__j}. 

1•1 HJn-1 f)( I,Oto'l lf-01 4~90o)(lF. 00 
fV '•• 22fi7F-03 4, •lOOUf 00 
r:z _ _2~ <J v, 11'-? I ~ 1 <)0()1lF 00 
I X 1.(,'14)f:-•)) '•, ')IIlli)[ 00 
rw 3, JUOif: 0() '•, 'hi Oil" 00 
t.!Z l.'l'lll lf:-07. 4. '}l)i)!}l' OQ_ 

10 I'Nil-J I'X __ b,l!lilF.-O._l_~~llllllF OQ 
FV '•. n 11 n- ~n '•. •)l)()tJf' 00 
1-l ,, .(J"i 1tlf:-t)l '•, ltl!JOI: uo 
I' X 1-'•'l'• H=-•n 1t 1 'JOOtlE tlO 
11Y l. 7'iS2;: Cll 4. 9t100" 110 
1-l'l l ,r,ll•) I r:-"17. ,,,<)~IOOF no 

11 !'~1'1- I rx ? • >l:'llo'l( ;)o) 4. ')IJIIOr •)IJ 

•=v l.'.t'lflt:-tP '• .?fl()l)f' iiO 
I J 5.,111l'l F ,11) , .. ')I)Jl(l', llO . )( :~. 'l;!!, -~ ''- fl I -4 .'l!..!~~'::.....Jlll _______ 
"Y I. •:'1 t'l,... !ll '·. flll'ltlf ... 



I 
-...j 

w 
I 

I 1 011)-.J 

Ml 

FX 
I'Y 
fl 
I X 
IIY 

lo i>O<J')<;-Il?. 

;!,ll)f.<Jf 00 

'·'·' 301'-0'l 
'i,OIIR3f on 
.? • ·l?.t.2f. -0 I 
'>,l':dSf 1)0 
2.1 !'lllf-()"\ ----~----------------~-------~+~11~·------~~ 

12 Hl!l-1 

12 !" Nll-J 

rx 
•v 
Fl 
IX 
IW 

~· l 

FX 
ry 
f1 

------------------------------~--'X f·IY 
Nl. 

'2. 0 1• I 1 r 01) 
l.lll')F,-1)) 
~.fo3?.91' 1)() 

?. .'17f>2F.- 01 
5.1~11" flO 
2.17'lllf.-03 

?. • il4 II r: Oil 
1.121')£-03 
5. fo.l2'1f 00 
2 !Q?.f>lf-01 
I·. l'•fiOr. OJ 
l. 505'lE- 02 

'·· 

~. 90uoor; uo 

4.9flOOE 1\0 
4.90()1)[ 00 
'<.•'lOOOF. 00 
4. 'l•l()OE tJO 
4,'l0011f. 00 
4,9CIOOF u<i 

t, ,'lCIC)O(' IJQ 

4. •Joonr 00 
t,,')ClOUf 00 
4. ?OOOf 00 
4,'lii011F ClO 
lr.91h101' 00 

4. 'IIIOI.If 00 
4,90c10f 00 
lr.91100f: 00 
4 .90fi{!L_QO · 
'·. ')C)C)f)f' 00 
4 • 'HJllOI' no 

---~'~l~--~r~-'~~·~l-~l ____________ ~r~x~-------~'~·~'~"~'l~~~r:~o~,o~--~"~·L9~0llQf.~o~o~------------------------------------------~-------------------------------
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fNf'-.1 II .74 o.o ... 40 

EI'W- I 11.?3 ·o.n '•. 9U 
OlP.-J 67.21 o.o 4.'>11 -

-
ff'.Jf- I 3.00 o.o 1),55 
r:Nr-:.J 5.74 o.o 0.55 . 
f'NI.- I S.74 o.u o. 51. 
t:NI'-.1 3.(1:-1 n.n 0. ~i{, 

fNJ:-1 1:!7.;>5 o.o 4. 'JII 
f.lllf-J ll. 7. 3 o.o 4~.!1 --

r w~- 1 II. 24 c (} ·~1-'t.~. 
1-'Jf-.1 10'>.211 o.u !i. '•9 

!:•It> I 6!).7~ o.o 7. l·l 
1'-'11:-.1 zc . .,? H CluO l. ,,?. 

' r-:r:- 1 2 11 .... , o.n ?."Ill 
1"1\W-.1 "'··· J .... ll ,. (l ) . ) (ll . . 



I 
--.J 
--.J 
I 

t'i ftli 1- I }!•. i~ R o.o 2.62 
HW-.1 '-•'.J::) .,'j o.n l.t.2 

16 [l'lr.-1 6'•. 1t. o.o 2.~2 
I.IH!-.1 2'i .2<i o.o 2·o 02 

17 F.Nf.-1 2'· • .?.0 o.o 2;10 
Hll~-.1 7'•. 20 o.o 2.70 

Ill 1'11,1:-1 2~.?.'1 n.o l.t>l 
Lft<:-.1 "" .. ,, 0.1) 2.62 

--------------------------·---------------------------------------------------·-------------------------------------------------------------

···--------------------------- -------· ---------------·-···-·------------·-----------------------------------------·-------------------

--·--·-----·---------·---------------·----------·---------·------ --·-~---------~-------·-----------------------------------------1 

----·--------------------------·--·--·------------- ------------------···----------------------------------------------------------



I 
....... 
CD 
I 

T/lllLF 1-P.II (OFFFF. Tlli~Lf eyi\JI,_ IC C•''if. R ~l'f.SPONSE SPECTRliMl 

MCOIIL FliRT f( TPIIT TOll FIICTOilc; AND EAFTHilUIIKF. SPECTRUM 

OIRECTION FACTO~S 

X = t.oooc y = -o.oooo 7. c -0.0000 

JNOICIITOR FC:~ OTSPl.IICEMENT OP IIC:ftf.RATTON SPfCTRll~ 

EQ.O OISPLIICE~EIIT 
EU.J ACCEL~RATJC~ 

~OOAL PARTICIPIITIUN F~CTORS 

MODE x.:Oflt~F.CtJCN '1-DJI;f.CTIO" Z-OinECTION 

.:.·.4i'C:3F:•OO • 59f> 7f·-1 ~- .1?<;7E-07 

2 ·" 129F:·-09 .so::nF-1., ·'•2fi0E+OO 

3 .:.·.to74E-il .475~F.-J'3 .34R7E-iti 

4 .4'iOPF.-•I? .'1f45F.-I~ .'ii'40E-ii 

5 .t04lF.:--13 -.:ntF,F.-o;> .i':\~4E-J;> 

SPECTRUM TllFLE IIMPF..I<IAL VIIU.F.'Y' E.!l. F.LCFt>.TRO )940 <;f.. 

Ntt-IBEP CF PC INTS "' 11 
SCALE F!!Clor; :; .lnOCI'IE•Ol 

If'< PUT 
POINT 

1 
2 
3 
4 
c; 

" 7 
0 
9 

10 
I 1 

.PE:RIOI.l 
.169~E-02 
.2101/,0f-01 
.!'ROOE-01. 
.7iOOE·-c'l1 
.9100f-OJ 
.i140E•OO 
.·14JOE•00 
.17i?OE•OO 
.?ooof •00 
.;:soof•OO 
.~?~Of.+OO 

SPECH·L,_ 
VALLE 

.14<iOE -0~ 
;3AOOE-Il3 
• 775nf. ol'l3 

• 77'illf. •03 
.440tiEoo3 
.1JfHlf~04 
.IJ.''PE+114 
.7oooF.r.3 
.A71 r.F. .• oJ 
.P7HF•n3 
.4nooF..o3 
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"-1 
\0 
I 

HilLE 1-'lA COFFI;E HAlE CYIIAI'JC CASf R tPESPONSE SPECTRUfoll 

RFSPOIISE SFECTRU~ CI~FLAtfMENT CC~P~NE~TS 

liE SP.OII'SF. FCJi !'OCE 
fRl'QlJEIICY ·a 111. ?10 1-7 

CtSPL~(ffoiENTSt~OTATJUNS Of UN'lfSTRIIINEU NOUES 

NOnE x'.. v- 7.- )(~ 

l\lJf.4HER Tf.IINSLAl JON Jf;llt\SU\TJON lHANSLATlON POT~TJOI\ 

I -?,OP'l4<;f..04 -t.<;1'71l1t:-o'> .:.3,:n2'l7E-OA ~J,QOfl65E-09 

2 -2,01!~4'lE-04 1 .SPHljE-Oh 3. 3.14.?.7£-oA 1,9I04BE-09 
3 ·i',Oil94'lt-04 I .'if'H•IE-oh -3.:\12'lhf-OII -1,'lOAllSE-09 
4 -? ,OA'lt,c;E -04 -I ,<;P7111£-or, 3 .114?.7£ -oA 1,9l048·E-09 
5 -4,490'1'\E-04 ·2,9':!'30E-oh s.o557!if-oA -2.oi94SE~09 
(, -4 ,5fll A'•E-04 -r ,Q<;251iE-oli· \,350(,3£-1\ -1.\160?.£-13 
7 •4,49095E-04 -;; • q c: o; 3 0 t'- 0 6 -5,0'5100E-oA ?..0?021if..,.09 
A -4 ,49660E -04 :J,J,'l14£-oc; l,i?fl'lA3f-o6 7,416SJE-IO 
9 -4,4Qf>I\OE-04 -~.Jf.'l14t.-nc; -1.2A'lBoF.-n, -7,40AIH~to 

10 ~4,49095E-04 <.'l<:~JnE-o6 5.oss7o£-ns -?,01945£-0<; 
II -4 .O:t-1 ~4E -04 :<,9<;?.56E-o6 I.JsoB'lF-11 -1.11"24E-1J 
12 -4,4qO'lC:E-04 ;<,ll"'33oE-o6 -S.o~JOOE-OA 2,0202AE-09 
I J -4,4'lf.60E-o4 -~.:H:914E-o5 1,2R983f-Oh 7,4J1,5JF.~lo 

14 -4 ·'• '~"" oE -04 ~. ~~'H ,,f::.oc:; -1.2P9Bof-o6 -7,40A17E-10 

RESPONSE FCR ~OC~ ?. 
fREQlJfKCY • 115.796 ~7 

CISPL~(£!'f~TSJA0l~TJ0NS Of UNUESTRA1NEO ~ODES 

NOOE )f. '1'- z- x~ 

IIU~Af.R Tr.ANSL6:l ION l li A 1\ S l ~ T I 0 N TRANSLATJON ROTATIO'-
I ],7::>'5flltf-16 ~·''41'7nE-t'i 2,R0400f-l.l ],9J'l76£-14 
2 -J.l;:IS~:!E-lh :!,IHIJ70f.-15 ;>,H0400E-11 J,93976f.-14 
] J. 725~'•E -lh -:_>,A4fl7nE-I'i 2,H0400f.-t3 3,'11976£-14 
4 -J,7::><;P.4E-II) -~,A4~7nf.-IS 2,Rn400E-13 3,91976£-14 
c; .,,4R'5PI'E-lf> -7,1f2'lhE-1''5 s.!ioif!7F.-11 I,A0032E~14 

6 A,f:I091E-i??. <: , f: 4 H 0 A E- ;> 4, 5. A I \ 8 3f -13 -4.A02JOE-15 
7 6,4A5'lOE -If, 7,1f2'>Af.-ts 5,807AH-13 t,.AOOJ?.E-14 
ll 2,1AI34E-lf. 7 ,4C(I44f .• t5 6.)'~99::>f-1) 1,fi0032E-14 
Q -;>,:!A13l'E-IA 7,4"0-<4E-15 6,1'i9'l?.f;.IJ 1.1i0032£-14 

I 0 -ll,4ASP.7f -1*- 7,1f.29F.E-t5 5,A07A7f-l] I,Ao032E-14 
II A,f.I04tE-?.::> .c; ,64 17kf.-;>4 S,A11A3f-11 -4,A0230E-15 
li' 6,4A5fl<;f.J6 -7,Jf;>'lM:-l'.i S,Ao71l7f-13 I,AooJ2F.-14 
I 3 ?,311)J:JE-Ih -7 ·'•"0441::-)'5 6,1'.i'l'l?.f-11 I,AOOJ2E-l4 
I 4 -?.Jil13JF.-16 -7,4C()44t-1'5- 6,J<;'l9?E-11 1.AooJ2f-14 

y. 7.· 
PCTAllON f'OTATIOI\ 

-3. 4 0 7·5 7E -0 7 J.no562E-os 
-3. 4 o 75 7 E- 0 7 ],00562£-05 
3,40757£-07 1,00562£-05 
3',40757£-07 J,oo562£-o5 
6,34~ftE-07 ),6'fR9AE-05 
l,4t.04'lE-14 l,f9R9B£-05 

-6. JH:t. IE -o7 1,698'lBE-o5 
J,44J6AF.-o7 ·-3. 7)931£-0f. 
1,44:!6AE-07 .• J,71931E-06 

.:.6,34f.ftE -07 1,6989fi£-05 
•l,49f.I'IAE-14 1,69R9f!E.O!l 
6,34H·tE~o7 t,69119BE-05 

-I,44368E-07 .• J.71931E-06 
-h44:!t.AE-07 -3,71931£-06 

y. l-
RCTATION . POTATIOI\ 

-1.?047/,E~JS -4.718211E-17· 
1,20476£-15 4,71fi?7E-P 
t;c047f>E-15 ·•4, 71A21!£-}7 

-1,204:71'-E-15 4,71A27£-l7 
-2.24:!R7E-15 ·-1,67t.25E-lll 

6,36l43E-16 .• J ,2068BE-2J 
•2.24J.R7f-15 3,,.,7619E-11l 
-2 ;9f>'5HE -15 ?.,72594E-t7 

2. 9'f.'5f.6E- Is· .• ,?,72593E-17 
2,24:!P71'-15 ·•1,6762AE-tl' 

-6,3f>l4Jf-16 ·• 3, t' ot.ABE-?3 
2,24~A7f-t5 J,l:76?.1E-Ie 
z,.c;t-SHE-1'5 ;o.HS94E-17 

-2.·9f:5f.6E-J'i ·-?..12,593£-17 





TA~Lf J-9C COFF~E TAPLF CY~A~(C CA<~ H !RESPONSE SPfCTRU~l 

RF.SPON!'E FCR UIJCE c; 
FRE:r:llJfi\·CY ,. 404.27<; t-7 

CISPLACE~ENT~•~Ol~TJONS OF UNRF.STJHIINEII I\Of1f S 

NO Of X- Y- l- x- v- 7-
I>.UMAEII 110~1\;SlATtO"l HA'-<;LIITION lllii...,SLATION POTATIO~ RCHTION ROTATION 

I •?..2J040E -2? -'• .:H079E.-?.2 -1.145?.-rf -?.0 -1.4031?.1:-21 f>.1340?.E-20 ·-3.3P.229f-22 
2 ?.,23040E-2? -4.17079f-22 •l,14527F-20 -1.40312E-21 -6.13411;:>f.-?.O 3.31!?.29E-22 
:l ?..23040E-2? - 4 • 37 0 1 Qf.-? 2 1,14527F.-20 1.40J12f-21 6,.1J4n;>E-;:>n ),31!229f-?2 
4 -?..23040E-?? -4.3707'1E-??. l.14'327f-?.O 1.40312f-21 -6.1340?.f-20 ·•3,31!229E-?.?. 

'5 A.>29472f.-21 -P,Qf80f.f-?.2 2.13981\E-?0 A,49229E-22 -1.1424F-f.-19 ·•!,93594E-21 , 5,7):>~7E-19 3.?.f721'1F..-21 e,J949tF-3t -3,4?.1\A?.E-33 1~ 15300E -32 ·-1. 93594£-21 
7 A,?.9472f-21 -P.Of.!lOF>F.-22 -2.1~98f>f-?.O -A,49?.29E-22 1.14246£-19 ·-1,93594£-?1 
ll J,Of.-?5'1E-?1 -~ .·)F-?2?f-20 -1.?.?961f-l~ -A.49?.29E-22 9,4047AE-20 . .:.1,62699E-21 
Q -J.OE-?.S<lE-?.1 -~.lf?.27E-20 -l.2?.96!F.-113 .A,4'l229f-22 -9,4047PF.-20 1.62699[.:.21 

lO -1:1,2<147::E-2J -e ,Ofi!Or.l::-?.2 -2.13'l86f-20 -P,49229E-22 -1,·14246£-19 t.93594E-21 

11 -s.7J?.?7E.-1'l 3 .?H2Af;.zt -3,0J6!iAF..11 1.60IHllE-jJ -11.·03'> OP.F. -33 1,93594E-21 
i2 -8.29~72E-?1 -P..oi'AOf.E-22 2.13'l86E-?.O lt,49229E-22 .-~ 14246£-J Q J,9:!594E-21 
ll -3.0f-2!'<lf-21 -?.lf?.Z?f-20 1.2?.961f-lll 11,4'l229f-22 9.4047AE-?.o 1.1>2699f-?1 
14 J, Of.?S'lE -?I -r. ·1"<?2?f-?.O 1. ?;>961 E- Ill fl. 49?.29E -22 -9.4047P.f.-20 ··1,62699E-?1 

I 
()0 

f-' SOUIIIlE ROOT OF 11~ F. <;lJM f.F lhf SOUIIPES OF THE NOOIIL OF.FLECTJONS 
·I 

·CJSPLIICE~FI\l~/~OTATTONS l)f UNHFSTRAJNEO 1\00F.:S 

NOnE X- v- 7- X- v- 1·· 
1\liMAER TF<A'-~L~lli1N H~I\SUITJON TRANSLATJUN ROTATION f/OT4TI0N ROTATJOI\ 

1 ? ,1)1)94<;£ -04 1 .'i~7J!JE.-o~> 3 •. 112'171::-oll 3.9oA65E-09 3.4i>757E-n7 3,00562E-05 

?. ?..Oil'l49f-04 I ,"it'7P.IE-Of, 3,334?7F.-OB 3.9J048E-09 J,4o757E -o7 J,oo562E-os 

3 2,0P.94<iE -ll'• 1 ,<;P7J!1E-o6· 3. 3J2'lf.f -oA J,90ilf\Sf-09 3.40757E-07 3,005f>2E-05 
4 ?..Oil94<;E.Q4 I.SF7P.1E.-06 3,31421!:-011 3.9J04AE-09 ).,40751E -07 J.00562E-os 

5 4 .4'l09!'E -o'• ;; .'l~C::3of -·of> 5,05'370F-IIA ?.IIJ945E-09 6,346f.IE-o7 t.f.'la'leE-ns , 4 .Sf: I A4E ·'"' ?. ,9G25f.f.-o~> 1,351AAF-11 t.li7o6E-1J 1,46ll''lE-14 ),6'lll98f.-05 
1 4 ,49095E -0'• ;: ,'l"~3nf.-Of. 5. 05300F -Ofl ?..0?.02RE-09 6,34H!E-07 ),6<iA9AE-0'3 
8 4,49f.~OE-04 ~."!f914F.-o'i 1.2A9113F .of, 7.41t.S3E-IO 1 .• 443f.PE -07 J.7193lE-Of: 
9 4 ,4'lM·OE .(14 ~ • :1" 9 1 4 E- 115 1,21198of-Of> 7;40Hl7E-IO j ,44}f.PE -07 3.7J'l31E-06 

I 0 4. 4 9095E -II'• r: .9"!:~o·f-of. s.o!iS7oF-oA ?.01945F.-09 6,34f.61E-07 ),I><;B9Rf-05 

II 4 ·"" li1 4E -0'• ; ,'lr.;>o:;f.f.-01> 1,3"i214F-ll 1.11727E-13 ),49744E-14 J,6911911E-0'5 

12 4 ,49090:E -()4 ;.9!'~:-nr-o~> 5,0"i30of-OII ?.n?026E-09 ~ .• 34HlE -07 1,6'189AE-0'5 
IJ 4 ,4<11-!'>0[ -0'· :!.Jf:91,;E-!i5 1.2fl91l1f -Of\ 7.4J653E-10 1,443f:AE-07 3;7l'l31E-OI\ 

i4 4 ,491160~ -0"~• :!.3f914F.-oc; 1,2fiQAof.(Jh 7.40817F..-10 1,443611E-07 3,7193tf-o~ 
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TAlllf ]-10 cr.FFEE TIIP.Lf CVI\II.,JC CA<:f. f1 IRESPONSf--SPE.CTPUI-41 

RF.~POI\S£ SPECTRUM FCRCF. COMPO~F.~T5 

SGUIIHE WOOl or· l~F SU~ OF THE SCUARES OF T~E ~oO~L fORCE~ 
lfOH ~Ll ELF.~l~TSI 

PX = li-AXIAL FOPCf Tll 
VY = 'f.;,SHl\H FORCE MY 
vz :: 2 -St•f. Ml f(l11(~ MZ 

I = INITIAL NOllE 
c :: Cfi'JlfR NOCE lfOH 
J = FtN/IL NOll£ 

ElE"F.:t. T TYPF DIC p T p E I " I f.LE,..ENT NUMBER 

PX Ill II Y IT I V 7. Ill J:'<(l) MY Ill HZ IT I 
.47f,Of.•01 .??lH-02 .9439f+Oi .4Rf.<~F.oo -.I 010f+03 .1815E-01 

ELEMHT TYPF. 131C F I p f I I I ELE,..EI\· T NIJMP.ER 

~X IT 1 IIY 111 vz f T I T X I Tl MY (I I HZ (II 
.475~f+01 .?.073£-0?. .A5271:+01 .4B69F.oo .A63?f.+01 ·.3830f-02 

ELE"H T TYPF I11C p I p f. I I I f:LE"'fi\T NUMflfP 

P)( (II VY II I V7. I I I T X IT I My (I) ._.zIT I 
.}757£+00 .65~_3E-or. ."'"'f.OF.+nO .7)4Qf-IO .2<l?.llE.ot .i?3A2E-Ol 

ELEMEI\T TYPE' (]10 p I p F. I' I I F.LHHT Nl.lr-tBER 

PX IT l VY IT I V 7 I I I T X Ill ""Y(l) M] I I I 
.1757E•OO .6~~41:-o;: ."19f.OF.•OO .71AOf-JC .56f>?.E+01 ·.3253E-O I 

ELF.HI\T TYPF PIC· fl J p f. I I ELE."'ENT NIJMflER 

PX II I II'\' If l VZIII TXII) 'WIll MZ I 1 l 
.475~E+01 .2073~ ·02 .A5?.7F. •01 .41lAQf.O) .M"'If+02 .2171£-0t 

ELEI'EI\ T TYPf 1]11') F 1 p E I I I fLF."'EI\l NIIMilEI< 

PX I I I \1 '\' I J I vz .Ill 0111 tw 111 M7. (II 
.47f.Of+O .n1c;f-o2 .'H3"1F.+01 .4flf:'l~'.n'l .8~3?f•OI .3A1oE-O?. 

·. ··~·· 
~ .-:.. : 

= X·TWISliNG tAQ.,f;" T 
= Y- PENCING 1-'0..,HT 
= z- REr.CING foiOI'HT 

PIP£ f:lf!"O ONL Yl 

1 I 

PXIJI VY (-JI VZIJI ·rx IJI MY(JI ·~o~z IJI 
.4760£+01 .221RE-02 .943ClE~OJ .41!f:9E.oo ·.A63i?E•01 .J830E,;.02 

21 

PX(JI VY (JI VZIJI TXIJI MY(J) tAZIJI 
.4753£+01 .2073£-02 .8527£+01 .41lf:'i1E+OO .649)£+02 .2171E-Ol 

31 

PX(J) VYIJI VZIJI TXIJI My. (J) 1-tl(J) 
.1757£ .no .6531£-02 .9"160£•00 .1149E-10 .5662£•01 .32'53£-01 

4) 

PII(J) IIY(JI V7.(JI TlC (J) MY(J) MZCJI 
.1757£+00 .65~4E-o? .9q60f+OO • 7l60E-10 .29211E+OI .23AJ[.OI 

5) 

PX(J) liY I.J) VZIJI l X IJI MY(JI MZ(Jl 
.4753[+01 .20DE -0?. .8527£+01 .4flf:9[ +00 .8632[•01 .JAJOE-02 

()) 

PXCJI VY IJ I V71JI TX(JI MY(J) ~ I J I 
.4'160E+Ol .2219f-O?. .943qf+Oi .4llf:'iiE+OO .lo3oE•n:l •E -,0 I 

.; 



TJIIllF 3-10 COFF"H Tl\lllf CVI\A~TC CI\C:E IJ 1PFSPON5E SFF.CTP.UI' I 

RFSPOI\C:E S'FE r.TRUt-t HRCE C:Ot-tPO"f.NTS 

ELEt-tEI\T TVPf 1~/0 p 1 p E I I I EU.HI\T Nllt-ti:IER 7 I 

PX 11 I VV I I I V7. II I TXIII "'Y I I I MZ I I I PX (JI VY CJI VZCJI TX IJI MV(JI M7 IJI 

.471.0[•01 .f'i>1<;F.-Oi' ,'l439f. +01 ,4A!:9F.oo .1030f+03 ·~I ll16E-01 ,471\0E401 .2?19f'-o2 ,943'lE +01. ,48~9E •.00 ,8(1.3?.[•01 ,3830f-02 

ElE"'i:"T TYPf C.~IC F T p F. I I I ElfYENT NIJMAER 8 I 

P~ I It V\' I I I VZ I II PIJI My il i- 1-lz j I I PX(JI IIY c·JI V7.(JI TX IJI My(.ll IAZ(J) 

.475Jf.•01 ,?.07~f-Oi' ,ASi?7E +r)1 ,4R~'lf+IJ0 ,RF,J?.£+01 ·• 3A:~OE -02 .4753E•Ol ,2073E-02 ,R527E+Oi ,41!f9f+00 ,6491E•02 .2171E-Ol 

ELEI'E" T TYPF. IJIC p I p F I I I flfi'ENT Nllt-tAf.ll ( 91 

PX Ill 'vY!II V7.1T) T X I J I "4YIII MZ I I I PX(JI VYCJI vz IJI 1X IJI MYCJI t-tZ(JI 

,17'>7E•OO ,65:>4£-o;: ,'l'lnOE•nO .21'•5f-09 ,29?.RE•Ol ·.? JA3E -01 ,1757E•OO ,f.5J4E-02 ,99f>OE+OO ,2J45E-o9 ,566i?E+01 ,J253E-Ol 

I 
00 ELEI-'EI\T TYPf. 
1.1-1 

(]/() F I p E I I I ElEIIf.t.IT tlUI-IHEH I 0 I 

I 
PX I II II Y I II Vlll I Dill MY I II ~o~zc11 (')( IJI VY I'JI V7 IJI T X IJI My(..H I'ZIJI 

,)7<;7f..+OO ,6<;~3f-Oi' ,9960£•00 .21411'-09 , 5f>I'>?E • 0 I ·.3253£-01 .1757E+OO ,65:!3£ -02 ,9'l60E•on ,2141£-o<~ ,2921!E •Ill ,238i?E-Ol 

ELEI'£1\T T'YPE -1310 p I p £ I I I ELEI'EI\T NtJMH[R 1-11 

PXIII 11'1' I II VZI I l T l( I I I MY I I I M7. IT I PX(JI VV I·JI · VZ IJI TX IJI MYCJI .. Z(JI 

,475JE•Ol ,207JE -02 ,ll527E+OI ·'·'l(:Qf .oo ,6491£•02 ·.i.'I71E-Ol ,475JE.oJ ,2073E--02 ,A527f•Ol ,4l!69E.oo ,1!63i?E•OI ,38JOE-02 

HE .. HT ·rvPf. 13/l: p p f I I I fLE"'E'"T NIIMElf.ll 121 

PX IT I IIY I II V7 I II 1 X II I MV(I) MZ I I I PX (JI VY I J I V7. (JI ·yx CJI l"y(JI MlCJI 

,47I.Of..+OI ·.?.?. 1 P.f. -oc ,'l439F. •Ol ,4FJf:Qf.OO ,IJ63?f•Oi ,3R30E-Oi? ,io760E •01 ,?.2lAf-02 ,94J9E+01 ,4P~9E.oo .t030E•03 ,J835E-Ol 

HE~E"T TYP£ 1310 p T p f. I I I ElE"HT NIIMAfll ( 13 I 

PX I II 'vYifl VZ I I I TX I I I MY I II ~z I I I Plt IJI liYIJI V7.CJI T X (J I My(JI MZ (JI 

.19~>:>E+oi ,4-110f•OI ,J771F.•fl0 ,?IJAF-02 ,244?E•nt ,f49JE•Oi.' ,19~>~E•oJ • 4 710f. 0 l ,)77Jf.+OO ,21 JBE-02 ,9l3AE•On ,?4?9E•02 

HEMfi'<T TYPF Dll~ p I p F I I I Hf.Ht\T NIIMfiER I 4 I 

PX Ill V Y IT I Vl I I I T 11 Ill t<Y I I I liZ I I I PX(JI VY IJ I V7 CJI TlC IJI MV(JI MZ (JI 

.3:'13010-07 ,48!'7F. •Ill ,JP.2FIF•OO .21JF1f-O?. ,'1)3Rf+00 ,;>4;>9F•O?. .JJ30E-07 ,4FI57F. .ot ,IA?.P.£•00 ,2JJFJE-02 ,913SE•OO .2429[~02 



1/IHLF.: 3·10 .COHEf TIIBLF. ·CVt.Afoi.TC CIISf. H IRB:>ONSE SPECTRIJI-'1 

PfSPO~SE ~FECTPUM FCRCE CO~PONf~TS 

ELEMF.f'lT TVPF. . 13iC p r p f I I I fLH'Eiq NllMAEil 151 

P)C I J I .1/Y II I VZ I I I TX I (I MY III IAZ I 1 I Pli(J) IIYIJI V71Jl llC (Jl MVCJl M7CJl 

.J96~E.n1 ·.47JOE•OI .i771E+OO .211Af-02 ·• 9138F. + 0 0 .24?.9E•02 .11l63E+01 .47101'+01 .177JE+OO 0 2)JAE-02 .2442E+Ol .649JE+oz 

ELEMHT TVPF IJIC F I p E I ~ I ELEMENT NI.IMHER 161 

P)C I I 1 II Y Ill V2 I [I T X I II 1-4V I l I· MZ I 11 PXIJI vv·rJI V71JI TX CJI. ,_.YCJI MZIJI 

• f9"~b01 .4710f+Ol .1771E+OO .21Jf1F~02 .244;:>E+01 ·.6491E~oz .1963E+Ol .41JOE+01 .1771E+00 .2J18E-02 .9138[+00 .24?.9F..o2 

ELEtJEI\ T TVPF. 1310 p I p f I / I ELEMEIIIT NI.IMHER I )1) 

Plll r 1 II VI l I VZ Ill rx II I My i 1 i ...... - t.IZ!l I PX(J) IIVIJI V7.1JI ·1 X IJ I MYIJI IAZ 1J1 

.3325f-n7 .41.!C:7F.+OI .lf?I'IF+OO .211AF-02 .9J]RE+00 ·.24?.9E +02 .3325E-07 .41!51E+01 .182AE+00 .2JJ8E-02 .9)3f1E•OO .2429Eo02 

I 
00 
.p. ELEtJF.I\ T ·TYPF. (jiC p I p 
I F. I I I ELEt.!H-T NUMBER I B I 

Pll I I I VY I 11 VZII) T X If I MYIJI M71 J I PXIJI IIY I'JI VZCJI TXIJI MYIJI t-tZIJI 

.19f>~Eo01 .4710E•Ol .177lf.+OO .2J1AF.-02 .9131'1E+Oo ·.?4?.9E+02 .196JE.ot 0 47l0F.+01 .1171E+00 .211BE-02 .2A47.E•Oi .649lEo02 



HilLE 3-ll COFFEE TAI'LE CVI\ AtJTC C~!'E f.' n; F: sPriNsE SPECTRUI'.) 

P~SPOI\SE SPEClHIJIJ. STRESS COIIPO"F.I\'IS 

Elf,.l::t.T Elf'IIENT lCAil STATIOI\ l.t:GTill C I RCt:MF. SH.AR 

l'iUI-'AER TYPE C.A~E •qRESS SHIES5 511,-ESS 

HI\ GENT f.I\C-1 1AP,19?. o.ooo 9.219 
f.I\C ..:J )'1,827 o.r.oo 9,219 

2 Tlll\(';f.NT O.C-1. 19,P.21 0,000 8,3(,9 
[1\[ • ., \;>0,205 0,000 8,369 

3 1111\t;FNT HC-T 5. :un o.ooo ,927 
01:-J lO ,26 3 o.ooo .9?7 

4 l/II\GEN1 fi\C-1 Jn.26J 0,000 ,927 
[1\C.J 5,387 o.ooo ,9?.7 

5 1111\GEN1 [I\ c -I Pn.2os 0,000 8,369 
Et-C •J )c9 o 82) 0,000 8.~69 

6 1AI\(';ENT EI\C-1 ).9. 827 o.oon 9,219 
E·rd:: -J JAA,19? o.ono 9,219 

7 HI\GftJl EI\C-T I All ,192 o.ooo 9,2)'9 
[1\[..IJ ),9 ,827 o.ono 9,219 

f! 1111\GEN1 EI\C-1 19,821 o.ono 8,369 
I 

00 
n.c.:.·J ll'n.?.05 o.nno 8.369 

IJI 
I q, 1AI\6EN1 HC-1 c;,3A7 o.ono .927 

f.!\ C • ..; 10.263 o,ono ,927 

I 0 JAI\GF.NT E"c.:.r 10.263 o.ono ,9?7 
f.I\C.:.J s,JA7 0,000 ,9?7 

11 TAI\GE"'l E•.L -I 1:?n.2ns o.r.oo 8.369 
fi\C-J 19,8?1 0,000 8,3t:9 

12 11l"r.Etll Et..l:-1 1'1,827 o.oon 9.219 
1:1\t:.:.J IP.P,19? o,ono 9.219 

13 TAI\GI'IIIT E• C- I I i 7,690 o.o~o 4,381l 
EI\C-J 115.177 o.ono 4,388 

14 1111\GEIIIT Etd.:-T 4J,3SO n.ono 4,525 
f.l\f:-·J 43,350 0. (l(l•() 4,525 

15 TII"GE1111 f.l\t:.:.T 45.177 o.ono 4,3118 
HC-J Jl1,69n o.noo 4,308 

If> 1111\GEII:T fl\t.:-1 1l1,l:'>O o.nnn 4,3A8 
EI\C-.J 4<;,\77 o.onn 4,38A 

17 1 AI\GF.N I [1\f-1 4~.350 o.onn 4.525 
Et.(. -J 4~.150 o.nno 4,5?5 

I A 1111\GENl HC-1 45.177 n.noo 4,36A 
F ~ 1: -J 1l7.f>Q(l 0.nno '•. "!I' A 



I 
00 
(J\ 

I 

T'll\1 f. 3-\:Q·. f';OFfH T'IRU IWNAHIC. CASE C CSTEI'-llY-STEP INrEGIIATIONt 

"'iTiff 
NU~Ii' f:P. 

IllS 1'1.11( f.:·ti'NT 
cr.~l'r.r..;r:Nr 

OISPI.ACFHF.Nr HAKIHA 

~lAX I :HI~' 
VIIUJ;: 

TI'~E AT 
MAXIMIJ"' 

f'l.f.ll 
SYIHIOL 

1.26~3~-o• . 4,qnnn~ on Nil 
q~Jl4tr-nr ~.qoo~F oo NA 

--------~------------~1r---~5~·~9~1~·~i~~·~~--~:7il'l ____ 74~.~~~0~U~O~F~0~0~·------7N~A~--------------------------------------------------------------------·------2 I 1.21,5J':. 04 4,'1'lO,OE 00 ~Ill 
~.3341F-~7 4~QOtiOE 00 Nil 

l 
l 
I 

h.S5Jnr-o9 4,400r~ 00 NA 
I • 2 6 ~i 0 f- 01, 4 • 'l 0 0 o-=E-"o·'-'o'--------'-N'o,.'-----------------------
'l.3~4~E-07 4.'1060~ 00 Nl\ 

l Z.OOOh~-Oh 4,'lOOOE 00 NA 
4 [· J.2h50E-04 4,9000E 00 NA 

2 9,3J44E-07 4,')000f 00 NA 
l Zo0h77f-OR 4.~000E 00 Nl\ 
I Z.611l7f-lllt 4.'111001' 00 lu\ 
? 1.73A~C-06 4.~ooo~ oo Nil 

--------~--~--------~l~---~~·~3~9~t~·:l~!f~·-~o~a~---~~Q~·~JO~O~O~E~0~0~------7N!~A'-----------------------------------------------------------------------------
6 1 z.110Je-u~ 4,quoo~ oo NA 

2 1.7348~-06 4,9000E 00 NA 
---------=-------------~3:-----,1=-'"'-'5:..,:1 oM' -0 A 4. 'l.OO CE 00 "!.~"-------------·------------------------------------------------------------1 

7 I z. h1'l3t'-04 It, 9000"' 00 tiA 
2 1.73n4E-06 4,')000E 00 Nil 

-------::--------------'l;..-----::-1 !...' 5~1 7 5t'- Oil 'l. t.•lOOE 00 WI 
fJ 1 2ol.U2'i!'-0'• ,,,<)OOOE 00 I-lA 

2 1.9~4RF-05 4.~000E 00 NA 
l 7.19831'-07 4.<)000E 00 Ill\ 

<) I l.60Z5~-04 4.9000E 00 NA 
Z 1.9S~UF-OS 4,4000E 00 NA 

----------------------~~----~'!...·~1.9~G5.~f~-~0~7 ____ ~4~·~'1~0~0~0~F.~O!~O~----~I!II!~L----------------------------------------------------------------------------
IO I 2o67~lf.-04 4. 9000F. 00 1\JA 

2 1,73~~F-06 4,9000~ 00 NA 
-------~~------------~]~----~~~.6~-~0~3~97E-~U~11 ____ ~2~·~6~0~0~0~E~O~O------~N~A----------------------~----------------------------------------------------

II I 2eliHOF-04 4.9000E 00 NA 
l 1.13~Br-06 4,4000~ 00 NA 

------~~--------------)~--~1~.39)3c-on 4.9000F. 00 NA 
12 I 2.t.7U71'-04 ''" 'lOOOI: 00 . NA 

? 1.11q4~-06 4,9000E 00 N~ 

------~~-----------~~~----~'-~·~2.7~~4~9~r:_-~o~o~-~~.~JOQQ,~~~o~o~----~N~•--------------------~----------------------------------------------------·---
I.\ 2.t.nt9F-,l'o 'o.'JIJOOt: 00 NA 

2 t~95"'•'-0'l 4,•JOOO" 00 ttA 

·-"7':------------,---.;.l ____ _,;z/.!..", ~ 
1
't! 2

1
_ ;I ~f:.·. -- Oll'l, .. ___ 4:J•!.-,'0:.)1~)0:!:l::-,'":-: ~1)~0~. ------'-'N ~ ·---------------------------------------------------------------------

1'• I 'J 4o ?<JOI)f 00 NA 
t.~'l44~-os ~.~oou~ oo NA 
1.12401'-07 4,'10001; 00 _,N_-'A ____________________ ___ 

________ * __ All values represent __ ~-~~ __ absolute maximum • 

. _ .. __ ------ ------------------------------------------------------- ----------------- ---

-------------------------------- --------------------------------------------------------------------------

-------------------------,---------------------~----



T ~fll I' 3-l)CIIFffl: l hll Lf' IIYI\IAIII (. (.,\Sf: c IS T£ 1'-llY-S T EP INT F.GRAT 101\1.1 

r. n II c E c n ,p 0 N " N T !'I A X I M A 

' 
fl. f. 'If· NT TV I'!; f\'JI~af:fl ~ 7 

ElE"fNT lOU. r crN fl)l~( F H.\XIMIJM l_IMr: Ill 
NUI~•I•:rt r:rnrn!lf'I·JT Vht.IJF. "'~X II11JII 

"CNr.-t rx· ?·. '~'.lll; r.o · 4 ,iJOOOF OQ 
fY 2. 3R l:l F- C'• 4,'1:JOOF 00 
1'1. '>. 9270E 00 4 • 'IOOOE 00 
TX 2 }l)'lhf- •J 1 4.L!f!!H!L!J.ll.. 
MY '• .l'l 'if.E l)l 4,'lll00F 1)0 
Ml 7.. tlf,'l 'lf-l)l '•· '1000"' 00 

FN0-.1 'F X 2~1'l~lE ~0 4,'lOOOF 00 
rv 2 Jtl llf...=...Qi..._____i_. 'lOOOF I) 
Fl !i.•n r;Jr. •10 4 ,'lOUO:: 00 
tx '/,'To)•I.'>J'-01 '• .'1000"' 00 
rw ·"'Pil-E !l!l 4 ..2.0ilil ,. , l.l172f-01 Zoi,OilOF. 00 

2 ~•111- I f.'( 2.1')fllf' co 4. •)OIIIIf I)() 

FY 7.,H!i<lf-O'i 4. 'IOOOF 

I rz 4.04 711E •10 4.'10001' 00 
CXl TX 2.70%f-Ol 4. 'lOOOF 00 ......, 

I1Y J 1 ~71''H' !l!l 4.JiHll!Lil I HZ 1.17 7 21'-1)] 2,i,OOOF. 00 

2 Hlll'-J fX 2.7'lOIE co 4, •>OOOE 00' 
f'( 7..H5'H'-IJ'i 4.'1000f 00, 
q 4 1 84lilF ·l!l 4 • .2.!}.!)Jlf 
TX 2. J.O'It,f.-0 I 4. 90110f uo 
W{ 3.111 B~' IJI 4. 'l(IIJOf. <10 
rH 1.61?'•':-tH 4.SO'lllf 01) 

!'NII-I f~ l.lllll'lf:-•ll 4. 90fl0f 00 
rv q, 2;.1'.llf:'-')lt ? • t.llOCIF. 00 
'F l 5. 5•111tf,"'- •ll 4 'IIIIJI)C " TX l,'•""'•"-C1 4, •HlOOF 00 
MY l.b'.02F. 00 4 ,'liJOOE 00 
M1 I,I,MIIf-i)] 4. '>.QOII~ 00 

:1 fNf)-J FX 1.001'•!'-•H .· 4, 'l<)l)l)f \Ill 
f'( •J. ?.'/Oif:-•14 ? ,I,OCIOF (10 
l'l 'i • 5f! 1tlof.-l.) I '• ,'lOll Or 00 
J)( •·'·"'i'•f--·)l 4. 'JO'IQ!:_:_<;!Il 
flY ~. 1·1 ft')[ •)0 '• ,'IOn()f fJO 

"' , .• ~~r.,.~-tn ?. , (,l)fltlf IJO 

:··~!()-1 l')o. 1 • !l i1 I i~,...- tl t 4 • 'IOP•)r Ill) 
ry 1. fi.·d'l'-·-1) 1• '• • ·; ('•lf;'; ;I (I 



I 
():) 
00 
I 

4 f:Nil-J 

5 E•ID-1 

'i fMl-.1 

,, f"'!)-1 

o H:r.-.i 

7 O.JO- I 

______ , _________ _ 

7 [111~-J 

Fl 
TX 
MY 
"'l 

FX 
"V 
Fl 
TX 
MY 
)1l 

f'X 
FY 
Fl 
TX 
MY 
"1l 

FX 
FY 
fZ 
I X 
MY 
MZ 

f)r 

~y 

F 1 

TX 
MY 
"!1 

rx 
FY 
F l 
I X 
11¥ 
HT 

n 
r:y 
!"l 
1 l( 

I')( 

FY 
::- 7 
1 :< 

~·.'i<~IJ7f-Ol 4.'>000E 00 
1.4f.t,llf-03 4.'100Uf 00 
J.l7f>1[ •)0 4. ')0(10f O(J 

6.'tiU.9E-03 2.t,UOCJE 00 

I. 00 1111''-•ll 4.'10001:' 00 
1. 1'•11'/f-O'• 4. ~; I)(}(Jf on 
'i,'i'l 111f-tH ,,. 'lllOIJE (10 
I. 4t,t,Of.-.03 <t • 'HlOOf 00 
t.6'i?lf •)0 4.<)000f 00 
'i.f>712F.-03 <t.'>OilOE Oil 

2.7902E co 4. 'lOOOF. 00 
9.13 75f-04 4.?000f. O(J 

'• .ll't 1.5~ 00 4.'>000E 00 
2.7'tHIO-OI 4.9000E 00 
1. 0 J?.·:•F 01 4 • C)I)OOI' 00 
7.21 <Jt,f-03 4.'10(10f 00 

7.7<11\ZE 00 4. 'WOnE 00 -----
n. 331'i:C-114 '•. 'lOOOE 00 
'• • A'• 1

l ':\F. 1)0 4. 'IOOOF 00 
2. 1'· "ll"-•ll 4.91lOOE 00 
3. 677 5[ 1)0 4.<)1l00E 00 
I •'•Ell ll£:-03 2.6000E 00 

2. 7'<U 1tf 00 4. '10001' 00 
9. 361l'iF.-04 4 ,'lOiiOF. 00 
5o921,'it: 00 4. 9000!: no 
2.71,HF.-Ct 4.90il0E 00 
~. '• 77111' 00 . 4. 'lOIJOf 00 
'·'·llllf:-03 2. ,,,jl){}f. I) f) 

7. 1'!111of 00 4. 'IOOOF 1)0 
9. :\t.ll'if-•)1t 4. '>OtHJf 00 
5. 'l(' '·'i" 00 4 • <)QI)I)f- 00 
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Problem 4 - Static Analysis of Spence's Pipe Work Problem 

In this problem, a piping system provided by Spence 

was analyzed. Comparisons are made between results obtained 

from the _1 EPIPE 1 program and those obtained by ~rence 11 , from 

the SPANDLE program. 

Problem Description 

i. Geometry - The layout of this piping system is 

shown in Fig. 4-l. The piping ~lements 2-3 and.l0-11 are 

stiffened by taking the· internal diameter of the pipe as 

zero. Table 4-l shows the input nodal coordinates·data. 

The element properties of the pipe are as follows: 

Outside diameter (inches) 12.75 

Inside 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'~ ratio 0.3 

iii. Loading conditions - The piping system is assumed 

fixed at node l and su)?jected to the prescribed displacement 

at node 19 resulting from the· temperature change. The 

amount of the imposed displacements are as follows: 
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X - displacement = 6.8526 in. 

y - displacement = 1. 9602 in 

z - 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. 
I '• 

These abd.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 i.n 
. 

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

quite well with those obtained from SPANDLE. 
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Isometric Sketch of Spence's Problem 
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Table 4-5 

Comparison of Nodal Displacements/Ro·tations 

Solution Node X-DISP Y-DISP Z-DISP XR YR ZR 

.I 
EPIPE 6 -2.0041 -3.7232 0.99358 3.8354E-3 -3.2319E-5 -1. 4692E-2 

1-' 
0 
.j::-- Spence 6 -2.0044 -3.7244 0.99407 3.8338E-3 -3.4540E-5 -l.4697E-2 I 

EPIPE h -3.4259 -4.6538 0.61294 -2.Zl53E-3 -2.7546E-3 3.2905E-3 

Spence 10 -3.4265 -4.6560 0.61375 -2.2179E-3 -2.7548E-3 9.2867E-3 
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Element 

1-I 
-J 

1-I 
-J 

Compa·r is on 

~-.X FY 

10066 39963 
10066 39963 

10065 39963 
10065 39963 

'!'able 4-6 

of C'orces and Moments 

FZ 'fX MY MZ 

7121 l443f\57 -1490620 5813935 

-7121 1443657 -849709 -221.7288 

7123.7 1444200 ·-1490900 5814300 

-7123.7 1444200 - 849790 -2217600 

___ _j 



Problem 5 - DYNAMIC RESPONSE OF A LOW FREQUENCY COFFEE TABLE 

It is important to realize that there can be greate~ differences between 

the response spectrum results and those obtained from either time-history or 

direct integration methods, when the natural frequencies of the system are in 

the vicinity of the peak earthquake values. To demonstrate this, the legs of 

the .coffee table (problem 3) were extended so the natural frequencies come out 

to be in the vicinity of the earthquake 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 dif~erences (about three to one) between 

the.response spectrum and the time history and direct integration method results 

for the case where the coffee table's natural frequencies fall out near the 

peaks. 
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HOQt NUHUEH 2 .. __ 
F'REOUI:NCY = 11,130624 Ill 

EiG~~~tci6~~ ~6~8iC1i~U I~ A 0~It MASS ~A~HiX 

JiiSPLACEi1i:tdS/Knt11TiUNS uf' IINREsiHAINE.U tlOUES 

-- ~ --·-· ·-. -· ~--

NOUt X· Y·. 
NU('1Htl_l __ ... I.HA~Sl.~r I ON__ lt-<A,II:SLA T ION 

1 ·9,96R53f-06 ~j;J~97n~-ti' 
2 __ ;,o0~6~~~o~ -3,J~Y7ot-o3 
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H •6,21333[-01 2.oY515t-03. 3•70940t·ut 

. 9 -~6,21~33E;.~1 ;.2,0Y515E~OJ. -3,7~~40E·01 

10 ~6.213t3E-ot -t.~6125E-o3 -9,99904~-ot 
11 -~~.9o~~2~·1l ~.90JB9E·t· -i,6oob6~•oo 
12 6,213t3E-01 t.36t25E-OJ ·9 1 99964t·Ot 

· P -- 6,2i3J3t-oi· i',o<J5t<i~-u-1 -J,7o94ot-o1· 
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~t,11399E·Q3 7,14Y88t•02 
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i 1 53263~~U2 
t 1 53263E-u~ 

-t 1 53263E-iJ2 
·t,53263E:-U2 
-i:12523E-U3 

1-t 68731E-1J 
i~12523i:-ti3 

-4~6B575E-u4 
-4~:6a575E-o4 
1,125?3E-OJ 
t,ti87HtE-t3 

-1~1252~~..,03 
4 1 68575E·O'I 
4~68575E-0'1 

L· 
HOTATJUN 

9. 2o:HtaE:-uJ 
9-1 2038RE-uJ 

;;9:2o31i8E;.UJ 
-9~203811E-uJ -6: 75732E- 04 

t:o1321:lt:-ts 
6j75732t·U4 

·2,81393E-04 
-2~1l139JE;.U4 
6,75732~-04 
1·; 0135flE-13 

·6,7573?t-U4 
2;B1393E-u4 
2jf.\139~E-U4 
0. o: 
n • 
0! 



TABLE 5-40 lOW f'FEQtJENCY CCFFF.E TARLE CASE A (lllo!E HISTORY) 

tJ. 0 n E S , .. II P E 

MODE ~UH~ER 4 
f"AEUUI:f;Ct = 4Q,Jf,t>ll I'L 

......... - .. --
EIGl'I;VI:CIORS NORI1Allll:!; 10 A UNIT MASS t1ATI-IIX 

f..io•i~' x- y- L~ X- Y- L· 

NUHEIEH JHAI,SLATIO'~ II<~I'ISLII T I OtJ TRt~NSLATION ROlA!t01' •<UlAI I UN ROTATIUN 
1 ·2,3t247E•UO - 2 • :1 'I u 9 71:: - 0 ·: -4,134191::-05 =1,434751:·07 ·<i,3bi29t-U7 e 201671::-U-5 
2 ?.,~~?.47E•fl0 -?.:14n97t:~u4 -4, 13H9t:-u5 -1,n475~-o7 2 .~sc>729t:-o7 -e 201671:-u:s 
:1 2•36?47E+(Ill .,-:34o9n:-.u4 4•134191::-05 1o43475E-o7 ·2,:St-t£\lt:·u7 -e 201671::•03 
4 •2, 3t247E+OIJ u2,34o971:-U'1 41134191:-05 1143475~·07 2 1 3~,l2H-o7 1! 1 201671:-U:S 
5' :.1,36755j:.u:S -1~60664!:-04 i ,46837C-Uf1 •7 I !J96311:-0] 4 6t•Y4tlt·07 -4 1 0~3011::-U<' ' . 6 ··-· :.1. t .. ~?! 2.9£: ':" 1.13 - 4 ! (: ~ ~ 0 8 ~·- 0 ~ . ·- -. 1, ~ ? .1. 0 0 ~ - 1 4 1 10 66?.6~:;~ 2 12ul6'1t-15. -4~o53q1t:-u2 

''i ·-· 
-1·36755E-nS _,. fur,64E-o4 ·to46836t·oo 7,096311:-07 ·"!,66Y4RI:-07 -4t053011:-U?. 

IJ :-5,oaeJ~;~o4 -2.404311:-0l 2•~'19931::-:06 ?., o96~1~.:-n .... ·1,71.~19~-u?. -l 1 497.~1t:-u2 
9 5, o11:18:SE-Ii4 -2

1
4o43tt:-ui ·· 2,74993t-oc 7 ,'o96 1t-o7 1, 7L519t~ o7 ,49751E:-o2 

1~. ...... t- •. 3~755~-o~' -4!60664E-Q4. ~1r16~J61::·uo 7e096:HI:•O? 'l,t.oY'IOt-o7 4!,053Q1E·U2 
11 t,37129E-o3 -4 1 ~4JUDE·U4 -2,362~5~·15 2, 9774A1::•16 2,21i77~-15 1,053011:-02 

I ~.~ --·- ~·-· ~~?. ~ 5.~ ~ 0 ~' - ~! 6 (] 6 6 41: ~ Q ~.- - . ~ I. ~-6 8 ~? 1:- 0 fl -~ 1 o96311:~Q~ .'1,6oY4Bt., 0 7 4~o53o1E:-u2 
..... p 5oOlAB3E·04 -<>·>~0'1311:-ol -2•749931::-06 •7 '!l96311::-07 ·- ;.1; 7'1.~i9i:·o7 ij'4975iE-U2 ..... 
l.J 14 ·- ·-~ 5 , o 1 fj 0. ~ E- 9 4 - ?..! 4 u 4 j 1 I::_- 0 1 .:2 L7_19?31:-0b ·7,096311:-~? -1 • u:; 19t- o 1 •j !.497511:-02 
I ·-

MODE: NUM~fA 4 
EiGi:tJVt:cioRs t·iOfiMALILf:IJ IO l,fioo 

···- UlS~Lit~~E~Ts;~olATIONS-ut· UN~E~fH~INF~ Noo~S 

.. NQUE -· - ....... y:. . z- x- Y• :<- £• 

NUHI:IlH 
·- _.TR~~~L~!ION TH M.SLA T I UN TRhNSLAIIOU ROTAliOI\ t_W!A! (UN ROTA T (liN 

1 ·1,00000E•OO -9,9Un9oE-iJ. -1,749Y4f-os -6,o73filit-oa -1, UU£U41:-U7 3,47164i:-iJj 
'2 1.00000E•OO -9,90!1981:"'05 • 1 1 7 4 9 9 4 I: • (I 5 • 6. 1 0 7 ~ ~ ~ ~ " Q ~ ... 1. 0(1~041::-07 -3·,471641:-0J 
·3-- ·--.i, o ii n ii. ilE ~ o o -9,9uti98E-o')-· i ;·7499<i~:-o5 6,073081::·0!! - i. ri •i % iJ 4 i:. ~ u j . :;3~47164~-03 
4 -t,oonooE•oo .?,9on90I:-o5 ... 1• ?.~??~t:-u5 ?r~!~Q~I::~9P. t,ou£o4t-u7 3~~71641:-03 
':) .. :;;5. 7eli64E -011 -1;9499?~-iJ.j 6•21537t·uc; ·J,oo3761::-o7 i,ijJ~>?2t-u7 •tJ7155BI::-U2 
6 ·5,60445F-O'I -1,96<;351:-o·• 6o430l!ll::•15 4.514591:-17 9, 3l.Y34t·16 ·t 1 7155HE·U2 
7 -s; -;eo6·1i:-o" -1, 0 4?921:-04 -6;:h,s36t-o<J 3;oo376E:-o7 -t,'nll52t-o7 -i 1 7i550E::-u2 

·/I. •2,12440E-OI1 ·t.r)177ti::~01 ~ !.164011::-uo 3,003761:-07 -7,3u~49l:-uA •6,336721::-03 
9 -- 2·~1~14iiL:.:.o4 -t;ol771i:-ul lt164011:-06 3,oo3761:~o7 7,3u~49t·ua 6:336121'::-uJ 

lll 5,7eA64E-olf -l •. 9" ·~.9?-.1::-0 ~ -6,21537t:-o9 3,003761::·Q7 1,'Jtb?2l:·U7 1~ 7155tii:-02 
il 5,B0445E-04 -1,9653':'>1::-04 -i ;·ooiiliet:-15 1 ,?.60-521::-H 'i ,!>l~'OIIt:-16 i 1 7i551:1E:-U2 
12 5 • 1 e n 6 4 E - o ·I •l,94'l921:-U~ 6.1215371:-09 -31003761::~Q! -1,Y7b~21:·U7 11 7t55AI::-02 
1 :s ?..i2440E-IJ11 -t,ni 77tE::-oi -t.l640ti:·06 -3' 003761:-07 -7,Ju~4\lt·ue 6J33fl72E:-03 
j4 - 2 • r;: "4 n E - u '' ·l ;n177H:~U1. -1~16tf011:-U6 -3,003/61:•07 7,:Si!~49t-uf:l -6!3311721'::-03 
15 n, 11. n' Q I 0. 0. 
11\ 0. ll, 0 I 0 I 0. 0. 
17 n; I); n, 0 I n • o-• 
1£1 0. c ~ 0. 0. IJ, n! 
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TABLF 5-4E LOW PFEOUENCY ·ccFFfE TARLE CA~E A ITI~E HISTORY) 

M 0 0 E S II" A P E 

MODE NUtldF.H · 5 
rREUUf.NCY :: 4i, 6~64 I!L 

~IG~~V~ti6A~-~6nH~LilED ~o ~ 0N\t Hi§i·~~i~ik 

uj SPlACFI11:1\Ts!hO I" T jON!:i Of" uNt:iE!ilHA Jl~fll i~OUES 

NdU~·· x-
NUMHEH ._!R~~SL~!JON 

1 -4,67960F.-05 
2 4, fl7960E- o5 
3 - 4 ,6?9j9i:-o5 
4 -4.67938E·I)5 

·· ~· -:i;o~tJ~E~o8 
6 ·4 t633iE-Oh ., · .j: oH72F.".:oli 
~ ·1,12~70E-DI:l 
Y .. i, i 2 3 5 i E • oa 

~o 3,0~153E-oR 
11 4;i6~J1E-c6 
12 3,06t5AE-08 
13" .. i,i~J65~-~8. 

14 .-1,12~4~~~08 

t10Dl: NlJ~IUER 5 

Y· l-
THANSLATJUN TRANSLATION 
6;987~6~-fi· -·--~;~6~5j~·o~ 
~,98736E-U5 ? 0 364531::•00 
~;9b736E-o5 -2,3645it•on 
6o9H736E-o5 •2o36453t•oo 
J 1 37479t-u4 -9;6oJ79t-u4 
lJ~4714t-01 __ -~l~6108t-13 
1,374791::-0~ 9,603791::-04 
1,34466E-0~ 9 1 704Y6t-04 
1,~4466t~ti4 ·-·9;1ij496~-o~ 

t!37479E·o4_. ~~~o~~?~-o1 
lo34?14E·Ol . 2•794031::-13 
1 37479E•O~ •9 6QJ79t-U4 t! 34466i:-o'~ ··--~9: ? 0496t::-iJ4 
l.t 34466E·U4 _ .. -9.!_704961::-114 . 

·eiGt::im:t:toHs."NoRr1:Aun:u !n.i,noo 

x- v-
HoTATJol\ HU1AIIUN 

5,~49~if:~~ -~~.H5lj~f~U7 
5,B4921t-OJ 4,f.~i79t·07 
~5,R492i~~o3 -4,e~i79t-o7 
·5,849~tt:-o3 4,e~179t·o7 

· 3,t1645t-o2 ~,51U16t-u7 
-5 236281:·15 2,22£21t-1~ 
-3: ii645t::o2 -· -9, sJo16t~o7 
-3,116451::-02 -7,87J501::-07 
-3,ii645f:~0:2 ····7,RJJ50t-07 
·3,11645t-02 ~,5/U16t-o7 
;.2,69589Fi4 - ··<~,4~~46t-1<~ 

3 11645t·02 -~,570161::·07 
3:1ib~sE=62---7;s7J~o~-o7 

__ 3, 11.6_~5_f::o.L .... 7, 81·>5o~-u7 

. ili"Si>l.:Aci:i-if:idSIHOit.l'iu"Ns· ur· uNRESIHAINt:IJ NODES 
.. - x-NOUE x- Y· L- Y-

NU('II:II::H .. JI!Af\.SLATJUN TkAfloSLATJU'~ JH{INSI,.ATIU~ ROTA!!O!'i I~Ul A I I UN 
1 ·1,97906E-05 2. 9 55 0 7 t -.0 5 i,00000t•OO 2,473731:·03 -2,o~i<jot-o7 
2 1! 9~?o.A.f.-:-O? ?.,95507E-o:> . 1.1. 0 0 0 0 0 ~. 0 0 2 t 4 ~ 3 7 ~I:: ~0 ~ 2,o~~9ot-o~ 
j 1•971199£:•05 2 ; 9 55 0 7 E - 0 5 ·- ·1•0oooot:•uo '"2t47373I::•OJ -2,o;,t9ot·o7 
4 ·1, 97!l99£:-r;5 2,95507E:·05 ·to.~oooot+oo -2,4?~731:::-0~ 2,u~iYut-o7 
5 -1~?.s4HE-oO 5;r.i~22E-u5 -4,0616ot-o4 1, 31floot-o2 4,uii:SAi:-u7 
6 ·t·?6Q]3E·Ob '>•69729t·02 •Jo536041::-13 "'2t2145~t.~1~ 9,3'1l107t-14 
j ·t.2r;4a5E-o8 o;,ri42?.E·o5 4;06i6ot-u4 '"1o31800t•02 :.4, o~h7t-o7 
H -4,7~232E-o9 ';,6U679E-o:.> <~,1 0 43Bt:-o4 d!~l~oot::~~ .... .:s;.s;.'ila3t:--u7 
q ~ . g i 5 ii E-o i1 5; H;t:-7Qt:-u5- 4;io4Jilt-u4 •1, 31!1UOc·02 ~.J~Yil3t-u7 

lo 1,2~477F:-()fl <;,t11'12:::E-o5 4,o616ot-u4 d 1 31Auot-o2 4,o'l7Jot-u7 
ii i.i6o73i:-o6 s;f.<J729c-o2 i dot64t-1~ o:i,i4014t~i4 l ,tiiJ27?.t-14 
12 ~.294?Q~-on 5,P.142~E-U5 .,,o6t6ot-o< 1, 31Boot-o2 .. ·4,01/Jflt-07 
t3 4,7~:?10E-09 5,61l679E-o5 • 4 o 1 0 4 3 t1 t.: ··U 4 1,318UOI::-02 -3,3-:!'liJJI:-07 
14 -4,75t20E·09 5,fl8n79f.~o·· -~·1043At-u4 1 1318001::-02 :!.31.YU3t:-o7 
i5 0' 0. (l, 0 t u. 
16 0. 0. 0 '. 0 t 0' 
l7 0' 0. 0' u' (l, 

Ul IJ.• 0. 0. 0. '·'. 

L­
HOTAIJUN 

i 1 i5622t-U7 
·1,1582?E-U7 
-i: 1561 (ll:- u 7 

1:158181::-07 
-6~t627oi:-o7 
-6,162811:-07 

.. -6~"162931::-07. 
-1~657321::-07 

1!657321:.07 
. 6 1 162Y2t-o7 

6J16281E-U7 
61162701::-07 

· i
1
65723t-o7 

·1 1 65J.24E-u7 

L-
ROTAl[iJN 

4,B9829t-OH 
-4~~9~29E:-uH 
-4,89813t·U8 

4, e9813E- UH 
-?-,6u6Jol::-o7 
-2-i60635E:-o7 
·2 1 60640l-07 
-7 1 oo9o?l-u8 

71 009071::-0tl 
2,6o64oE:-u7 
f. 606J5t-u7 
2,606Jlt-U7 
7~00B71t-Ot1 

•7!00872t·Uil 
0 
0 
n 
0 



J 
...... 
...... 
Vl 
l 

-------------------·· ..... 
--- .......... UUlf._ 5.-:5--.-L-OW .. fE:C:QUcNC'f-COE.F-LE ... .T Al:ll&:.--C AS E. .A.l.U.H£.. H IS.TOR.'t7 .AHALY SISJ .. -- ................ . 

0 1 S P L A C E H E N T H A X 1 H A 

__ tiOOE ..... _OISPLAC~.ti!:U..__ ___ t~!.eW:I ___ ___._I_._UiLAT'--'---"'P'-1 U-1----------------------------
NUMO~R COHFON~NT VALUE HAXIHUH SVHOOL 

-- . ···-· ··-- ··-·····-· ·····~- ··-----·-----------------·----:------------------------------: -----·-------·----- ·-- -·--· ------- -·-. 
t 1 s.rr1oo~-o2 2.sooo£•oo NA 

.......... ___ ---·------· _____ ...... Z----l •. Ol9.t::::.-..ot. ___ z .. so o.o~ • o o _______ NA __________________________________ .. ___________ - --------
J 9ol71&E-rr8. - 2.50l0lt00 NA 

________ z_ ___ _ ____ 1____5.~L8~~2____2~50~aO ___ ~N,~----------~----·------------
2 t.0791E-O~ 2.5000£+00 ~A 

.. _ ..... ___________ J ... -.t:.~J50&£,oa ___ z •. sooot:too. ______ NA _________________________________________ .. __ .. ____ .. ___ .. 

J 1 5.0100f-02 . 2.5000E~OO' "A . 
--------· --... l------.1• Ol-'ll£,-:.04 __ 2.5000Et.OO----NA ----------------·---·-·---· - .. -- --·- -- ..... 

J 9.3~12£-08 2o5UOOE+OO NA ____ .. ____ _ -'--~'" .... -"0 l.QO.f.=Jl2 <' .!I...O.D.DFt D 0 u.._ ________________________________________________ ---. 
2 1.0791~-04 2.5000Et10 HA 

.... __ J_· __ .:_6.J50J£,-...06 ___ 2 • .!iOOOH.OO..:.. _____ NL--------·-------· ----·--------'-------~-------·- ...... _ .. __ _ 
1 1.0049~-01 2o5000Et~O NA 

....... ---· ---···---~---2---2o.ll.dJ.E-.,.!l .. __ 2 •. 500.0i.t .. OO __ .:__NA 
J 4.b900f-06 2.5000EtOO· "A 

... _____ b ....... _ .. _______ t__j_.__n..Q5J1F-OI 2.500.0£.tJI.O.,__ ---'--.uN ___ -:---------'--'-------------------------------·--------" 
2 2.1286(-04 2.5000E~OO HA 

.. ..... _________ J _____ z.'l91A4~-..oe._~z .. so.ooH.oo.. tJ,._A--'-'------- ------------------- ------- ---· ...... -· 
7 1 1.0049£-01 2.5000[+00 NA 

--------·---- ---Z -----2• .12 a..Jfi:.:.Oio.----2 •. 50 0 OE.~O NA-. 
J t.0&79E-07 2.5000(t00 HA 

............ a.. _____________ ___, __ _.__._o.n.Jo.s£..:..!1t 2 ".ll..D.llun ... o_-:----"N'...__-----'---------------------------....;_-
z 3.8795~-04 2.5000E+OO NA·· 

-----l .l.ecll.£,.0b---2.5UODE~OIL. NA-----~ 
9 1 l.0049E-01 2.5000£•00 NA 

... - .. ---·- 2------3.1H%l"' 0.:0----2 •. 5000£+.00.----ti-A---------
l t.qz7J~-O& 2.500UE+OO NA 

- ...... 1.0._ -·- --- ------1---.l.JlO.ldi::.JU 2 • .5Jl.O..IlElil. liA---,----------,-------------------
2 2o126JE-O~ 2~5000(+00· NA 

........ ----- l-----It •. &908.t:,.Qc _____ z. 5 000£ t.OO-------~-UA ----- -------------·-· --·---·--· --------------·-·----···-. 
11 1 1.0050~-01 z.~OOOE+OO NA 

..... -·-·- .. ?. --2,.12 6 E:t>-: Q4 ____ z,.5.00 OL•-OO-----IIA-.. ---·-----------------------· 
3 Z.19l7E-08 2.5000[+00 NA 

-··-----lZ----·--------1----t....0.0 .. 4.SE-:J11 2. 511.0JlE..t..OO_ u ___ _ 
2 z.t2tlli-O~ 2.~000Et00 NA 

........ _] -- --1• 067 0<:..-..01 _____ 2 • ~0 OOEt 00 --·-------.. Nl\. _________ --·------.. -------------------------- ______ ._ ··- .... -----·---· -·-· --· 
1] 1 1.0049€-01 2,5000EtOQ IIA 

------ ---- --?.----l.-5 7 'h~-""0"----2• !iO 0 0£+. 0 0--------- ·- UA _______ ....... ----· .. -- .. ----. ·---------·--------- __ ... --· ... _ .............. ------- _ -----
3 t • i:lli 7 .. ::.- 0 t· 2. 5 0 0 0 E .• 0 f) u A 

.14---·- -·-------l___l~.OU.~.9£::.Jl.l · 2,!":.U00i:.t.OO t,.A __ _ ----·--------------- ...... 
2 J, 6i'35f.-Ol, 2. 500U["t00 UA 

.. 3 ....... ..1.92i.J'-"'·06 ............ l..5000Lt DO-. NA. 



I 
~ 
~ 
(J\ 

I 

.. ·-·-·-· T Anu.. -~·-S-- Low ... F.iiE:OUEt:cv-.cOF-F-EE--T-AOL~-c.As~.-A.( ll-H~-•us.roRr--ANAL rsis•------- --·-·-----.-. 
f 0 F C E C 0 P 0 N E N T M A X I H A 

flEI1£11T TYPl NUI·II:C:'\ .: 2 
-····· -----. ·-· ··-· ·------------~---

HHifNT . LOCAl l"ON .. -· . -·-·-·-- fOj;:Ct.---------l-IAXIriUH-----·- T-ItrE-AT----·----·-···---·---·----·--··-- .. -----·--·---·-------·----·--.---···· 
NUHOfP GriHPONfNT VALUE HAXIHUH . 

.. . ··-. -· .. ·-· ····-··-·----·--····--· ···-------------···-------··-----------··-·----------·----------
ENO-l FX 6.470lEt01 Zo5000itOU 

... ----··----·-··---··--·---.-----P f • .l!J.J.L-.Jl5._.....2...51l.D.Qf..J..DD-----------------------------------
FZ z.J777Et01 Zo5000Et00 

. -· ··--·- --···-·---TX-----1 •. J64!;.f. ... O 1---2 .• 5.000f.t 00----·-.---·--- ---------·--·----------------- -··--- -·····-
. HY 1.1J77E+OJ Z,5000Et00 

....... -·--·----H.l------·Z·o..o.4J5[ .. 0l---2o!:> OOOEt 00------·---·--·--··------··----·--- ---.- ···----·- ---·-··-·-- ---·--··· .... -· ···- .... 

- .. - .. ·-. ·-·--·---··-------------------...,------~------------------·----
EN O-J , FX 6o470lEt01 Z.S000£+00. 

---'-- --·- -------F-Y----~• JS .. Jf . .--D~------Z.-5 OOOE.t.OO 
FZ z.J7i7E+01 Z.SOOOE+OO 

--------------- --------·· -,------··- . - .... 

·-·-·--- -----T-X----!.lC-4~ E•-0 1----Z.. S.OOOEt.OO 
HY 5o1160E+01 Zo5000Et00 

__________ .. , ......... _______ . ____ -11z ...:SlDSF- o~o z. s.ll1l.ll£t_OU----------------------------------

z EN O-J .... -·---·-----F.A.X----416 o-468.9l.t.01--Zo ~OOO!i: t.OO ---'---------------· 
FY s.o~~7E-os z.sooo~•oo 

·--··---··---------"-''----~ .. JJI.b.:f tOt Z...S:.OQ.DE!-.DIL. -----------'------------------
TX lol64~E-U1 ZoSOOOEtOO 

. -· ... --·---------J"lY----S .•. U.60f..Lfl.L__2o.S,000f. .. t.OO 
HZ 7ol369E-04 Zo!OOOE+OO 

·- ···- .... -··-·-·-·---·------·------------
2-- ... -ENQ_,J ______ EX n.IUL.8.9.£.t.Ot Z,"DBO.£.t..Jl..__-:-------'-----------------------

FY ~.OY47E-05 Z.SOODE+OD 
.. ..:---~-----,----F.Z---t .•. 70bl£.t .. 01--2 .•. ~uooE+ .. oo 

rx ' .t.Jt4~E-ot z.~nooE~on 
·- .. ---··-·--·---H~- ~ ... 3.102Et.Ol.---2o5 OOOE.tOu.----------

HZ J.Z110E·OJ 2.5000E+OO 

. ··--··· --··----------- ··-·- ------ --···-------------------····------·---·--------- -·------ ·------··-··----- -· ·-··--. 
~NO-I FX 2.&~10[•01 2.5000~+00 

··· -· . ·-·--- -- ··---··-··-- f-'1--------2.882"£ ... 0l---Z •. S OOOEt 00---·--··-·----·------------------·---- ·-·- ---·--··-----·- ................ . 
Fl t.J .. 6lft00 2o5UOOE+OO 

·-·--··---··-- _______ __J_x 1 ... 111.9ll.=.O!I . z. 500D£..t..llll__ ____________ _ 
H~ J.i7f~[t00 2,5000E+OO 

---·- ..... til ·---··--- b • 2li.llt:"'-UJ.- .. - z. 5.000E..t.JJD .. --··--· -·---·--------------·-·-·--·-·-··--··--·- ...... -·------····-- .... 

iHti-J FX loLilOE-01 2.~000~+00 
- ---·-------· --L~----·--- z ... ee..z.t.E=.lll _____ z. ~·.ooot.too _____________ .. _________ .... ----------------·-·· _ ·--·------ ·-··-·- ·-·· 

FZ t.J~fi~+OO 2.5000~+00 
TX t.309St:-O!I .. '2.!:000Et00 .. 
HY 
MZ 

i.cJ.H~··oo 
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---------------- -·--------- ·---·- ... 
t1 £HC-I 16l1.f9 0.00 1&. no 

. --. £ tiO·d .. -· ··-. ------ .151 • "o -- ·- -·· ----- -·· 0 • OJI ___ _ ..• --16. 0 o .. - ····--· ··-·-· 

12 ~NC-1 151.1t7 o.oo 22.25 
.. LIHJ-J . - -·-··· 2.06'1.5!1. --·-· ------· . .0. OD ... --·····---····--·22.2~ .. - .. 



I 
t-A 

"' w 
I 

tJ 

14 

15 

16 

17 

.. 

----------- ---·-- ... 

.• .; ___ - ____ ;,._,;....._:_; • ..:.._:._:..:. •• -_..:.:...:..:.._~:.:.=-=-==:---....:::....:..::.::. . .:: ... .:=::~":..=-=-·· .•• - .. - -- - • ---- ~=--=-=-:.:.....;:_--=-=..::..=-=-:...-:.:...:.=...:.....=..::.."7~~.=....:...:..-· -·-·---------- ----------------------- .. 

eNO-l 1574o01 0.00 60.18 
-··- ENO-J ----- ____ ,-5 7-,S.zL ___ _:_ ____ Q •• O D----~--&.0 • .18 ______ _:_ ___ _ 

fNO-I 57&.76 0.00 60.19 
.. E.NO-.J---· ----~71) .• 76----..:...---0• 00-----·-.:.--.60.1-9--------··--------------

... --- ... ----- ···---- -· --···------· -----. -·-----L------ -----------------------·-··----------------------··-· --····. --·- ..... . 
[ U(l-1 579.26 o.oo 60.18 

........• __ E:Jill" J _________ 1!i.Lio.-• .JJOutL-. _____ --1JO ... .JI1l _____ -Ollo.1.a _____ ~------·------------------: 

ENO-l 1574.01 UoOO 60.18 
EtJQ,.J.--·----Sl..9 .. Zb------.O•JUl.-----60 .•. 18 

------------ -----------·--·-··--· ........ - --·. 

----------------------------------'---------------·--- --- ... 
END-I 576.76 0.00 60.19 

.EUOd-------·-----.5-l& • .l&-------'-D •. 00------60.19-----------

16 ~NO-I ·s79i2& OoOO 60.18 . 
..... __________ £tW,:.J ____ -J1.:~'it..L7~4u•uDL1L-____ __;_uQ.....OuD _____ __.,6,..._.u..~,__ ___________ -'-------------.,.------------

·--------------------:--____: _________ ......:_ _______ _.:.:_ _______________ _ 

.. -·---·--·----------------------:----------..,..-----------------------
-------------- ·-···-·- ..... ·-·· 

--- ·--- .. --· ----·--------- --------------------

.... ·-···· ···- -----------------

---·- ---·-·· ..... -------- ------------------------------------ ·-·- __________________________________ _:_. ____ ----

-------------------·-·· --· --··· 
··--·· ···-· ·--- .. -··--- ~----- ------------ ·-· ----------··--·--·----·---------- --··---------

-------- ---------·----- ----· 

------------
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N 
~ 
I 

Tlll:llf; 5-8 LOW F.HQIIENCY CCFFF:E 'TIIRLE CASE R IRESPCNSE SPECTRUI"I 

~COAL 'PARTtCIPATIO~ FIICTORS ANO EARTHQUAKE RESPONSE 

OIRfCTION FAr.TO~S 

)I a: 1.000( v · -o.oooo l = -o.oooo 

[MJICATOR FCR OISPLIICEM[NT 01< ACCEI.Eil/ITJON ~PHHHIM = 

EQ.O DISPLACEVE~T 
£U.1 ACCELERATION 

~ODIIL PARTICIPATION 

._,ODE lC.:.OI~ECTTCN. 

.6oMF.~oo 

2 • 31119f.- 01 

3 .:..3~36F·•l0 

4 .:..1:'5lf··l3 

5 • i'i'58f.· I 4 

F.PCTOR!' 

., -Oli<F.Cll0" :Z;..OJ~ECTION 

.4P14f-1f. .2)94£-06 

-.95411'-\7 -.6o74Eoon 

.4532f·1f .f..OP.lE-1 j 

.:..A7?.P.f-n;: .nE:1E-14 

.?4<;0E-n?. .9110£-D 

SPECTRUM TAP.LE II..,PFRIAL VALLEY E.Q. ELCF.NlRO 1940 SF. 

NI.:MRER CF PCINTS := 
SCALE F.ACTOR :: 

INPUT 
POINT 

1 
?. 
J 
4 
o; 

"' 1 
A 
Q 

10 
11 

PF.:~IOO 

.i~9AE.-O?. 

.?1!60E-01 
• 58 0 Of'·- 01 
.1iooE.:.o1 
.c;i~oE-01 
.1140£•00 
• 1 4 1 Of ~ 0 0 
.17?.0E.OO 
,;;oooE.oo 
• ?5001'. 00 
,:a,3oE~oo 

SPf.ClRll' 
IIAL·tf 

• ]4c;oF..o3 
.~~OI'E+03 
• 77<;0f.03 
• 77~0F.. ~03 
,t,400E ~03 
, 1 1 A.P E ~ 0 4 
.]1APE.ct, 
,701lOE •03 
,P7IOE~03 
.A7JI)E•03 
,4000E•03 

.. 



I 
...... 
N 
\..11 
I 

TIIBLF. o;.qA LOW HfQIJENC'r CC.FFH TARLE CA~E R !RESPONSE SPECTRUI'I 

RESPO~Sf SPECTRU~ ClSPlACEMENT COI'PONENT~ 

11ESPON5E FCR IACCE 
F Rf. CliiEf\ CY = 11,71\97 .. 7 

DISPlA(f~fNl~JI<OlATIUNS OF UNRf:STRAJNf.O 1-<0CE~ 

NOOE· X- Y- 7.- )(. 

t-.IJI-lAfR U:ANSlAllON Hlll\!;lAl'JON TRAf\ISLATJON POlATIO"' 
1 ?.30?.5.0E-Q1 4,ci!:Q5JE-o4 4.45i?7f>F.-o7 1.119995£-08 
2 i?.3n2'5of-Ol ·4 .95QSOE-04' -2. 772P.9f-07 .,.,.1.i9e5E-o9 
3 2.3n25oE-01 -4.CJ5q51E-04 4,45264F.-o7 1,09991E-OI! 
4 2.3n250E-Ol 4 ,qc;q~nt:-o4. -2.7727t.F.-o7 -t...119soE-o9 
5 4,1':JA34E-01 .<;.7PJ5'oE-o4 -1,0h664E-07 1.37570E-08 
(, 4.~JAPOE-ill c;,7P.27oF.-o4 t.6,Sn3E-o7 .J,97518E-l1 
7 4.f1A34E-01 c;,7P15f..E-n4 5,19f.f09£-o7 -1.309f..IE-oe 
A 4 .(; 11l3ef -o·1 -1.7~;>91\f.-03 -e.ssJ51f-o" -4.SQ675E-09 
Q 4,f-:JA3ef-01 1 .7P29AE-03 8,RAHtF.-ol> 5.25760E-09 

10 4.I;JP34f-Ol -~.7P.1S4E-o4 •l.Mf.-611AE-07 1.37570E-08 
I 1 4.(;lf~ROE-Ol -G,7P27of.-04 l.M:-479£-07 -t.97463E-ll 
12 4,f.JI334E-01 -G,7fl\')f,f.04 s.tCJ645E-o7 -1.30962E-08 
13 4,1\jAJP.E-01 1. 7P2c;AI:.n3 -8.55352E-oo -4.59677£-09 
14 4.fi1831'E-01 -1.7P.?.'Hlf-03 8,1111662E'-06 5.257li1f-09 

HSPONSE fCF< MCOE ? 
FREQUHCY "' 8. ~ ( "·2 4 t-7. 

CJSPlii(F.Jo.lE~TSI~OlftlJONS OF UNRESTRAINED "·OOES 

NOO.f X- Y- 7- . x-
1\UMAER TI'<ANSLIH ION lRA"SlftTJON TRA~Slo\TJON ROTATJOI\ 

1 -1.43?.5~E-11 -4.1>1?A1~E-ll -1.3f3947E-OA -4.0~607£-10 
;:> 1.44951'£ -11 -4,H2Al6E-11 -l,3A947E'-OA -4.03607E-l0 
3 -1.43255E-11 4,A;;:f!\f,f-11 -1.3A941f-ol3 -4.01607E-l~ 

4 l.449'iff. -13 4.A;;:!:!1"f.-11 ·1.38947F.-OA -4.03607E-10 
5 1.e"7oc;E-13 c; .5;:?.47E-11 -2.754lAE'-oH .1;,46~01f-11 
6 I • 7N51!1'E -15 :"~,F,1303f-1A -2.7542nF.-oA 3.?.1>700E-l2 
7 -1.P?.?.Q7E-J3 -9.'5t'247E-11 -2.7541AE-OA -5.4n601E-11 
8 -6.51l1AP.E-14 .c;.c;;(:S'if-11 -2.75513£-0A -5,41\60IE-11 
9 6 .Cl?.?.94E -14 .c;.<;;fS'iE-11 -2, 75513f.-OA .r;,4nf>o1E-11 

J'O t.es7oPE -n -9 .5:??.'o7F.-1 \ -2.7541AE-OA -5.41>601E-11 
11 1.7o'ieH-l'i -~.l'l)]Of..f-1A -2.75420E-OA 3.2i>7oOE-12 
1?. -1.P.?297E-13 9.'ii??47E-t1 -2,7541Af-OA -5,4f..li01E-11 
13 -t-.5fl1POL.J4 c;.s:::l':s'>E-11 -2.7t;S13f-OA -5.4f>f..01f-11 
)4 I\,92302E-14 c;,c;;fS<;E-11 -2.755DF-oA -S.4(,(,o1E-1l 

v- . 2-
PCTATION ROTATIO" 

2 .1'94"F.f -Of> -t..72092E-n3 
2.1945t.E-06 .• I,. 72092E-03 

-2.1945f>E-06 ··f> • 72092E-03 
-2.1945H-Of> -F:. 72092E-03 
-4.3?~7AE-Of> ·-1.11324E-03 

1.9CJ957E-l?. ·-1.11324E-n3 
4 •. J2P.17£ -06 ·-I .11324E-03 

-9.I!071l3f-07 1. 7l867E-04 
.9.eo773f-o7 t.71867E-04 

4,3?.P.7'lf.-06 ··I .11324E-03 
-1.l:7P.75E-13 ··1 .11324E-03 
-4.·3?.P77E-06 ·•1,11324E-03 
9,eo7E~sE-o7 1. 71M7E-04 
9.80175E-07 1.71A67E-04 

Y- 2-
ROTATION POTATIOt-. 

3.2o3"il:lE-13 3.6171.9£-15 
-3 .·2.035AE -13 ·-3,6fi732E-15 
-3.203'iAE-13 3.61768£-15 

3;203SAE-13 ·-3.H733E-15 
6.31906E-l3 3.5P.057E-15 

-1.7R.<;JCJE-13 ··4 ,11153£-18 
6.31901',E-13 ·-3,58A79E-15 
7,8fo043E-13 .• J.2J096E-15 

-7.1!6041E-13 3.232?.3E-1S 
-6.31906£-13 1.58057£-15 

1.7A939E-13 ·•4,lll53E-lP. 
-6.31c;n~;E-13 .• J.5P.R79E-l5 
_., .et.o4JF. -13 -3.23096f-15 

7,86043E-D 3 ,23223f-15 



T~Blf 5-QB LOW f~EOUENCV"CCFFEE JARLE CASE B !RESPONSE SPECTRU~l 

RESPOI\SE SP.ECTRUM DISPl'ACEMfNT COII.PONENTS 

RESPONSE FCR MODE 3 
FREPUHCY - t7.·!:07Q t-7. 

CtSPL~(f~F.I\T~I~OTATJONS OF U"'RF.:St~AlNEO 1\00E.S 

NO OF.: )(. 
..,_ z- )(- Y- l-

1\UI-'AER T~AKSLA"liON TFlA,..SlATION TllANSLATlON ROTATIOh I<OTIITION POTATION 

1 -l.i?~072E -12. i' ,:l4595E-1<; i.9795oF.-t2 5.0312i£-14 1.231~4E-13 3.12733E·14 

i? -1 .23072E-1? -2.3459<;E-15 -1.n9soE-12 -5.03121E-14 1.231fi4E-11 3.12733E-14 
3 i.i.'3072E~l?. 2,34595E.-JS -1.97QSoE-12 -s.o:.Ht?iE-14 i,221iME-l3 --.1.12733E-i4 
4 J,23072E-1l.' -r.3459'iE-15 1,97950f.-12 s.o:u21E-14 t.·z:HME-13 .• J,l2733E-14 

5 ?.i1113E-ll' -4.6?'53?.[-JS :3.~Q71QF..:.J2 J,7AS16E-15 2,4294?F.-11 ·•2.,29603E-t5 

6 -2.oo471E..:n -3,02AI"f.l:':-?.5 3,39784F-t2 .c:;,2Q392E-16 2,45367E-13 3,44297E-25 
7 -2.111l::?E-12 4.~t'53?.E-15 3,3Q17Qf-12 3,7A516E-15 2,42<;42E-13 2,29603E-15 

A -2oli11QE-1? 1. i 'c; o of -15 l.26040f-12 J,3R9o5E-15 2,50P96E-13 .• 9,56130E-H 
.9 -?..iJii'IE-1?. -7.i19ooF.-t5 -1.z,o4oE.:.i2 -i .3o9osE.:.is 2,S0!!9f.E-13 .• Q,S6130E-l6 

I 0 •2.1ll13E-1?. -4,1\i'53?E"~15 -3,3Q77QE-12 -3.711511\E-15 2,42'142E-13 2,29603E-15 

11 •?, OOMI IE -2? 3,0:?!:40E-?.t; .j,JC)784f-12 c;,29392E-16 2.45367E-13 3,4099£-25 

12 2.11113E-1?. 4,1":?53?E.:.1s -3.3977QF.-12 -3,785J6E-15 2 ,4 7 c; 4 2 E - 1 3 .• ?.,29603E-15 
I 13 ?.illl'IE-12 7,1l9fiOE-l'i -1.?.6ii4oF.-t2 .J,3AQOSE-15 2,50P.Q6E-13 c;,S6130·E-16 

...... 14 ?.llll9E-12 -7.11900E-15 1,26040f-12 J,3flQ05E-15 2,SOPQH-11 Q,5f:l30E-111 
N 

"' I 

RESPONSE F-CR ~o~orE 4 
FREoun·cv = 4o.::?f.M ~ 7 

CISPL~CE~f~TS!~OTATIONS OF UNilESTRA JNEO I\ ODES 

NODE )(. v- z- )(-
..,_ z.-

1\U~AER T!:ANSL~liON lFlAt-.SliiTION TRANSLATION ROTATION UCTAliON flOTATION 
1 -1. 71970E -11> -1. 7040<;[ .... ~0 -3.oo93AE-2t -l.04439f-23 -1.723?JE-23 S,97019E-19 
2 J,71970E-lll -1.7040Sf-20 -3.0o931JE-21 -J.04439f-23 1.723?.JE-23 .• c:;,97019E-l9 
3 J,71970E-16 -J.7040SE-;:>o 3.oo93AF-2J J,044]9E-23 -t.7n2tE-23 ··5,970l9E-19 
4 -J.71970E-lll ·I. 7040<;E-;.>O J.oo93AE-21 t.04439E-23 1,723?1E-23 S,970t9E-19 
5 -9,9547'-E-?.0 -:!.3'5329[-?.0 1 , OIIAA6F. -24 -5,Jb558E-23 3,3990]£-23 ·-2, 9S029E-t8 
,., -9~9A19?.E-?.O -:l.:.H<;I!JE-20 1.1o7tf.lF.-Jn 7,76375E-33 1,602fl'if-31 ·-2,9S029E-t!! 
1 -9 ,<;5472E -20 -:!.~53?9E-i'O -t.nlli!I!II\E-?.4 5,16SS8E-23 -3,39c;01E-23 ·-?..95029£-18 
8 -3.~5333E-?.o -J.7!:otf-E-P 2. oo.l74f-2?. 'i,tf>c:iSI:\E-23 -1,2551!JE-?.l ·-t.09oo7E-t8 
9 3,1:53:1JE-?.o -1.7"0l'·f-t7 2.oo174F.-?2 'i,li\SSSE-23 l,2S5AtF-23 1,09007E-18 

10. .9.95472E-?o -:! .1" Ji."ll:.-?.11 ·l.Oil81l6F-24 'i,Jf>55AE-23 3,3'1c;OJE-?.3 2.950?.9[-18 
I 1 9,9At92E-?.o -:?.:l7QP.1E-20 -t.7t98]F.-31 ?.lf>73f.lE-32 },fS3F-'lE-31 2,950"29E-18 
12 9,95472f -20 -3 •. 1~ )2Q£-?.O 1. Of.8A(lf -?.'• -5,Jfi558E-23 -3,39c;o3E-21 2,Cii5029E-18 
13 3,1:533~E-20 - 1 • 1 ~ 0 I f,[ -17 -2.00t74f-?.?. -S.Jf,SSBE-23 -1.255P.lf.-23 1,09007E-18 
14 -3,f~313E-20 -J,7~r.JI'.E-17 ·2,00)74F-?.2 -5.111551:\F.-23 1,2'i~A1E-?1 ·-J,09007E-1f! 



I 
...... 
N 
'-1 
I 

T~BLE 5-9C LOW FFEOUENCY CCFFEE TAALE CASE B !RESPONSE SPECTRU~I 

RESPO~SE SPE~TRUM•CISP~ACEMENT CO~PONENTS --· 

RESPONSE FCR MCI:E 5 
FRF.t'llJEf\CY ·:: 41.·fi'64 ~-~ 

CISPL~CF.~f~l~IROT~TJONS OF UN~F.SlflAINED 1'\00F.:~ 

NODE ~- Y- 7.- x-
~UMRF.R lf'ANSLA"l JON· TJ;AI\SLATION TRANSLATION ROTATJOI'I 

1 -s .25i'O'•E -?.?. 7.Ati21JE-?.? 2.6537Af-17 6.'iM73E-20 
?. S.252o4E -n 7 .P4211E-?.i' 2.65371\f-)7 f..5M73E-20 
3 5.?.51 ~nE -?? 7.R4211E-??. -2.6c;J7Af.-J7 -6.%473F.-20 
4 •S.251POE-2? 7.A4211E-n -2 .li'i:HAE-17 -6.564 73£-20 
5 -3.435AeE-?5 1 .54?.<nE.:.21 -1.077MF-20 3.4CH67E-19 
(, -4 .nu:oE -n 1.511'14£-10 -9.3A3A7F.-30 -5.A7f.82E-32 
7 -3.4362H-25 1.54297£-21 l.017A6E-?0 .J.4Q767E-19 
A -1.2t.11H-25 t.5n'll5E-?.1 l.OR9?.1F.:-20 -3.49767E-19 
9 J.26094E-25 1.'50915£-21 t.oA92JE-20 -3.49767f-19 

10 3.436o4F.-25 1.54297£-21 l.071A6f-20 ·-3.49767£-19 
I 1 4 .t:7260E -23 1.51l'f4E-tA 3.1358iF.-30 -3.02567£-31 
12 3.4J6JOE-2'i 1.54297£-21 -l.0778f>E-?O 3.49767£-19 
13 J.26110E-2S 1.50915f:.;q -1.0A9?1F.'-20 3.4<1767£-19 
14 -1.2Mf!eE-25 j .S09!5E-21 -1.oA92JF.-2o 3.4'H67E-19 

SQUAPE ROOT OF ~~E ~UM ~F T~E SQUARES OF T~f NOOA~ OfFLECTIONS 

NOOE 
~UMRF.fl 

1 
i' 
~ 
4 
'5 
6 
7 
A 
9 

10 
11 
i2 
11 
)4 

CISPLACE~f.~TSJ~OlATIONS OF UNRESl~AINfO ~OOF.S 

x. 
Til~NSUI"l TON 
?.:!O?.SOE-01 
2 •. Jii?.50E-Ol 
2.~o?Sof.-nl 
2.~0?.50E-Ol 
4.6)A34E-Ol 
4.61Af!Of.-O) 
4.(:1A34f-Ol 
'••~IAJI:lf-111 
4ef.IA~PE-Ol 
4.611:134E-01 
4.f.IAI'OE-01 
4.E:1A34E-01 
4.6IA11'E-Ol 
4.t'183P.F.-01 

y. 
HA~SLATTON 

4.9595iE-04 
4 .9c.c;soE.:.o4 
'•. 'l~951 E-04 
4.9595of-o4 
<;.7P.)54f.-04 
c;.7f'2lOE-n4 
<;.7PJ51>E-04 
1.7P.2CJAE-OJ 
1. H2'1RE-03 
<;.7Pt54E-04 
c;.7P.27oE-o4 
c;.7P)51>E-o4 
l.7P2'lRE-o1 
1. 7P;.><;AE-01 

z­
TRANSLATioN 
4.45491£-07 
2.77637F-o7 
4.454AOE-o7 
2. 776?4f -o7 
l.RA6A'if-07 
1.6n766E-o7 
s.?019AF.-o7 
a.sc::Jc;f>E-o6 
8.AAI\65F.:-06 
1.AA7o<lF.'-07 
J.6A742F.-o7 
5.2o374F-o7 
f! .<>S3!'7F:-of> 
8.RA61\f>F-OI> 

x-
ROTATIO~ 

t.too69E-oa 
,.l3315E-09 
J.loo65E-oe 
6.132AOE-09 
t.3757JF.-08 
2.no201E-ll 
t.30962E-08 
4.5970AE-09 
5.?57/lBE-09 
t.J7571E-oe 
;;>.oot4AE-tt 
).30963£-08 
4.5<l7o9E.o9 
5.?'5789f-09 

.... 

Y-
RCTIITJON 

-5.4453oE-24 
s.445JoE-24 

-5.44530£-24 
5.4453oE-24 
}.07409£-23 
2.49404£-30 

-l.0740PE-23 
-13 .83fi\4E -24 

8.83t<A4E-24 
1.07409£-23 
4.94324£-31 

-l.0740<lE-23 
-A. 8 ~H4E -24 

e.BJ61\4E-24 

Y-
~ClllliON 

2.194'if>E-06 
2.1945f>E-Of> 
2.19456E-06 
2.l<l4Sr,E-06 
4.3?.P78E-06 
2.0?250E-12 
4 .:!;:oenE -n6 
9.Bn7P1E-07 
9.B0773E-07 
4.3?.1'7AE-OI\ 
3.4f><;9(,E-13 
4 .3?P77E -O!i 
9.807R'if-07 
9.8077SE-07 

Z·-
·fiOTATJOI\ 

1.29990£-24 
·-1.29990£-24 
·-1.299A6E-24 

J.299A6E-24 
·-i-.91656£-24 
·-1'!.9}669£-24 
·-6.91682£-24 
·-I .86oosE-?4 

t.At:oosE-?.4 
6.9J682E-24 
6.91669£-24 
6.91657£-24 
1.85996£-24 

·•i .BS996E-?.4 

7-
ROT ATIO~ 

6.72092E-03 
6.72092£-03 
6.72092£-03 
6.72092£-03 
l.l1324E-o:! 
t.llJ24E-oJ 
I. 11324E -o:! 
1.718t'17E-o4 
1.71A1>7E-04 
1.11324£-o~ 
1.11324E-o3 
1.11324E-O:! 
1.71A!i7f-04 
t.71R67E-04 



I ...... 
N 
00 
I 

T'BLE 5-90 LOW ~FEDUENCY ·cCFfEE TARLE CAS£ B IRESPO~SE SPECTRU~I 

RESPO~SE SPECTRUM FORCE COMPONENTS 

SUUPHF ~OOT 0~ l~E SU~ .Of THF ~CUARES OF THE ~OOAL FORCES 
tFOR ALL fLF.~ENTSI 

PX :: . X.~AX I AL FOP(£ T>' 
VY = 'f~SHEAH FORCE ~y 

\17. = 1-~H£.1\H FnncE W7. 
( JNITIIIL NOOF 
c = CF:NTER "OCE (FOR 
J = FINAL NCOE 

ElF"'H T TYPE 131C p T p E I I I ELEIIHT NUMBER 

Plll T 1 \IY IT l VZ ITI lX IT l "4Y IIi ... 7.1[) 
.<'974E +0.1 ·.29<;)£-03 .ln'nfto~ .n::>71F.~OO .5?29£.04 ·.)1r::;7E-O) 

ELEIAE~ T TYPF. 1310 p I p f. I I I ELEHNT NlJMHF.R 

P)( Ill II y ( J l V7 .I I l T X I II MY (II M2 I I I 
.2973£+01 ·.?1<;2F..:.o3 .7A44E+02 .6?.711'+00 .235)f+03 .3390£-02 

ELEMHT lYPF. (]10 F I p E , . I I I ELF.tJF.H Nl.l14RfR 

Pll II 1 IIY Ill V7. II l TXITI MY i 1 I MZ(ll 
.122PE+OI .Di?H-01 .6)86£•01 .s~'·'iF .:.o1 .1736Et02 ·.?Ql oE-o1 

ELEIAHT TYPF 131C p I p E "I I I ELEM£1\'T NIJMRER 

Plt I J I II Y I Tl VZI I I T )(II MY I I I MZII I 
.l:?;:>PF+Ol ,J?<;JE-ot .~>tP.6E•Ol ·.5"4'>F-07 .3600E+0? ·,P.S42E -0 l 

ELE(o<E~ T TYPF. ()lr. p I p F. I I I F.:LF.:foAF.I'\T NIIMAF.R 

PJC I I 1 II VI II V7 I I l TlC I J I "4Yill MZ Ill. 
.?973f.+03 ·.1814F-03 .71'44£•0?. .n?71f+00 .4049f.+04 .1200E-01 

ELEMH T TYPE 1311:: p I p F. I. I I ElEfoAHT NIIMAf_R 

P)C II 1 VY IT I V7 I I I l X I II liV I I I IAZIII 
.?.97'•f. 01 ·,:?JP4f.-03 ,)OQ)f.+03 .£·?"11F .on .21<;Jf+03 ·.31A3f.-o?. 

~l. •.• 

· .. ~; 

= lC-TioiiSliNG lolOtJHT 
= y. AENDlNI: ~O,.F.·" 1 
= z- f.'ENDJN<l MO~HT 

PIPE l:!f.•~O ONLY I 

1 ) 

PXIJI VYIJ) 
.2974f+03 .?Q91F.-03 

21 

PXIJI VYIJI 
.2973£+03 • 2 39 2E·- 0 3 

31 

PXIJI VY IJ I 
.l22H+Ol .132AF.-o1 

4 I 

PIIIJI VY I•JI 
.1?2!!E+OI .12'il3E-ol 

51 

PlCIJI VYIJI 
.?973E+03 .1Al4E-o3 

61 

Pli(J) VYIJI 
,?.974£ +03 .21P4f-03 

VZIJI Tit I Jl MYIJI MZIJl 
.1093£+03 •627lf+00 .2351E+03 .3390£-02 

117.(JI TX(JI MYIJI MZIJI 
• Hl44E+02 .6271£~00 .4049£+04 • iso2E-n1 

V7.1Jl lX IJI ~YIJI ~ZIJI 

.6t8H.oi .Sll45E-o7 .Jt.noE•O? .AS42E.:.ot 

VliJl TXIJI MYIJI MZIJI 
.I'IJ86E•Oi ,5645E-o7 • )736f.+02 .260AE~Ol 

VZIJI TXIJI MYIJI "'liJ) 
.7~44£~0? .6271E+00 .235lf+03 .31A3E-02 

VZIJI TX IJI I-IYIJI l-IZ IJI 
.1093f.+0) .6?71E •00 .S2?'ilf•04 .-7716£-02 

' 
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T-BLE 5·9E ~OW ~~EOUENCY CCFFF.E TARLE CASE B CRESPCNSE SPECTRU~I 

RESPOI\SE SPECTRUM FCRCE.COMPONENTS 

HEME I\ T TVPF. 1~10 P I P f I I I ELEMH'T NtiM~En I 71 

PXIII IJYill V7111 Hill HY(ll MZ(II PXIJI \IY('Jl V7CJI Tli(Jl 14Y(Jl foiZCJl 
.?974f·O~ .~1P4E-03 .J093E•03 .6?71Fo00 .5729fo04 ~77~7E-02 .2~t4E•03 .z1e4E-03 .J093E•03 .6271E~oo .2l51E•03 .3l~3E~02 

ELE..,fi\T TYPF 1310 F 1 p E I I I EL E I"F.I\ T NUMBER ( Ill 

PX I l I II'\' It I VZIII l ~ 1J I MY III MZill PX(JI \IYIJI V7CJI TXCJI My(JI MZCJI 

.2973[•03 ,lR14E-03 .71144[•02 ".f•271F oOO .2151E•03 ·.31A3E-02 .2973.E •.03 .1814E-03 .71144[•02 .fi?71E •00 .4049E+04 .i200E~Ol 

HEI'EI\ T TYPF I31C p I p E I I I ElEI-lENT NllMBEJl 9) 

Pli1T1 II 'I' I T I · VZ.II l TXI J1 t-IYI.ll M7. C J l PX(J) \IVIJI VZIJl ·rx IJl MYIJI MZCJI 

.!"?2P.E•n1 .17'i3E-Ol .f>)II6E+nl .17:-l'•f-07 .1736[•02 ·.260AE-Ol .122P.E•Ol • J293E-ol .61B6E•oi .1734E-o7 .31\0oE•O?. .8542E-Ol 

HE I-lEI\ T TVPF. 13/f1 p J p E I I I ELEfoiEI\T NIJMBER ( 10 l 

PX I J 1 vy IT 1 VZ (I) TX IT l '1YIIl MZ I II PXIJI 1/Y I"Jl VZCJI TX IJI M't'IJI MZIJI 

.l??Pf.+Ol .l1?flf-OI .f',JAI\E+Ol .171(-.f-07 .3600F.o0?. ·.!1542E-01 .122RE.01 .132RE-Ol .6)8f.Eo0) • l736E-07 .173t.E+Oi? .29JOE-Ol 

ELE~fi\T lYPF. n/r. F I p E I I I f.LF.tJEfl'f NIJMBER I 11 I 

P X I l 1 \IY IT I V7 Ill rq Tl MY Ill Mz I II PX(J) IIYIJ) VZIJI TXCJI My(J) M7(JI 

.2973[•01 .219?1:-03 .!P.I•4E•02 .6271f•OO .4049f.+04 .1502E-Ol .2973E+03 .?.J<;?.E-03 .7A44E+O?. .6271£+00 .235)[+01 • 339ciE-o2 

ELEI"'EI\ T TYPF. i:l/11 F I p E I I I f.LEI'ENT NIIMBF.:R ( 12 I 

PX I II \I'\' I J I Vlll I l X I I I I-IV I II MZ Ill PXIJ) 11Y I'JI V71Jl TX IJI t-IY(JI "'liJI 

.2974E+O~ .?Q<;)F.-0~ .I09~E•03 .f.?71Fo00 .2351E+03 .3390F.-02 .2974E.o3 .29<;11:-03 .1n93E.n1 .6271E+00 .S229E•04 .1157[~01 

Elf"'HT TYPE 1110 p I p 1: I I I .FLEMF.tq NlJMflfP ( 13 I 

P ~Ill II'\' Ill liZ I I l l)((J) MV (I I ""ZI I I PXCJI \'YIJI VZIJI TXIJI MYIJI lo47CJI 

.1217E•n? .?97~F.o3 .l;>?BE•OI .140RF.Ol .16-nF•O?. .4049E•04 .1237E•02 .2972f +03 .1?.2f!E•ni .1408E-Ol .614Qf+01 .14A6E•04 



TABLE S~'IF LOW P.HQIJENCY- COfFEE TARLE CASE R I-RESPONSE SPECTRI.J.,I 

RESPO~SE SPECTRUM .FCRCE COMPONENTS 

-' ... 



TABLE 5-10 lOW f'~EQIJENCV ·ccFFF.E TAFIU: CASE R (HESPONSE SPECTI<U"'l 

Rf'SPOI\SE SFECTRIJM STRESS CO,..PONENTS 

ELEMEt>IT ElF"'ENT LCJ!O STATIO" I.NGTOl. CIRCl!MF St'E /IR 
1\UMAEH TYPE CA5E STRESS STRF.S5 STHSS 

TAI\ClENl EI\C.;,l 9~03.021 o.ono 102.254 
f "c -'J li91i.134 o.ono 102.254 

2 TAI\GfNl 1. f.I\C-1 £,96.071 o.niio 73.554 
H.c.:.J 749<1.001 o.ooo 13.554 

3 TAI\ClENl EI\C-1 12.101 o.ooo 5.757 
EI\C -'J ~o.s.3S7 o.non 5.757 

4 TAl\ GENT HC-1 f-5.357 o.onn 5.757 
EI\C~J ~2. t·o 1 o.ono 5.757 

5 TAI\G"fNT f.I\C-J 7499.001 o.non 73.554 
EI\C.;,J ~9f>.072 o.noo 73.554 

6 TAI\GEII!T "E" C -1 fl%.134 o.nno 102.254 
f.I\C-J 9fl03.027 o.ooo 102.254 

I 1 TAl\ GENT HC.;,I 9601.027 o.ono 102.254 
...... EI\C-·J f,9f1.134 o.ooo 102.254 w 
...... 
I A. TAI\GENT EI\C.;,I li%.072 o.oiio 73.554 

EI\C..-J 7499.001 o.ono 73.554 

q TA~GENT I oc.:.1 n.IOI o.ooo 5.757 
fi\I:..;J f-5.357 o.ono 5.757 

I o TAl\ GENT HC-T 1-5.357 o.oo.!l 5.757 
f:l\0-lJ 3t'. 1 0 I o.oon 5.757 

J.l TAl\ GENT HC-1 7499.001 o.ono 13 -~54 
f. I\ c .JJ 696.073 0.1'00 73.554 

1?. TIII\"GENT E" t- I (,9(,.}34 o.ono 102.254 
f.I\C-J 9f>03.027 o.ono 102.254 

13 TAI\Gf:Nl EI\C-1 72~~.897 n.ooo 276.5f:3 
F.: tiC -J '?.1.1-2.199 O.!lnO 2H:.5f,3 

14 TAI\Gf.Nl EI\C.J 2F.c;o.6A£, n.noo 276.608 
fi\C.J 2~c:;0.68(, o.ooo 276.608 

15 TAl\ GENT E"l:-1 ?.f.l·>2. )9~ o.ooo i!H .563 
f. 1\t.: -·J 7?11 .• 1J97 o.oon 2H.5l:3 

16 T Atd;ENT Fl\ t:- J 7?~3.897 o.non 276.563 
EI\C-J ?.1.~'2.199 n.ono 27l:.5f.3 

. 17 TAl\ GENT F.I\C-1 ?.F~c;o.f.Aii o.nno 276.(,08 
HC-·J 21-c:; II. F,P(, n.ono 216 .flo A 
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---------~ 

----------- · ---- ··· rii~iT·5·.::i 1- L:ow- rREoUENcv conE£. fA.riiT.cAs£ ·c-csrfi>--riv.:srtfi INTF.GRAHoNI 

-----~ ___ .. ___ __ _ ___ . __ . ______ o __ l __ :;: __ ~ __ t. __ ~---~--L ~- .L!:LT .. !LA. X. I .. " .!1 _____ . _ _ --·-··. 

"OOE OISPL~CEHEHT HAXIHUH TTHE AT PLOT 
-~~~~~~--- ___ . ~ ()11_~q !!P~! ·----------- --~~_t,U,!: __ ----· ____ .!:!A. x __ I ti\J.H . __ ~-y~~-~l. _____ ..... ___ ... ·---- ____________ ······-- _______ --···-- ____ . -·-··. __ . __________ ... _ .. ____ .. 

1 1 4.9911~£-02 2.5000£+00 NA ·--· ----. - ..... --··- ..... ····- -·- 2·-· -·. i~-iiii ~j £::<(i.i; ·---- ·z ~ 5 OiHi£.+iJ 0- N A -----··- .. --·· ·-·-·-··- ··---- --- . -- -- ---· -- ..... -.- .. -- ... --· .. - ··-·· .... - - .• -. 

---· 3 7.6501f.-OII 2 •. ~_1!_QOftQJ! _NA 
1 4.q965f-02 z.SOOOE+OO ~A z -.--------------

--------·- ·· --------- ------------ -~ ------ -~: ~~H~=-~~--- t~~~H :~:--------~~-------------------------------------- ------- ·····------ ---·-· --- ··· 
3 1... '•. qq fl'i~-02 ........ 2 ~ ':iO ODE ~00 IU ___ ------ ..... -·-·-·-··- -·· _ ..... _ .. ··---- .... ··-----. _____ ........ ------ ______ , . 

2 1.011SJE-04 2.5000E+OO NA 
________________ 3 ___ l_•_!!~.9~t-:!!!! __ L~.HI11!E!!!.!I ~" 

4 1 4.qq115E-02 2.5000E+OO ~A 
2 t.OR53E-04 2.5000E+OO NA 

..... ·-· ------- ---- -· ·- -- ·j ·------, ~ iis ot;£:.:us-- ·:-z ~ soiiof+oo---·--:"A -··-·-----------------------------· ··-··---- -------- -· ------- .... --------·- -··-··· · · · ·-
5 1 1.0054£-01 Z.SOOCE+OO NA . ·-----· ·-----·-····- ·- -------- x----·-z-: i4osr.:·o4·--·z: siioiiE:ioo _______ NA·---------------------------------·-------------------------· ----·- -------- ·· 

----=-3 _ __,_7. 7840£-06 . 2.5U00£J00 NA 1 1.oosse-o1 z.soooft0o-----.~N7A ________ ~----------------------------------
2 2.1406£-04 2o5000E+OO. ~A . - ---··· --· ·---- ··- ·· :r------;;:·<f9s4·E::-rz--z--;s ooot+oo·--- ---~;;:---~------:·----------------------------· --··-----------·-··-- -- --·- · ·· 

... - . -· -··- _L ____ J! 0~ '?~~=~~- ___ 2_! 5~~~1::~~~ _ __: ____ !'!,~-~-----------------·- ---------· ··----··-- -----· --··--·-··-· ...... _____ , __ ···-- .. -· 
2 z.t405E-04 2.5000£+00 ~A 

7 

_ --------------~--7..!l.!!.ill:9_8 __ 2_!_~!!Q.~t::•oo ~1\ __ _ -------'------------------·-------·- ...... --
II 1 t.OU54£-0l 2.5000£+00 ~A 

2 J.qo1&E-04 Z.5000E+OO NA 
--- - -------j -------f~ 92 fl)E:.o r,-·--·z ;·5 iilioE f.ilii _________ Nil ------· ------···-. ---- ------······ --· ·- ... -· ..... --- ... ·-···- ·-· -···-·-- -· .... ··- .... 

1 1.0C54E-01 2.5000£+00 NA z·· --· ·3~qj16E:.o .. ·---·-z.sooUE+oo-- -----··~A-·-------------····--·- · ---------- ·- ·-··· · -· ·- · · ·· ·· --· ·· ··· · ·· 

l t.qztq£-OL 2,SOOOEt~O NA ----1-o-··-· --------.---t:-ii0'5•,-i:=-o-i---2-:soo-~i·+-iiii ____ N_A ___________________________________________ --------- ---------··---
z 2.1405£-D~ 2.50Dfif+OO ~A 

·····-- -··· .. ."j -7.71-.lOE~OH z.s~J~oEf.oo ~A 

__ q_ __ . L . .. t~ 91J 5 c; ~ :-0 L .... 2. 50 o I'E • D il . ·-.'I 1\. 
2 ?.l~~IIE-04 2.5000E+OO ~A 

---·------··-·-·t. _______ ';i • lL~ '\..f-=:1 f_ ___ ~_. __ 5_l!_CQ f +Oil.__----· ··---~"-- ------ ______ -·--··---------·-···- ______ ... 
12 1 1.0~54£-01 2.500Gft00 NA 

2 ?.14t5F-fi~ 2.5iiOeE+OO NA 
.l 7. ; II;; 1 E- II II --- - Z. S 0 CC E t.O iJ ~A 

. __ u 1 1.0~54F-V1 J.5QPOEtO~ NA 
2 J.q~i~E:g~· 2.S~OOEtOO ~A 

___________________ .. l. ____ l,.n t'K:Il! ------~. s!'Q_Qf.t01l.. . _____ ~~- __ . 
. 14 I 1.Ut5~E-C1 Z.SaCfE+OO ~A 

Z .. ~.'lt'~<,:2~l'~ Z!S:JUOf•OiJ ~A 
1 1.q?1qr:-n~ z.5acrE+OO ~A 



.. TAiiLE s.::"i"z ioii" flitQUENCY COfFE( T-AOLE i;"As[""ciSTEP..:oy..:sTEi> IiHioGRATIOIII 
__ ·-··· ..... ____ ...... ______ ........ f. _Q_~_ !! . L . ..!t.JL!'L !'_ C) __ tL ~-- N. L .. ~. ~. )(_ I _ t.LL ..... - ...... _ ..... _ -··... _. ·-

Ei.EiWif .i. o·cli1 r·oil· -- -··--·--··-··raP.cC· -----·-·-· HA id Htftf- ·- ········ . ti HE. AT--· ··-- .... 
tiU!1l)fR ...... __ H CSJ!'!PQ_Nrt~r_ ...•.. -· ·-····· ....•.....•. ···- ... V~LUE .... _ ··- .... !'I~K!.HU~. 

l EliO-T fX f>.5071t£+01 2.SOOOE•OO -------------------"f=v· s. 524-RF.:o·s·--r.soiiiiE"+_o_o -----------------·---·-··----------------·-- -----·-··-· · 
fZ 2,3555f+Ol 2,5000EtOU ·- ----------- --, ;(- -------1 ~ 362 zr::-il r ---··z-. s ooo·e.·+ oo·----------- · --..----- ·- ---------------------- ---- -------- ----------------------- ----·· -- · 
HY l.tl23E+03 2.5000E+OO ··- ·- -· ·-···-· · · ·--- -- ·---- ·- - ·-- -·-··--- 11 t ·----· ----2. 1J"i.q 7Fin-· ·2 ~-5 oo oE+o o ---------·----- -·· ·----- ---------·- ·-· -· · -- · ·· ··--· · --·----·-------·- --

------··--··---·---·---·---·--------
1 EIIO-J fX 6,'i071t[t01 2.5000Et00 - --- ·- ·· ·· ·--··· · --- ·-- - · --·-·- ---i' v -···----·-, ~sz~ iir: o·s··-· ·· 3~-sooo·E +oii -------- · -------·~----· -··--· -··---·--- ·--- --·--·-----· -- · --- -- ··- ---····· · 

fZ 2.l~5SEt01 • 2.5000~+00 ---- ----- · -- --------------- ---·-···-·P·-------- -r x ------~-~-Jsz zr=·t;-i·---- 2-~·soo-OE:t oo- ··-·------------- ----------------------------------- --.. ---------=·-- ------- ------------ - ···· 

. ------------- Hl' 4,6__16iEt.J!.J _ _!!..!.90ll.f!~t.9.9. -·----------- ·-·-· --- · 
HZ 9.oq51E-04 J.5000E+OO 

--------------·-··ri ··-------------6 ~-s·os·at·•·or-----z~-15-00ot·•-;io-··---------~---.. -------- ·-----L-----------------------~- ---------------------- ·-·- - · · · 

fY S.l~!.?..'!.s:-:.!!.5 2.50DilE+O~ ----------- ---···-··-- -·- --· ·-· .. 
fZ 1.7287£+01 ·2.5000E+OO 
TX. 1,3622£-01 2.5000E+OO . ··---- - --·- ·-· ·11-v···-- ----- ;~~ e 9 ii if +o r·--- i;: q o ii"ot·• ·a o··--·· ------·-··-------- ··-- -------·--·--·------ -- ·· ·- ------ ·---·- -· ·· --- ···- · · 

. ··- -------·-. ___ ----·-····-'g_·-·-··--~~-!.o~~.tE.:- .9.!!.. ____ ~! ~.!!.!!.~~_+.o~------ ----· , __ -·------. ··-- -·---····-----··--- _ . --·-- --·-----···--- ·-·· ___ -·-

-'--------- .. -----· ....... . 
2 fNO-J ·rx &.5056E+ot 2.5oooE•oo 

fY 5.J47~E-OS 2.500~Et00 ··· ·------ -··· ·· · ---· ·- ------------ ·-F i . ... ··--------1 ~ 12 a 7~ + ·o 'i · · ···- ·z; 5·0 0 0 r'+ 00 --- .. ··-·-- · · ·- ··-
rx t.JK22f-Ot 2.soooE+OO i1v-· --·-·--·-8:6f>OJft02 2.5illiliE+ori·- -- ·--··----· ...... ·--· -·- . ···- .. . 

___ • 11Z ___ _ld~.9_7E:.IL3 __ ~.2JH!.!LE_+!!l._ _______ .. ·-·---·-·------------··- ·--······----·-··· ····--·-----·----·---······ 

____ J ..... -.[NO-:!. FX 2,7055£-01 
i' v .. -· .. i ~ o s t ~r.- o j 

.. ··-·-· _ --·-···-· --·- .. __ ··-- ·-·--··-..£.?._ ___________ !_! ;_! 6,! .. f. I 0 0 
r~ s.802tf-oq 
HX . l,R25JftOQ 
1:7. -f.~,.r.,··r·:.o.i 

2,5GU0£+00 
Z.SOOOftOO 

. ?. ,_'H Q Q f.• 9 ~- ... 
2.50D'lE+OCi 
2. 500n£ tOO 
2.srotJE•Iiu 



.1 Hill- J. F lC 2. 7 0 5 Sf- 0 1 Z.% 0 0 E + 0 0 --------·-· -·--·------r·v--~osi -~-r-=o·i---·2: so o-~-ftii a---------··------------------ ····· ----·· -·-··--· ·--·-- -···· 
FZ 1.36J~ft00 2.5000[+00 · -- -·-·-··--···· ··· ····-······· · ·--·····-·Ti< ·- ··· -···a~-8il2Lf.:.oq ·-· z.siiooE·•oo-···-··-···· 

Z.50ii0Et00 . ... 2~ 500\it+·oo·-- .... ··-···-- ..... ·- .. ·····-·-····. ···----···· - .... 

... --------·---··--·--···--~---· . ·-- .. -···--··· --····· -----·-· -·-···· -- ·····------- ·-· ... ---------·····-·. 
[I HI- I FX 2.7055£-01 2.5000[+00 . ' 

..... ·---··· FY........ 3.0518£-0l .... ___ 2.~90~E~OO ---·---·--·--·-···-··- . ··-· -------····-. ·--···----·-·- ·---··-···-·· .... 
FZ 1.J6J~E+OO 2.5000Et00 

___ T !C----~...!..'lO_P.Jf.:_Q..9._? .... 5..oJI.Q ~-OQ ____________________ .. ____________________________ .... 

HV 7.q145ft00 2~5000Et00 

___ .. __ . . ......................... _ ... __ --------~!_2; _______ 1.~.~1}~~~::: 11.? ..... _ -~! ~-QoP:~-~qQ ----·---~------~- ----------· -----·----- -- ............... ··---- --·---. ·- ... --· 

·--·--·~. .... -- --£1-io:..:.i .. ____________ Fie ~------2~-r·o·s·sE"::oi·------2 :-sooo-f+o·o·-----·--.. -- --· --------- - .. -- ........ _____ .. _____ --- ...... --- --------- ·-· .... -
FY l. !!.U.!!f.- o J __ ~.!-2!!Jl_Qf.!.!! 0'.'-----------------------
FZ 1.JnJ~EtOO 2.500UEtOO 
Tx o.oooJF.-oq z.5ooot+oo · .. ·- -- ·--- ·-· -- --- .. ·-·----t1v -----· ---3~ iizs:i£iiio------2·. siioiiE"+.iio ·-·--·- --·-----------·----------·-· ........ -------·--·-------·--- .......... .. 

... ... .... .. .. . ..... .. .... .. ____________ !fL ........... --J>-~.a. 7.f'!.!!L:.!I ... :t ___ .. ?_!..'?Qo Q~ tl!!! .. _. ___________ , ________ :_ _______ c ..... -· --·-- ......... ---- ..... _. _____ .... - .. -- . 

---·----~----

, 5 € 1-10- I F X 1>. 50~ II F. t 0 1 Z. 'i 0 0 0 E t 0 0 
=· --·- .... ·---- ..... · .... _____ .. ____ ·;:-.;·----·s:·3~T&t=o·s--·z~·soo·or•·ao--------------·--·------.. -··-----.. ·--·-·---·--·---.... -·-·--· ..... ... 
.... .... ···--· ............... _. ---·---------·--·- .EJ .. _. ____ !.!1.:2~ ~!0.!9.! ___ ?.! ~Q~Qf!QQ______________ _ ______ ... __ , __________ -----.. ---· ........... .. 
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