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I. Introduction 

Piping analysis is one of the most extensive engineering 

efforts required for the design of nuclear reactors. such 

analysis is normally carried out by use of computer programs 

which can handle complex piping geometries and various loading 

conditions, (static or dynamic). 

There are many computer programs, some of which are avail­

able free pr at a nominal fee, and others that are either corn-

rnercially available or the proprietary property of individual 

companies engaged in the analysis of piping systems. While it 

is generally recognized that .. the theoretical basis for elastic 

piping analysis is well founded, 
1 

there can still be deviations 

when comparing answers obtained from different computer codes. 

These can be due either to limitations on applicability of· 

particular programs, or even unintentional coding errors intro-

duced into the various thousands of statements and commands 

comprising the typical piping code. such deviations, can be 

determined by appropriate benchmark solutions. In this cbn­

nection, several relatively simple benchmark problerns·have been 

published for co~puter program verifications. 2 

The objective of this report is to first verify EPIPE, an 

existing piping program at Brookhaven National Laboratories (BNL) 

and at the same time generate solutions for benchmark problems, 

that are more complex than those published in (2) with regards 
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to loading conditions and piping system geometrices, etc. 

solutions can then be used as an effective tool for piping 

program verifications. 

This report contains a brief outline of the theor~tical 

background f6r.the EPIPE program, together with four benchmark 

problems: two for the static case and two for the dynamic case. 

The results obtained from E~IPE runs compare well with those 

available from known analytical solutions or from other inde­

pendent computer programs. 

-2...: 



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 requ~rements. The piping system may consist of 

straight element·s, 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 o-f the aforementioned conditions. 

. . 
since the elastic piping analysis method is a wel~ established 

procedure,. in depth discussions of the theoretical qevelopment 

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

the theoretical considerations used in obtaining the static and 

dynamic solutions to be discussed la'ter 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 ~everal 

references such as (6) and (7). For a curved pipe or tee, the 

flexibility factor and stress intensification factor must 

-3-



be. considere~ in the ·formulation of the stiffness matrix and· in 

the stress calculations, respectively. Tnese factors are 

5 8 generally functions of pipe geometry and internal pressure. ' 

From the EPIPE program, the static response of a piping 

system is obtained in the form of nodal displacements, 

~esultant forces, and stresses ~t design~ted lo~ation~. 

2. Dynamic Analysis 

The dynamic response of a piping syS?tem is described 

mathematic~lly by the equations of motion 

.CMJ (u} + [cJ {u} + [K] tuJ = (R(t)} .. (1) : 

Only the lumped mass approximation is allowed. Thus, in 

equation (1) M represents the diagonal mass matr.ix of the 

structure, u, the no.dal acceleration vector; u, the nodal 

velocity vect6r; C, a damping matrix, for which the Ragleigh 

damping is assumed;ie, C=~+SK, where both ~ and S are 

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

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

time-dependent loads 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 ana.lys.is. All three methods a~e available in the 

EPIPE program. 

-4-
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2.1 Mode Superposition Method 

In order to employ the mode superposition method, it is first 

necessary to compute the natural frequencies (or eigenvalues) 

and corresponding mode shape$ of the piping system. A choice 

of two different solution procedures is available in the EPIPE 

program to find the eigenvalues: a determinant 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 i~ 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, th~ dynamic response of 

the piping is assumed to be adequately described by p -· 

lowest vibration modes·. Sl:lbsequently, the equations of 

motion (1) are decomposed into p uncoupled second order 

differential equations. Each equation is sqlved by numerical 

integration and the final response is obtained by superposition 

of the various contributions of the individual modes. 

2.2 Direct Integration Method 

The ~quations of motion (1) can be solved directly by 

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

complete time-history response of the piping is obtained. 

-5-



In the EPIPE program, the Wilson 9 method is used, which is 

cqnsidered to be unconditionally stable. The numerical 

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

(4) 0 

·2. 3 Response Spectrum Analysis 

The response spectrum analysis method is often used to de­

termine the dy-namic 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 

ass~es that the respon~e 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 

o~tlined in (8). The total response 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 re~ponse spectrum method normally gives higher (or more 

conservative) values than those obtained 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. 

case a and b 

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. 

In the first problem, two di~ferent cases were considered; 

case b includes the effect of internal pressure on the flex­

ibility calculation for the pipe bends, and· case a neglects 

such effects. 

The dynamic problems, (2 and 3), the piping systems 

were assumedto be subjected to ground motion of the Imperial 

Valley Earthquake, El Centro Site, May 1940, in the S-E direction. 

A digitized acceleration time-history was obtained from reference 

(9) and corresponding to this accelerogram, the spectral ac­

celeration was generated according to the procedure outlined in 

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

for the response spectrum analysis. The dynamic response for both 

problems were analyzed by-all three methods outlined previously 

in section II, i.e., 

-7-



case a- Time-history analysis (mode 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 frequertcies and vib~ation modes. 

b) Modal participation factors (for Case b 9nlyj. 

c) Maximum nod~l displacements and their occurrence· time. 

d) Maximum forces and moments at nodes. 

e) MaximUm s·tresses. 

It is noted that the maximum forces, moments and stresses are 

the absolute maximum values. 

Finally, the last benchmark solution is for a pipework 

. 11 
problem provided to BNL by Spence. 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-lc. 
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(c) Sign convention· 

Fig 1.1 

Where Vy, 
Nx 
My, 
Mt . 

Local Coordinate Systems· (x, y, z) of Pipe Elements 
in Relation to the Global System (X, Y, Z) 

and 

Sign Convention for Forces and Moments . 
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Problem 1·- Static Response of Hovgaard Bend 

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

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

has been analyzed. The resultant moments and forces in the 

. 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 Description · 

i. Geometry - The configuration of the Hovgaard bend, 

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 diamet~r (inches) 7.288 

Wall thickness (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 

to an internal pressure of 400 psi and a uniform-temperature 

of 850°F. Two cases were considered: 

-9-
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Fig. 1-2 

A Hovgaard Bend 

(Figure not to scale) 

-10-

· .. 



case a - Effect of internal pressure was neglected in the 

pipe bend flexibility. 

case b - Effect of internal pressure was inciuded. 

Analysis Results 

In Table 1-1, the end reactions 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 internal 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. 

For the purpose of comparison, Tables 1-2 and 1-3 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 shbwn in Table 1-4. 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. 

Tables 1-5 to 1-10 show the computer output of the nodal 

displacements,resultant forces, and pipe stresses for Cases 

a and b. It is importa.nt to note from Tables 1-6 and 1-9 that 

the maximum moments for Case b (which as mentioned consider 

the effect of internal pressure for the pipe bends) are much 

higher than the corresponding values shown.for case a. 
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M {in-lb) 
X 

M · {in-lb) 
y 

M {in-lb) z 

F {lb) 
X 

·p {lb). 
y 

F {lb). 
z 

Table 1-1 

Moments and Forces Acting on Restraints 

EPIPE 

End A End B 
... 

..:57700.8 98234.4 

+13536.0 -80684.4 

+132865.0 -63495.6 

-1792.5 .+1792.4 

-1761.4 +1762.7 

-659.3 +659.2 

Analytical Method* 
[12-. lil 

End A End B 
. -

-56040 +95040 

+14400 -80520 

+133080 -63360 

-1750 +1750 

-1710 +1710 

-640 +640 

End A 
.. 

-55624.8 

+14494.8 

PIPDYN 
[14] 

End B 

+93732.5 

-79972.8 

+132303.6 -62868 

-1737.2 +1737. 2 

-1686.3 +1686.3 

-636.7 +636.7 

*evaluated from equations 20 through 25 in reference 13. 
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M b em er T Lype a ~on St t' 

1 Tangent End-! 
End-J 

•. 

~. Bend End- I L 

Center 
End-J 

3 Tangent End-! 
End-J 

4 Bend End- I 
Center 
End-J 

5 Tangent End-! 
End-J 

Table 1-2 

Pipes Forc~s and Moments from 'EPIPE' 

A . 1 x~a 

-1761.4 
-1761.4 

-1762.8 
-2514.0 
-1792.5 

-1792.9 
-1792.9 

-1792.4 
-1733.7 
- 659.4 

- 659.2 
- 659~2 

Y-Axis 
Sh ear 

- 659.3 . 
- 659.3 

-1792.5 
- 21.1 
1762.7 

-1762.7 
-1762.7 

- 659.4 
801.2 

1792.4 

-1762.7 
-1762.7 

Z-Axis 
Sh ear 

-1792.5 
-1792.5 

659.3 
659.3 
659·. 3 

-·659.3 
- 659.3 

1762.7 
1762.7 

·1762.7 

1792.4 
1792.4 

-13-

Torsional 
M t omen 

13535.8 
13535.8 

13535.9 
26545.3 
38023.5 

38023.5 
38023.5 

38023.5 
45280.6 
63495.6 

63495.8 
63495.8 

-

-
-

-

Y-Axis 
M t omen 

13286'5 
62336. 7 

14092.2 
17315.4 
10395.5 

10395.6 
33933.1 

490~9 

18011.6 
25963.1 

7197.6 
80684.1 

z:_Axis 
M t omen 

-57700.7 
14092.2 

62335.5 
89607.3 
63419.8 

-63418 
- . ~92 .1 

33930.0 
31800.0 

- 7197.9 

25962.9 
98234.3 



.'. 

·-----------------------------------------------~-------:-----, 

M b em er T Lype St t' a 1on 

1. Tangent End-I 
End-J 

2 Bend End-! 
Center 
End-J 

3 Tangent. End-! 
End-J 

4 Bend End-I 
Center 
End-J 

5 Tangent End-! 
End-J 

* see note page 11 

Table. 1-3 · 

Pipes Forces and Moments (Analytical Method).* 

A XJ.a 1 

-1710 
-1710. 

-1710 
-2446.2 
-1750 

-1750 
-1750 

-1750 
-1689.7 
- 640 

- 640 
- 640 

Y-Axis 
Sh ear 

- ·640 
- 640 

-1750 
- 28.3 

1710 

-1710 
-1710 

- 640 
784.8 

1750 

-1710 
-1710 

Z-Axis 
Sh ear 

-1750' 
-1750 

640 
640 
640 

- 640 
- 640 

1710 
1710 
1710 

1750() 
1750 

-14-

Torsional 
M t omen 

14400 
14400 

14400 
26642.6 
36888 

36888 
36888 

. 36888 
45070 
63360 

63360 
63360 

Y-Axis 
M ·t omen 

-133880 
- 57495 

13656 
15899 

8832 

- 8832 
-· 31523 

- 472 
17531 
24930 

8770 
80520 

,< 

Z-Axis 
M t omen 

-56040 
13656 

57495 
84296 
58947 

-58947 
- 472 

31523 
31615 

- 8770 

.24930 
95042 



·.· ...... ~ ..• :- ···'· • .. ·..:.· 

Table 1-4 

Pipes Stresses 

/ . t d. 1 St Lono1 u 1na ress c· f 1.rcum eren t' 1 St l.a ress Sh ear St ress 
Analytical Analytical Analytical 

Member Type Station EPIPE Method EPIPE Method EPIPE Method 

1 Tangent . ·End-! 17986.3 17953.4 5848.1 5848.1 1077.1 1115.1 
End-J 9385.1 8885.9 5848.1 5848.1 1077.1 1115.1 

' 
2 Bend End-! 9699.4 8812.3 18657.4 16308.5 1077.1 1115.1 

Center 12667.3 11574.3 24261.5 21175.6 1534.0 1536.5 
End-J 9817.4 8969.3 18880.2 16572.7 2373.0 2303.6 

3 Tangent End- I 9416.9 8932.7 5848.1 5848.1 2373.0 2303.6 
End-J 6194~2 5947.4 5848.1 5848.1 2373.0 2303.6 

4 Bend End-! 6455.9 6004.0 12820.5 15583.3 2373.0 .2310.6 
Center 6224.0 6025.2 12382.7 11600.0 2768.7 2749.0 
End-J 5760.1 5499.4 4369.0 4045.6 . 3844.8 3827.4 

5 Tangent End-! 5663.4 5613.4 5848.1 5841;3.1 3844.8 3827.4 
End-J 16308.7 16047.4 5848.1 5848.1 3844.8 3827.4 
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I 

o.o 

0.62326E-Ol 

o.o o.o 

o.Bl240F.-Ol -0.24922E 00 

POTATICN ROTATION 

OoO o.o OoO 

0.31993E-02 -0.22638E-02 -0.42~?7E-02 

·-------------------------------- -------------------------- -·-·--·-·--·---------- ·---· ..... _.. . ....... .. 
I 4 
i 

1---------3-
! 

.. l -Oo9905lE-Ol Oo49205E 00 -Oo4884lE 00 

-0 .• 3l514E CO C.71952E CO -0.4l988E 00 

i ~------l---...,.o_._5_l_30_9_E_o_o __ o_._6_6_l_o_z_e_o_o_-_o_. __ z_~_4_5_3_E_oo 

I

I l 0 o0 o.o o.o 

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

1 

Oo25608E-02 O.l3017E-02 -0.84623E-02 

0.34333E-03 0.23020F.-02 -0.70288E-02 

------------·-·-·-·-·-·---·--------·-- ---· ·------· 
-0.29838E-02 .0.24079E-02 0.48256E-02 

·-------------·---------------···-· ............. ------.. - ... 
o.o OoO o.o 

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

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

.. ______ .. _______ , ___ ·-----------------···-----·-------------.. ---------- -·-··--·-- ... _ ....... ·---------- ---·---·-·-----------................... --· .... --·-- .. . 

-16-__________________ , ___________ , ____ ---·-- ---- ·-- ....... ·-- ....................... - ·--------. -· -- -·-··· .... ----- . . .. ...... ..... .. .. .. .. 



'. 

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

)-----------~..----------.,-r-~,~~-?--r;:-_."""'r;--;~=-. --c,._:---:~-:-1-:cll:---"7;1' o M IC 1~ r s 
. . 

>--~~-f~~!:!T ELEMENT 
NUMBER TYPE 

LOA[ STATWN 
CASE 

AXIA . .!,_L ___ Y.r.:-::.!1\.K.LS?.-__ Z::-.ltJLts __ LO.BS.I.QNAL ____ '!=:AXIS ______ Z::~UL. ________________ _ 
FORCE SHEAR SHEAR MOMENT HOMENT MOMfNT 

.L ... !~J'!!:;ENT _____ L---~NQ.::_!_ __ -:-_JJ!d,!.~~!L _____ ::r,~~._.?S.I. ________ :-:.U.9.2. ~!l4 ______ .l_~~~s. .• !!2. _____ ... 132865. oo _ ....... ::-.. 571 oo. 88 .. . 
END-J -1761,438 -659,257 -1792,484 13535.82 -62336,69 14092.19 

... -----~--_:__ 8 END~---" ENO-l 
CENTER 

ENO-J 

-!J~.~d.~-~----U9.i! .• ~..5.~----·-659 .•. 2.6.~------1~535 .• 92 _____ 1_4-092.23 _______ 62335..5.C. .... 

3 TANGENT ENO-l 
EN O-J 

-2!:14, C27 
-119.2.516 

-1192.938 
-1192.938 

-21.070 
. 1762.730 

-1762.691 
-176?..691 

659.264 
659~264 

-659.324 
-659.324 

26545,25 
38023. 53 

17315.41 . 
10395.49· 

38023.49 -10395,61 
38023.49. -33933.13 

89607.31 
63419,81 

-63418.75 
-49?.e06 

-----·-----------·--------------- --·----- -···----·- ·- ---------- --·- ... 
4 !lEN!: ENO-l -1792.41e -659.345 1762.711 ~8023,45 -490.89 33930.55 

CENTER -1733.723 801.166 1762.711 4~280,63 18011.63 31800.02 . 
________ E!o.!N::!!D~-:_,J!__' _ __:--'L6:l.i.o_356 ____ 1_I'J.2.e.}9L ____ .l.762o.7U. ____ f;1H.9.5o6.3 _____ 25963e.l.4 .. ___ ...... -.7.1.9.7.88 .............. ·_ 

5 TANG~NT END-I .-65~.125 -1762.715 1792.355 ~3495,80 7197.5~ 25967.,94 . 
______ _,E'-'N'-"D'---"J'------'--_,_655.L1.2.5 __ -::.1.1.62: •. 7.l5.:__ ___ 1_l9.2 •. 355 ______ 63~95 .• 80. ____ 80684.o 13 _____ 982.34.25 .............. . 

········ ····-·-···-------------

··-------------------·-------

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

. -·-·· -···--·---------------

... ···············--·----

--------------------·-------·-·---~ ----------·-----------·----·--------·--··---·------·--·--······ 

...... --· ---------------··---·------
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l ElEMENJ ElEMENT 
--NUMREP TYPE 

·-· ... -·-··-T TANGENT 

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

Fli'f. ST!lE<;Sf'S 

lOAC S TA TICN 
CASE 

ENO-l 
ENO-J 

lNGTOl 
STRESS 

17986.293 
<;385.070 

·C I RCUMF ___ _,SHEAR~--------'---
STRESS STRESS 

5848.129 
5848~ 129 

1071.128 
1071o 128 

····-----·2~---B-cE=-:N-,Co-----,--~E.,....N=-o---I---9::-6:-:9:-:9,-·.-:3:-:8-::7~---:-1-0-6-::-57=--.4-2=2 ----ioi7·:·lZ_9 ___________________________________ -------·-··· 

CENTER 12667.34C 24261.500 1533.998 
__________ E I''Hl_-:,1 ___ 9 ~-ll.o_4JJL ___ L8_8.!!.9.o.2 3_8_ ·-. __ U7.2 •.. 95.2 .. __ -------------···- ____ ---·-··-· .... ___ ···-- .... ____ .... -

3 TANGENT ENO-l 9416.941 5848.129 237?.948 
END-J 6_~!!.Jo.29~1 __ ~5!1.!!!t ... l29 ___ 2.:U.2o.•.!!t_a ___________________________________ -···-··-· ····--· -·- .. 

4 BEND 1 ENO-l f455.<;1C 12820.500 2372.951 
CENTER 62?_~_,._gn ___ _!n8~~-l!2'L ____ zJ6.!!.49.9 _______________________________________ ....... ···--·· ·····---·· 

END-J 5760o059 4369o039 3844.751 

··-· --~-__!_!NGENT ENO-l '--~56~6~3~. 44_l____2.!!~.!t..l.2.2 .. ___ . 38~_4 •. 15.~ 
ENO-J 16308.684 5848o129 3844e756 

············-··-------

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

··-·········- -----------;--------------------------- -------~-----------';'··----------------------------- --------- ---· -------·· .... -- .. ·- ------ ···-- .. ···-· ··- ..... 

·····---·-···--------------

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

-18-. ·-····-·-·-------------------------------------------------------------------------- --------···----·-· ------------------------

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



e 

----'--~-~--....-----------;r:;-1 '1'1 '~'I 'r-~: ----,fl"l;--;~,-· P I. .\ C !- 11 E 'I · f $ I I' ] f '' T 1 Ll N S 

, ____ J~jQQf';_ _ ___JL...!O"-,A'-'0"--------'X"-'-=--------.LY-:::._ _____ _.=Z-
. NUMAER CASE. TRANSLATION TRANSLATION TRANSLATION 

.X- --~---~=----- ---Z-'='---------------·--- ............. .. 
R6TATION ROTATION ROTATION 

6 1 o.o o.o o.o o.o o.o o.o 

5 1 0.61C79E-Ol 0.76371E-Ol -0.246~8E 00 Oo30037E-02 -Oo22387F.-02 -Oo41673E-02 

4 -O.l0309E Dd 0.4824EF OC -0.48220E 00 0.26096E-02 · O.l5924E-02 -0.85549E-02 

3 -Oo31958E 00 Oo77563E 00 -Oo40570E 00 Oo49145E-03 0.24746F.-02 -0.72992[-02 

2 -0.~1438E 00 C.66042E 00 -0.24159E OC -0.28265E-02 0.2'i4A9F.-:-02 0.50ll09E-02 

·------------·-------.. ----·-------·-- ---·--------.--·-··-- -- ----·-- .. ·-----.-- ........................ . 
o.o o.o o.o o.o o.o 

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

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

·--------- ---------·---

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

T.~KI.r 1-9 

:- -······· ~---

.._ ____ F.J__f,~f.~I-f...lt.t1ENT LOAD . STATION 
CASF: 

AX IAI 
FORCE 

Y-AU~---· l.::.AX.I.s__J.O.R.S.l.Ofllft._l ____ v.~--::..AlUS ... ___ .l -,.A x.I.S.------·-· ... 
' NUMREII TYPE SHEAR SHEA~ MOMENT MO~ENT MOMFNT 

... _1 __ ... lM!JiE!'l.!..T ___ _l ___ END.=.f ___ - H6!t_,_6_86 ___ -6.2.1 .•. 866. _______ -::l710 •. 02.0 ___ 1!..328. 34 __ l.30093o.88 ________ :-548 42~ 59. 
F.NO-J -1~64.688 -627.866 -1710.020 . 14328,34 -56127,38 13532.0~ 

----.. ·····-----·-'-2. BENJ)"--__ l_____EH""D-=..I.__.=-H.6.5 .• .5.8.:t4 _ __:-=-LU0~.023. ____ 627 .•. 87.4. __ 1lf3.26.38_____l353.2 •. l4. ___ 56126.38 ..... . 
CENTER -2387o223 -31o137 627o874 26375o88 15553.24 82308.56 
END-~ -1710.086 1~65.988 627~874 36323,93 8463.40 57727.13 

----------------··· _______________ __, __ -------- ......... -···-·--------. -- ·-- -- ·- -···-·· ..... . 
3 TAtH:ENT ENO-l 

ENO-J 
-1110.813 -1665.9~4 ·-627o8-98 

-627,898 
36323o 86 · 
36323. 86 

-8463o66 -577 27~69 
1747.88 -1110.813 -1665,934 -30879,31 

----------------·---··-······----.. -- ··-···- ................ . 
4 RENO ENO-l -1710,051 -627.988 1665.935 36323.82 1746.92 30877.36 

CENTER -1653o230 765o119 1665o935 44632,41 18311,81 20817,04 
. _________ ...... ~ll=:"-·'---=-~2.l.5.8!t __ u.l.o .•. o9o ___ l665 •. 935 .... ___ 6222.o • .sJ ____ 24L49 .• 6L._· ___ ,.,aJ.9.9 .• 69 ... _. _________ ...... 

5 TAI-lGfNT END-I -627.t25 -1665o945 1709o953 62220o68 8398o69 24149~63 
---------- .. ·-------·----------".ND.-.... J __ -=-..,6.2...1. •.. 6L5·---=-.LJ6.6.5 .• 9lt5 ___ l.I09 .. 953 __ 6.l2.20 .•. 6o.8 ___ Jas.o6.se ___ .924.53.38 ________ . _________ _________________ _ 

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

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

i. ···--·- -------- --------------- -------------------------------

--------------·-----------------------a--------------······-.---·---···· ···---·· .. ···--·- -----· ----------·-··-·-· ... ·--- ····-·-·--·-··· . ··--· -- .. ······· . 

.. .. . -------------

··-----------------·---------------·---------··---····--··-··----.. ···-------------~-20:::-. 



'· ..... ·-······-------·---------

T ~'I I f· 1- ll) Ill' IJG '' ll" ll Pf'OBLF'I '>lilT JC f,;·l~l. 'iS 1 S r. 115 E " 
s T r: r <; ~ ( 0 

,_, r> II '·l 1: II r c; 

, ____ E_!.J~f~T ELEMENT LOAD STATION !,NGTOL C l.Bf..!JMF .SI:IEA 
NUMBER TYPE CASE STRESS STRESS STRESS 

----·-------TANGeNT _______ eNo- 1 --u614::2is-·--s·e4ti:-i-29 ___________ 1 i02~-699 ________________________________________________________ ---- · 
ENO~J 8747.137 5848.129 1102.699 

2 AENr. ENO-l ~C09.742 17381.512 1102o702 
CENTER 11e59.109 22761.680 1519.198 

--·----·----·-------------·----Et::!.P.=-J. ___ CI lJU •. 9 .. 4 .. 9 .. _____ 1U .. l0.449 _________ 2263.6.l 0 ___________________ ....... _ ....................................... . 

3 TANGENT END-I 8803o230 5848o129 2263o598 
_____ _,E_,_,N,O.,_-_,._J __ 2.e_89 • ...']_5_3 __ _5_8_4_8_._12.9. .. ~--2 2 6.3 ..•. 5.98 ;. -----------· ----·-----·---·----··- ................... - ... 

4 BEND 1 ENO-l 612!.!13 12193.102 2263o602 
-------~CF.NTE~R~---=5e9..'1. •.. 19.2. _ _llJ69 .• 723 .. _ .. _2ll4 •. 95.4 ....... ~----------·------·--···------·----···-·--·----·--··--------

ENO-J 555~.219 4122.078 3753.294 

......................... 5_rM!.GENT ___ l __ END-=..L_~5.2.3a .. 31..1 __ 58 .. 4.8o.l29...___3.75.3o26{t 
F.ND-J 15t94.777 5846.129 3753.284 

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

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

--'----------------------·--------···---·-- .. 

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

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

. -- ........... ________ _ 

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

··-·· ---------------·-:----------.!... ____________________ - ------------- ·----- ·-···---------·· ----------·-···------- ------------------ ---

-----------·- -·------. ----·-----=-~ l._.o: _______ --·- .. ------.---. --- ·-- .... -· ...... ------ ..... ----· ------ -... 



Problem .. 2 - Dynamic Response of Hovqaard Bend 

The dynamic 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 analyt=~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 usedi each member is lumped at three points: one-half 

of the mass at the center points and one-fourth ~f the mass. at 

both ends. The proportion of the masses at each point are as 

shown in Fig. 2-1. Table 2-2 shows the input masses applied 

the various individual at nodal points. 

ii. Material data - Same as given in Problem 1. 
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.~x 

® 

0 

I w, - (), 283 X 10&','1 :. Jo. f I£-? lb. 

w '2. :. o. 2--~ 'l )( -57. 0 (.. ~ /(:,. 13<> '1 lb. 

t...l1 :. 0.'2.~3 .'( 3s.7 -· !o, I 
I! 
; 1"? 

'-"J~.,. "' 0. H:J X 57. 0 '2. ;:.. I b. I.,. -. 
..l\::1 i 1~. 

1-Vs -. 0, '2-f-3 !( 41· q .r. /I. 6 0 3 I~ 

Fig. 2-1 

Lumped Mass System for Hovgaard Bend 
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------------------· 

T 1\ (I[ r- 2- l ___ ] 
NOD<. · · ··s CiiNDARV CONO! 'ION co:,: '_·' _r._~ __ c n N:n: ,"': t:' • i':O: 0; NiT F.S ·----- ··· -· -· ---,~~------- --- ·· - -· · ·· ·-·-··· ······.·· · ··-· ··- · · · · .1-
NtJWlER X Y Z XX YY ZZ X Y 7. T 

1 .... ! ____ ! ____ ! _____ !_ ___ ~ ____ L _______ _Qo _ _Q _______________ Q~O ____ : ___ _()oQ__ _____ Q_ _________ Qo!L_ _______ --------------------------------------------------- ___ _ 
2 0 0 0 0 0 0 o.o 54.450 o.o 0 o.o 
3 0 0 0 0 0 0 o.o 108.900 o.o 0 o.o . 

________ '! _____ Q ______ Q ______ Q _____ _Q_ __ __Q __ 0 __ LQ~~n ___ ~_:_ __ JHo.~~!L _______ .QoQ ______ Q ________ Q_o!L _ __:_ ___________________ "-----------------------
5 0 0 0 0 0 0 36.300 145.200 o.o 0 o.o 
6 0 0 0 0 0 0 54.1~0 145.200 o.o 0 o.o. 
7 Q _____ Q ______ _Q ______ Q ______ Q _____ ___Q_ ______ l_?_. O_QQ __________ .1 't ~. ;,!o_Q_ ___________ Q. _o_:__ ____ 5L ________ Q •. O _____________ . ___________________ --------------·- ______ _ 
6 0 0 0 0 0 0 97.668 145.200 10.632 0 . o.o 
9 0 0 0 0 0 0 108.300 145.200 36.300 0 o.o 

10 ___ Q ___ _j) _______ __9 ____ .Q ___ _9 ___ o ________ J_Q!!. ~QQ __________ .l'!~.f99 .. ____ .22.!!QQ _____ o ______ Q.Q _____________________________________________________ . _ 
"li' 1 1 1 1 1 108.300 145.200 77.300 0 o.o 

····-------····---------·------- ------------:0...---------------. ------

·- --- ----------------------;----------'-------- ----------------------------

--------------------------------------------- .. 

----------------------------------------.--- ------ ------------------------- .. 

-------------------------·-----------------------------~------ ·------------------------------------------------------·------------------ --------------------··---

---"----------:-- ------·--· -------- ·--·. 

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

·--------- ·--·-------------------,----------

-------------------------------::~----- --------- -24=-------------------------------------------------------



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

Noi'i:' .... ··LaAti 
NliMI.IER CltSE 

r~Assr:s nATA 

x...:AxiS·-· ·-----·-····v::..\i<I s .. 
~ORCE FOR(E 

· ·· ·z-his 
·FORCE 

..... x:...'Axis --· 
MOMENT 

y:::j.j(i s . 
MOMENT 

Z-AXIS 
MOM I' NT 

------· ······-·······--······-

· · 2 ·o --·-·· a·~'39iiai'iFoc-·· ·cio 39aai:IE~o i--;·-· o:39iieo~:oi · ·- ---o~a--··------- ·---·-·a:·o·------------------o:o·---·--------·--- ---------·--------· ............. .. 
3 0 0.50320E-Ol 0.5032CE-Ol 0.50320E-Ol- 0.0 0.0 0.0 
4 0 0.20880E-Ol 0.20080E...:Ol 0.20880F.-Ol ......... 9!Q. ___________________ Q_._Q __________________ Q!.Q. _____ _ 
s ........ o -----iio 169iioE...:oi·----o~i6.9aoE.:oi .. ______ o~ i'698oE-=oi o.o . o.o o.o ·----· ------------- ..... 

6 0 O.l3070E-Ol O.l307CE-Ol O.l3070E-Ol 0.0 0.0 0.0 
1 0 0,16980E-Ol C,l6980E-Ol 0.16980E-Ol 0.0 0,0 0.0 . · ~. Z --·a --- ----o · ·---· a:io4i,oE:::ac·--o.;-io44oE:...o i. -----a~·io44oE·:oi ·-- .... oo o ------------------o~·o·---------------·-o:o ----------·----------------- · · 
9 0 O.l7q50F.-Ol O.l7950E-Ol O.l7950E-Ol 0,0 0.0 0.0 

.. _______ }~ ___ Q ____ ·----~-~-!.5_Q~()_!;-:-_Q!_ ___ ~!_~_(~J.CI:.::.O.J ........... 9.~.t~Q_!Q_f;.=91 ............. 9& ... ~--------------9.!Q. _______________ Q_!_Q __ ~---------------.. - ------------·-· ........... . 

---·--·-------------~-

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

--------- ------·--·-·---·--·----

------------------- ------------·--------------·-----------------------------------------·---·-·----·--·-----------------------------·---·-"" 

----------------·------------------------------------ ............. ___ ----. 

-----------·-------· 
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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 used for the response spectrum analysis. 

The spectral acceleration is listed in Table 2-4 at equal inter­

vals of 1 cycle/sec. These values are also plotted graphically 

in ·Fig. 2-3. 

Analyses Results 

The computer outputs for all three analyses are included in 

the tables that follow. Tables 2-5 to 2-9 give the results for 

the time-history analysis, including the natural frequencies of 

the first 5 modes, their associated mode shapes, the maximum 

displacements with the time of their occurrence, the maximum 

forces and moments, and the maximum stress components. 

Results from the response spectrum analysis are given in 

Tables 2-10 to 2-13, where the·natural frequencies, the mode 

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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----------·----

,.-·-------------------------------· ________ .:._ __ ;.__ ___________________ .. __ 

l 1\ll( '" 2- 3 JtWrj;>[lll VMI.'=:Y i'IIRTIIflU!IKF, f:l C<:tHPO SIT!':, ·uy lfl, ·[940 

)-----------------,T..-:Ic-:-o'1:-:=r;-:-:-11-:-I-::-S""TI~J~""·y.,--:,\,-,C""C"'F7l-:=-E::-~7'111;,1'""1-:-:-.lN,_,.l...,1·J:-.-:-/:::-S:-:-tC::-.*::-*:-:. 2~-----------------------'----------- ............. .. 

TIM~ VALUE FUNCTION TIME VALUE FUNCTION TI~E VALUE FUNCTiON TIM~ VALUE FUNCTION TIME VALUE FUNCTION 
o~ o ... ---· -·--o~o ---- -·----- -------o~o2ooo· -o. 5iii oE-otr--- - o~-o4ooif-=-o:-4zs2e·-oi-----·-·o-:·o6ooo-=o·~39 76e-· o1---·-c;·;oaooo-=·o:-3465e· -o·~-----------
o.1oooo -0.~740E 01 . Oo12000 -0.4724E 01 Oo14000 -0.5591E 01 0.16000 -0.5039~ 01 0.18000 -0.4331~ Ot 
0.20000 -0.3346E 01 0.22000 -0.3346F. 01 0.24000 -0.5157E 01 0.26000 -0.6929E 01 0.28000 -0.7638E 01 o; 3oooo--~o. 637Be -cr --- -·o:-~zooo--=o ;5669e · o i · ---- o; 34ooo -=·a. 4252e .. o1 .. ___ o. 36oilo· :..:o~'322i\e ·a i -------a·;3aooo-=o ~T654e .. o i - .. --------
0.40000 -0.2598E 01 Oo42000 -0.5157E 01 Oo44000 -Oo7480E 01 Oo46000 -0.7717E 01 0.48000 -0.2598E 01 
0.50000 0.1181~ 01 0.52000 0.5551E 01 0.54000 -0.1929E 01 0.561)00 -0.5039E 01 0.58000 -0.5669E 01 
o. 6oooo-·-=o;;-799ze-oc---o;6zooo---=-o;fi:i24Eo2---o~6-4ooo-=o. f279'E-·o2 ___ o;·66ooo-=o: i2o5~-o2--o-:6ao·ao -=a ~6772e -o1-- ---- -··· 
0.70000 -0.7756E 01 0.72000 -0.6417E 01 0,74000 -Oo6457E 01 Oo76000 -0.2638E 01 Oo78000 Oo9840E 00 
0.80000 0.5906~ 01 0.82000 0,9055E 01 0.84000 0.9921E 01 0.96000 0.1323E 02 0.88000 0.1823E 02 
o~ 96ooo-- o. iqHf' oz --------6~ 92ooo·- a ~'i65oe -o2--------o~ 94ooo --o~ i4 i3f- oz ----·--o~96ooo----o·. io67E' oz---c~9iioooo~9252F.-·a1-- --- · --· 
1.00000 0.133~E 02 1.02000 0.1622E 02 1.04000 0.2087E 02 1o06000 Oo2516E 02 1o08000 Oo2882E 02 
1o 10000 Oo2567~ 02 1.12000 0.2358~ 02 1.14000 Oo1575E 02 1.16000 0.1575E 02 1.18000 0.2480E Ol 

· i. 2oooo --=o.zozae -ifz ·---·-T;zzooo--=-o .. ~3o9ilF.-oz---- .. : 24ooo-=o:I374eo2--i. z6ooo-::o~ i9osf-o2 ___ 1 ~-2aooo---=o:9a43E'-oi ________ ... -
1.30000 ·-0.2323E 01 1.~2000 0.5276~ 01 1.34000 0.1213E 02 1,'36000 Oo1965E 02 1o38000 Oo2795E 02 
1o40000 Oo3917E 02 1o42000 Oo4799~ 02 1.44000 0,6020E 02 1,46000 0.5705E 02 1.48000 Oo4547E.Q2 ______ ·- -·. 
i. soc:ioo · o. 368 iF. oz ________ · i~ szooo---o~'35i 2E·-az-·--1-.-54ooo· o:3646e·-oz ·-----i. 56ooo -· -o .33o3E- oz--·---i.5iiooa-a·:'35-47E o2 
1.60000 0.3909c C2 1.62000 0.4760E 02 1.64000 0.129lE 02 1.66000 -0.5807E 02 1.68000 -Oo8134E 02 
lolOOOO -0.7~31F. 02 1o72000 -Oo800AE 02 1o74000 -Oo7150E 02 1.76000-0.6791: 02 .1.78000 -0.6898E 02 
i. aoooif .:6 .69o2~ o ;r----- - i-~ azooo-..:o .1 io6e · oz ----i: s4ooo-=o~64 i ie · o2 ·----l':·a6ooo ---=6. 53o3E!-·a2 ___ T:aaooo--=o. 4279E·- o2 ---·--- -
1.90000 -0.3079E C2 1.92000 -0.1689E 02 1.94000 -0.6690E QQ. \.96000 0.1417E 02 1.~8000 0.3091E 02 
2.00000 Oo4583E C2 2o02000 Oo6291E 02 2o04000 Oo7716E 02 2o06000 0.9496E 02 2.08000 Oo1014E 03 ........ 2. ii:iooo·--a~·i i95F.. o3 _______ 2:-1zooo-o·.126oF. ·a 3----z:it.ooo· --o: i34-5E-o3 ___ 2 .ii.oooo: iii ie.oi-·--r---z:taoooo:9i 5oE-·o2 ___ .. __ ·---- .... 
2.20000 -0.4716E C2 2.22000 -0.9342E 02 2.24000 -0.6457E 02 2o2601JO -0.7342E 02 2.28000 -0.431\E 02 

.. ? • ~O.QQQ ...::9.!?.?~ ~~- QL ___ l~2~QQ.'L..=..Q2.~.1JU.L . .QJ. ___ ?_o_}~QQQ __ Q.~~'!.'!~L Q l---~~ ~§QQQ_Q. ?Q.~~LQ._2 __ ?o~f;\Q.Q9_QQ~~'!LQ~ _____________ .. 
2.40000 0,4669~ 02 2.42000 0.6917F. 02 2.44000 0.2268E 02 2.46000 -0.1036E 03 2.48000 -0.609lE 02 
2.50000 -0.6B07E 02 2.52000 -0.3984E 02 2.54000 -0.2279E 02 2.56~00 0.9331E 01 2.58000 -0.2638E 02 
2. ~OOQQ . -Q ·J.?'? ~~ Q?, •. __ _<~. ~?,ClQQ : .. Q .• ~'!~ 1L 0.2 ..... -----~" l!'!QQQ __ :-Qo ~l!H!;. Q?_. _____ ?• (?.~9QQ -Q. 58 :Uf !>? _____ z~ ~~OQQ .. ::.Qo~l!':tf;!E_ QZ --------- ---· __ . 
2n70000 -0.3941E 02 2.72000 -0.2957E 02 2.74000 -0.2059E 02 2.76000 -0.1067E 02 2.78000 -0.1732E 01 
2.80000 0.7402E 01 2.82000 -0.3740F. 01 2.84000 -0.1705E 02 2.86000 -0.3299E 02 2.88000 -0.3744E 02 
? • ~OQ()Q ___ :Q~ ?'!?~~ 0.?. _______ h'WJ9.Q-=Q ·?;3~ !.!LQ?_ _____ ? ~.'?'tQQQ...::..Q. P\ ~!= .. Q~------?~ ~69QQ . . =9• ~25?LQ.L ____ 1o9.l!Q.9Q ___ QoJ?IDL.Q1 _________ _ 
3o00000 Oo1653E C2 3.02000 0.2650E 02 3.04000 -0.3819E 01 3.06000 -0.1465~ 02 3.C8000 -0.1575~ 01 
3.10000 0.4330E IJO 3.12000 0.1354E 02 3.14000 0.2224E 02 3.1601)0 0.3476E 02 3.18000 0.4449E 02 
~.2()0QQ _Q.~~6~E Q? ...... ~·?2()9Q .... 9~~62?~_()! ___ ~.?4()0Q .. !l.9'!1Hif !>l ___ .. __ .3 .• ?{>000 .0.2689E .. 0? .. _ .. ___ 3o28QOQ_J!o21l3!; Q?._ ___ _ 
3o30000 Oo5189E 02 3.,32000 0.5327F. 02 3.34000 0.9031E 02 3.36000 -0.3665~ 02 3.38000 -0.5150E 02 . 
3.40000 -0.2724E 02 3.42000 -0.2150E 02 3.44000 0.2835E 01 3.46000 0.2657E 02 3.48000 -0.4201E 02 
3. 50000 ::-!>. ~1!~8!:_ 0~ _ ~. ~?QOQ. ::0 ·~?! 61:_ . !>2 _. _ -~· ~'tOOO -:-9 .'t?1 ~~-- 92 -----~. 5{>QQQ -:-0• ~Q9Q'.; __ Q? ____ } •. !i!! J;QQ_.::9.!! 2?!HLQ?._ _________ . _. __ 
3.~o6o6 -Oo8465E 01 3o62000 -0.4961E 01 3.64000 -0.2653E 02 3.66000 -0.1276E 02 3,68000 -0.1327E 02 
3. 70000 -0.4291~ 01 3.72000 0.6691JF. 00 3.74000 O.l177E 02 3.76000 0,1921E 02 3.78000 0.2394E 02 
3.00000 0.8740F. C1 3.82000 -f).1260E Ol 3.84000 -0.9646E 01 3.86000 0.3031E 01 3 0 88000 Oo8307E 01 
3 .. 9oooo- ·o.2236e o2 ... · 3~92ooo · o.3252F. o2 3,94oo6 o:474ae oz --- -·-3.96ooo · o.5iii9~ oz --·--·-3.<iaooo ·--o.6ii39E- o2- ---·--·--
4.ooooo 0.1657E 02 4.02000 0.1142~ 01 4.04000 O.l020E 02 4.06000 0.1153E 02 •4.08000 -0.2165E 01 
4.10000 -0.5787E Cl 4.12000 0.~630E 01 4,14000 0.8110E 01 4.16000 0,1965~ 02 4.18000 0.2539E 02 
i.,2oooo o;376aF. o2 4.22oi:ic:i o~4i,4iF. ·az ·4;2i,ooo · o.5697E o2 · 4.26ooii- o.64i3~--i:iz---·-·-:--4~2iiooo- o.7657E-oi- ----· 
4.30000 0.7307r: 02 4.32000 0.7011E 02 4.34000 0.6965E 02 4.36000 0.4921E 02 4.38000 -0.4752E 02 
4.401)00 -0.2134E 02 4.42000 -O.l,12E 02· 4.44000 -0.1224E 02 4.46000 ~0.~49?E 02 4.48000 -0.6539E 02 
i •• soooo-o.97oie o2 4~5zcoa·:...a.ic}i2E oz 4~s4ooo ::.o,7224E 62 · ·4.56<ioo -o.5t85:: oz .. ···· 4~5~ooo·:o~31i9E o2 __ _ 
4.60000 -0.1279~ 02 4.6~000 0.60n3E 01 4.64000 0.32l3E 02 4.66000 0.5193E 02 4.6~000 0.7157E 02 
4.70000 -0.2283f: 01 4.72000 -0.6n54E 01 4.74000 0.1122E 02 4.76000 0.1760E 02 -4.78000 0.3870E 02 
4 ~ iiOOOO ·· ti ~ 56o6E · 0 7. ·-~- if·. 82 OOtf ··c. 7 ~95E o2 4~ a4000 ·- 0., 9669E 02 -- --· · ·· 4o·a;,ooo· ·- 6o6h 34~- 02 ---·-·· ·41) 880o0 ··=o~ 5433E- 02 ··· · ---- -·· ·· 
4.90000 -0.3933~ 02 4.92000 -0.4287~ 02 4,94000 -0.3571E 02 4.96000 -0.1846E 02 4.98000 -0.492lE 02 
5.00000 -0.8311~ 02 ,.02000 -0.6366E 02 5.04000 -0.666lE 02 5.06~~0 -0.5142~ 02 5.08000 -0.4374E 02 
5.toooo ..:o ~3643F. o2 .... 5~ iio6o .. :::a.2ooil~ 62 5. i4ooo ::.o~2i42e 62 --·-- 5~ ii,ooa· ::o.4724~ ·oz·-----5~'iiiooo .. :.:.o;476oE o2- ------- ·- ·-
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5.20000 -0.4559F. 02 5.22000 -0.4508E 02 5.24000 -0.2a23E 02 5.26000 -0.2150E 02 5.28000 0.2520E 01 
5.30000 -0.3165F. 02 5.32000 -0.6433E 02 5.34000 -0.3382E 02 5.36000 -0.37a3C:: 02 5.38000 -0.1559E 02 

>· ------~~-.'!QQ.!lQ __ -:-.Q_'!~.~~?LQL_ __ 5!'420Q~.!256E 02 5o44000 Oo2551E 02 5o46000 0.3449E 02 5.48000 0.1858E 02 
5. 50000 o. 7795~ 01 5. 52000 -0.1063E 01 5-;54.000-o-:woeo2--5-:-56ooo-o:T752E- 02 . 5.5.80000-:-3o9ieo2·--------·-··-

I 
I. 

I 

5.60000 0.4067E 02 5.62000 0.5323E 02 5.64000 0.6323E 02 5.6~000 0.73t7~ 02 5.6aOOO 0.5043E 02 
5.70000 0.2520E 02 5.72000 Ooa031E 01 5o74000 Oo1236E 02 5o76000 Oo1468E 02 5,78000 0.1953E 02 s. oooocr- a ~9 25 2F. oi -- ·-··s: azooo -::o~ 'ho 7f-·o r- · -----·5.-ii4ooo .:.o.66i4e- o i -------5~ a6ooo ·.:·o:4449eo c--- 5. oiiooo-=o. qo i6e -·a i ··-- - --- ·· 
5.90000 -0.9764E 01 5.92000 -0.6181E 01 5.94000 -0.2717E 01 5.96000 0.5787E 01 5.9aOOO 0.1492E 02 
6. 00000 0 • 2279E Q.? _______ ~_!_C~QQ.Q __ Q_._lQ9~L Q~----~~ Q,QQQ .::-.Qo JQJ_41;.. Q 1 _____ 9o.9f?QQ9 -:Qo ~~~~LQ2·----~--~~QQQ_::.9o.~n9!': .JH __ ···-
~;ioOOO--~~~i~ci~ 01 6.12000 o.9055F. 01 6.14000 -0.5079E 01 6.16000 -0.1969E 01 6.18000 0.3150E 01 
6.20000 O.a26aE 01 . 6.22000 0.1496E 02 6.24000 0.2008E 02 6.26000 0.61a1E 01 6.28000 -O.i260E 01 
6. 30000 -0.4 HOE QL ___ ..::_~! nQQQ __ Q.J HQ~- QO ----~~~'!!.>QQ __ Q,]~~~S..Q l. ______ ~o}f!QQQ ____ pq 1 UI;I!=_QL ___ ~o ~~QQQ. ::...Oo HltQE .. 0 1 _ ··-··-·- . 
6o~oooo-=ooi4i7f 01 6.42ooo -o.63ooe oo 6.44ooo o.1496E 01 6.46ooo o.3346E 01 6.48ooo -o.22ose o1 
6.50000 -0.1197E 02 6.52000 -0.1657~ 02 6.54000 -0.9606E 01 6.56000 -0.9291E 01 6.58000 -0.6969E 01 
6. 60000 -o. 5C79E Q ~----·.2!.~~QQQ_::_Q! "!99QE _QQ ··-- __ 9_._~'!999. __ Q ·I'l~?.~ Q ~-----·(? .~t>.Q.Q.L::.Q.'!2~2L!H ___ (>o M!9Q.Q....=Qo.~51!~LP1 
6~-70000 -:o~i339E 01 6o 72000 -Oo4113E 01 6.14000 -0.4370E 01 6. 76000 -0.38980:: 01 6.78000 -0.7900E-01 
6.aOOOO 0.2874E 01 6~82000 0.9252E 01 6.a4000 0.1398E 02 6.86000 0.2776E 02 6.aaooo 0.3067E 02 
6.90000 0.7244F. C1 6.92000 -0.103~E 02 6.94000 -0.4aa2E 01 6.96000 -0.1654E 01 6.98COO 0.6260E 01 
1 ~ ooooo----o~ ia9oe Oi-----r.:o2ooo-=-o~s622E o i-----7~-oi.ooo--=-oo iii39E·oz----7:-o6-ooo··=o.-i6a5e--o2 ----:;·. cacioo--=-o. 85o4e -oi 
7.10000 -0.1693E 01 7.12000 0.6260E 01 7.14000 0.1260E 02 7.16000 0.1650E 02 . 1.1a000 0.4a43E ·01 
? • ~Q!.>OQ .:-!!..~~'19.!; .?! _________ ? .. 22.QgQ__::Q.~!.>3 t':; _()l_:_ ___ l •. Z~QQ!L::Q. ~2~aLQl ____ _l_. 269QjL=Q._6llOI;._Ol_· __ I .•. 26.00Jl-=-O• .. H9~LOL ______ ·-·-. 
7.30000 -0.2165F. 01 7o32000 Oo2067E 01 7o34000 Oo5276E 01 7~36000 Oo1047~ 02 7.38000 0.9134E 01 
7.40000 0.3110E 01 7.42000 -0.31500:: 00 7.44000 0.7a74E 01 7.46000 0.1713E 02 7.48000 0.1937E 02 

...... 1• ~QQQ9 ... _9. 1~29!; en ______ .I.~~ Q9Jl_ 9 • ~~nE _ Q1 ____ I. ... ~~•OOP __ -::0 •. 6660E. 00 ·-··· ___ 1. !i60.00 _ ::Q. 8270E _!)0 _ __1. 58000 ___ 0. 20,1E _ 01 .. ··-·--
7.60000 0.3661E 01 7.62000 0.1004E 02 7o64000 Oo1449E 02 7o66000 Oo2067E 02 7o68000 Oo2130F 02 
7.70000 0.1673~ 02 7.72000 0.1567E 02 7.74000 0.220lE 02 7.76000 0.2976E 02 7.78000 0.1437E 02 

___ 1· f!QQQQ ___ ..Q • !~!I!LQL ___ ]. !!?..Q!l_O_.Q. H~a!;._ Q ~---~• !E•.QOQ_.=Q. 6031!;:. Q 1 ____ 1. 8MHHL::0 •. 9603E_Ql ___ 1.._68000._-::0.l5_94E. _02 _____ -_ 
7.90000 -0.1626E 02 7.92000 -o.1a54E 02 7.94000 -Oo1705E 02 7o96000 -Oo1803E 02 7o9aOOO -Oo2244E 01 
8,00000 Oo700Ar. 01 8.02000 -O.a189E 01 8.04000 -0.1937E 02 a.06000 -0.2087E 02 8.C8000 -0.1425E 02 
~ • ~QQQ.Q. ::.9 • L~91F,. QL ____ ~. t~Q.Q_Q-=.9 o! ?.ULQ?. ______ .!I._tt,QJJ!L::Q •.l?.HE ...92 __ . 6 ._1!-QOQ _::0 .10,3!;_Q2 _____ l)_.l6.P.O!L::0 .• 1 0!!.3f __ Q2 ________ . 
a.20000 -0.1059E 02 a.22000 -0.135~F. 02 8.24000 -0.1216E 02 a.26000 -Ooa543E 01 8o28000 -Oo3071E 01 
a,30000 Oo3425E 01 8o32000 0.1106~ 02 8.34000 0.1220E 02 8.36000 0.1409E 02 8.38000 0.1342E 02 

··---··- ~. ~Q.QQQ __ .Q.B9'i!~ __ Q?. a. !!~OOQ._Q_.Jnm; _.Q2 __ !l •. HOO..Q __ o_.l U!.ll;._ 02 ___ 6_.~6000._Q.':t409f..._Ql___:_a .~800Q __ _o. 8.!12.5L.Ol ----· .. - .. 
a.50000 0.5354E 01 8.52000 0.1512E 02 a.54000 -0.3390E 02 8.56000 -0.5311E 02 8o58000 -0.5283E 02 
8o60000 -Oo5331E 02 8o62000 -Oo4697E 02 8o64000 -0.4102E 02 8.66000 -0.3264E 02 8.6aOOO -0.2563~ 02 
a. JQ()QQ -Q. l 141!F. 02 .. J!.12Q()Q __ ::9·l!Hf,>f _Q2 ____ . 6. HOOQ __ ::0.2362E OL ____ 8.16000 __ -:-0.35a3!: ... 0L ..... __ e. 7800.L-::Q .•. 1165E .. Ol __ -·· 
a.aOOOO -0.57a7E C1 8.82000 0.3346E 01 8.a4000 0.6417E 01 a.A6000 0.1969E 01 8.8aOOO 0.1039E 02 
a.90000 Oo2291E 02 a.92000 Oo3413E 02 8o94000 Oo4724E 02 8o96000 0.6673E 02 8.98000 0.4374E 02 

.. _ ~. QO!JQO .:::9 • ~~~ ~!; .. QL __ ~~ Q~QQQ _-:Q..l'!'t lLQ?. ___ : ___ 'hQ!!!H!Q __ :-_Q.!J~2E._QL __ 9._Q6QQ!L:..Q •. ~221E_Ql ____ 2_.!)_8!H!lL:-J).:H.79.L.OZ -------·· 
9.10000 -0.2583F. 02 9.12000 -0.2350E 02 9.14000 -0.2638E 02 9.16000 -0.2173E 02 9.laOOO -0.1063E Ol 
9.20000 O.l4a8E 02 9.22000 Oo4220E 02 9o24000 Oo6571E 02 9o26000 Oo3728E 02 9o28000 0.1606E 02 
'1· 3QOO() . 0.2~?6F. en . ______ 9.nQoQ __ 9·~l"'7E (11 ___ -·· 9• 3~QOQ .. ::Q. :H,O!: ()1 ··-· .. .'J.36Qf!O. -Q.?O't!'i;. Q2 ____ 9.3f;IQQQ_-:-J).325(,f: 02 ·--··. 
9.40000 -0.4535E 02 9.42000 -0.4528E 02 9.44000 -0.3161E 02 9.46000 -0.1453E 02 9.4aOOO O.l142E 01 
9.50000 0.2146E 02 S.52000 0.4630F. 02 9.54000 Oo6339E 02 9o56000 -Oo1063E 02 9e58000 Oa1339E 01 

..... ~· 6Q9QQ ::_Qo ??() ~~. 9 L ______ '1·.~?QQ9 ___ Q. HJ: Qr;;. QQ --·-· __ 2· !!40PQ __ Q. 5H6E. i:l 1 ______ .9 .• 660QQ ___ Q • .2ll':tf. __ QZ ______ 9.68QOL .. o .314 2E..OZ _______ _ 
9.70000 -O.a071E 01 9.72000 -0.2323E 02 9.74000 -0.6654E ~1 9.76000 -0.6a90E 01 9.78000 -0.1l02E 01 
9.80000 0.2913E 01 9.a2000 C.1504F 02 9.a4000 0.2232E 02 9oa6000 Oo2965E 02 9o88000 0 0 3153E 02 

.. ~· ~()O()Q _Qo ?~~ ~ ~ ()~ ... ____ '!• 'nQQQ __ 9• P 91f .Q?._ ... -'~· ~'t9.QQ ___ Q. 99~0!; QQ ___ __: 'l• 9~9.99 ____ Q. ~~?.Qs; . () L_ ______ 2• 9aOQL-:9.! 59 !;!LO? ---· ___ _ 
10.00000 -0.1776~ 02 10.02000 -0.3110~ 01 10.04000 0.6614E 01 10.06000 0.2232E 02 10.CaOOO 0.3661E 01 
10.10000 -0.216~E 01 10.12000 0.1732E 01 10.14000 -0.4a43E 01 10.16000 -0.1110E ,02 10o18000 -Oo1720E 02 

. ~~q ~QQ()() ::-()• !3.~~E 0.?. ___ JQ•s?~QQ. -::Qo ~QI)'!~ QL ____ JQ. ?40QQ -9·'! :EO~ Q! ... _ !9·.?~QQQ ____ Q. 8Q HLQ.J ___ JQ. ?~QQQ ___ Q.?91~~ .o? -----·-·· 
10.30000 0.3362~ 02 10.32000 0.4504E 02 10.34000 0.2886E 02 10.36000 0.9331E 01 1C.38000 -0.1449E 02 
10.40000 -0.1067~ 02 10.42000 -O.a543E 01 10.44000 -0.3437E 02 10.46000 -0.3a31E 02 10.4aOOO -0.2319E 02 
10o50000 -Oo1323E 02 10o52000 Oo3031E 01 10.54000 Oo1020E 02 10.56000 0.2000~ 02 10.S8000 0.1421E 02 
i o. 6oooo ·· o. 3 iA<Jf: ··at· ·-·--1·o~ 62.00<}--: o. 22os~- o i iO. r,;.ooo ~o. azzae ·a i .. -. -·· to .66il"OO ..:o. 12 4BE oz -- ·i o ~·6aooo--=·o~ 9·3 Joe-o i ··-·-··· --·-· 
10.70000 -0.14aOF. 02 10.72000 -0.2165F. 02 10.74000 -0.2842E 02 10.76000 -0.3161E 02 10.78000 -0.2059E 02 
10.80000 -0.1339E 02 10.a2000 -Oo4330E 00 10.a4000 Oa2559E 01 10o86000 -00 1457E 01 10.88000 -0.197CE 00 io. 9oooo .::o.66i 4!= · oi- ·---rc:92oo<f-=a·~ i6i4~ oz ---- io.94i:ioo··-=o.3i5iie oi···----io.c:i6ooii ·-·a. 3i ioE ·ai _______ io.9aooo · o~i472e nz ·------
11.ooooo 0.2421F. 02 11.C2000 0.2618F. 02 11.04000 0.1000E 02 11.06000 -0.2244E 01 11.0a000 -0.1a66E 02 
!!~!QO.Q<l._:-o·1'•02'= !J2 _______ H!!?.QQQ. __ :_Q~2~l:?1~9.L __ q~~~Q9.o :::o •• a<,~Q!= QL-....... Pntf?oQQ __ Qo'!'l~!LQL _____ n"JI!QQQ ___ Q.~,nL9? __________ .. __ _ 
11.20000 ci~ij4~~~ 01 11.22000 -0.8q37F. 01 11.24000 -0.1685E 02 11.26000 -0.2673E 02 11.2a000 -0.2602E 02 
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[_ u:mi0~Jli~i_il- -:~~mG~~~-:l-~l--l::~li~i~i~l:-m i;--:n~~~=~:H-l~l~--e~:m:; ~1 --~-- -· ·· 
11.60000 0.1870E co 11.620!10 0.8307E.01 1i-;640000.~T7o1E02 ___ i1.66000 0.2413E 02 11.68000 o.30.20E 02··---.-----· 
11.70000 Oo3673E 02 11o72000 Oo4197E 02 11.74000 Oo4449E 02 110 76000 Oo4673~ 02 11.78000 0.4909E 02 
11.80000 0.5252E 02 11.82000 0.6276E 02 11.84000 0.7075E 02 11.86000 0.8020E 02 ·11.88000 0.4866E 02 
i L9oooo ·-a. i74oF. o2 ....... H~-~2ooo-:.:.o~55i2F.-oi ----- ii.94ooo··:.o~2622e- oi- --- ii-~96ooo-.:..-o~2ia5§- oz --·--il.~aooo--=-o:z72ae--o2 --·-·-
12. ooooo -o. 38 74J: 02 12.02000 -o. 4905E 02 12. 04000 -0.46't2E 02 12.06000 -o. 4134E 02 12. o·8ooo -o. 362 2E 02 
12.1oooo -o.2925E o2 12.12ooo -o.31A5e o2 12.14ooo -o.3346E Q~--- !~.~Jf?QQ9.-=Q .• _nl!~-~ .92 __ 1?· H!9QQ.:Q.~~91'!L Q? ___________ _ u. zoooo :...o ~ 34Y7eoz·-·- i 2: ~2c,-oi:i ·-=o ~ 34i 7e ·az·---- iz-·; 2 4ooo --=i:i: 34a4e 02 12. 26ooo -o. 2114E 02 12. 2aooo o. 2041e o1 
12.30000 0.8465F 01 12.32000 0.9646E 01 12.34000 Oo2283E 02 12o36000 Oo1236E 02 12.38000 Oo9291E 01 
12.40000 o. 1909E 02 12.42000 o.23l<lE 02 .... ~?·_~49QQ __ Q.?Q~7L9? ______ ~?·~~QQ~- _ .Q. P9.Q~ QL ___ l?·.'!!!Q!H! .... Q .• H~~L Q!. ______ . iz.5oooo-- o5a35~ oi ----i2~szooo·--o~i937E oz 12.54ooo o.135oe o2 12.56ooo o.1u4e 02 12·.58ooc o.11o1e 02 
12.60000 C.94C9E C1 12.62000 0.3465" 01 12.64000 0.3031E 01 12o66000 -Oo5827E 01 12o68000 -Oa3031E 01 
12.70000 -Oa7480E 00 12.72000 0.2953E 01 12.74000 O.l732E 01 12.76000 -0.5709E 01 12.78000 -0.1244E 02 

---- i 2~ aoooo·-.:a·.94aae oi _____ iz~azooo--=-o~TTozE"- ot---T2: 8-i.-ooo--o:=r i65e-·a1 ___ i2:a6ooo--o~·i677'E-o2--iz:aaoao·--- o~l72ae-·o2 -------- -· -- -
12.90000 0.20l~E 02 12.92000 0.1835E 02 12.94000 0.1886E 02 12.96000 0.7598E 01 12.98000 Oo8740E 01 
13.00000 Oal079E 02 13aC2000 Oo1~47E 02 13.04000 0.1984E 02 13.06000 0.2272~ 02 13.08000 0.2315E 02 

·· i 3. ioooo·--· a·~ 323 6~ "oz ---·-·i 3~-izooo--«:i'~ 3 i3aE·-oz ___ -----b: i4oi:io -- ·o ~ 3736e··az ______ i3 .i6ooo·-- o. iisoe·az------13. iaooo--o. i 11 ie---oi- ----
13.2oooo -0.4A43E 01 13.22000 -0.1366E 02 13.24000 -0.1677E 02 13.26000 -0.1638E 02 13.28000 -0.1083E 02 

_! ~~ ~QQQ<L..:Q?_~Q~~f- Q_?_ __ _!_~!!.HQ.OO __ Q!!.~n~LQ L ___ .. rhHQ()Q ___ Q~J§~~LQ~ _____ n_. ~'?9QQ..-=9·9Q9!o'; .. QL _ _1.h~~QQ<L=Q-•Jn~LQ? __________ ___ . 
13.40000 -0.3268f. 01 13.42000 0.5472E 01 13.44000 0.1752E 02 13.46000 0.1063F. 01 13.48000 -0.2744E 02 
13.~0000 -0.3134E Q2 13.52000 -0.9882E 01 13.54000 -0.5315E 01 13,56000 0.3110E 01 13.58000 -0.4528E 01 
13.60000 -0.9882E 01 13~62000 -Oa1311E 02 13.64000 -0.1059E 02 13a66000 -Oo1185F. 02 13.68000 -0.7874E 01 

.. i 3~ 706if6 ·::o~ '26 38E- o·i ---- i 3~ 7200()-:.-c;·~-~ "496E . 0 i- ---. i 3~ 74000 ...... 0 .·;. i34E·-·o·t···--· i3 ~ 7'6000 ___ 0 ~ ii65E- 02 ---13~-780 oo .. ·-·o·.-i354E. ·oi" ··----·- --- --·- ... 
13.60000 0.3768E 02 13.82000 0.3535E 02 13.84000 0.7047E 61 13.860JO -0.1425E 02 13.88000 -0.3913E 02 
13.90000 -0.3177E 02 13.92000 -0.2929E 02 13a94000 -Oo2122E 02 13o960QO -0.1299E 02 13.96000 -Oa5039E 01 
i 4. ooooo· ·· o. i 22oe Oi ·· -----~4-;ozooo···-·o. s B27E o i --------it.~ o4·ooo -- o~zoooE- 02-- -----i'4 ~-o6ooo··::o. B66oe····rio··-- ·-i4. oeooo-·:o ~-i 92se···oz ·- ----------- -
14.10000 -0.1409r: 02 14.12000'-0.2720E 02 14.14000 -0.2031E.02 14.16000 -0.1461E 02 14.18000 0.3465E 01 
14.20000 0.248AE 02 14.22000 0.3311E 02 14.24000 Oo5024E 02 · 14a26000 Oa5465E 02 14.28000 Oa4697E 02 
i 4~ ioooo -- -c;~·z957~·-o2 ___ 14~32-oooo:aa5o~ oi ---i4~-3-4o·ao --=o~3465e·o 1-----·i4--~36ooo--=o~s937E'o1-14:3aoooo.29ii~--oi ____ ----·-----------
14.40000 0.7126E 01 14.42000 0.2142E 02 14.44000 o;1571E 02 14.46000 0.1772E 01 14.48000 -0.3228E 01 
14.50000 -0.7283E C1 14.52000 -0.7B70E 00 14.54000 0.2360E 00 14a56000 -Oa4606E 01 14.58000 -Oo8268E 01 

- -i 4~ 6oooo -=o~·i i93E" o2--14~62ooo-~a:·zo1-6if-o2 ___ i4~64ooo·-=o·~-2s62e-o2 ___ i4.~66ooa·-=a~2279~-o2--14.6a·aoa-=o. iii-4 7E ___ a2· ------------- · 
14,70000 -0.7008E 01 14,72000 0.1575E 01 14.74000 0.385BE 01 14.76000 0.5394E 01 14.78000 0.87P1E 01 
14.80000 0.1720E 02 14,82000 0.3583E 01 . 14.84000 -0.2157E 02 14.86000 -0.2185E 02 14a88COO -0.9567E 01 

- · i 4. 9oooo ·-a~ '3 ia9 e o i ·--- i4~ 92ooo'--o~·9·a43e --o i -----·-- i4~ 94iioo -- o ~ i6i4e--o 2 ----i 4. 96ooo- --o~7 i 6 5e o i ---i4-.9aooo-:.:o~ io63e-·a i- -- ---· --
15.ooooo -o.~567E 01 15.020oo -o.5910E oo 15.04000 0.9724E 01 15.06000 o.1898E 02 15.08000 o.3083E 02 
15;10000 0.2449~ 02 15.12000 0.1303E 02 15.14000 -0.5510E 00 15.16000 -0.7677E 01 15.18000 -0.9724E 01 

-- · i 5. 2 oooo .. ::·a~·a 346 E--o r--·--·is;·zzooo·-.:.o~433'IE- oc·----g;z4ooo ---o~ i 969e-o i·---i 5·~ 26i:ioo--- a·~94aae- o 1-·--1s:2aooo -=o·~-i339E--o i- ---- ---
15.3oooo -O.B504E 01 15.32000 -0.1B54E 02 15.34000 -0.1429E 02 15.36000 -0,7677E 01 15.38000 -0.7090E 00 
15,40000 0.6693E 01 15.42000 -0.3150E 01 15.44000 0.1970E 00 · 15.46000 0.9055E 01 15.48000 0.1472E 02 
i5~ 5oooo ·· c,.~-7.366E 02 ·····-is~s2ooo-cf~203 iE. oz~------ i5a 540oo·- Oo~i70iE .. 02· --i5.,5600a· -·oo i354e··oz ··--is~·saooo·--o:i988~--o2- - ··· ··· ·- · · 
15.60000 0.2571E 02 15.62000 0.2689E 02 15.64000 0.6772E 01 15.66000 -0.6693E 01 15.68000 -0.2075E 02 
15.70000 -0.2614E 02 15.72000 -0.1524E 02 15.74000 -0.874aE 01 15.76000 -0.1299E 01 15.78000 0.4685E 01 ·is.aoooo =·o~·so3qe ot-------~s~e2ooo-=-o~i38.2E ·o2· ·- ···-isoa·t.ooo-·:...o~zo24E ·az· ---i5~860oo--::.ooi3i9ET 02 .. --is~·aaooo·-..:o-.R583E-oi··--- ------·-·-·-·-··-- - ·-
15.9oooo -0.472or: oo 15.9Zooo o.5591E 01 15.94000· o.2756E 01 15,q6ooo -0.2480E 01 t5.98ooo -0.4724E 01 
16.00000 -0.12681' 02 -~-------·-- ......... .... . . ___________ , _________ ·---- ---------- -· ·-·------ ......... - .. -- ---·------------·---
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···-------·----- ----------------·- ---··-··-·· -··-·. 

TABLE 2-4 IMPERIAL VALLEY E!IRTIIQUAKE, MAY l8 1 19to0 

-·----·--·----·----------~~~~!-:_ER~_! __ !Qt::l_ _ _!l_~-S~.t:J_S._f: __ s._p_E_<;_!_~!!_f'l ___ ~------~---··-·-·-~-----·------·--·-· .. ·-·------------·---·--·-·--······-·-···· 

..... _ -'·---·--------~BJQil:_~cy __ _2~ECT~~L~.r!:=fl.!__f_B.ff.!\l~NC.Y ____ S!>.£CI~~l ... ~q;_~t_,_._ ______________________________________________ ··-·-·· 
CYCLES/SEC. IN./SfC.*SEC. CYCLES/SEC. IN./SEC.*SEC. 

---------··---·-·-···-·-·---·--·---·-·-·--··--·--------··------,---
1;00 320.60352 2.00 457.66919 
3.00 438.13916 4.00 678.33057 

______ s. oo 64 2. oo 3_~_r_ _____ h!__QQ _______ _l.QJ~ • .9.96_J_L _______ ---------~----
7.00 706.60718 -8.00 719.58057 
9.00 786.467~5 10.00 67~.14917 

lloOO 679o570)_J _____ !hQQ__ ______ ~!!~o.QO!l.J?. ______________ ~----------
---·----·----1·.J~OO 495.42676 14.00 562.746.34 

15.00 399.33007 16.00 423.79102 
1 1. oo 212_!..9.!n2 9. ______ _1!!. Q !L.·-----·-----·-· 6.5.?.. 14.9 6 6 --··-·----------·- ·----·----·-· · ·- · -----------T9.oo-· 333.38184 2o.oo 36o.s647o 
21.00 567.21167 22.00 397.34424 

. ________________ n ._Qo ---~IJo. {!f!~~'t ______ z~_._oo __________________ 4o6. 545.4L __________ ·-·--------------'----
2s.oo 229.93297 2h.oo 457.79346 
27.00 185.70261 28.00 260.10089 

--··-·---------~?.~9.0 39_3 .•. '!.H~L ___ ;tQ.. __ QQ _____ , __ 284 .• 62l'H _________ _ 
31o00 205o38451 32.00 418.97974 
33.00 163.Vt2 1t1 , 34.00 188.51621 

···------~~-·.QQ ________ 11.!! .•. U.9_Q~-------:!f! • .!l.!t ________ l2.0.. 7.6685 ________ . _________ _ 
37.00 166.92076 36.00 166.10120 . 
39.00 173.6?234 40.00 156.40381 

----:4J_._Qo 144. 6!!1H ____ H_._o.o _______ nu .11026 ___ ..:... _____ _ 
43n00 149o02924 44o00 139 0 68484 

-------------------· ····--· 

45.00 136.59206 46.00 ' 136.70769 
. _________ '!l!QQ _______ U_'!._:U_IJ1~-----·!!!l._QQ _________ l3~t .• 4.5.l05 ________ _ ---------------- -·--·---·-· --- ··-· . 

49.00 136.71747 so.oo 136.71045 
51.00 131>.40935 52.00 136.32866 
53. oo 13 5. 65 Bl:L_·_. -~_._QQ__ _____ l.H •. 100!!2... _______ . ___ _ 

----------------55·~-oo l35.8Boto 56.oo 139.04291 
57.00 136.15819 58.00 139.93581 

·· -··· · · ··-·--------·-rl-~~~-------H~·:H~~~-----·------~~~gg-------··---~~~:~~~g ·-·--·'------~--------7--·-·-·-·----------·-------··---··--··-·--······ 
63.00 139.06466 64.00 151.72667 
65 .oo 132 .65'l16. {>_f! .... .Q.9 ________ \~6.l6!lQQ ____ _ 

- · ----- --·---·------·--'h7:-co 137.945 s9 68. oo - 211. 735'•0 
69o00 141.78606 70.00 148,27968 

·---·--------·-···-n!_QQ _______ !.!!J .. !.lJ!!~9. _________ n_.Q9 __________ l~5.-.!!H.7.?. _____ · _______________________________________________________________ _ 
73.00 134.51346. 74.00 175.65703 
75.00 136.04636 76.00 180.72504 
77. oo 13B._!_~_!H~ ____ J.!! ,Q!L ...... _________ !~Q. o.5!!1L _____ -·-·---~-------~·--·-··---··---·----------· ·--·-------·-· --·· --·--- -------1<1-: oo 166.10744 oo. oo 1 t,o. os2 ao . 

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

=-------.:__,...-----------:--------------·-· ....... . 
TARLE 2-4 IMPERIAL VALLEY HRTitQUAKE, M4Y 16,19't0 

··-··· ········- ------- ACCELERA"!Jil_~_!l_i~~ON_g __ SP~f._T!l.!!t1. ______________________________________________________________ _ 

FREQUENCY SPECTRAL ACCELo FREQUENCY SPECTRAL ACCEL. 
·---=c.,.,YcCE.s/sfc-. --, N ·' sec:H"Ec~·--cvcCElsEC:----,-N ~/sec-~* sec:·---------

or:oo---..,.--.Jq .764 "3"3----------Fi 2·~ oo ___ --- -···· -- -------i-86:6 Y79ii---·····--·-·-·--------·-·-------------------·----· 
R3.00 144.67650 64.00 131.23708 
85.00 142.88837 86.00 136.05916 

--- ai~oo l't2.596<;7 8R-.oo T3o-~936·6·o 
89.00 141.86982 90.00 135.83614 
91.00 139.81438 92.00 134.80739 

----...;;9-'i~oo 137-;7221T _______ 94.oo _______ T32:96o4r 
95.00 134.60645 96.00 133.76320 

........ ________ 97.00 134.66454 98.00 J..H .• 9.9~9.~ 
99;oo· 1H.485H 1oo.oo 135.07841 

101.00 135i31815 102.00 135.38158 
... __________ !~-~-~~Q_ ____ · ___ 134.9_~_'!.Q£ ________ ~_Q!!_.Q_Q__ _______________ p_~-·!!.~'1JI! _______________________________________________ . 

105.00 134.76877 106.00 136.526~8 
107.00 137.42090 _108.00 137.58191 
109.00 135.91486 110.00 137.96587 

·· ----------·uL-oo l39.o472-3 ----Tr2·:oo _________ i37~69542·----.-------

t13.oo 129.354<;7 Jl4.oo 135.64113 
. 115.00 137.90816 116.00 141.393~1 

· · ···-········-----TrT.oo l32.45ii2T----.-i8.oo __________ i6i:J-:6z"354 ·---'-------- -------- .... --···.-

119o00 135o83594 120.00 137.04462 
121.00 136.27811 122.00 135.00516 .-n·: oo t"34. i392o ____ i 2-4-:oo _________ 1i4-.4ia2_o __ _ 
125.00 135.51746 126.00 137.03191 

_________ !n.!_go 13~ •. !.9.'!.!!~--- __ J ~-!!. •99 ______________ n~. Q_~ • ~? _________ ---------------------------·····- ________ _ 
129.oo 136.92e27 11o.oo 135.99011 
131.00 137.46869 132.00 133.43393 

....... -····--------------! ~ ~-· 90 140. 8 !Q?_0 ____ 1~.'! . .!.QQ_ _______ ~ H .• J Q~~!! ____________ _ ·-------------- ---·-········ . 
135.00 139.77736 136.00 133.47113 
137.00 139.60547 138o00 134o46593 . 

.. . . . _________ J~-~ !..29. 1 3.~.! ~2! ?~-------!~Q.!..QQ.. ____________ J H.• ~~? .. ~!I ___ _: __________________________ ---------·-----------·----- _ _: __ ···-····--
141.00 138.19315 142.00 133.52254 
143.00 136.83173 144.00 134.43268 
145.00 134.46634 146.00 133.25092 ·· ·-· ------ ----1'i7: oo 13 r:5·9·n ~;------·1 4-il-~oo _____________ i ·34:·-o9 5 i-4·---------------------
149.co 134.63759 15o.oo 135.07840 

_________ !~-!!QQ. _______ ! 12.!..! ~- ~~!l ______ y; ~! Q.Q ________________ ~ ~-~! Q'?:U! --··· -------··· ···----------------------------------. - --· ···-· ..... 
153.00 134.71306 154.00 134.94661 
155.00 133.58519 156.00 135.77071 
157o00 132 0 59357 158o00 136.75879 ---------··-··--·----------------·-··--· · ----------i 59·~·cro-------~ H:o2295·----------·r6o~oa-·· -- --------- · i36 ~9o7 23----- ···--------------------

--·----_-3 2:.. ------------·----------------·-· 



,· 

TAOLE 2 4 IMPERIAL VALLEY FARTHQU~KE, MAY 18,1~40 

........ ____________ ACCEg£!AT IO_II!_RESPON~f,__~PJ'~!.~U"'_ ................. ---------------:-·---·--··--------------;-----··-·····-··.:. ........... . 

FREQUENCY 
..... --··-·-·--CYCLES./ sEC. 

SPECTRAL ACCElo FREQUENCY SPECTRAl ACCEL. 
rN!tsE<::*sF.c-.--cvcl"r'sisFc·:---iN";·-,-sec.*seT:.--------·-

161.00 136.95801 162.00 136.47339 
163.00 136.77916 164.00 . 135.10758 
165.00 l31t.43326 l~.~~.Q_O ______ t39_.~~9.~.1 

....... ·-----------16T;oo 136.13361 168.oo 143.35155 
169.00' 134.02309. 170.00 136.23056 
111. oo l33.!~ll .. 'i9 ____ ... !.I?..! oo _________ !2~ ... U'tQL ... ______________ .. _ . 

..... ____ 1.75~oo·o- 133.18474 · 174.oo 133.64754 
175.00 [35.30420. 176.00 136.44121 
177.00 136.08736 178.00 l33.09700 

·-··----·-·-179~oo .. ________ i36-:-oo76_5 ___ 1_8a~·o-o--..,.-..... 1.3i~·45.769 

101.00 136.54413 182.00 133.12331 
............. ___ .. ____ .!!D! QQ.. ____ _!. 39 ... J ~§J~ ____ J !Et ... Q.P _____________ .. 1 ).'!.. •. 3.!13 !J(! ·--------·-· 

185.00 138.3781? 186.00 133.66643 
187.00 118.15912 188.00 133.11998 

·-----'--------·----·--·-......... --

------------·--·····--·-· ........ 

18<). 00 130.08147 190.00 132.96706---·--'-------------------··-·---......... .. ..... _________ fi)i~o- 137.38965---. -·-.-n·:ao ______ 1'33~·74257. 

193.00 136.35567 194.00 133.69164 
195.00 134.38202 196.00 133.32123 -··---------1<) . ., ~oo ______ DD43o6 i?a:-oo _________ i'l4:-2o4iiT ___________ _ ----·---~--·-·-··-·· .......... __ ... 

199.00 134.71280 200.00 135.07787 
. 201.00 135. 1299t. 2Q~!>..Q ____ J.~_._9.:!11QJ~---------------------- ------- .... ·-·· .... 

... --.---------2o3·:oo 134.58257 2o4.oo 134.69684 
205.00 133.71831 206.00 135.41124 

.. __ .. ____ .. _?Q.!! oo ______ 1.n.J.HQ.i _____ ~ Q!!. .• Q.<l. ______ J ~4.3..~.t.t..L __ . ---·---·-----.. --.. ------· ------· ·--·--·-· .. 
209.00 132.69089 210.00 136.36731 
211.00 133.336~0 212.00 135.86017 
213.00 133.581~<) Z!.i!oo tH .... ~~H~ . .. _ .. _____ .. ______ zts:no.. 13t:'t.451i 21t..oo n8.4127z 

217.00 131.95444 218.00 138.37917 
219.oo ... J:n!.oo.l!!Q ______ n.Q.!QQ _________ ~}?. ..• J7.."21 .. _______________________ .. ___________ . ______ ................. .. 

........ .................. ___ 22·r:·oo 132.34145 . 222.00 134.57100 · 
223.00 133.40250 224.00 133.71732 

............. --·--- 225.oo 135._215iL_ __ n~ .. oo n{!.1Q91.9 
·22T.oo 135. 745H 22a.oo 133.939U7 

229.00 135.61977 230.00 132•29097 
211.00 136o0~.1!!.~----..... n?.~QQ _______ ................ ~;}J.~99~!L _______ ............................... -------------·--·-.. -·········-.. 

-··-·--·-·-----n:;:oo 1311.24016 234.oo 131.92328 · 
235.00 137.58333 23~.00 133.78696 . 
237.00 131~30704 238.00 132.56413 ------·-------- -----...... _ ........ ............. --··---zw:-aa·· T37. 3 2o5<l" ____ 24o~oo __ ....... -- ..... i 3L3iiioT ________ _ 

...... -·-·---·-·-------·--·-------- ___ , ___________ ·--··----·-- .. -------·-·-··------.. ·-------------- --·-·--.................. . 
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.... --··---·----------''----------'-------------------__c_ ____ _ 

TABLE 2 4 IMPERIAL VALLEY EARTHQUAKE, HAY 18,1940 

ACCEL ERAfiON fiF.SPONSF SPECTRUM 
. -------·---------------------·---·-----·--·-------------·-··--·------------~------------------------------. ·--- ·····-···· ... ··-

·-----, FRF.QUENCY .SPECTRAL ACC.EL. FREQUENCY. SPECTRAL ACCE=L~·---
C vc.lE s/si:c-. --, N./ sr:c. • s~c.--c-vciF.S7sEC:----·u.i~-~sE"C". •sEc. ----·----·--····· ·-····. 

-·· -- ·· ·-···--···· ·----zi;l-:oo 136o 90990 ----zi~2~-·oo -----···-------1"3.4: oo.928·----·-------------- ·--------.. ·-·- -----·--··-· .. -
24J.oo 136.06061 244.oo 133.74602 

----.;245.00 134.32799 2't6.00_ 133.44800::---------
247.00 133.8~i47 246.00 "134.271-15 ·----'-----'------- ---·----····---

249.00 134.75116 250.00 135.07005 
251.00 135.09081 252.00 134.117459 ---------------------·-··-·-·····. ·····-·---·----253-;;oo 134 ~50322 254~oo ______ i3"4·~-54944 __________ _ 
255.00 133.79546 256.00 135.20267 
257.00 133.50516 258.00 136.08870 

·----,..25CJ.oo 133.14926 i6o.oo ··-i36:o"J93_4 _____ _ 
261.00 131.31229 262.00 135.49054 

....... ··--· 263.oo t~.Q_._•~IJ.!99 ____ ~~.'!.!.QQ _____________ JH •. !.l?~~-~------·---·----··--
·-·--·---26i5-:·oo 132.21390 266.oo 131.76668 

267.00 132.51189 268.00 137.71~16 
269.00 133.24660 270.00 135.47559 

·· ··----------·---27i:oo l32:"6.i95o ______ 2"72~·oo _______ i34~4ii6.iiz·----

27J.oo 1)3.61142 214.oo · 133.93996 
275.00 135.17186 276.00 135~89771 

··-·--·------277:oo 1.35.5JOll nii~oo _______ 13i.9ii59 ~---- ----------------~-------·- ·-· ..... 

279.00 135.32219 200.00 132.62299 

.. · ··-·-·-·····-------~~}:~~- g~:!:~~~ · ~~!:·~~ H~-:~Hg------------------------
285.00 137.077.04 286.00 133.86023 
287.00 136.74~4.4 2.~._00 J.l~ .•. ~Q~59 

------2a<i~-oo- n6.811'l4 29o.oo 133.55034 ----------------·-·------···- ·--··. 

291.00 136.58971 292.00 134.10616 
293.00 . 135.86096 294.00 133.85271 ····· ··· -·-.. ·· ... -----·-2qs·~"Oo ·· f34.2qo t·a 296-:·oo -i'33·~·5i4-i9 ____ _ 
297.00 133.09014 298.00 134.31984 

. ____________ ?'!~! QQ ______ l34.!~~~~Q __ . --~QQ_._QQ _____ .l J.~. 9I!l3L ________________________ _ 
301.00 135.06482 302.00 134.82100 
303.00 134.45064 304.00· 134.45250 

··········-·-··-------~.9~!-~o tH'!._~!iga ~-Q.~.oo ________ u~_.Q~~.f?~----------·------------·---·-----··-·---·········-- .. 
. 307.00 134.18570 308.00 135.91901 

3C9.00 133.45653 310.00 135.81810 
311.00 133.52541 312.00 135.24390 . ---·--------------------------··--···-·-·-·--···-···· . ----··-·- ·-·--3 i3:·aa··-----·--n3. 9iio5s·----314·:oo ________ ·-- i"34 . ."736o4-··-----··-------- -·· 

315.00 132.79889 316.00 137.32953 
---·-··-------~~I.~ Q!? ____________ !.E.!.~Q!.!.~--------··--H~!.QQ. __________ ~ . J ~.? !.?.~!!.n. _ --·--·-·····---·--·---· ---- -----·--------··---·-----------·-····-····· 

319.00 134.88068 320.00 135.26581 
'. 

---·-----·---····- ... -
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~,..-------------------------- ·------··-·········· 
TABLE 2-4 IMPERIAL VALLFY EARTiiQUIIKF, MI\Y 111,1940 

__ ···- -···---- -----'-·-----~~~!: ER ~!.!.9.~---~--~~-q~-~-~--~~~-~J~\J.~. ·-------·---------------- --------·--·----·- ---------------------·-·-·-- ···-. 

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

32t.oo 132.045e1 122.00 134.43166 
323.00 133.75661 324.00 134.09354 

. ·····--·-----·----=325 .oo 135 .1'.557 J26_._oo _____ .l.J5. ..• 1.~91l1J ... 
327.00 135.38033 328.00 134.05016 
329.00 135.11583 330.0Q 134.36020 
3:H.oo 135 •. 5.281!I ____ ~U?._._Q.Q_. ______ lH .• .!l't9.l5 ______________ _ 

··-········------33j-:·oa· aH.2'i7c5 n4.oo 133.9'•629 
335.00 136.71370 336.00 133.92743 

... _________ n_.!..QQ 136,34737 3_:3..1.1 .• JliL ______ .. l.H.H6J8 ______ . ______ _ -----·-------·-·------.. ---.. -- .. -
339.00 136.45067 340.00 133.71596 
341.00 136.36275 342.00 134~31232 

. -------·-·-----~n,oo lli • .HQ!?.!'-! ___ _3't't .• !l.Q ________ . _____ l33 •. 9298b._~--------·-------
345.co 114.262~4 3~6.00 133.64415 
347.00 133.93204 348.00 134.35315 

. --- -----··------~349 .oo ·~~-~!!Qll_'!__ 32!) .• _.9_0 _______ 1~.5 .• Q"l82,8 
.35T:-oii lls.o4657 357..oo 134. 71!351 
353.00 134.41266 . 354.00 134.38396 . 

. ·- __ , _______ _ }~~-:gg Bf.·H~~k-----1~!:·~g---------g;:-n~!!---. -----------
359.00 133.67699 360.00 135.66125 

. ____ 361o00 l3 1te 70!!~_8_. __ lQ?. .• ..QO _______ l.35. •. 0.6066 
3i3:oo 135.06161 364.00 134.61140 
365.00 134.22469 366.00 137.01085 

__ J67o00 133.~54.~~·-4 ____ J_Q!!.oQO ________ l3.6o .. 921.6Q __________ , __ , _________ _ · · __ .. _______ --369-:-oo· l33.9oo5o .Ho.oo 135.11095 · 

371.00 133.94333 377..00 134.39359 
37:\.CO 133.86327 3l.~_._QQ. ______ lHo.2P5U.--------------------
37s-;oo l35:-129oo· 376.oo 135.64194 
377.00 135.2/C65 378.00 134.01778 

... ______ _,_ ___ }?.? ~ !lQ _________ u~.!..~-~'!~ !! ____ --~-~!!Q. 9Q._. ___ .. -·-- -~-3~·.7.66 5? ______________________ __ -------------· ---· ·-
30I.oo 135.37645 382.oo 133.99402 
383.00 136.96297 384.00 133.91655 
365 .oo ll.l.!.!..i_'!942 .}l!Q .• _Q.Q _________ JIJ .•. 'l.l'UL .. ____ _ 

....... ----------307~--00- 136.05077 386.00 133.73366 . 
3119.00 136.11!004· 390.00 133.03939 
391.CO . 136.19290 392.00 134.40674 ...... - ....... -------·393-~-oo -------i35:6o7so ______ 394 :oo --------. 3'3:98964 ___________ --------------------------------- ---.. - ..... · 
395.00 114.24106 39~.00 133.64391 
397.CO 133,96312 191!.00 . 134.37845 . . ·-····-·-·----·399·~·oo 114. ai"26~?"----;;o·o~oo---··--·---·-135.~078i4"---··--·--:-·----------·--------·--·------·--···--· 

--~-----------------·-·-·-----.......... _______ -----·- - .. _, ____ ... - ... -· ---- -~------... ·-· ·- .... _. __________ , __________________ ................. .. 

.. .......... ---------- -·--·---------------'-------------------·-----·--·---- -· ...... _, ___ , _____ ,, __ ,_ ... _________ , __________________ , ______________ ,_ ...... 

-----------------------·-·--------- ___ , ___ , ___ ,,_, ______________ .. 
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----~.,..,....,,.....,..~-=-==-=-~---,-,-,,.,....,.--~-::-:-;;:-;-:-:,;;-:-:-:--:-:-;:-~=--:-::---:--:::-:--:::---------------------------------···-·· 

TARU: 2-4 IHPF.RI.AL VllllfY FIIRTHQIJAKF.t MAY 111,1940 

1\CCELERAT ION PESPr!~~~!'_E_~.J-~UM ______________________________________________________________ _ 

FREQUENCY SPECTRAL ACCEL. FREQUENCY SPECTRAL ACCF.L. 
i. ··-·-······ --···-----~c=ycH slSf!C--fiif:-/"sEC: *SEc·~--c y(jj~ s/SEc;·----~ N;7sE"c-;·• sEC,;--·-. --· 

· ·- · · ·· --· ·--------~4 a t:-oo ______ 135.0 3 2 c 3"------·-4a2 -~·oa-- ----------·i34 ·:7s6 i5 -------------------
4o3.oo 134.38358 404.oo 134.33304 
405.00 133.90706 406.00 134.89960 

········-------------------:4-or: co 134.oo731 4on:oo ______ i"i5-. 1o621 

409.00 133.84267 410.00 135.54201 
411.00 134.24437 412.00 134.93683 · ---- ----------4 n: oo ·- 134.6 2o 61:1 ___ 41"4 ~oo _________ i 34.:6"2375 _____________ _ 
415.00 133.51054 416.00 136.76923 
417.00 133.72501 418.00 136.61644 

---;.4Ff:-oo 133-:64554- i,zo~oa··----------1i4~9925·i--
,421.oo 133.11292 422.oo 134.36401 
423. oo 1_;p .9~-~~~- -------~-z~_. __ QQ.. ____________ ...... u~ •. .?.'H u __________________________ _ 

.... ·····-····-·--;;;g :oo___ 135.11794 '•26. 00 n5 .5508'• 
427.00 135.186fl9 '•28.00 13't.033"51 
4 29. oo !.Ii!.!!:i1QJ ____ 1d.Q .• .9...Q ____ ~------~ n •. l It~-~ !L _____ _ 

······-··-·----43"1""~00 135.26096 432.00 133.03539 
433.00 136.73820 434.00 133.34021 
435.00 136.24651 436.00 134.00606 ·· ··· ------------437. oo 135·:a21.T7 ____ 43ii-:oo ____________ i33 ~-2o476-
439.oo 135.96843 44o.oo 133.~3549 

_____ 441.00 136.06_!_Q.L_ ___ _i42~_Q_o ________ LH .• ~7'1'1Z 
443.00 135.52193 444.00 134.03595 
445.00 134.22408 446.00 133.68059 

____ 4~_l_!oo 1n.!.~~u L--------~~ft._QQ. ____________ u~t.~.9~jp ______________ _ 
449.00 134.03~82 450.00 135.07854 
451.00 135.02126 452.00 134.73404. 
453.00 134.36153 454.00 134.29323 

·· ·····----------4iic;.oo i"J~f:cl26R·2----456.oo __________ i34.ii4492 ----------------·-······-- ··-··- ····- . 

457.00 134.09946 45~.00 135.63509 . 
4 5<J • C 0 Uh~ J tl? ·-·-----~ ~Q •. QQ.__ ________ ---·-···J }S o!t49 0 } ____ : __________ -·--·-···- ·------'-----------······- -- ...... --··-

···---·----~(.T-;00. 132~63054 '•62.oo 1H.8340'> · 
463.oo 132.26624 464.00 134.50652 
46<;.00 133.27271 466.00 136.57905 · ··------··467~o·o -i 3"J":5794i------··-460:·ti0--·--·-----·-··· i 36o-4180i-·-·--···-·---- ··--------·--- ----------··-·······-··-····· ·- . 

469.oo 133.72~5q 47o.oo 134.89603 
. ________ ~~!~.QQ. __________ 1}_;!!_~Q~!.tL.. _______ .. 1• !.?..!.9Q ___ ... _____ ..... J :H .•. HJJR ... ___ ····- ------··-- ------ ---------------'--··--·-··· - -----··- ..... 

473.00 134.00966 474.00 134.35080 
475.00 135.11104 476.00 135.49294 
477.00 135.12183 478.00 134.04657 -------- -··~; 79-: oo--·-------··n-~:7 5754 ----------- ··;;;·iia·.oo··-·-·-·-·----·- ·· · ·i 33~ 2~43;;----------------------- · 
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TABLF 2-4 IMPERIAL VALLEY EARTHQUAKE, MAY 18,1940 

... ·-··--------·-----------~~CE.!,_!;~~-!JJ!~--~~-~f!l.N.~.LSP~U . .R..!l!'1 .......... _. _______________ ~-------

. ____________ £!!~Q!!~~K! ____ ~f1.1;.J:~~!, __ ~q~l;t _ _. ______ fB.F.'QlJE.Nc.Y .............. _Sf.'E.C.IRAl ... ~CCE.L.. ________ _ 
CYCLES/SEC. IN./SfC. +SEC. CYCLES/SEC. IN./SEC.+SEC. 

-----------------·-·---·-··-···-·--------------·-··---··---------·····----------- ,_:__ _ _:_ __ .. - ................... ·-" . 
481.00 135.17(06 482.00 133.22063 
483.00 136.56096 484.00 133.51195 

--,--4!!5. .. _00 l12.o . .O.JlM>." ..!t.66 .•. oo ________ .l3!t .• O.J62l 
407.00 135.63802 480.00'. 133.28531 
409.00 135.80034 490.00 134.01224 

-·----.. ·-----'~2!.•. QQ _____ l.1~ • .95.'t.J_'L _______ !t.92 •. oo ____________ 13!t .• 53847 ... ·------·---------·--.--------------·---- __ 
493.00 135.45377 494.00 134.07329 
495.00 134.21103 496.00 133.71004 

. -----·---------~'L1o.QQ.. l.H.o!l.0 .. 5.6_8 4.9..8o.O.O ______ .l34o.!tHH .. 
499.00 134.84357 500.00 135.07845 
501.00 135.01221 502.00 134.71651 

··-----·-·-·--------·5o~.Q!l 1.3~ .•. 3.!t.331 ____ 5.0~.o.OO _____________ l34 •. 261 1t9 ..... -----·-· ·-~--·----·-·--·--- .... ·-
505.oo 133.942e6 506.oo 134.80173 
507.00 134.17200 508.00 135.57800 

......... __________ 5_Q9 .• QO 21._Q_7_5.()!) ___ _5l0o .. OO 135. 31't5 . .L_. 

511.oo 132.79601 512.oo· 134.75191 
513.00 132.43860 514.00 134.55704 

.......... ___________ ~J.~_.J.l.Q. .U.!t.l o u ______ 5.16 .•. oo. ___ .. _______ n 6 .!t 212.5 
517.00 133.71982 510.00 136.31792 
519.00 133.79024 520.00 134.82123 

........ ·--·-·------~2t. .... m .. l1._2Le.c 5 '\2.2 • ..o.o ________ l34 .• 3 253 a __ 
523.00 134.06125 524.00 134.41347. 
525.00 135.10509 526.00 135.44011 

......... --·------~?1 .•. !;_0 .32..-.. 96 .. 1!12 _____ 52.8 •. 00 _____ .:_ ___________ 13.4 .• 05.133 __ _ ·---------···-··.·---·-·. 
529.00 134.68364 530.00 133.32497 
531.00 135.096G8 532.00 133.37105 

............ ____ , ____ _ 5 D .• .QQ 1_36_.!1J]_(>_2 5H_,_QQ_ ___ l.l3 • .6.5.1.9.8·-------------
535.00 135.95503 536.00 134.05925 
537.00 135.48059 538.00 133.35135 

........ ·--------·--·--·---~ ~ '! • QIL _____ U~ • .M~~ Q~ ______ 5..'t.O .•. .QO_ .. _______ ll~•-• 0 H.42. ______ _. ____ --------·--·-------------· _ __:__ _______ ................ .. 
541.CO 135.86847 542.00 134.58643 . 
543.00 135.39720 544.00 134.10416 

·-----"'545_. oo 1.34 ..!'L'U!e__:___H.6_ • ..oo_. _ _:_ ______ l33 .• 7H.3o. 
547.CO 134.02135 548.00 134.42747 
549.00 134o85146 550.00 135.07848 

·-----:::551.00 U .. hQQ~(?L ____ .~.~Z • ..QQ _____________ l h •. 103l3 ·-----------------------------·-----·--·- ----·---..... 
55'3 ~co-· l31t. 32834 554.00 1 Yt. 23595 
555.CO l33n95589 556.00 134.76552 
557.00 !..li.o.V .. !~.L ____ 55A.QQ_ _____ .. _ .. _I ~5. •. ~3..Q9..1! _____ _ r .. · ... -· --·----------ss·<i~-co n4. 1sc; 1c %c. oo 135. 3tH 1 

" ...... -- ·-·---:---.. ··--------.-----------.. ---·--- ------------ ·---------·- -·--·-- ........... --·, ----- ----------· ,., _____________ _:_ __________ .. __ ., -- ..... . 

------- ______ .. ____________ , __ , ______________________________ , ____ --------·--·-·--------·-~---,-

..................... _, _________________ _ 
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. ·-····-·--·--_ _:__ ________________ _ 

l--~·~~~~---TARL~ 2-4 IMPERIAL VALLfY EARTHQUAKE, HAY 18,1940 

____ -··-----------~f.<;_ EL ER ~~ I ON_~E_~!'J:!~~f:- ~!f_C_~-~!-1!.!__ ___ -:-·--··---------------------__ 

·-----=c'-FRf:OIJF.:t.:CY· SPECTRAL ACCf:L. FREQIJFNCY SPECTR.I\L ACCEL=-·---
C vci:B7s~c:---I i'i:7s"Ec. •sF.c.-·--·c YC LES7$Ec·:---·TN~7·sec·~·SE{. 

··--·· ·-·-----r;6T:-oa·· 132 ~ 9 3 t63·-·-----·56Z.~oo-- -·-------··-i31;:·6-8477-·-----------·-·----
563.oo 132.82030 564.oo 134.53223 
565.00 1l3o52328 566o00 136o30128 

1
,_ ···-- ---~567.oo 1H.8358'i . 56a:Oo _______ i3b.TiiYi5 __ _ 

569.00 134.13161 570.00 134.75838 

1--- ~~~:-~~- ! }!: ~-~~~2-5 ----~H:gg-----------l~~~~~H~------------------
1. 575.00 135.10094 576.00 135.39545 

577.00 135.02431 57R.OO 134.06757 

I
I- - -- - ---- ~~~:-gg ~ ~~:~-~~~~ ~-=~:gg-------r~~:!!~~:-----

583. co 136~~·!.~.?.~ ____ 5.!!~ •. Q.Q. ____ ---· ____ J n .J~I!z~ -·-·--------------·~-------------r· ··-···-----·5a5~oo-· 135.8'•766 586.00 134.07935 
! 587.00 135.36432 58R.OO 133.69771 

! 
i I ... 
I 
I 
I 

I 
I 
I 

I 

589.CO 135.54857 590.00 t34.12b65 . 
·-----·---------··s9T:oo n5.7'l6CJ'• 59.2:oo ________ i34~626ii·-----------·----

593.oo 135.35019 594.00 134.13097 
595.00 134.19019 596.00 133.75452 ···· ·---·----------s97:·ao _____ 134:0343a-----:-59o~-oo-·---------------i34;43so5 ___________ _ 

599.00 134.857CJ3 600.00 135.07837 

·--------·-----, 

------=---·-·--·----·--·-··- .. ---- .. ··-··-·--··-·-·--·--·----- -··-·----'-----·--· 

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

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

----------------·-··------·------·· ------------·----------··--·-- ----- ----
-38-



.0 
a . 
0 
(\J 

0 
.a . . 
·o 
a 

~; 
UJ 
.!!}o 
"'a <: . 

·- 0 co 

-0 -

0 
a . 
0 
(\J 

"' . 

O.L!O 0.6U 0.80 1. 00 

I 
0'1 
(") 

I 

&!. 00 0.20 
0~------~------P-E~R-IO_D_(--SE-C-.~)------~------~~----~------

· FiG. 2-3 RESPONSE SPECTRUM ACCELERATION 



~- ---
---'---------------------------------..,-----------·--·--·-··--···· .... 

Hlllr 2-5 !111V(;At.llfl PIW'HFt~ OYNI\MIC CIISF II I.T-H-1!' HJSTOP.'I' Al·l•\1 YSISI 

P.F.QUENCI~S 

~--~f)~~~_:_ _____ ClJ!!;!!LA.f! _____ ·-------,.-----------------
. NUMBER FREQU~NCY FREQUENCY P~RfOO 

fRAO/SF.CI ICYCLES/SECI ISECI 

1 ....... o~·ia37E o-3·· ·a;2924E ··c-z-·ii:·342oF.::C1 ____ ····---·· ---- ·-··--··-··-·----··---------·-·-·----······-·--·--------··---------.. -- ·-···---- ............. . 

~--·-·--·.9 ... ~'!:U~ .. .9L.Q~_o;;;_6H;_Q?_.!!_d_!l_~lf= .. 9.L ..... _. _______________ ............ --.------·-·---··.-----·---··-·-···-·---··__: _________________ ....... _ .. _ .. ________ ., .. 

l 0.5009E 03 0.797fE 02 Oo1254E-Ol 

4 0.960!1E 03 O.l529r: C3 0.6540E-02 

.. ? . -··- _____ _!L.J.QJJL QL. (hJl~I!L£2._ . .9. .• 2.!1.2~-~=QL....----···-----·-··--·-----·-----··---·-------·-·---· 

· PR, NT i:if' ... E 1 ii"E'NiiEcroiis .. · ····--·---·-----··--·-----.--------------··---·····---·-·-·-····- ·---------·----·----··---···-· ·---··--------------------------------- --· .. 

-4o:...:.· 



T!'.l'·l.F 2-6 I!I)Vr,/1/>P.D PIFJIILE!~ flYN·\·'11( CA!;[ .~ IT P.lf: HISTORY 1\N.\LVSI~ I 

-------------;-;----;;--;;-;r-~ ..... --.-.---;=--;,__----------------------------·-··-·-···--· ... 
I~ l1 I) f 5 ~ 4 I' F S 

l-----~QI:Jt .. _E..L~~-~=-----------------:x.,..,.-_-=,..,. v- z- x-______ · _._v.-
NUMfiF.R V'':CTOR TRANSLIHION TRI.INSLATION-TRANSLIITION ____ ROTATION ROTATICN 

z-_______________ _ 

ll 1 o.o 
2 o.o 

. ·-·-- ______ } __ QoQ 
4 . o. c 
5 o.o 

o.o o.o 
o.o o.o 
OoO OoO - .. -------0-~0·----- ........ - .... 0. i)'" ..... -

o.o o.o 

ROTI.ITION 

o.o o.o o.o 
o.o o.o o.o 
o.q. ·-·-----·-- ____ o.o. _________________ o. o 
o.o o.o o.o 
o.o o.o o.o 

.. --·· ···---- -· -------- -----···· ·-···-·--·. --. ····---·· --····----·. ----------- ·- --- ·-·-···. - .. ---·- --------------------------------- ·- ------ ----- .... 
10 Ool0011E 00 -Oo39196E-Ol -0~63723F.-03 -Oo35660E-02 -0.91697C-02 -0.86576E-03 

2 -0.35534E 00 0.15620~-0l -O.l7242F-02 O.l302lE-02 0.29373E-Ol -0.49776E-03 
........... ____ L_:-:9. !}~~~J ~-:Q!. _ _Q_.!.n.IH.L..Q!L ..... 9~ 29.()3~f,=.!U ........ 0• '.t50~J !;';-:-!H ____ f)_.~ .\519!.':-:n .. ___ Q_._2't.§'.t5E:-QZ ______ . --·------ ___ ........ _ .......... .. 

4 -Oo43259E 00 Ool9442E 00 -o~t3A09E-Ol Ool4626E-01 Oo3l671~-01 -0.32467E-02 
5 -0.25~47~ 00 -0.57799E 00 0.39717F-04 -0.457~9F.-01 0.20024F-01 -0.17568E-01 

- . ·- .... -· ... _. ___ ------------------- -·- -···--·-···-- -···- -··· -- ·-·- . -. -- ··-······-··-·-- ----- -·-· ·····-·-·· . --· . ·-· .... -- -··-· -· -·-·--·-·-------··-·-------·- ·- ···-···· 
9 1 C.36ql4~ 00 -O.l443AE 00 -0.127441'-02 -0.66363E-02 -0.16488~-01 ·-0.17315E-02 

2 -0.11440E 01 Oo50163E-01 -Oo~4479E-02 Oo19192E-02 ·oo4231AF-01 -Oo99553E-03 
.... ·-----------------.. J .. ::Q ~.t?~ ~hE .. Q.9 ......... Q.~_U75.95 ... .9L ___ P. '+095~!;::03 .. __ .. o •. 7058R.E-:QL_O. ~95~<1"'::02 _____ O. H290E-:-.. 02 ________________ ........ -------·· ........ 

4 -0.11A32E v1 0.~5234~ 00 -0.271B8~-01 0.16406E-01 0.32043F-01 -0.64934E-02 
5 -0.76732F. 00 -0.17642E 01 o~79324F.-04 -Oo61026E-01 Oo25616E-01 -Oo35135E-01 

-0.32419F-01 -0.23802E-02 
0.2ft868F.-01 -0.15321E-02 

1 0.10162E 01 -0.40236~ 00 -0.17192~ 00 -O.l3992E-01 
2 -0.22102E 01 C.11107E 00 0.20385E 00 0.16598E-02 
3 -0.280A9E .QQ __ 9.•.l~~~9LQ1 ..... Q.31}!!~f-:-.Qt ..... Qo!!9389E.-01 

.. , .. 4 ... :::o~ ii 735E 01 o. 75980F. 00 -0.18352E 00 · -0.95U8E-02 
5 -0.13170E Ol -0.2933~f 01 0.9~77~E-01 -0.44961E-01 

Oo6U.1H::.Q~.--.. Oo 9~(>(>9~::.0_;! ____________________________ __ 
-0.43006E-01 -0.7l424E-02 

0.12672F-01 -0.62R56E-01 

7. 1 O.l5266E 01 -O.S62R9F 00 -0.99014E 00 -O.l7986E-01 -Oo38~52E-01 -Oo37951E-02 
2 -Oo23776[ 01 0.15720~ 00 0.30951E 00 O.l1473E-03 -0.17237~-01 -0.91~89E-03 

........... _._;3 ____ .::.9 • ~~'J9..!!!=. .. QQ ___ ..Q.-'I£?9?9~. _OJ ...... Q • 1 '2 ~02!'~ .Q9 __ . Q. 7.9~~ 1 !;:-:.QL_.f!, ~~!>~~!;.::0~--- Q. ~2~'9E.::.9 .l 
4 -0.22~59E CO 0.46681F. 00 -O.l8016E 01 -0.41777E-01 ·-0.74619E-01 0.47910E-02 
5 -Oo13R52E 01 -Ool5Q51~ 01 0.15626E 00 -0.2646ftE-01 -0.43206~-02 -0.94307E-OL 

--------·-- ..................... .. 

;; ........... c ·- o ~ i526qe · oi ·---:.:o:4ii5-7i"E · oo-- =o·~-i6794~---oi .. =-o~zo262e=oi·----=·o. 3~i'a6F.=o1-----::.o·. 49o7.7e=o2------------------------ .. .. 
2 -0.23805E 01 0.1702RE 00 -0.11161E 00 -0.8942SE~03 -0.28228E-01 -0.43870E-03 
3 -Oo35903E 00 o.37216E 01 Oo20136f: oo ... .Q.6Q~'t5!=::.QL _____ Q •. UQ~f)_!:_::Q2 .... _o.~6929{:-:-J!.L _____________ .............. - .... - ......... .. -· ·-- 4--·-=o .-2·2 ii63E" oo -·- o-.3 563 9F. .. oo--·--=-o~ 3o i n2E--oi· -o. s9112e-o1 -o. 5365')E- o1 o. 74603E-o2 
5 -0.13805E 01 ~.11391E 00. 0.4800lF-01 -0.23575E-01 -0.72179f~02 -O.~B669E-01 

Oo 15271 E 01 -0~ 3 Si 44 E 00 ·:...:'()~ 23506'E' Oi' -o., 225"3 7e:.oi-· -o. 36626F:-Ol -o. 612 77 e-0 z·---·-------·-·--··-·-- ·-··-- ... ·- ··- .. ·-- ..... 
2 -0.23~29E 01 0.17231E 00 -0.~8745F. 00 -0.18833E~02 -0.34597F.-01 0.27933E-03 

•• u .... ·-· 3 .::-9 -~~~~~~ .... QQ ___ Q •. ~~Q~'!!;.. 9L ___ Q_, ~?.~.~.9LC)Q ______ o.~.Q9?9.!;:-:QL __ !>_.~(?~2~G::.QL __ o •. 4(!'!4~!;=Q l.. _____ . -----·-----------------·--- ..... 
4 -0~23129E 00 0.20324E 00 -Oo36834E 01 -Oo77646E-Ol -Oo18224C-Ol 0.19427~-02 
5 -0.1372Q~ 01 0.15345E 01 -0.97350E-01 -0.20681~-01 -0.83697E-02 -0.63355E-01 

4 · · ------ c· o~ i4127E ... o i ----.:.:a·. 1. 743oF. oo --=o·:3o449e ·ai- --.:.o: 27io6E"~---o1·-:.:·a~·? 77zqf=.-oi --·-..:·o ~ ios·soE..:oi .. ------------------------------- ·-· ·--------
2 -0.23694F. 01 Ool2727F. 00 -Ool6~23F 01 -0~43l33E-02 -Oo3ROR9F.-01 Oo44i39E-02 
3 o. 49S'Bf:-O 1 O. 7S495F. 00 -0.10808!'-01 . Q. n!>,?i;::-9 L. .. -(_).~1_tn ~-:Q~ .. _ 9. 66.'!2'?!;:-QL ________________________ ..... _____ __ 

----4·-·.:.o:2o434e .. oa··--o~iso26E..::oi ..:o:ii389e-oi- -o.1104oe oo o.711765E-o1 o.333sse-o2 
5 -O.l1069E 01 0.1479AE 01 -0.20629E 00 -Ool6505E-01 -Oo69059E-02 o~71171E-Ol 

3 - · ·- --~.-- .... o. u ~ 79E ol. -- =o: iss 6·2 ~..::o3 .. ··:a. ?.ioa9E a 1--· ..:a~ 34o24E.::oi ---=o-~zooiis~·..:oi :.:a~ i4.5oz~:.:o i·-.--------------------- .... 
2 -0.21299E 01 0.16695F.-03 -0.193711E 01 -0.16861E-01 -0.29042~-01 O.l8360E-01 
3 o .10'H 7E 01 o. 25177'=-0l -0.465 ~7E oo . o, 8~? !~.~-:QL ... Q.o ~-~:H~!=::Q? .. .... 9? P!?Q~f,:-9. L _____________________ ...... _ ........... . 

· -----------4----.:.o~2iiio4~ oo·---- a·:-766ii.iji'.:.oz ----o~ i5i95F.-oi .. -o. 11116o::-o1 o. 77627E-o1 -o.15129E-o2 
5 O.l21164E 01 0.}566~E-01 0.68424~-02 -0.911890E-02 -0.5R544E-02 0.96980E-Ol 

'2 . -- ....... i. o. ;, o i ,<,q E · oo .. -:..:o:7 1 o34 i=-= o;;---·.:.o·: ~<i ~ ii'·E'· oo · · · .:.o ·:2 s 326f.:.::oi 
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··-··-··----·-··--···-··---·--------·-·-----···------·----··-------------------------------···--·-

2 -0.~5329E 00 O.A355AF-04 -0.77413F. 00 -0.22032F.-01 
3 O.A4441E 00 0.12615F-C1 -0.39034E 00 -0.82099E-02 

"-···--·--····-·-----~Q.!!?I~~LQQ__O. 3~6'·~~-:..QL __ Q.~ .. ~_!l3~.LQ!_Q.<!_}7953E-01 
. 5 0.35005E 01 0.79114~-02 0.24610~ 00 0.2328aE-02 

-O.l452lE-01 0.24254E-01 
0.16688F.-02 -O.l78ROF.-01 
0~38'!Jlf-0_1_.Qo.Jl.l06E-02~-------.,.--­

-0.29272E-02 -0.3Q103E-01 

i 
! .. 

i 
i··­
i 
I 

I 
I 

I· ,. 
i 

1 0. 0 0. 0 0. 0 0. 0 ------·---'·-·--Q.!.Q._·-····--------<!.•.Q. __ ·-·-·-·------··--- ----··-·---- ·-···. ·---·. ··-· ·-·--·---· 2 -·-·a. 0 -- ---- o·~·a····-·-------·-.- -· o·:o. ·----··--·---···a; 0 ·--·· Oo 0 0o 0 

3 o.o o.o o.o o.o o.o o.o 
4 o.o o.o o.o o.o o.o o.o -·· --·---·-----·s--·- o: c -- -·------------o·:a·---··---·-·- ·o-. o----·-------o :-o-------·o~ o·--------··-· ·o-~ o ·-------

--·· --------------·---------------·-·-----------~~~ 

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

---·-·---------·---·-···- ·-

···---~-·-··--·-··-····- ···-;-· ·-··-- -
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.• 

---- -----··-----· ···-

T~l.\11' 2-7 HOVG-~1\IUl pp,nr!I.PI nntr.t~IC f. AS I: 1\ IT I ;1[ HiSTOPY ANALYSIS I 

~ -·------·······--·· 

,_ ______ NODE._ofsPTACEMENT 

NUM~fP COMPONENT 
MAXIMUi·~--TIME AT 

VALUE Ml\XIM~M 

PLOT 
SYMiJOl 

·- ···-~----·····----------~------:···----~-----------··"-------------------------------------------- ·-
l 9.45~9E-04 2.4~CO~ 00 NA 
2 5.3962E-07 2.?.200E GO NA 

-·--··-----··- --·-· .... I. ··----~~ §. H~ ~.::.Q~---~~-~~QQ!; __ Q.!> ________ N~.'.... 
3 l 2.4358E-03 2.4~00E 00 NA 

2 l.0755E-06. 2.2200E 00 NA 
...................... ______ -~ --······ .? .• Q'l?.;n;_-:QL ____ 2Q'l'~oo~:;_ oo __________ NA. 
4 l 2.8052~-03 2.4'100E 00 N4 

2 2.1037F.-04 2~48COE 00 NA 
·--·--·---·--···-··}·-·--~~-~~JJ..E-Ol _____ ?..~~QQ!;_ Q!) ______ N_~-- ---·-·-··------------------ ----------·------··-- ----·-

1 2.~534E-03 2.4800~ 00 NA , 
2 3.9766E-04 2.4'100E 00 NA 
L ... ?..~?."II::..QL ..... 2·4"QOL9C! --·- .......... Nfl -----------·-- --· ------·····--

6 1 2o'I519E-03 2o4800E 00 Nh 
2 4.7971~-04 2.4eOOE 00 NA 

___ --····-·--2- ........ J .1J.l!?!;.=Q~---·2 .•. !!J)CQLof! .... _. _______ _NfJ ... ___ ----·---------·--·-···-····-------· ---------
7 1 2.8500F.-03 2o4~00E 00 NA 

2 5.4467E-04 2.4~00~ 00 N~ 

------·- ·----- ··-··- ~ ......... I. ??J2f-- Q;3 .......... 2• ~~~ GO.LQQ ___________ NA 
9 1 2.2137F.-03 2.4000~ 00 Nfl 

2 3.8794~-04 2.4800E 00 NA 
3 2.87~8E-04 2.4~COE 00 Nfl - -- q····--- ·---------------- .i ----- q~·7a·oi·E:o4·----- 2.lzoiiE. o·o--···-NA ---------------------------------------
2 1o4181E-04 2o4800E 00 NA 

..... -----·-··-··-~·-·······J .• IJ.9.Q_I;:-.0~.---··-2·.5.!?QQE __ QQ ·-·· _____ N\ --------------·-------------·---···-- --------·-·-------·--·-----·-·--- -···· .......... ·-··-
10 1 2.906~E-04 2.2200E 00 Nfl 

2 3~811SE-05 2o~80QE 00 N~ 

···--······--···--··-··-----~-- ---~·-~-'U?.1'.::.Q_? ____ ?. 5.2QQL.QQ __ _, ____ f\!A -···-------------·-----. -·· 
11 3 9.78C1F.-04 2.2200E 00 ~~ 

2 1.41~1F.-04 2n4800E 00 N~ 

_. _____ ··- _ ... _.:3 ......... J •. U'l.O.f..:-. .9~----·--· 2 •. ~20Q~-- 00 ________ -~A 

·- ···*ATI"-vaTue·s···re:p·res·enf".the···aosoTute-·maxim-um:-·-···--··---··---····------····-------------···--·· 
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Hl!l 0 2-fl HIJ'/!;hllfH) Pl'lll\l.f'f-1 I'Y<·Ih'·IIC f..~Sf. h ll Jr·H' HISTOPY ANh_YSI<;I 

I' 0 H .C E C 0 P rt N F. t·l T M o X I 11 -~ 

ELE~ENT TYP~ NU~8F.R = 2 '..... ···-···--·······--------------·····--------------·-·:- --------,---"-----'--------------·--·-.. ·------·-""'""' -- .......... . 

F.~FME~! 
NUMf\';P. 

FORCE ... J~A.~ l!-1!-1~ ........... ____ T.I ME AT .... ____ --------------- .. - __ , ______________ ---··-- --------------------·--·----------------- ___ _ . -- "(OMPON~NT ___ ,,__ V-AUJF. MAXIMUM 

l ~NQ_-1 _______ F.?L_ __________ J •. 26<:)!lf-... QQ .... ..... z._?.ZQOE .... QO_ ---------·- ----------------........................... -------------------·-· ______ .. ___ ..... . 
FY ~.3313E 00 2.4ROOE 00 
Fl. 1.130\~ 01 2.2200E 00 

... I.X _________ ..... <;;.:Q?5.9L . .Ql __ ..... z.lti!OOE .00 
MY ho981~E 02 2n2200E 00 
MZ ~.31A1E 02 · 2.4AOOE 00 

F.NO-J FX 1o2690F. 00 2,2200F. 00 
_______ .£'(_ _______ ~._;nnE .. Q.9 .......... 2. It "oo.~ JUL _____________ .. _____ ;_ ____ .. __ .. ___________ ... ---···-·---.. ··-·-----·---------- .. --------· ----------~-

FZ 1.130\E 01 2.2200F. 00 
TX 5.07.56E 01 2.4'800F. 00 

.. _ .............................. ____ : ________ , ____ 1.'1_'f _____ _l. O',iJQf. __ Q? _____ ?- •. ltl'.OOF. OQ _____ -----------------------------------'--- -----------------·-·- _ 
MZ 1.9597F. 02 2.4800E 00 

2. F=ND-1 FX l.2h03E CO 2.2200F= 00 
.............. F.:V ...... _ ... ____ 3.t,7~~E .00 ......... 2.l•!IOOI; 0_0 . -- _______ .. ______ ---·-·-------------------------------------------------- .......... .. 

FZ s.qotor- oo 2.~~00F. 

TX 5.025~F. 01 2.4800~ 

00 
00 

... ___ .......... ___ ... __ ....................... !W ............. ____ l._C~J.QJ; 02 · 2.4t100F. 0 0 ...... ---- _. __ ... _______ , _____ , ___ ---------- ·--- ----------
M7. 00 

2 ENO-.J FX 1.2603F. 00 2.2200E 00 
FY 3.~74~F. 00 2n4800E 00 

.... F.L.. .. 5.~0lQ~ .00 z._t,IIQOF. QO .. -----·---------------------· .................. ______________________________ , ____ .. _________ , _________ ....... . 
TX 5.0256F. 01 2.4800~ 00 
MY 2.~199F. C2 2.2200~ 00 

__ )-\! ____ __ .. .. : .... ~·.V~ IJ E_Q L ..... _2o $2 pp:: .. oo. ___ ·-----·- ______ ------------------------ . ____ , __________ , __________ ........ . 

3 ENO-l FX 2o~900c-Ol 2.2200F. 00 
FY 5.0173F. 00 2.2200E 00 _____ u ___________ ~ . __ ·no3r; __ go _____ .. z .;!1 oof. . oo ... _______ .. ___ .... ______ ... ·-···--------- _________ ........... ______ .. ____________________ _ 
TX . ~.0615F. 01 2o4AOOE 00 
MY 3.9699F. 01 2.5200F. 00 

........ -" z _________ ~. :n ~13!= __ o2 2. zzooe _ oo ___ ... _ ---- . _____________ ........... __ 

3 EN O-J ........ ~)\ _________ 3. zoo~:. oo ·z. nQPE oo 
FY 3.~712~ 00 2.2200E 00 
FZ 2.93C3F. CO 2.4ROOE 00 

_____ q __________ J.QQI~LC!!) ____ ?14~99::: 90 
MY l.O~h3~ 02 2.4800~ 00 
MZ 1.11B2~ 0~ 2.48QOE 00 

4 ______ f.I'-!D:-.! __ ......... ..!: ~- _______ ,_,. 79 09F. .9Q ..... 2. ~;!_ OOE. .. 9Q ........ ·--- ......................................................... ---------------------------...... -
FY ... 5oi;39j~ 00 2o2200F. 00 

-44-



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

FZ ~.5662E 00 2.2200E 00 
TX 2.~203E 00 2.4800E 00 

~----- ... -··-··-· -----·- ----------~y ___ _.1_o_Q88~LQL __ ZoH_.QQL.Q_Q ____ ~--
MZ l.ll~2E 02 2.4800E 00 

4 EN O-J FX ~.7493~ 00 2.2200E 00 
Fy 5.26011F.-Ol 2.41100E 00 -

-------- ------------------------ ______ E.?, _____ ~----=--~• ~~~?-~-- QQ _______ ?_. ~?99~ .Jl.Q ________ -------------------------- ---------------------------·---------- ----------
TX 1.0069E 02 2.4800E 00 . 
MY lo5565E 02 2~4SOOF. 00 

___ ... ':!~----------------~• 9ll2E_ 01 .2.• 4~91]1;. 00 __ -------- _______ --------------------- ____________ -----------·---·--- ____ -·-·--·--- __ _ 

FX l.l762F. Ol 2.2200E 00 
~v 3.6h21F.-Ol 2.~ROOE 00 
FZ 3o9337E 00 2o2200E 00 ·····---·----··----- ----- -- - ·---·rx-·------------7~545~F. ·oi -·-2. 48oo~· · oo ·-·----------------·---·-·-·------- ·-·-·---·----··----·------------------·- ·---·- ·-- ·· ·· ·-- · 
MY 1.6933E 02 2.4800E oo 

. -- - ....... ··--·------ ---· -···--------~J ________ __i._•u__n_c9.L_. ___ J_.~t_~oo~ oo _____ -------·--··--------·--··------------------------·-----·--·---- ________ ··--· ____ _ 

. 5 .. _____ E~g-::J .. ______ ·- -·---. !')( _________ .!.JH2.f. _Q L ____ 2. 22001'0 OQ -·- --·-·--·-··-------·--··-·-·----·--------··-------- ----------------·----·--·--------- .... -·---·--······ ... 
Fy 3.6621E-Ol 2.4800E 00 
FZ 3o9337E 00 · 2o2200E 00 

. ____ __1_:~---· -··--·-..?.•.~-~5.1t!; _!)L_ ______ 2 ·4~QQ!; _QO ____ ... ________ --·-·------ ·------------------------------ ----·---- ·--. 
MY 2.2816F 02 2.2200E 00 
~z 4o2~7QE 01 2~4ROOE 00 

. 6 _________ f'_N..Q:::.L _________________ !:X _____ l~!!!U3.E. 9L __ -'-_Zo_220Qe __ OQ __ --------------------~--______ _ 
FY ~.0530F-01 2.54005 00 
~z 3.9214E 00 2.2200E 00 

____ _!_)< __________ _]. ~-" 511F, __ !)1__ _______ 2 .lt$.00!: __ 00 ------------------------------------------------ -- -----~-----------------
MY 2.21116F. 02 2.2200E 00 
MZ 4.2577E 01 2.4800E 00 

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

6 ENO-J FX 1o4073E 01 2o2200F 00 
__ ..... __ ···-·-· FY 3 .0~3010-01 --·-·· .Z. 5'tOQE. oO ________ ------···-·---·-·· _:__ --------·----···----· ..... ·i=z··----··----j_-q2i4E ao· 2.2200E oo 

TX 7.545QE 01 2o4100E 00 
.. __ .. _ ... ·-··-· ·---·--------~y_ _________ z. '!" 1 ~': !R .......... z.z~oC!E _po -----·---·-----------·--·---·---------·-------------------------------·· _______________ ·-------·- ___ _ 

~l 3.7~9R~ 01 2.41100E 00 

7 ':NO-I FX 1.7471E 01 2.2200E 00 
FY l.9590E 00 2o 5400E .00 --··-·-'------- _ ·-----·------····----·---·---···--·-·--- ---·--------··--··-----·--··- -·--···--·-··------.. -- ····- ··-···-····· ···-·---··-·-····----y:-z-······-·-----··4.50ii\f:~Oi ·-··-····~.46oor: oo 
TX 9.133A~ Ol 2.4800E 00 
14Y 2.2170E 01 2.4800E Q9 ... --·· -·-·----·-·-·--·----··--·--··----- ----·--·--·--··- '-··-··---··-·-·-·-----·------·---------·-- ·-·- --··--- -·-
Mf--------2~91\il,f' o2 2.22oo~ _oo 

· · ·-····-····-··· - Fx··---------r:29i:i7 01 2.2200E 00 
FY 1~ 11120 Ol 2oltfl00'= 00 
r::z 4.5ot~ ·-·· ·- · ··- ···--·---···-···· ----····-····· ·· ··---·t x ·---·--···--··y:·os4~ -01 -~·4!JQ()~ ()Q 

"(j i ----- 2. !t80017 00 
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.......... --- ... ·---- ----------·· ---------·-----------·--------·----·---·----·---·-··----· -----------

MY 
MZ 

4~9R35F. Ol 
l.3433F. 02 

2.4800!: 00 
2.5200E 00 

.. · ::· .··:' 

·-~------··-----------------------------

. -----'=~·ID.::- J FX 1.3300~ 01 -~·22QQF, 00 
·---·----·i'v-----------i~3769E.oi·- 2.220oE oo 

FZ 7o5219F-Ol 2o4800E 00 
... --·------ _____ _ _________ JL _________ ~. ~~ l '?.!; ... 0.1 2. ft!IQOIO 00 .. ----·---------·----·- ___ ----------·-- _____ --·-----·---------------- _________ _ 

MY 5.?.723E 01 2.4800E 00 
MZ 1.J413E 02 . 2.5200E 00 

8 ENO-J FX 2.15~AE 00 2,52COE 00 _ 
··--------------·-------~-f_y_ __ _:__l.'H.~~E .. .P1 ____ ?,.2200F. .. OO ______ ~----'-----·------~----------·------·--·------------·---------·----- ______ ... 

FZ 7o5219E-Ol 2~4800E 00 
TX 7,3990~ 00 2.4800F. 00 

_ .... ____ "'Y. ______ ........... 1, 03 f2E.. 02 ___ .... 2, 4 "'JOE_ .00 ........ ···----· ................... . 
MZ 3.63l1E 02 2.48uOE 00 

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

9 F. NO- l FX 3.6~01E 00 2.5200E 00 
__ . ----··-----··---- ···-·-----·---·-- ... fV. ________ l._l0_95~ ... 00 _____ 2.'t!IOOF.. 00 __ --------·---·-----------·---·-----· ------------ ________________ , ___ ..... ___ . 

FZ 2.04lAF 01 2,2200E 00 . 
TX 2.33C7F. 01 2.4800F. 00 

-----·--- ..... ___ ---··-··----·-··MX_. ______ --~oi.>3l4E __ 02 _______ 2,.4SOOE_OO ... ---. ·-·--·------·-------------------·----·-·--------- ............... __ 
MZ 1.017.~~ 02 2.4800E 00 

··- . ·- -··-·- ·-·--·· ... -----·· _______ , .. _ ..... -----·--·· -------·-- -· -·· ... ------ ·-·- ·-·- . - ---- .. --··-·-·- -----·-· -·------.. ---·----------·-·-----·-------· ---- ---------··· .. ·------------ ---
9 · ENO-J FX 3o6A07E 00 2o5200E_ 00 

FY 1.1095E 00 2.4800F. 00 
-----------------------·- ·--·-·-- EZ... ______ 2_ •. 04l.ll!.' .. O L. ____ _z. 2200E. .. OO ________ _ 

TX 2.3307E Ol 2~4800E 00 
MY 7.5960F 02 2.4800F. 00 
MZ ··----· _____ _l, 23.9.1'.!.' ___ 02 ·-····--2.4!1.00E .... OO .... ·---------------'--·-----------·- --------------- -----------·--------- __ ..... 

10 ENO-l FX 3.~83~E 00 2.5200E 00 
FY 1.2119~ 00 2.4ROOE 00 
FZ ...... 2o0811E 01 ... 2~2200F. 00 .................. . 
TX 2.J307F. Cl 2,4AOOE 00 
MY 1.59~1E 02 2.4800F. 00 

·------- _ ---··-·-··-------M.L _______ t~ 23.~!\LQ2 __ 2a_4_8~PF. __ op _______________ _ ------·-·---·--------------------- --·-

10 ---- _F,~D:-~------ ~/( ________ .. J,~"~~!; 9.9 .... _,_2 •. ~2QOF, .QO 
Fy. l.2119E 00 2.4800E 00 
FZ 2.0831~ 01 2.2200E 00 

-- ----------- --·· ·- -···-·-· ----~~- ·····-----·-1: ~~i~~: -~~---- -- -~ :-~~g~~- gg. -- .. -----·-· ----··--·--·------·---- - -···-· 
Ml lo4ftR3F 02 2~4800E 00 
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,..----·---·--------------------------------------------'--------------------

1-'0Vf.IIIIRU i>P.O[II.F'I DYNI\'IIC CASE 4 ITII·If: ltiSTfJ~Y ANI\!..YSISI 

S T P E S S C n ~~ P 11 N -[ N T ~~ A X I 1·1 A 

ELEM~NT LOCATION 
·-·t-ii_ii-iP.E~-

LmtGI TUD,,_.,N_,_L __ _ 
. STRESS 

q Rf._!!~FR _____ Stt~-~B 
SrRfSS STRESS 

!. 

2 

END-I 
ENO-J 

87.47 
23.117 

o.o 
o.o 

ENC-1 23.87 0.0 3.95 
······-----~f':l.O:::~---·----·-··----£.~~-.!L ___________ Oo0 __________________ _:3_.<}_~---·-··----·-·------·-···---------------·--·-·--·--·----------··----·---·---·--···-·-··--··-·-··· 

··-·- · 4 ·· ----·--·e Nn=··i·-- ·------ ·-------i4··:7·a·-_:_ ____________ 2 2~9 A----------!.------t-:3-1-------------------- --·---- ---· ·------------------------·---·- ---- -··---- ·------------

6 

1 

ENc-J 20.44' 10.09 6o03 

. ----- ---------····-····-···'·---·- ----·····--------------- ---------- ·--···------------------------------------=------_.,:,_ -----· -----··· -------------· --------------··-------

ENC-1 
ENQ:::,I_ 

20.94 o.o 4.75 
······-··---~6.!!!1. ____ ··---·-----·-··.9· Q _________________________ ,. 75_ ---- ··---:--- -------·----·---·--·----------------- ----·---7·---- --· 

ENr-1 27.30 __ Q~Q ________ _ - -F.No-j ------····-----·jt;-~5"7""·-·-·-·---- o.o 

END-I 
EN O-J 

19.28 
1'3.6'5 

61.27 
27.60 

-·· 't ·.7.!? ··-------·--- ·-·--·--·----·-----------·-·-------------------·---···-
4.75 

4.70 
5.97 

··--··-·--·--------···----·---··----·-···---------------·--·---·-·---·-----·-----·-·---,--------~---

II ENO-l ts~72 7.7,60 
F.ND-:J .. _ --···-· -·-·-- ..... i.'t_~_?.!!_ ____ ... ·-·-- ·- __ .7. '! .• ~~. -·-·-·- ---·--·-

9 ···---~~Q:: .!_ _____________ ~Q !.J L ... ___ --·---- .9.!..Q_ ______________ : ...... ~o Q1 --·------··--·-·--------··-··----·- ----· .... _ __;__ _______________________ _ 

io 

~NC-J 82.47 0.0 5.07 

· ---- Et-io=r 
EN O-J 

A2 .4 8 
1 26 0 8 1 

o.o 
OoO 

5.15 
5.15 



H[llf- 7.-lQ IWVGAI\1\fl PRIJIJLF:~ (lYNi\1·11 C f.I\Sf: fl I f{ESPilNSE Sl't:CTI>!J'11 

-'--------------.,,,.----.lr..-1 -.f}~A~L--.P~A.....,f>,--,Te--.l"f~. 'I,..---,I'.,.......,A.--.T,.--,1.---:G.-· --:~..-1 ---,F,----,1\,.---,C~. 'T,.......,f.'' "fl.....,S,-------------------------···--··-·-·· ........... _" 

OJRF.CT_IQ..t:l .. f_~C!_O_~-~- ............ ----------------·----- .. -----------· .. --.......... ---··---·--·---·-- .. ----·----·------------------------------·----.. 

X = 1.0COC y = o.o z = o.o 

.... J fi!O ~!=~I ~-~-fQ~_Q!~!" \,~.c;:-~_r•IJ.N.J _Q!Lt\!;_<:.f.!..~.~ Htr.N ... S!' t;~JBJJ .. ~- .:: ... _ .. _____ 1__ _______ .. ________________ .: ___ __:__ -----------------------·-----·-·-....................... .. 

EQoO DfSPLACEHENT 
.... ': Q.L .. A!=S .. LU.R.-_~.!!D.!:L_ --·- --------------· ______ .. ___ , _________________ _ 

~OO~L PAP.TICJPATION FACTORS 

. _\4_9_1~.L-~::Q!.~fio!..lQ...I''L._!_-:-_9JS,JC T_LQ~--_7~-D !.~_F,C TJ me ____________ ------· 
0.197lE 00 -IJ.3350F-fll -0.315Ac CO __________ .. -- ...................... . 

2 -o, 3516E oo Oo 1280E-Ol -Ool6~9E 00 

.. 3 ..... _Q .•. !>.~Q~~::.QJ ______ Q·1~H£_Qp __ .. .:-.Q .... ?~.II!l_F,-9.~ ---·--·--~--- ---·-·-----·------·----------·--------·------------............. __ .................... . 

4 -Oo 7 370E-O l Oo3765E-Ol o. e11111=-o2 

···-· -····-·---------- ---- -·· ------------------····-·--------------···---·· -·--- ---·-----------···-·--· -·····--------------------~---·--·--·------------------~ ---···-. ------. ·-·-··- .. - ···- ---
5 O.II497E-01 -ll.3834F.-Ol 1).85121:-02 

·----·~--------------·-· ....... ·-· 

SPECTRUH TARLE (IMPERIAL V~LLEY E.Q. ELCENTRil 1940 Sf 
·----~---------------------------------------------------------------------------------------------------------------------------- --------------· ·--·-· --- --· ............. Ni.ii"i;ER CF P(INTS = 11) 

SCALE FACTOR IJ.lODCOE 01 

.. i' Nfi'ijl -----------------------------·--sPECTPU_M_ -----·····- ··-·····---------------- ·-··-------------------------------------
roiNT PERIOD VALUE 

~. o.51150E-02 q, P~'tf P1 .................................................... ------··-- ...... - ·· --··· · 
2 ·a~5esoE:o2· o,t362E o1 
3 O.h540F.-02 O.l347E 03 
~ o.~~~Q~-:::QL ......... Q •. U~J~ ... P __________ ··--------------.. ---·------------------------....... -·-----------------.. --··-·-· · ................. . 
5 0.1250E-Cl q.l401E 03 
6 O~l266E-Ol 0.1661!: 03 
7 O.lOlBE-01 O.l359F 03 s ·· · ---o: is~ zF.::..oi · ·a~i37if:'"03______ ·--·-·--··---------- ·-------- ... _ ........... -- --·------- .. -------------,---------------------------·------------------- --·----
~ Oo3333f-Ol Oo284hf 03 

J o. o. 3441lE-o 1 _o ._3<:13'.t~ __ o3 
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1 Hf\1 c :z.:.11Hnvr,A61l'J ~''~'lljlfr~ IWtii\"'IC u.sr r1 IRFSPnNSE SPC:CTRJ"'I 

r-----~fl I Sn-;---;;-P L 11--;:-;=-:ur. F M~J' N Tr-;;--r-S I ~R f1 T ..........,--,-/\ T 1--;.-;:.-;:-U N S----· 

* '-····- ~gQ~---·---'~~QE_ _______ ~- Y­
=r-=-R 71\ N:-c, S:-:l,-,1\:-::T:-::IC:::ON 

z- X- Y- ___]._­
ROTATIO~N--------------. NIJM'IF.R Nllfl'IFR TRANSUTlO"' TRANSLHION ROTATION ROTATICN 

i i 

10 

-·····i-··-· o.c 
2 o.c 
3 OoO 

·4·--· o:c· 
<; o.c 

~ ..... :f.. ...... Oo_O .. 

o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o 
o~o o~o ·-·--- _ ·-·-··--·· . . 9..Q ····------·----Q .. !~--------·---9.•.9 .... ______________________________ ... ·-····-·-···-·. · ·- ---····--o~-o--·---·----··--··a.o o.o -o.o o. o · 
o.o 0~0 o.o o.o o.o 

_____ g~g_________ __p~o .. _ -···--·--·- ...... Q •. Q _________________ Q • ..Q.-,.·- -·---~·_g.o ______ ···-·-·-·--------·----··--·----·-· .. __ . ··-···-

· 0.21459~-03 -0.~1875~-04 -0.1365~~-05 -0.7643AE-05 -fl.l~655F-04 -0.1R558f-05 
. 2 -0.14469E-03 C.63600E-05 -0.70206E-06 0.53019E-06 0.11q6QE-04 -0.2026BE-06 ···-··-·-- ·y··-=o :-i~9o i r.::a5·---o~T9s4e ~::o4 ____ o. 753,,si:-:..oa-·-o; f6948E-o5---o:TTii7·7'F.=Cib---o~ (jz.69 i e=oT· 

4 -0.46527E-05 0.20911;:-05 -0.14~37f-06 0.15730E-06 0.34063E-Ob -0.34919E-07 
5 -0.25303E-05 -0.57023F.-05 0.3~183E-~9 -0.45154E-06 0.19755F.-Ob -0.17332E-06 · ·-·Rl13 ·""---a~ 25eil 7E==o3··--o~-ii47o4~=a4·-- .. ·-·o.-i5427f·::os·- - o; 7e6i 9E"::·os·---·o~23o.izE::.o4 ____ .. o~ is774·E::o5----------------·· · 

9 1 0.79126f-03 -0.30948E-03 -0.27317E-05 -0.14225E-04 -0.35343E-04 -0.37115E-05 · ------- -·-····· ---2--:.-~4-6Sti3E=·ci3----o-.-2·o=ri~=o;.··---=o·~ i4039E~os---o~·7ai-46E-o~-o-:-i7259E=o4--=o~-;;os36e=o·6'------------- ·----··------------- - · 
3 -0.46~lOE-05 0.66779F.-04 0.15065F.-07 Oo26549E-05 Oo18~~2E-06 Oo1~538E-06 

. ~----=.9· !~?~o~::9'! _____ Q·-~~4Q~~--=Q~.- .. ::9•.?..n.~.lf,::-_QQ __ Q .• lJ9'!~J;::.Q~ _____ .Q •. ~~~,-~~::.9!> ..... :::Q.·6911~1!';-::.QJ ____________________ -·-·-·-·. _ ..... 
5 -0.75750E-C5 -0.17405E-04 0.7~258E-09 -0.60206E-06 0.25272F-06 -0.34663E-06. 

RMS -. O.'ll83~E-03 0.317fl2F-03 0.30fl53E-05 O.l4505E-04 Oo39335E-04 Oo37549E-05 

·-···· · ------ -if. 2'i 7i.i3E=a2··-=o:-A6T4.7e=o:r·--·::·o:36~5i~=o3-- ·=o. z9q~ iF.:::.o4--·:o-~ &<ii;<Jo"F--o4----=o~-5-io2oE:::.os 
2 -o.~~qqaE-03 o.45225F.-n4· o.e3006F.-04 o.675114F.-06 o.11755E-04 -O.o23113E-06 

-----·--::;:--

______ L_-::Q o. JQ~~'tfo:::.Q'! __ Q_,H_!!~~-=-G~---··9.\'!Q~ \f::-:9';! : ____ Q. 3~61'~t;.::.Q';! _____ Q.iDQ lof.:-.Q~---·--.Dc ;111.1!>~::0~-------·--·-·-····--·---·-·-· .... 
4 -0.12621E-04 C~8171,~-05 -0.1q7311F-05 -0.10312E-06 -0.46254r:-Ob -0.168111E-07 
5 -0.129~3E-04 -0.28944E-04 0.97449E-06 -0.44357E-06 · 0.12502E-06 -0.62012E-06 

.. .. ... _ ~ ..... :· ___ 9. ~2 ~..ZJ.Qi=-..G .. L_Q . ..J!l~!t'it: .. ::...G.l. ___ P. ,_:U .. U .. ~.E.::.QJ __ I). ~-Q 19QE.::...0 .. 4 _ _!>. l!L4 19J'=D!t ____ o_ • ..5.l9 .. ll.E.::Ou.... ___ _ ----···-··-·· ···---·· 

7 

6 

4 

1 Oo32724F-02 -Ool2066E-02 -0,21224~-02 -0.3!554E-U4 -0.02637~-04 -O.A1364E-05 
2 . -:Q• 91.11 P s-:-Q~ _ ~-9 -~'t!HJ~:-.Q't ..... - ... 9• !?~9~!;::9;1._ .... 0 .L,6H6E::Q7 __::_Q.7Q11l!>E:::05 ..... :::•J •. 31'! 1 l!E::Of. ___ ------·---·-·- --···----·-- ..... 
3 -0.13505E-04 0.17J11F.-03 0.56798f-05 0.265C1E-05 0.13026E-06 0.15943F.-05 
4 -0.24263E-05 0,50207E-05 -O.l9376E-04 -0.~4ql3E-06 -0.80255~-06 0.51528E-07 
5 -0. 13666F-04 -o .15638E-04 o.15416E-05 :-Q.!!9P~E:-:96 ___ ::0. •. ~:?~?(?~-:: .. QL ... ::: .. !J• 9~Q'•OE-:Q6 _______________ ---· ____ ----· .. 

Rl1S"- .~-~-·--··a:'34 i 26e=ai·--o-:122 o7E.:.·a2·------o; zi. 262·F.=-o2 ·· o. 311648E-o4 o.II2939E-n4 o. 11351 7E-o5 

1 o~ 32 730E-O~ :-Qo .!9'! H ~:-0? ... :-1).~~';1 '9F.:Q?.- .:-Oo 4~'·H E-:Qit __ ::Oof!lll5?~-:-()4 -Q.l0~2QE::04. ---·----·----------·--·-·--·-·- ·­
·-2. ··::.(i.q(,q;!qi:-63 0.69335F.-04 -0.454't7E-04 -0.31.>006E-U6 -O.llttq4E'-04 -O.l7863f-06 

3 -0.13~03E-C' 0.13q97E-03 0.75731E-05 0.22658E-05 0.7905oE~07 0.21073E-05 . 
4 -o. 24590F.-05 g.}~l~P;-:-9~ __ :-Q~.H~HI;::..Qit... _-Q., 6 1t2221;-::.Q(> ____ -:Q.~?:U2F:::QA. __ Q., !IQ22JE.:-QL _________ ·------·-··· ··-······--·- .. 

--· -- 5··-·-.:.o~ i3~i<;~:..ot;··--··· 0.11238~-05 0.~7356E-06 -0.2325~E-06 -0.71210F-07 -o. 07470E-06 
RMS 0.3ltl35E-02 0.1052!\1'-02 0.360041'-02 0.43l•"E-04 0.826'>7E-()4 0.107661:-04. 

RMS 

1 0. 3273/tE-02 
2 -O.'l7CZ6f:-03 
'3 -0.134q6E-04 
4 :.:a~ 24 c76i:.:.os 

-0.8304P.f-03 
0.70163':-04 
0. 98159E-O'• 

·· o~zia6of:.:.as· 
5 -0.11~44~-04 0.15138~-04 

0. 3'1142 F.- 02. ·--~~ t} ~9_3'.t f-:-.. 0.~ -· 

-0~503A5E-02 -Oo4~309E-04 -Oo7650fiF.-04 -O.l3135E-04 
-0.27992F.-03 -0.766A4E-06 -0.140RII~-04 0.11374E-06 
_ Q ~ !!'!~ 5~1;-..Q?... o. 1 ~8·.~~=-9~--- .Q. 2.n:I~f :-.IJ? ... .. .9· ~lt999E;.:-Q ~--· _ .... ·-··-··-·--·----·-··--· __ . . ... _ ... 
-0.39616F.-04 -Oo83511E-06 ·-Ool9601F.-06 Oo96181E-07. 
-0.960~2F-06 -0.20403~-06 -O.B2572F-07 ~0.62504E-66 
... 0 ~ 504()41'.::-02 .... 9 ~ 483~?1;:-.04. . 0 !.J9762F-:.94 ...... •>. 13386E704 _ ---·-···-·-· ..... ---· -··--·---- ... _ 

1 0.31569E-02 -0.37361F-03 -0.6526~~-02 -0.58102E-04 -Oo59417E-04 
2 -0.90400"'-01 0.51fi2'3E-04 -0.67606~-03 ... :-O.~J~o~-~-:9~ _ -::Od?5091;-01t 

---y ··o.ia~3nf:.:.os ··-·a~2ii3<i4~-a4· -o>.o65of.::.o6 ·o.12,.,7ot:-o5 -o.23007F-o7 
4 -0.21977E-05 C.l61~1E-O~ -0.23004F.-04 -0.11873E-05 O.A4714S:-06 
5 -O.l0920E-04 0~1459qF-04 -0.20352~-05 -0.162fi3E-06 _-O.oRJ31~-07_ 

:RM...~ o.Boioi=.:.oz o.3.iii53F..:.-~3 ···-· o.o56i~F-n2 · o.5ili54E..:O'· .. o.r-,1433"-04 

-0.22615E-04 
O. ~R2~8~:-Q~- .. 
0. 24983E-05 
Oo35910E-07 
n. ?9?~?E-O(:, .. ----····-·--·· ... ·-·---·--- ---·- .......... . 
O. 22836E-04 
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2 1 O.B6104F.-03 -O.l6684F.-06 -O.l9267E-02 -0.60718E-04 -0.2l527E-04 -Oo2692RE-04 
_ ........ -···---··---- .. ? ____ ::Q.o ~~]~ '!..~= n ___ Q.-0.'!!!?.2~::.QL_-:.Q ~.}.l.~l.l F.-Q.~ __ _:-Q_.~_·H.H~:::_QL__-:Q •--~-'l.l~-~::.f!~--!1 .•. ~.1!1 f?Qf;;:-_Q.~-----·----- -·-··-· -···--· __ . -··· ·-··-·· 

3 0.31759E-04 0.47447E-06 -O.l466lF.-04 -0.30ft78E-06 0.62763f-07 -0.67249E-06 
4 -0.2125~E-05 0.41565F.-07 0.3026lE-04 0.40819E-06 0.4t745E-06 0.34531E-Ol 
5 Oo 34535F,-Q:t ____ Qq J..9 . .9.2.!.1;::JH._.Qo 2'!2.~9.!",:-.Q~ ...... .!lo 22~15!;:-.QL . ...::P• Z.!l.!!.l'!f..:::.!H ___ =Q .• ;!!!.51.H:::.9_~----··--------- -· __ --··- ·-· 

···- -··-·---RMS-:;;.-·· 0 ~-·<i7.·9~~·f.:.:o] o. 5ll1JOE-06 0 .l9526E-02 0. 613 79E-04 0. 2 23211F....:04 o. 2ft693E-04 ' 

______ L _______ L_ ___ Q_~g _______________ Q_,_Q. __________ p_. __ o __________ p_.Q ________________ Q,Q____ o •. o·------~--
----··-··-········-·-·-· ·-··-- -·····-··· 

2 OaO OoO OoO OoO 0.0 0.0 
3 o.o o.o o.o o.o o.o o.o 

·······------~-----Q..c _________ Q_._L ______ <)_._II __________________ o_.o _______ ~_n_._o __________ o_ • .o __________________________________ ·-· --·· . 
. MS 5 0.0 o,o OQO OoO OoO -OoO 
R ~ o.o o.o o.o o.o o.o o.o 

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

---------------·---·-··-- - ...... . 

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

.. :.: .. _______ -··-··-·····- ------------··--·· -----. 
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L r --------------------------~l"'~f~-~~~-'r"L~I~N~S-rE--7S-nP~E~C"--TT<R~~'U'·'i·'t-.F~U~P.-. 7C-of.~C~I~J''~"P~U07Noo-E~~-yT-rS-----------------------
.,t~~~~~f; ... ~OD!__Q!:_l!iL.S!,J~'-9i_!HE Sot!!Rr:S_!]£_THF MQ_f!Al FOR'=F.S 

IFOR All ELEMENTS! ------------------------------ -----------------------·---------.. ·------ .. 

PX X-~XIAL FORCE TX = X-TWISTING M8M~NT 
II'( .:' .... Y.::~!-lf~!LEG!3P: .. -·-·-- .. _____ , _______ ---·---· -- .. WL= ____ Y:-: .. ~EI'IOJ ~r, _f'1Q•'1E!tT ---·-- -- ........ ____ ,, _____ , __ , _____________ - .. -·-. 
VZ Z-SHEAR CQRCE MZ = Z- BFNDING MOMENT 

I INITIAL NOOE 
__ .. -~ .... ___ C E!'HE R . .!'lOP!= I f_Ofl.. J' II'E _!I F.~IIJ. ONLX L ........................ _ ... __ ..... _________ ..... .. .... ____ .... . 

J FINAL NOOE 

. Ei..E'-if:Nr .. 'l'YPE ... i.37c-···;;- J"_ii_T _______________ I ___ /_T";-----·;:tF.i:i!:i-ir Nu'-iaE"R"-·1------~~-.. ---------·-----.. -----------.. -·------------·--------.... ------· 

PX Ill VY II_ L YH! I ·- ___ !~.UJ ________ ~::tU.L ______ t:~i.UL __ ·--- ~X..!AL ____ -~.'f_!,!L ______ 1HJ.Jl ____ J)!j_..!l_ ______ ~:rO J! ......... __ .. !'l~!-1! ... 
" o:i2ii4E·-oi-o·:-i4~3E 02·o-~7~e5f.-Ol o:2510E 03 o.I>321E 03 o .• 1299E 04 Oo1204E 01 Oo1483E 112 o~7985E 01 Oo25lOF 03 0.21,0!' 03 0.49901" 03 

flFMF.NT TYPC 111C P I P E I I I ELEMENT NUMBEI\ ( 21 

ELEME~~---T.YP_~---... t.:uo_ .... 1' .. !. -~--~- .. -----··---··--l _____ l__.l___/ ____ l;_!-_!=_~f.N_T __ ~UI18J!L(_ __ _J._L __ , ___________________________ .. ---:-~-- .. -------·-·--·-.. ·- ...... . 

PXIII VYIII VZIII 1XIll MYIII MZIII PXICI VYICI VZICI TXICI MYICI MZ(rl 
Q • 1 ~-?.R{ __ RL ()_.}Q.9_5F, ___ o L __ ()_.__~-~.Q'l!:;_QLQ ... _~ l?..~.f._QLP __ • 2.l i!Jif.. .. 9.LQ. VtO 1 f' __ Ql_!>_o_H 19.L.Q.LQ._?,l..,Q.E __ Ql __ Q_._3_2Q'!_t;; __ Ql_j)o__l~~ ~-Q~_j)o_l~56.1: ... OL Oo.l2 '?!'_ u 3. 

. . . ............... -- .. - ·-- -- .. -- . ---~-. ·- --· ----. ---------·-- ·----- --- --· ·--- ---- --- .. -· -- ····-- ... - ------- ----·--·- ----····- ·-·--·--·- ----· --- ·--·-···- -· -······-- ------------------------- ·-···· ------ --· 
F.l~~~NT TYP~ 13/r P I P ~ I 1· I ELEMENT NUMBER I 31 

PX I J I VYI J I VZ I JL __________ ]'_)(_!_JJ._ _______ ':I:tUL ........... ~i! .. t-0 _______________________________ ....... _______ .. ______________ _ 
o.zso~~ o1 o·~2i92E oCo~3io9f: o1 o.t964E o2 o.32s5F. o3 o.1316E o3 

ElEMENT TYPE 1310 P I P F. I I ·1 ELEMENT NUMBER I 41 
.... ·-·- --·. ·····- -·····- ---------------- - .... --··-- ------------~-----------------·-·····- -------------------------------------------------- --···-·· ··--··- ----------------------- ·-----·-··-·· ... -- -·········- . - .. 

PXIII VYIII VZITI TXIII MYIII MZIII PXICI ' VYICI VZICI TXICI MYIC.I MZIO 
0.4349E 01 0,3011~ 01 0.4937E 01 O.l~06E 02 0,32~6F. 03 o~1316E 03 Oo~076E 01 Oal4~2F 01 Oa4937E 01 Ool162E 03 0 0 2670[ 03· 0.1210E D3 

~LFMF.Nl TYPE 13/~ P I P F. .. ,J. J_l !. ... Et.,f:_MENT NUM\'IE~. i. 41 

PXIJI VYIJI V~(JI TXIJI MYIJI MZIJI 
0.51'3'l~ Ol_1~!2~1FCl 0.493J.!; ___ 0_1 __ ()d967E 03 0,187n'= 03 \).12221: .. ~~- .. -·-----

PX-111 VVIII VZIII TX(TI MYIII MZIII PXIJI VYIJI ···---·-···\!~!J.L. TXIJI MYIJI 1-111.11 
o.t573F. oi i)~siiiriF. oo' o~72aoc- oi a·:T6e5F. .. o3-o:2i32~ oi o~1222E_o3'-~~-75'(3F.-oi-·o~-~~i~iii: oo o.1211sE o1 c;~·T6'ii5e .. o'3 -o~l.-a~>f..E o3·o~1-i64F 63 · 
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-----·--·---···-- ··-··· ... 

P I P E I I I ELEMf~J NUMS~EE~R~(--~6~1--~-------------------------------------

PXIII VYIII VZIII TXIII MYIII· MZIII PXIJI VYIJI VZIJI TXIJI MYI.II MZIII 
0.951~~---.Q.L .. Q.!~_i!~t .. _o_o __ o!.~~..?.'!E_Q.LQ..d ~~~-LQ.L~~-t~~-~L01_ o .ll64E_9.}.,.9. .• ~:?.t~_L_OL..Q .... ~3~-~~---I!.(LQ.,_~-~~1!;._!l_LQ.H_I15E._Q}_Q. __ ?~}~E- 03 0.1 020E n::~ 

_ . ---~~.tLL .. ____ V.V..HL _________ v_~tl.L ______ Ill.UL _______ _t1Y.U.L ......... MZU.!. _______ .P-l!lCJ ...... _. ____ V.YlCJ . ____ .YUCI _________ Jl!(C_t _____ ~YI.O _. _. _ .MZI ::t. 
- O.ll'l4E 02 O.'l778E 01 O.l106E 01 0.1841E 03 0.7007E 02 0.2436E 03 Oul122E 02 Ool060E 02 Ool706E 01 Ool~09E 03 0 0 3328E 02 Oo2958E D::l 

·····-·--·~--·--------- ·-··--------·------_....: ___ . ---·-·-·-·--··-··------,......-----·-----------------·----------·--·- ·- ··-·-···- ...... . 

~LEMENT TYPE 131C P I P E I I I ELE~ENT NUMBER I 7 ). 

--···--- ~>-x r:;-,---·- ·-··v;hj; ·· --····-·-vz·i·J-,--·--·-Tx(ji·--·--- -iivl.i·l·-·--·-- ··· ·r.;z·i··j-,-···- -·--------·-·· --··- ----- -·-· 
.. 0 .LO?.~E 02 0.1152E C?. 0.17C6E 01 0.1645E 03 O.ll42F. 03 0.3609E 03 

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

.. ~L~~~~'L_lY..P._~_D!!L._f>_.L~._L ______________ ! ____ t_/ __ /. ______ i.UM~~J .. NUt:!~EJL_! _____ l!_.L __________________ _ 

PXIII VYIII VZill Tl!(JI' MYCII Mllll PXICI VYICI VZICI TXICI MY(C) MZCrl 
·-Q !.! !)_5 !l_f:_ ___ Q?. .. Q.!.!.?.J}_F. _ 9.?._Q_~_?._l2'!.LQLQ.d.~.'!If .. 0..3. ~-1.2 Q9~ _ _Q) __ Q .!".3 ?9~E. ... QJ. ... !l~.9-~_5._4.!;_!H _Q!Ll~~-~~--Ql..Q Q_?J2!t!; __ O_L<1l.J.9JHL9J.......QoJ_,_~Q E .. !l ~ P~_44ll.lf .o ":\ 

·---· -····-·.: ______ ·-- --· ·--·-·---·-~-··-----· -----·- ---··-------·:-_:__ __ .:.__ _______________ ··-··· ...... ·--·- ·-·--· -······· - EL.EMENi·-;:vli"E ___ I3ic·-·-p-··I·~;;·-E-·-··----··-·-··· -·-,--,-I ELEMENT NUMBER I 81 

·-·---!'.~J.~.'---·-·VY.LJ._L ____ '!U. .. LJ_I ______ !.~LI.l ______ ~'f.L.J.L ______ ~ZLJ..I · ___ _ 
0.9fl7fi.C. 01 0.13211F. 02 0.2154E 01 0.2030E 0?. fl.2420E 03 0.5382E 03 

~LF.ME~T TYDf (31~ P I P f: I I I ELEMENT ~UMBER I C)) 

··· ·-·--PxiTI-·-··----·-v-vn·,- ·-····-·-vzTil--·----···fxi· 1,----- --;.;-vo·,-------···i4z(·!·;-·----;;x-c:JT ____ vvcii _____ vzi-:J-,---rxf.ii----··~v i"ji - ---· ··;.;z i .i i · 
C.9h35'!" 01 'l.2531F. 01 0.14~;r,F. C2 0.5606!: 02 0~5362E 03 0.2363E 03 0.9635E 01 0.2531E 01 O.l456E 02 Oo5606E 02 Oo7624E 03 Oo21112f <B 

.J L ~ f:1JI'(!"__!.V...PJ_J ~ I_Q _____ _I'_ .L.P __ ~----·------··-..1. _ ... l.LL __ .£Uti.~.N.L.~IJt:! .,_t;JLL_l.!H __ _ 

PX.(ll VYIII V7.111 TXIII MYIII Mllll PXIJI VYIJI VZIJI TX(J) MYI.II HZI.II 
o ~ 96:.'1 7F. ... .c!.L.9.• ?630E ... o L q !l ~B'!.!': ... Q? _ q_. ?'?9.6<.'. () 2 ___ o_. ?~.?.'<'O._Q}. 9 .• 2 !l12J .. o~ _Q._ '!6.3.7f __ o 1 p_. ?.~~PF . .c>.L .. Q.J!t8'tf'_:_o?. __ Q_.5(1Q_fi_E __ o.Lo.t.ow~; O't .. o. 32 96E .. o3 

·--. ··-··- ·····- --·-·· . ·-···-- ·-·- ··-·-·-·· .... 8--
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~.- ..... _______________ _..:_ ____________ _ ----------·--·- --· .. ·- - -- ... 

Hl'l r 2- l3 WIVGJI~ f'l) PRIIiHE M DYNAMIC U.S F. II I iH:SJ>ONSE SPt:CTRJ', I 

~ ------------~R~r.~s~r~u~~~~~-t~~s~r~E~c-. ~r~P.~u~~-~s-r~~~-~~~,~s~s-~c~n~,~~P~o~~~E~~~r"'s~------------

i 

3 

4 

'; 
... - ·- ······-

6 

7 

q 

10 

__ Ji_99ATJ;ON _. _.1.~!;TD..,_L __ _,CII~~UM.:_F ____ SH_~~AR~-------------------'---
STRESS STRESS STHESS 

F."No..:. i"··-- -·- ···Ts3~·i:.q9 ----- - ... ····a·. a··-·- ··--···-----i6-~494--·-----------··------------·--·-----------·--·----------

END-J 5eo008 OoO 16c494 

ENO-l 
ENO-.J 

5~.007 

2 3. 563 
o.o 
0.1) 

15.840 
15ol'llt8 

E"0-1 25.'l33 28.794 12.271 
CENTER 34.83. 26.68~ 7.413 

. __ !=_r~.l?..:-_-! _________ ~Q~~!L. _________ ?l.~ o_~<.J -·----~-~_7_1_? ____________ -----·------·------------ _ 

END-I 40.503 27.047 2.043 
CENTF.R 33.192 ·---- .... ?'!.• !160 ·--·----··--].1!t!L .. --·--·---·----·---·-··--·-···--·-------·--·---- . ···-·eN5=-j··--- ·-·--·2 3~·614 · 2 5. 119 u. 40 3 ·---··----················ 

..... ~~!R=..t _______ ~?. •. ~J~-----------~·Q .• Q _____________ .to .•. Ju ____ _:_:_ ___ . __________ J_____,_ ______ _ 

E"O-J 24o785 o,o 10~327 

..... ~N'?.::-.1_ _______ .. ?.5. 1'! "- _________ .9, Q --·--·---··----·---·-J Q •. :!~Q ________________ ----------·------·---·-------------·-·-
ENO-J 29.844 0.0 10.580 

ENO-l ~..!·~.!~ ] ____ -----~0. Q~lt··--··-·-----ll·~,L ___________ ·---·- ... -------··-----------·· ·-cEii'f"Eii ---·-·----- 31. 112, 6o. 185 12. 15 3 · · 
ENO-J 45o50~ 74.153 10,924 

END-I 45.565 74.152 10.104 
CENfER 55.169 . 91).790 7.903 

___ i;_~_Q_:,! _________ ~_6.o_n 5 L_. ___ .. L_LQ, 5. 9ft. ........ _--·-··-·· .l• 6!HL ________________ _ ·---·----·---- ··--·····. 

ENO-l 64.26t 1).0 5.749 
. _ .. ~Nfl::.L_ ...... ----· 81! ._15 7 ... _____ Oo 0 .. ··-·-·· ........... 5o.7..4'J ------··--·-··----·----···· ........ ----··-·· ----···- --- -----·--·----·-··--·--· ···-··-···- ... -·-· ... . 

ENO-l 88.157 0.0 5.803 
. __ f_NQ.-_J______ 116.13~ .. __________ (l_.O -·------·- _____ 5.-_80~--····-------·-- ___ _ 
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,·······--·--·--------------------------

\..-

r 

-------~;--;:---;-;--;--;.--,:--;,.....-..--;:~--;;-.........-v--;-.....--.------------'------- ---·--···-·-· - ···-···· .... ·-·-
[) I S P l II C F t~ E "' T :1 A X I ~~ II 

··--··NOOI'--=-o-=-I-=-S-P.,-L-A""""C""""E'""'M"""F.,..,.N-::-T---.--M-A-X-1-M-U-M-w---T-I-M-E-A-T---P-l-.O-T----------~.,-----------------------·----·-...... -----. 

NIJIHI E R C CMPONENT V.A L UE MAX I MUM SYMI',(ll 

? 1 9.6084E-04 2.2200E 00 NA 
2 2.6312E-07 2o2200E 00 NA 

....... -------·-·--- 1 6,5622F-04 2_,_'t.,.!.l_O.L . .O.Q -~~---· 
3 1 2.42711'-03 2.4RCOE 00 Nil 

2 5.2629E-07 2.2200E 00 NA 
_____ 3 ____ 2 •. 02.~2E=.Q3.___Z • ..!t8 OOE ... OO .. N.L .. _______ . ___ : ____ .. ______ _ ---'---------.. - ·-··-- ... -·. 

4 l 2.8021E-03 2.4800E 00 NA 
~ 2.1572E-04 2.4800E 00 Nil 

·-----......2---'o..25.16.E:::JJ3 2 •. ~8.0.0!:-.0.0 .. NA_:._ _______________ _ ·-------·----··----··-............. . 
5 1 2.8527~-03 2.4ROOF. 00 NA 

2 4.0857E-04 2.4800E 00 NA 
................ _ .. ·------- 3 2o .. 2.2.5..l.E.=.0.3__2o..!t~OQE...DO N~-- -------------· ................................. ·-· 

6 1 2.8513E-03 2.4ROOF. OQ NA 
2 4.8593E-04 2.4800E 00 NA 

__ --·-·-·--·---------...J..----l .• ~6.l'lE.=.OL_lo.1t 8QQf_{)_Q NA. ______ : 
7 2.8496F.-03 2.4800E 00 NA 

2 5.4327E-04 2.4800E 00 Nil 
..... .. ·-----·---.. -·---- 3 _ ___l,l.l!t.l.E.=.03 _ _2._48 00 LO.O. N A .. 

8 l 2.22C8E-03 2,4800E 00 NA 
2 3.7524E-04 2.4800E 00 NA 
" 2.."1l374E-O~Z.L!t.6.00L00 .Nil. ___ ~ 

9 1oOOOAE-03 2.2200E ~0 Nil 
2 1.3173E-04 2.4~00E 00 NA 

·--------"____l .• 2!tl.ZE.=.O.~Z...52.0.0.E_O.O NA. 
10 l 3o0314F.-04 2~2200E 00 NA 

2 3.4524E-05 2.4800E 00 NA 
-··---·------------....::"___6_. 2057E-07 2 •. 5Z:OOLOO NIL 

ll 3 t.ooo~E-03 2~2200E oo NA 
2 1.3173F.-04 2.4~00E 00 NA 

_______ __,___l_.2..4..12.E.=.Q6 ? 52.00£_00 ____ .. NA------·------------,-·--·---.------·---------.. - ---

* All values represent the absolute maximum • 

.... .... _______ .. ,_. ____________ _ 

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

.... ·---------·-·------.. ------------·-----·---·----...... , ____________________ .. ________ , ..................... ,. __________________ ................. .. 

.... _____________ _ --·--·-----------···--·-----·--·-·---------------· 
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'' .. 1 . ..; 

P;H.r 2-l_5, llnVI;III\Illl PRP'ILH1 flYNhiHC CIISr. C ISTft>-1\Y...:STEP INH'GRI\Till'll 

,__f!_F.MENT TYPE NUM~ER 

__ _E!,.[:~f!:IT LOCAl ION 
Ntn·IOER 

__ ..:.!:~N0-1 

•' 
r. P ~- C F. r: (l P 0 N " N T 'I II X I ~I A. 

2 

FORCC: M!lU!'I.J.I!L ___ _ll.l:l!;_AL ___________ _ 
COMPONENT VALOE MAXIMUM 

----~~"'-X"---- 6~.!1! 7C}E::!H ___ _2.._2:Z OOf..._Q_Q___ ___ _ -------------------··- ----·--··· 
.FY 3.~322E 00 2.4800E 00 
FZ 1.2324F 01 2.2200~ 00 

-,------------·-'T'.,-!X~----~ .... _c; 51.f.__O_l __ l_._ft!l Q.9.L.9.Q ___ --'-------------
MY 7.248RE 02 2.22001: 00 
MZ 4ol729E 02 2o4ftOOC: 00 

I:NO-J ' FX 6.\87'lF.-Ol 2.2200E 00 
F.!.Y ___ 3o ll322E 00 ?.dBO.QE_ __ QQ ----------------
FZ 1.2324F 01 2.22000: 00 
TX 5.1~53E 01 2.~800E 00 

------------__.!..!.M,:.Y ___ _,II:-<•._,2:-'l'-'l'-:5'-!,E.__,.O~l--~-!t[l-QQ.E_!)O><----------
MZ 2.0ft63E 02 2.4800E 00 

·-----------·--·-·------ ····-··· 

2 END-I FX 6.18'lOF.-Ol 2.2200E 00 
··-· ·-·--------- ----~-......!,F-'Y~ ____ 3.._~_'!.92L.Q9 __ 2 .• !t.!l.QQLPQ ___________________ , _______ _ 

FZ 5.1439E 00 2.4800E 00 
TX 5.15531: 01 2.4800E 00 

····-----·------------'-'M~Y ___ ~ft • ..llQl~_Ql__l~!t~.Q.Q!;_P..Q __ _ 
~z 2.0664E 02 2.4aoo~: oo 

2 O:NO-J FX 6.lft'l0E-Ol 2.2200E 00 
!'Y 3.6C}C5E 00 2.4600E 00 

___ __:F_,l~-___ 2<,J~3'lt;__,_Q_Q_ ___ lo .. H9QLQ9.------------------------~: ______ · _________________ -·· 
TX 5.155'\F Cl · 2.4ROOE 00 
MY 2.0876E 02 2.2200E 00 

·----------~M~Z---~~~.5523E 01 2.52Q~Q_Q__ 

---------··------------·------------------
3 ENO-l ·FX 2.135SE-Ol 2,4AOOE 00 

FY 4.l593F. 00 2.2200E 00 
·------ FZ 3.0~66f. 00 2.48::J_QLQQ ____ _ 

TX 5.2067f. Ol 2.4800E 00 
MY 4o0284f 01 2o5200E 00 

_____ ~_z _____ ?.!..tlE~.Q~-----~-'-.?-~9J!.LQQ _____________________________ ---------·-------- -··--- --···-·-·--·----··-····-· -··· ----·---·-. --- ·-

.. ···-·----_2 ___ ~_!:!.!?_:_-! ________ -=F)( Zo 'l'563F. 00 2o 2200F. 00 
FY z:926•W-oo ___ z:-22oof"oo--------·------------
FZ 3.0866E 00 2.4800E 00 
TX 7.0156E 00 2,4ROOF. 00 . -------·------------··Mv~---f:12'l"7f.··o·2··--2:4AOOF.-OO··---------------·---···--------···-·· -·--· --··-·------··--·-----·--------···-
MZ l.1362E 02 2.~800~ 00 

4 ENO-l ___ _ 
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FZ 3.2623E 00 2.2200E 00 
TX 2.3515f. CO 7..4ROOE 00 

-------------:,M:-;Y,...-----:1C"o~1:-:3;-.:1;-:6:.;:E:-:;0:-:2:---:2:"o'-:47.800E ~0~0----------·-----~---------------· ----··--................. . 
MZ 1.1361E 02. 2.4800E 00 

·< 

. ·~· .. ~~;----ENo=:r--·-----F·x 7. 7742E0o--2:22.0Q-~(i0-··--------------·-··--·-·-------·-----·-····· -·· 
FY ho1202E-01 2.2200E 00 

-------------------------------'F~Z"--___ 3. 2623 F. CO 2 ~.U . .QQE 0~0 ___ ..:._ __ 
rx T:o144·e 02 2.4sooe oo 

---··-·-·--------------- _____ ...................................... .. 

MY 1o~279E 02 2o4SOOE 00 
------...,-----...!.,~.!..!z~--~!:~· c;g "-~'-QJ _____ ?..~~Q_Q~ __ Q_Q_ ------·--· --------------------------- ................................ . 

!';NO-I FX 1.C7~0E 01 2.2?.00E 00 
FY ~.6261E-01 2.2200E 00 

·----'-----------=,F,-!Z=-----::3_.._.442~E 00 __ 2_._?_?_QQ!;_....QQ. 
TX 7.6637E 01 2.4800E 00 
MY 1.6662E 02 2.4800E 00 

-------------'M~Z~---~5~·~c.9~~88E '01 2.48QQ£_~~-

··- __ ~-----'=-EN~O~--!!.J ______ :,.F~X ___ ~l • 07 5QL_Q!_ __ 2_._22 OO_E_ __ QQ.. ___ . ___ _ 
FY 5.6261E-Ol 2.2200E 00 

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

FZ 3o4423E 00 2o2200E 00 
____________ . -:'-.r,_,x,_ __ -77. 66 37 F. o } _ ____.2~ • ..:!4 s Q.QLPQ ____ _ 

MY 2.1604E 02 2.2200E 00 
MZ 5.0043E 01 2.4800E 00 

............... ------------

___.:6~--F~NC!'0"'---'-1 -------'"'-'X"-___ .._.1 • 30 3~LQ_1,._ _ __,2o.!!o~2 2.QQf_QQ ------ ·-------------------- ..... ------ ...... - . 
FY 6.0303E-Ol 2.4ROOE 00 
FZ 3.56l4E 00 2.2200E 00 

__________ . .!..T~X ___ ~7.6637E 0.1 l...~I!.Q.Q!;. ___ Q_Q ___ _ 

MY 2.1604E 02 2.2200E 00 
MZ 5.0031E 01 2.4800E 00 

6 ENO-J FX 1o3035E 01 2o2200E 00 
__ ___!F_;Y!..._ __ _26_ • .Q~Q}!;.::..QI ______ ?. .• 48 Q!)~_QQ ________________________________________________ _ 

FZ 3.5614E 00 2.2200E 00 
TX 7.6637F. 01 2.4ROOE 00 
MY 2 •. l<16.l.E.....Q~ __ z_._UQPLO.O 
MZ 3.9266F 01 2.4BOOE 00 

7 ENO-l FX l.642qE 01 2.2200E 00 
------------=:",...:Y..:._ __ ~2 .__!_!J.~2.';.....QQ __ 2_. _ _2~_QQ.['; _QQ .. _________ . ___________ · -----------.-------~-------- -----·-· ----·--·-· --· 

F~ 6o6RA2E-01 2o4800E 00 . 
TX ~.261nF 01 2.4800F 00 
MY ____ ?..! .. ~2 1?.L.U. __ 2 .. .!!!! QQ!; .. QQ ---------------------------- ---------·- ------------- _________ . ....: _________ - ............. ---·-- ..... .. 
Ml 2o7962E 02 2o2200F. 00 

------------------·----· ·----
7 ENn~J FX 1.2415E 01· 2.2200E 00 

FY 1.1060E 01 2.4800E 00 
-·---··------------------------=::-FZ __ ....!6~._6R~Z!;.:::..!H. __ z_.~.!!QQf; __ .QQ _____ _ 

TX 1.04RR~ 01 2.4800E 00 
------------------------------------·-·--- ·-· . -· . 
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·' 

.... -·······-·-·----------------------------------------_:___. ___ ··-······· ..... 

MY 
MZ 

5.5\AOF. 01 
1.3418E 02 

2o4800E oo· 
2.5200f: 00 

. ~-----------,-------:.__-----------,--------------------·--· -··-··-·-····-······-

..... -····--··-·_!I_ ___ __:E~N:.:D::...-....:I:..___ ______ ...:.F....:X_,__ ___ l~ •. 3022F 01 2. 22QQ~ __ QQ. 
FV 1.2996E 01· 2.4800E 00 
~z 6.96251:-01 2.4800E 00 
TX 6oi135E 01 2.4~00E 00 

········-·----------------.......cMC.!:Y:..___ __ ------=5:-eo~lf= O-l--2.4AOOE 00 
MZ 1.3416F. 02 2.52GOE 00 

R EN O-J FX 2.4557E 00 2.5200E 00 
-----------~~~Y ___ ~1~.8~2~46E 0~1--~2~·~2=200E 0~0 __ __ 

FZ 6.9625E-01 2o4800F. 00 
·--------········-··· ...... ·- .............. . 

TX 4.114AF. 00 2o4800f. 00 
-----------~M~Y~--~1_.059ftE 02 2.4ROOE 00 ___ _ 

MZ 3.4250E, 02 -2.480.0E-OO 
• 

_____ ____c _______________ --··· ····-······-·· 

9 ENO-l ~X. ~.e765E 00 2.5200E 00 
FY 7.13151":-01 2.4ROOE 00 

---------~F z·------72 • 12 bOF. Ol-.--2 :-220.0E-OO _____ _ 

TX 2.0426F 01 2.4800E 00 
___ ......:.!MY 3a42'>7E 0~---2"'•!!QQL.90. ______ ~-------------·-------·--------·--·---------·-· _ .... 

MZ 1.04CRE 02 2.4800F 00 

9 F.NO-J 
·---=----------------- -~--------·--···-···-·····-· 

FX 3oft76~E 00 2.'>2001": 00 
FY 7.1315E-01 2.4BOOF. 00 

___________ _!.F,-!Z,__ __ .....£2_._ • ..!.1260E Qj __ 2.....U.9_Q~_O_Q _____________________ _,_ __________ ··--·-··· ········---· .. 
TX 2.0426E 01 2.4800E 00 
MY 7.'>262~ 02 2.4800E 00 

·--------~--"M,_.,Z'------±.!1 lli]_Q~f)_2 ___ ~_4.!1_QQE __ OO _______ ·-------------·-------------------·-····-·-····· .. . ... 

10 ENO-l 
·--------------------------------------:--------·-- ..... ··········-- ···-·· ..... . 

-FX 3.87~3E no 2.~200E 00 
FY 7.16~3E-Ol 2.4aOOF. 00 

.. -···- -··········--'----------'-F_,_Z ___ ....=2o_H92L.Ql_·_.l..._~~-QQ.E._QQ_ ·------···--····-·-···· 
TX 2.0426F. 01 ·2.4AOOE 00 
MY 7.'>262E 02 2.4BOOE 00 

__________ _.!:!M..!o7. ___ ~1. 1 ~.1.QI'~QL__l_o~!l_QQ.I:._O() _____________________________ _ ·---------··-·-·-·· ·- ····-·· ..... 

EN,:.O~--J~ ______ F!.....!!_X ___ 3,_H~~ L!l.Q. ____ ?_,_~_?.QQ~ .. OO ---·----·------------------------·----------·---- . --···· ........... . 10· ···--·-·········-······ 
FY 7.16~3F.-01 2.4AOOE 00 . 
FZ 2.4165f. 01 2.2200E 00 

.... ··-·-··--·-------·-------',-T:.:.X ___ _,2_!_Qgg __ Q! __ ~..!t.!!QQf:. __ QQ ______________________________________________ _ 
MY 1.2371E 03 2.2200E 00 
MZ 1.3339F. 02 2.4AOOE 00 

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

---------·----····--·----------· 

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

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

Tt'Olc 2-i6:Ji'lVG~I\RD PiW!HH1 (lYtiMIJC US~ C ISTF.P-OY-~Hr> Ji-JTEGflATJO'll 
,_ __ 

5 T Jl f: S S C. il r~ P U tl E N l -:-::1·1-fi.,..--,.X-I:-7:"M-A,---,-----------------

)--n~-~EN!_--=Lc::O:.::Cc.::Ao.:.T..:.I.;.:IJ::.:N:__--=Lc::O"'N'-"G:..:1...:.T .. U,'-"D-"N"'L-----=C'-!1-':'Il~CUM.FR 
NUM~~R STRESS STRFSS 

SHEA.~-----------­
STRESS 

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

· · ·· ·---·--r-·-EN()--,..1-----~so~.-9~9=--------··a: o----·----- ·-s;:16. --------------------·----------------···-·-···--- --·· 
END-J 23.~4 0.0 5.16 

·-··--·--·-------- --------·----------
2 END-I 23.95 0.0 3o93 

_ ···--····-·········--- EN0-_-!_ ____ __.!2:..!20J"'-'6,_,2,__ ______ _Q_. __ 0 _________ )_,_9_~-----·--·------------------·---· -------·--·· 

3 END-__ 1._ ____ _,2'-"5_._.-'o2'-"5 _____ 4,_,2...,.'-'9,_,0,_ _____ _'foJ4 
·-·--· ---------EN"i)-J 14~28 23.35 1.11 

··----·-----·:-=--=-------,.-~-----,,..,-~-----
14~87 23.35 1.22 

-------------- ----·-·· -----··· .... 
4 EN()-1 

EN O-J 19o91 12o 33 6."01 

··----

5 ENC-1 20.83 c.o 4.73 
EN O-J ____ z 5. 5 ~. _____ _a._o 't .... l) _______________________ ·---------·-·-----·-····---· --··· .. ... .. ..... 

(, ·-----'"'6,_.~o.._t.__ ____ --"-'o·._o _______ ~ •. 1.5 ___ _ F.N()-[ 
ENC-J 

7 END-I 
EN()-J 

32.45 o.o 4.75 

36.1!5 
18.53 

57.46 
27.57 

4.83 
5.82 

·-------·--·-----------------------,--
0 EN()-J l8o64 27o57 6.06 

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

..... ___ .. ______ E!')_D..=.J ______ ~_ • .lt.CL3 __ ___:_,__ __ 7..0 .• !t .. 0 _________ ..... 3 .... 6't. __________ . __________ .. ______ _ 

( 
10 EN()-1 

EN O-J 

/ 

81.69 
132.94 

·-··-··-· .. ·--·---------------

·······-·--------------------

o.o 
o.o 

_s_._O.L 
5.07 

5.62 
5.62 

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

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

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

-·---·---···--·-----------··----·--·-·--·--------···------··-----·-- .. ·---·------· 
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forces and stress res~lts obtained from the step-by-step 

integrationmethod. The solutions obtained from all three 

methods appea-r ,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. 

\, 

·.' 

. , . 
. .... 
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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 ~o the identical earthquake motion 

discussed priviously for Problem 2. Results gotten for the 

three· different· methods of analysis are given in the tables that 

follow shortly. 

Problem Description 

i.. Geometry - The configuration is as shown in Fig. 3-la. 

The structure is comprised of lengths of 2 in. steel pipes 

with internal-l"ining of damping material, and four 2 3/4 in. 

steel cubes welded with the· pipes ·at the corne~~ as shown in 

the figure. The entire assembly is fixed to a heavy base. The 

lumped mas~ 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 

on~y 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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. · 

.(a) Isometric view 

(b) Lumped masses and dimensions 

Fig. 3-1 

Coffee Table 

-6~1.-

··-....... ..... 

(c) Element and node numbers 



1:. 

· Fig. 3-la 

A.Coffee Table 

Fig. 3.i.lb 

Lumped Mass System 
----- =-6 2--·----·------



NODE 
NUMBER 

1 
2 
3 

'• 
5 
(, 

1 
u 
9 

10 
11 

! 12 
11 
14 
15 
!6 
11 
18 

! 
I 
I ,. 
I 
i 

: 

I 
! 

. . .'-.. 

1 .. "'] 

TIIBLF ?--1 I NPIJT DATil FOR COFFF.E TABLE PRORLF.H 

fi(UNOARV CONDIT I ON 
X v l XX 
0 0 0 o. 
0 0 0 I) 

0 u 0 0 
0 0 0 0 
0 0 0 I) 

0 0 0 0 
0 () 0 D 
0 a 0 0 
0 ,0 0 [) 

0 I) 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
1 l l I 
l 1 l 1 
1 J l l 
l l 1 1 

N n 0 A L r. 0 0 ,R O· I N A .T E S 

C:OUE S. t:~no~l I> OINT COORDINATES 
yy . z z X y 

0 Q o.o 10.000 
0 0 7.7.250 1 o. 000 
0 0 7.1. 2 50 10.000 
0 n f),f) I 0. 001) 
0 0 .o.o 18.62 5 
0 ll o·~o i 8. 62 5 
0 0 o.o j A. 62 'i . 
0 0 il.625 16.67.5 
0 0 Ul. 625 
0 0 
0 0 18.625 
0 0 .27o250 16. 62 5 
o· 0 1o.i.z5 !0.625 
0 0 11.625 16. h2 5 
1 1 o.o o. 0 
l 1 27.250 o.o 
1 1 27.250 o.o . :, .. 
1 i ,. '• 

: o.;_o·, o.·o :. 
" •' 

.-:--;.···--. 

·' 

l 
Q; 

o.o 
17.~50 
1 z. zr;n 
17Q 250" 

r:i.625 
0.0 
o.o 
o.o 

U.625 
17; 250 

. Ji.250 
17.250 
o.o 
0.0 

!7.250 
l t. 250 . 
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Q 

f) 

0 
6 
0 
o· 

0 
0 
0 
0 
0 
0 
0 
0 

T 

o.o 
·0 .o 
o.a 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o;o 
o.o 
.o.o .... 

----·--------·-----------··-·-----------·-·-·-----------------'---------



NOf~ 

NUMf\fR 

I 
2 
3 

'• 
5 
6 
7 
8 
'J 

10 
I 1 
12 

LO~O 

CASF 

0 
0 
0 
0 
0 
n 
0 
() 

0 
0 
0 
0 
0 
0 

TIIF\I.F 3-2 INPUT 01\TA FOK C:OFFEE TABLE PROBLEM 

L U M P E D M A S S E S 0 A T A 

X-AXIS 
FORCE 

0.8')1•001:-02 
0.89'<1)0!"-02 
o.A9'<n:>r:-o2 
0. 89't00E 02 
0. 25 ~!IOE-0 l 
Oo 89 '<OOf:-07 
0.2'>"3001'-01 
0.89 1tOOE-02 
o. 0'1'<00['-0:<! 
0. 251AOf:-01 
0.1l940(1E-02 
Oo2"i300[-0l 
O.R'.l400F.-lJ~. 
0. R94 OOF-02 

Y-AXIS 
. FOHCF 

0.119'•00[-02 
n.n9400I'-07. 
o.n9400C::-02 
0.091tOOE 02 
0.253AOF.-Ol 
O,f1')400E-02 
0.?53fiOE-OI 
0 .ll9't0r.E-O 2 
0.,09400E-02 
0 •. 2 5380E-O 1 
0•B9400E-02 
0.25J80E-01 

. O,fl'l4001'-02 
0.09400F-02 

1. -AXIS 
FORCE 

O. 8'l400E -02 
0.8'1400E-02 
o. 8')1,00!=-02 
O.A'l400E-02 
0.25380E-Ol 
0.8?400E-O.?. 
o.253BOF.-01 
0.89400F.-02 
o. 8'1400E-02 
0.253fiOE-01 
Oo89400E-02 
0,253AOE-Ol 
0,8<J400E-02 
O.B9400E-02 

k-----------------------~-----------------·------
r 
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o.o 
o.o 
o.o 
o.o 
o.o 
o·.o 
o.o 
o.o 
o.o 
Q.o 
o.o 
o.o 
o.o 
O• o. 

X-AXIS 
MOMENT 

o.o 
o.o 
0 0 
o.o 
o.o 
o.o 
o.o 
o.o. 
0~0 
o.o 
o.o 
o.o 
o.o 
o.o 

Y-AXJS 
MOMENT 

.o. 0 
o.o 
0 0 
o.o 
o.o 
Q,Q 
o.o 
o.o 
o.o 
Ci.o 
o.o 
o.o 
o.o 
o.o 

Z-AXIS 
MOMENT 

._ 



Pipe outside diar11eter (inches) 

Pipe wall thickness (inches) 

Young• s mo(lulus (psi)· 

Poisson's ratio 

.. 3 
Unit W~ight (lb per 1.n. ) 

2.375 

·o.1s4 

27.9 E6 

0.3 

0.34517 

iii. Loading condition. ·- The same earthquake response-

as given in Problem 2. 

Analyses Results 

For the purpose of. c_omparison Table 3~3A shows values 

for. resonapt frequenci.es of the cof_fee table gotten from 

. 15 . 17 
EPIPE ·and thos.e obtained by Crede , Tuba ~nd Wright , . 

· 16 . · ts 
Swanson (by use of ANSYS) and exper1.mental means. ·With 

the exception. of resonant frequencies obtained for the 5th 

mode which are within 13% · of Crede '· s values, 5% of Tuba 

and Wright's values and almost identical with Swanson's 

values, the vario.us answers are quite c;l.C?se ~ As mentioned, 

the lumped mass model used for this problem is the $arne 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. 

C~mputer results for all three analysis cases are shown in 

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

sultant.forces, stresses, and their ~ime of o~currence gotten 

from the time-history analysis. similarly,· tables 3-8 to 3-13 

show the modal participation factors, displacmments and rela~;ons, . . . . 

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

. square (RMS) , of th~. modar" forces and stresses obtained -~rom 

the respons.e spectrum . anaiys is. Fin ally, the maximum dis-

placements, forces and stresl3es and the time ·of occurrence from 

the s.tep-by~step integration solution are given in Tables 3-14 

.to 3-16. Again, for this problem the numeri~al results from all 

three·methods· appear to be similar with the response spectrum 

ana"lysis yie,lding ge·nerally higher resultant forces. and stresses. 
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.· 

TADLE ..:3~3a_ .. 

Resonant Frequencies (CPS) of a Cof£ee Tabl.e 

Experimental Tuba and 
Values Crede Wright ANSYS EPIPE 

Ref. [ 15j__ Ref. [ 15.'] Ref. [17~] Ref. [ ·16] · Model A 

110 109.0 110.5. 111.5 111.2 

117 115.9 115.0 115.9 115.8 

134 135.o· 134.7 137.6 137.2 

214 212.5 211.7 218.0 215.8 

359 350.4 385.5 404.2 404.3 .. 

I 
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TI\BLF 3-3 COFFF.E TIIBLf OYNI\HIC CASE A CTIMF. IIISTORY ANALYSIS! 

NfiTUP.AL F R E QUE N·C I e· S 
{""·' .·· 

(IPCI.Jli\R 
NU~F.fP. Flli:QilENCY FPF.QUFNf.Y PERIOD TOLEP.o\NCE 

(IH>Of SJ:CI lfYCI. ES/SFf I I s·Fr.l 

_0, f><J90E 03 ·Oolll2<:' OJ OeO'lll'lE 02 0.2558F-06 

2 o. 727(,1' 03 0.115RE 03 O.U63510~02 0, 70R3E-06 

n,Bhi9F. C3 O.l372E 03 0• 77.<JOE-02 ·o.3366E-06 

I '• . Oo lJ'j(,f' 0'· Oo2150[ 03 O.'t63't':-02 o.o 

I 0.251tOE 04 0,4043E 03 0.2474f'.-02 o. 7439[-1)5 
>· '• ..•. 

: ... 
.. ··-·.-·-· ~--

... ''• ..... ' 

·-!. -~ ·~,~ _·: ::.. :.. . ~ ~-.:". ~ .... •·•.• : •• • . • ,: .·: \:·)._ .. ;.. :~ 

-.-:·:·-·.··-:....·-~~---·~---:-_,.-~-...,.,.-;~c'-· -.·;:--~ ~? ~ ~--t--·· -.-.--. ~-·-· -.---.~~--~-:------- --------., . 
' ~-. . . 
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NUOt [I GEl·!-
NUHII.Il V~'r:: Tf.l!l 

1d 

1 7 

1 ,, 

1 
2 
J 
4 
5 

1 
2 
3 

TI\IHF 3-4 COFFEf T~BI.E OYN~MIC CASE A (TIME lliSTORY ANALYSIS) 

MOllE SHAPES 

x- Y- z-
TP ~NSl.IIT 10011 TR ~NSLA T 10~1 TR/IIIISLI\TION 

o.o 
u.o 
o.o 
o.c 
o.c 

o.o 
o.o 
o.o 

o.o 
o.o 
o.o 

•0.0 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 

OoO 
o.o 
O,Q 
o.o 
OoO 

o.o OoO OoO 
o.c o.o o.o 

o.o 
o.o 
0 0 
o.o 
o.o 

o,o 
OoO 
o.o 
OoO 
OoO 

o.o 
o.o 

x-
ROfATIOI~ 

o.o 
o.o 
0 0 
o.o 
0>0 

o.o 
o.o 
OoO 
o.o 
o.o 

o.o 
OoO 

Y-
ROT AT I ON 

. z-
ROT AT ION 

o.o 
o.o 
0 0. 
o.o 
o.o 

o.o 
OoO 

o.o 
o.o 

0~0 
o.o 

(' 

1 
2 
3 
4 
5 

o.o __________ ~o~o~~------~o~o~--------~UUL---------~~L---~----~~L--------------------------------------------
ooo OoO OoO o.o o.o OoO 

15 

14 

12 

11 

10 

,, 

·0 • 0 0 • 0 0 • 0 0 • 0 0 • 0 0 0 0 

1 
2 
) 

1 
2 
~ 

'• 
5 

1 
2 
3 
4 
5 

o.o 
(l. 0 
o.o 
OoO 
o.o 

0.2473'1£' 01 
-Oo'l88t.7f-03 
-O,JGP.41f: 01 

n.zzcn7F. 01 
0.12671!:-01 

0.247151" 01 
0·. 10 12QF-02 

-O.l't04lf 01 
Oo 220117f:" 01 

-0,1226'lE-01 

0. 24 ., r. 'oE 0 1 
. ":? Oo77?l·?'-02 

3 -O.(t,G14!:: 01 
4 0,;>1'lfl3F. 01 
c; -o. 3 >590F-01 

4 
5 

2 

4 
,';> 

o. 2':' 1nu 1)1 
0.571~\)11[-;)4 

-0,70712E-03 
0.73'1241'.-03 

-0.2V•09f 01 

o, l'• 7171 01 
-0. ?1, 1,0'1~-02 

n.J3cpo..)fH: t11 
-(1, 21 Y7tll: 01 
-(), :J'II·.i.l'·'f'-1)1 

(1, ;•t, 71, I·"· 1)1 

o.o 
o.o 
o.o 
OoCl 
OoO 

-0.1U533E 00 
-0.312'HF.-01 

0.97't31E-Ol 
-0.12473!':"00 
-OoAU194E-Ol 

Oo105~'·" ·011 
-0.312'1'if:-01 
-0.97433F-01 

0.12414F 00 
-O.i1B1 nE-oi 

-0.1&26t,F-!11 
-Oo3('0<JOf.-U1 
-C.17914F-01 
-o. 25776f-01 
-0.3~593'?-0~ 

-0,161of,Of-rll 
-0.61i'HSI':-0(, 

0' 3lf, (,11[- 05 
-o. 1 51.!64r-,o<; 

0, 13't'• OF- 0) 

-o. ((.;>'i•.1:-o1 
0,3('0')<~!"-0I 

0 .17'u' ~r-i) 1 
o,;••;774r--ot 

-fl. 3i'I>"Jf'-O)' 

o.o 
OoO 
o.o 

O,bEI573F.-02 
Oo2'i875E 01 

-O,A9f:>OlF. 00 
-Oo91781E 00 

Oe50l81E 01 

-O.h9596E-02 
OolSP.76F 01 
Oo8?58fiE 00 
Oo <J17f10E 00 
0,50~01E 01 

0.0212'·"'-0:1 
0,24398'= 01 
O.ZH12!: 01 
Ool4124E 01 
0,074'•2E-Ol 

n,c;I,JJRf:-03 
0.7 1t4l't!O OJ 
o· o 21114<-: o 1 
0.1.41 ~Of 01 
0.'•4 777f-04 

n ,;>t,l.ti3>'-03 
n. ?'< "3 qnc o 1 
0.711121': 01 
0.1417.4'' 01 

- n. n 13 51• r-- o 1 

o.o 
o.o 
o.o 
o.o 
o.o 

-0.33469E-05 
O. 7562'•E-Ol 

-0.232l1E 01 
-O.l3907E-01 

o.34647E-02 

Oo27l6oE-06 
0,75626E-01 
O, 23207E-01 
O. l3907f-01 
O. 346 78E-02 

o, 3 389i,f-05 
0, 7562.7E-01 
0.63242E-!Jl 
0.37896E-01 
o. 34 702E-02 

-0.44Hl2f--ll5 
-0. Z0173F-.-01 
-Oo11'105l-01 
-O,I\46lt,f-02 
-0. l"9J07f-06 

o. 2t>u'• 1E-ll4 
o. 75627[-01 
0. 6 32'• 2[-U 1 
1), 37fl'H·<:-01 

-0. 3 1t6'l~·E-!J2 

ll. 1~.£;7"1 (>F -J'j 
-6';1- . 

OoO 
o.o 

o.o 
o.o 

0,75470E-03 
-0.12461E-01 

Ool7't26E 00 
.:.o~15317E oo 
-'-0.38397F. 00 

o.75400E-03 
0.124501'-01 

-0.17426E 00 
-0.15376E 00 

Oo38382F. 00 

-o. 35 'i02E -02 
o,q41'~51:-0;! 

-0.15i92E 00 
o.10484f oo 
o.4h651E oo 

-O.Hl43<:-(14 
-0.2f>764f:-02 
-0.1658.>'0 00 

Oo 301•05F 00 
0,4q220E,-05 

Oo '>.4163f'-O?. 
0,'142101'-02 

-0.151'l?.f: 00 
Oo10484r 00 

-0.4M>53f: 00 

-0. 0 3 c; I 3 f -1)3 

OoO 
o.o 

o.o 
o.o 

Oo20460E-01 
-O.ll435E-03 
-0. !1563E-O 1 

O. l309.7E-O 1 
-0.66329E-02 

0.20't60E-Q1 
O.ll452E-03 

-0.11563E-01 
Ool3097E-Ol 
Oo66347E-02 

-0.9346H-01 
Ool4663E-04 
0o42264F-Ql 

-Oo65241E-01 
Oo79154E-oz 

-0,93483E-Ol 
-O.l0595E-05 

Oo28937E-04 
-0.76ll70E-05 
0.7~q13E-02 

-Oo93503E-Ol 
-0.18372E-0't 
-0.42206E-Ol 

Oo 65226!:-01 
o. 7Jl673f--02 

0.20470E-Ol 

r 



2 -.o. sp,o; n-o:~ 
3 0. 14 ('!7.1of OJ 

'• -0. 22'W3F 01 
~ Oo 12i!.fo2f. 01 

/j 1 0. 74 7'ollf. 01 
2 0 • lOOtoOI:--02 
)• 0. 1'• 02 (,(:- 01 

'• -0.22Qli3C Ul 
'5 0. 12 7G7f-l) 1 

7 Oo 2'• 717F 01 
-~ 0.211CB1f 07 
3 0. 1 Vl'.l'lf' 01 

'• -o. 21 '17tH 01 
!) (} • Vo II:?. 1 f.~ 0 1 

" l o. 2'1101F. 01 
2 Oo Jfo!d,CJf'-()lt 
1 -o. 71l'i06E-o'~ 

'• o. ;>5t~t; 11'-0) 
5 Oo23176F 01 

•; 1 O.l'•70'•F 01 
7. -U. 7'112'JE-•.l2 
3 -O.I'or.l'oF. Ill 

'• O. ;>l'IIJ1f- Ill 
5 0.339f>lF.-OI 

4 1 n.tl4"~'•!: 01 
2 -O.l'lAO:IE-0~ 

) -0.(,02'J 1if: 00 

'• •1.110211: t.Jl 
'i -O.<JO:'.'J:?i0-01 

1 1 0 • 1l't 'Ft E Ol 
2 0. l!i!,•Hf:-02 
3 -0.611:!'15'' 00 

'• n.11nnr: Ol 
5 O. U<;;>IJE-02 

7. 1 0 • ll 'liiiH' 01 
2 -n.t~;;>.<;>IE-02 

3 ll.A:P2l'' ()oJ 

'• -1), lltl21E 01 
5 o.no 11•1<=-o'l 

l ll. ll 'iclf)" 1)1 

2 o. lron•; IE-•17. 
] O.t,;p:!1f' I) I) 

'• -0.110.?1~ 01 
~; -o. ''!l'o•J 1 E-0-1 

r: I f. ~ N S n l U T I) N 

I'Jf.EI~Sill.liT lrl-1 
l'r.tl Nf I ~H; 

It l,) q 

n.) ,:, .. ! 

O. 31 'IOV'-01 
CI.'HH!'if-01 

-O.I2 1o71F 00 
Co 11.1l0'14 f 01 

-0.13542F 00 
o. "j 12 9 1 !'- 0 I 

-o. •n 11 7F-o 1 
0.12'•71!: 0(1 

-O.IIfl47'if. 01 

o.l£,257F.-01 
0.300Wif'-01 

-0.17'1751"-iH 
-o.2~;711e-ot 
_,,. '1364 7.[-02 

0; 1o'o67E-01 
o. S'io 161"-nt. 

-o. ~5""'·F.-n5 
t1.4(o4]'il'-05 
o~132'>11F.-ot 

o.L6265E-"01 
-U.JOOIIIlE-01 

Oo179l'>F-01 
o. 25'17'1r:-ll) 

-o. 32q3hi=-02 

o. 8'13li!IE-02 
-o.tr,1o6 1:-tll 

o.'lh2n7F:-oz 
O.l.lfll!jf:-Oi 

-0•170'o2':-02 

-'1. 8 1lH2f:-07. 
-n.Lt)l£,11.!'-ll1 
-O,<Jh2UO..,-Il2 
-n. 131175F-01 
-o. nt>:.~r:-o2 

-o. :nvi ar:-o?. 
(). 1 (,[ ., 1 1'-1) l 
I) .·)t, 3.~'lf'-t)2 

O.UtH .ll'-01 
-i).l76~i 1E-Il7. 

I).A73'• l!'-Ll2 
rJ 0 1tdldE-OL 

-lJ.'l(,l•ol0:-:')7. 
-!). Dllt:l"-01 
-0, LB?'oiiF-112 

T I I~ ,. 1. fl r; 

0.2~1176!' 01 o. 756261:-01 Oo12454F.-01 -o. l1383E-o3 
0.095U6f 00 0.23207E-01 -0.}742/oE 00 O.ll551E:-Ol 
0. onu IF 00 o. l3907E-(H -0.15377E 00 -Oo l3094E-O 1 

-0.'50204E. 01. o •. 34692f-02 0.3838510' 00 0.66595F.-02 

-0.13395[-02 -0.1i449E-04 -0.83445F.-03 0.20469E-Ol 
0.2!'H76F 01. 0. 75<>2 1tE-Ol -0.12465F.-01 Oo ll521E-03 

-O.II9t.02E 00. -0.2321 H:-01· -0.17426!.': 00 0.115511':-01 
-O.'l77110!E 00 -0. l391HE-IH -O.l5317E 00 -o. l3094E-o 1 
-0.5018'•E 01 -0.34681lE-02 0.38400E 00 -0.66300E-02 

·-0.350221"-03 -0.2118l7E-04 0.34364E-02 -0.93502E-01 
(1.241'1/>F 01 0.75623E-01 -0.9't37.3E-02 o.12622E-o4 

-o .7.lll3F 01 -0.632 1toE-01 -O.l,51')2E no -0.'o2206E-01 
-o, l'• 12'•E 01 -o. 376?6F.-o 1 0.1041l'oF. no 0.65224F.-Ol 
-0. R'l 2 77F-Ol -0.34606F.-02 O.lt6610E 00 -Oo79089E-02 

-0.63M:?.E-03 o.nO?OE-05 .-o. BOnose-o4 -0.93483E-01 
o. 7'•4 l:IE 01 -0.201721:-01 0.2,h79E-U2 -O.L7347E-05 

-0.2 313 5F. 01 . O.l79!16f.-Ol -o·. 1658310 00 0.2R960E-04 
-o. 1'• 15or: 01 0.84615E-02 o. 30405E 00 -0.80873E-05 

Oo40200F.-04 - Oo '• 3705E-05 -o. 7'• 7?9E-os -0.79069E-02 

-o.q1462F.-.nJ -0.6S22<JE-05 -0.35496E-02 -0.93463E-01 
0. 2 1t396f: tH tJ.75623E-IJ1 -O.'l4.272E-02 -0.1609lE-04 

-o. 7.3ll3E 01 -o. 612 1tbE-O 1 -0.15192E 00 Oo 42264E-O 1 
-O.l4124f: t}\ -tl. 3'1tl96E-O 1 O.lO'o03E oo· -0.65240E-Ol 
O~R7373F.-01 . O. 3462LE-02 -0.46608E 00 -o. 79osoe-oz 

' 
-·o~ 1t'l565E-OJ -o. 64974E-O'• -o. 1 qosoe-o2 -09 16534E 00 

() .• 11 771lF. 01 0.165't9E 00 -0.50f>16F.-02 0.197'o5E-03 
-n.L1 1o26F. Ol -0.157il3E 00 -0.81'>1>7F.-01 0.951721'-01 / 

-o. Hll6'oE 00 -Oo96275E-Ol Og56287E-01 -09 14901E 00 
n.46753f:-ot o. 57302[-02 -0.25025E 00 -O.l3083E-02 

0.45l74E-OJ 0.51l663E-04 ,..Q.1')06LE-n2 -0, 16534E 00 
0.117791: 1)\ O.LiJS'iOE 00 •· Oo5057'ol'-02 -O.L9894E-03 
0.\.1425" Ill o.15H2F. 0(.) -o.nt'i6o':-n1 0.95172E-Ol 
0·.7l063f: 00 ll.96274E 01 o.'l6207F. Ill -O.l490LE 00 
0. 1o6850E-nl o.51J29E-o2 0.250481: 00 O. 13 640E-O 7. 

O.II300')F.-ll4 u.15579E-t.i4 0.1fl4'i0f:-02 -O.lt>542E 00 
o.t177'JF 01 n.165'>0E 'lll O.'lfl';97F.-02 O.L9257E-03 
0.114251' 01 O.l'j702f: 00 -0.81561lF-Ol -o.qso6qE-ot 
o. 11 fJ(>)t= 00 o. 'It, 2 ., ... ::-o 1 O. 567.1191';-01 0 l4098F 00 

-0.467A6E-01 -I). 5 72b'JE-U2 -0.251Jit9f: no o. l3650E-02 

-o. 121l40E-•n -0.21931E-0'• O.l81t51E-02 -0.16542E 00 
1).,11771lF 1)1 Oo11,~4'1E 110 -o. 'i06'o1r.-oz -o. 20J03t:-o3 

-n.tl'•7.fll' OL -0.1~HilJE 110 -n.~u·;ooF.-nl -o. 951J69E-o 1 
-ll._1l0fl'•'' ·J•.I -O.'Jh.?'15E-•ll 0. ~jh290F.-01 o. l'tll90E 00 
-n ··'"• h]llf:-ll 1 -o, ~f:>.JU::-02 Oo?.'l02S!' no· -o.l3892c-oz 



1) 

Tl\1\l~ 3-5 Cf1FF~:r TI\Olf: DYNAMIC CASE A ITI~E HISTORY ANIILYSISi 

D I s I' I. "1\ c E 1·1 E N T H A X I M A 
. - ......... ....... --· . -··-··-· 

Nl~nr: n I SPUC~MHIT I~ IIX IMU~ T ~~~ !';" 1\T PLOT 
NtJNHc-R ((t'Pf.ll\'fiH V illi.IF MIIXI"'IJM SYMiinL· 

l 1. 2'• 72E-04 '• ,·qoooF. 00 NA 
2 9a4765E-07 4.9000': 00 Nl\ 
3 1, 237!!r-- C8 2.60001: 00 NA 

2 1 1. 2472E-O'• 4.9000F. 00 ·Nil 
?. 9o4770E-07 4o9000E 00 Nil 
3 1. 2611 !IF.- 08 2,6000E 00 Nil 

3 I 1. 21th'lE-04 4,9000E 00 Nil 
2 9,'•767E-07 4,9000E 00 NA 
3 2.fi050E-CO 4,9000E 00 NA 

4 . 1 1. 2469~-04 4,9000E 00 NA 
2 9,4760E-07 4. <JOOOE 00 Nl\ 
l 2. 02 02F- 08 4 1 900QC 00. ~~~ 

<; I .2, hfiOOf-04 4.91lOOE I)O NA 
2 1. 7f·39f-0(, 4,90COI" 00 Nil 
3 4o7450f-Ofl t,.90QQI' QO NA II 

6 l 2, 7227E-01t 4,<lll00E 00 NA 
2 1.7fl61<:-06 '4. 9000F. 00 Nil 
3 1• 77. AO E- 08 
I 2,'61J07E-0'• 4,9000F 00 ~Ill 

2 }, ]fo31'E-Q6 4,<JOOOF 00 Nil 
3 1.5lc4E-Oil 2 600 E 00 

fl l 2.6040':-04 4.'1000E 00 NA 
,2 2.0llCE-05 '•, "'OOOE 00 NA 
3 1. 7't2'JE-07 4,9000E 00 NA 

9 I Z,l,fl'<Ot-04 4,900010 00 NA 
7 2,0110E-OS 4,90()0f: 00 NA 
3 1, 7275E-07 '• 1 90QOE 00 NA 

10 1 2o6U07f:-04 4.;9000!: 00 NA 
2 1. 7f:·39f:-Q(, 4.9000E 00 NA 
3 l• 5757E-Oil 2 1 6000E Qd Nil 

ll l 2o 7227F-04 4. 9000F. 00 NA 
2 t. 7Ut>J£-Ob 4,90001" 00 NA 
) •• "~231.:-0fl 4,9000E 00 NA 

J;? l 2,6f}COF-04 4oCJOOOE 00 NA 
2, lo JI)JijC-Qf, 4,'10oor: .oo NA 
3 4.6704E-OI! 4,':1COOE 00 NA 

11 l 2.6flJ4[-01t 4,90001" 00 Nl\. 
2 2o0106F.-O<; 4,<Jf\0Qi' 00 Ill\ 
3 7.6677E-07 '•. '1000<:. 00 I< A 

14 l 2, 61134F-04 4. ')000F. 00 ~!~ 

2 2.01 05F.-05 '•o'JOOO~ 00 N,\ 
~ 7,1,n22E-U7 4.'1000~ 00 N,\ 

*All values represent the/absolute maximum 
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ELEWNT 

Et.f:w ~IT 
NIJ~Ii' F. R 

1 

I 

2 

2 

3 

TAell' 3-6 COFFEE HBLE OYNI\MIC CASE A ITIME HISTORY ANALYSIS! 

TYPf: Nl.l~flf:l! - .? 

LOCA T I Cf\! 

ENO-l 

~:ND-.1 

F. NO-I 

EN0-.1 · 

f~JD-J 

UI0-1 

r·o ~ C E C 0 P 0 N EN T M A X I M A 

fOP.CE 
CU~IPONENT 

FX 
FY 
FZ 
TX 
MY 
ru 

FX 
rv 
Fl 
TX 
IW 
Ml 

FX 
FY 
f7 
TX 
MY 
MZ 

r-x 
rv 
FZ 

FX 
FY 
I' 
1 X 
MY 
"l. 

FX 
I'Y 
p 
lX 
t1Y 
tl.l. 

FX 
IY 

MAXIMUM 
VAI.IJF 

2o 0'• lOF 00 
'l.5104f:-1)4 
'i ,63'•'•E do 
2 2 8l17ZE-Ol 
h.l'•'l6F: 01 
1. 157fo!'-1)3 

7..0410F. 00 
<i. :n 04f-r.l!t 
5.63't4f 00 
2oBA72E-Ol 
"· !511"' Q!.! 
2;5094E-03 

2.1l369E 00 
ll.576lf-Ol 
5.0097(' 00 

-2.A872E 01_ 
5ol'i20E 00 

2oA3h9F. I)Q 
Oo571>1F.-04 
s·. C897F 00 
7 .OI172E-Ol 
3. A74oE. 01 
q ''·'lb~'-03 

l,Qt,>l7E-Ol 
'.I.~Olllf-03 
•; 'l3Zilf-OJ 
lo6814E-'13 
1.74101; 00 
l,\501E-02 

1,0'•fi7F.-Ol 
3. ~>flZflf:- 03 
'io'H7AF-Ol 
1.61114(-01 
1, :180'·f: '10 

I. '14 '•'•f- O;> 

l,O'di7F-Ol 
!,.•. 2? 2 ?r- () ~ 

TIME AT-
Mt.X IMIIM. 

4,9000( 00 
2 ,60-_QOE 00 
'•~9000F 00. 
4o20QQE 00 
4 ,9000E 00 
2, 6000E 00 

4.;<)000<; 00 
Z;6QQQE QQ 
4.9000E 00 
4o'H100f 00 
!t.C}QQQE QQ 
4,9000E. 00 

4,'l000E 00 
2.F.OOOE 00 
4,<)000F. 00 
4,9000E 00 
4.9QQQE OQ 
4,'JQ0Qf 00 

4.9000E 00 
2ooOOOE oo 
4 0 ?QOOE QO 
4,CJOOOE 00 

00 

4. 'l0001" 00 
4,9JOOE 00 
4 0 900QE QQ 
4,<J00Uf: 00 
4.9000E 00 
4;9000E QO 

'• 'lOOOF 00 
4,9000E 00 
It~ <JO()()f 00 
4,9000<: 00 
t.. 'IOOOr 1)0 
4o•H100F 00 

4, <JtHHlr 00 
'••(JtHHI:':" 00 
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.,'I 

·~•v 5.15ZlF.' 00 4,90001' 00 
l'l 2.511)2!:-03 '•. 9000F. 00 

·' 
Fl !'NO-I FX 7.. 0370F co 4,901lOE 0 

FY fl.7'ttl'H'-0 1t 2. 6000E 00 
r-z 5, Ofi<J 71' 00 4,9000E 00 
TX ;>,81169f-0! 4,.<JOQO 
MY 5.1525F. 00 4,9000E ()0 . 
MZ ?. • 5101 r:-03 4.9000E 00 

Fl FND-J FX 2.11370[ 1)0 4.9000F. 00 
FY flo74A9E-0't 2.6000F 00 
FZ c;,Q8'l7F.' 00 4,9000E 00 
TX ?..!l069E-Ol 4.9ooor: uo 
MY 3.0747E 01 4o9000E 00 
MZ '1.'1217"'-03 4,9000!' 00 

9 ~~Nr.- r FX l,O'•'llE-01 4.90001' oo· 
fY 3~6257~"-03 4 190001= 00 
FZ 5.930lE-Ol 4.9000F. 00 
TX 4.900010' 00 
rw 0 
f~l 4;,'lOOOF. 00 

'l r'N0-.1 FX l.04<Jlf:-01 '••'WOOl' 00 
r:y )11,25'7F.-03 '• I 90001' 00 

t;.9Jil3E-Ol 4.9000E 0() 
TX 1.61.04":-03 4,9000!: 00 
f·IY 3.3603F. 00 4,9Q~OE 1)0 
MZ 1,9562 -

Hl FN0-1 FX J,Ott9lf.-iJl 4o90ilOE 00 
FY 't.2207F-03 4,9QOOE 00 
FZ 5 .9'i'•ll=-oJ 4.20001= 00 
TX I. 6'H 3f:-•l3 4.'lOOOE 00 
f·IY lo 38011' Oil 00 
MZ l,'l'i fllE- 07. 

10 rNn-J fX 1.;0491E-Ol 
FV '•· ?.?ll7f:-•J1 
;:z 'i. 'l'i'•lf'-•Jl 
rx 1. 6'l 1t1F.-01 llO 
rw 1.7'552': .en 4. 91100~ 00 
~-ll l~f,A•)l f'-1)2 '• • '}!)OQF no 

1 L f.'W1-I rx ? ,II :.'I I) 'I i)l) 4.<Jonor I}Q 

I'Y \,1.! 111 -I)~ 
'• I 9nonr- (IQ 

r 1 5oilf1 1U ·:lO ,., 911(10;, 00 
•x ? • 'Jlfl:~ -01 ·4 .c>nnor- no 
''Y J ~·n J'i Ill fl • q !)f}lJf •JO 
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1\? 

MZ ·1. 6099~-1)?. 4.90001'; 00 

ll FN0- . .1 FX 2.1l369F. 00 ,4.9000E IJO 
r:v ir,6t3oE::.o3 4o9000E 00 
FZ <;.Oilll3E ·oo .4a'IOOOE 00 
1 X 2 ,•'i?.62F.-Ol 4, 90001: 00 
tiY ':i~l515F 00 4,9000E 00 
Ml 2.17'l!IF-03 4,90001' 00 

12 FWI-1 rx 2.A4ltr. 00 . t,. 9000F. 00 
FV t.7Zl9F.-IJ3 4 ,9QOOF 00 
Fl ~.6329E 00 4, '}I)OOF. oo· · 
TX 2.'l262E-Ol 4.9ooor: 00 
IW 5,15 HE 00 4.9000F 00 
MZ 2.17911F.-03 4.9000F. 00 

12 r:·Nt)-J FX 2. 84 ll f: 00 4. 'JOOOF 00 
FV 1. 7239E-03 4, 9000E 00 
r:l 5.6329E 00 4e9!100E oo· 
TX 2,921\ZE-.of 4.9000E 00 
MY (,. t'• nor. OJ. t,. 9000f: 00 
MZ t,505<1E-02 4o9000F 00 

l'.r":: 

13 FND:..t rx lo l693E 00 4o9000E 00 
FY 2.tll01l( 00 4.9000F 00 
f'Z 1. 06 l3F-tH 4,9000[ 00 
lX ll.3295F.-04 2. r,oooF. 00 
~IV 1.46211!': 00 4.9000E 00 
~IZ 3,07:16F. 01 4o9000F. 00 

1.1 END-.1 FX 1o l6'J3E 00 4,9000E 00 
rv 2.AIOOF 00 4.9000[: 00 
Fl. J,0613E-Ol 4,9000[ 00 
rx IJ.J7.95F-04 2. 6000E 00 
~IV 5,47'16F.-01 4 <Joonr: 00 
''l •·'•'·93F. 01 4,9000f. 00 

lit F:N0-1 FX 7..7lll'1F.-03 4,'10001' 00 
fY 2, A~IIJt.E co 4,9ClOOE 00 
r-z 10 1l'lloflf'-01 '•• qonor: 00 
TX B.37'o2f:-C'o l,fortOOF 00 
r-~ v r, ,4731.1f;-()l 4. 'IOOOF 00 
Ml t. '•'• ·n r 01 t,, 9000F 00 

14 "NC-.1 IX ,>."I 1 'l'1r-o;~ 4, 'Jf)o)Of.' ')0 
rv ?. BfJH6f- co 4. 9000( no 
r z t.rl'''·r~-o t 4. <'lonu:: 00 
lX !f. :\2 1·7,.-0 1• ;>. 60llll!' 00 
:w '.i. '• 7 ,., S[- 01 '•. '>• •nnr Jo 
:01 l ~ '•'• '1:~ r: 01 t,, 'IOfl!HC: 00 
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..., 
'")' 

1'> 

1') 

lb 

l6 

17 

17 

10 

rN~-1 

:-1~11-J 

fNil-1 

[Nil-J 

HI0-1 

r: ~JI)-J 

FNil-1 

FX 
FY 
rz 
TX 
MY 
f·!7 

FX 
FY 
r z. 
TX 
MY 
~ll 

FX 
FY 
FZ 
TX 
tl 
~17. 

FX 
FY 
Fl 
TX 
~IV 

Ml 

FX 
FY 
Fl 
TX 
MY 
Ml 

FX 
r:y 
FZ 
TX 
~,v 

~il 

FX 
rv 
Fl 
TY. 
~IV ,.,, 

l.lt.'J6C: 00 
?..8100E IJO 
i.061 1tF.-01 
11.23041"-04 
'i.47311:'-0l 
1.4't93f 01 

l.ln9610 oo 
2.8100(; co 
lo06l'4F.-OJ 
n.?.3041:'-04 
1 1tl• 2UF. 1)0 
3.87361: 01 

.·-

I. 171 OE 00 
'l AI !ltf' 00 
t.os:nr--ot 
1. 7682F-03 
lo~:l23E QQ 
3.fl7 1o4E 01 

lo'l710F. 00 
2.8114!: 00 
I ,053JF.-Ol 
I, 7602F-03 
~.4179[-01 

0 

'i. SB'•'•f-o:, 
2.1l'197.F. co 
1 • IIIJ 73 F- 0 I 
1. 7665F.-03 
'l~,!.300E-Ol 

1o'•'• <j(,f 01 

~l. Sfl'•'•E-0'• 
2. 0992!' on 
l.OP.73[-0l 
1, 766i;" ll3 
5. ''~ 'l 1oE- •.II 
1 o 1~ 1• <J6r: Ill . 

J.171CJr- t)O 

i'. ill 1 '•" l')rj 

1'. 0"·'• lf-01. 
1~ 7F,.fltl'-IJ~ 

5.'t?·"i'5F-t11 
1.4 1!q(,~ -11 

4.90CIOF. 00 
4.9000F 00 
4.9000F. 00 
2.nOOOF 00 
4.9000[ 00 
4 .9000F 00 

4.90001" 00 
419000F QO 
·'•• 9000E 00 r-
?..60001: 00 I 

4 90001' 00 
4 •'WOOF. 00 ; 

4.9000E 00 
4.9000F 00 
4.9000E 00 
4.9000E 00 
~..._<}.QQQF !10 

·t,.CJOOOE 00 
I 

I 

4o9000E 00 
4•9000F. 00 

. '• ~ 

4 I 9000" QQ 
4.9000F. 00 
4. 9ooor: 00 

4,9000f 00 
4.9000F oo· 
4.?000F QQ 
4.9000E 00 
4.9000F 00 
4,9000F OQ 

4. 90QQE 00 
4.9000[ O.Q 
'•• 'hlOOi: 00 

')000E 00 
4. qiiQ(lF. (IQ 

11 • •J()Q()Ii 00 

4. 9oonr:- 00 
/• .'lnnor- no 
4. !lOOtll: 00 
'•' C) (II) f)[ ')0 
'•. ''I•)Onr: 'lO 
'~.l..l:lon~~ Oll 
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lll END-.1 FX l.l7l9F. 00 
FY 2.0114!' 00 
r z J.or;t,tE-ot 
TX lo7674F.-03 
MY l·'•52.7E 1i0 
MZ 3.0744E Ol 

4.900UF 
'•. 90001:' 
4~91)00E 

4o900QF. 
4. 'IOOOE 
4.90110E 
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TAIIU: :~-7 c:nrrr:E TI\.BLE DYNIIMIC CfiSE A I TIME IIISTORV fiNAL YSIS I 

Elf "lENT 
Nli"'AFR 

I.Cf.ATIC~I 

f:l-1(-1 
f·Nf.-J 

2 fNfJ-1 
~NO-J 

3 fNC-1 
EN O-J 

'• FNfJ-1 

, 

"'l!f-J 

fNC-1 
ENP. .I 

FIW-1 
0!1:-J 

fNC-1 
[NI)-,1 

ll HW-1 
u~r.-J 

9 fNC-1 
ENr-.J 

10 FNI:-1 
C:Nl-.1 

11 FND-1 
ENf:-J 

12 rr~•~-1 

13 t:•n:-1 
PJI:-.1 

11t '-~lr:-1 

P·Jf>.t 

l O~lf.l TUDNL 
STRF.SS 

105.22 
11.?.4 

1lo 2~ 
67.27 

3a00 
5. 7'•· 

5o 74 
3.03 

67125 
II .7'~ 

11 I z'4 
10~o20 

105122 
11 1?.4 

i I. .2 3 
. 67.">7 

3100 
~~74 

5 I 74 
310:-1 

67~25 
II ~23 

ll I 24 
105120 

(,~. 7 s 
2".211 

2 11. t··) 
')I,_, 19 

Cl Pf.I.I~IFP. SHEAR 
STRESS STRESS 

o.o 5,48 
o.o 5,4ll 

o.o 4.911 
Olo 4 I 91l • 

o.o 0.55 
o.o 0155 

o.o Oo56 
o.o 0156 

010 4198· 
o.n 4.911 

·o .o "',49 
o.o 5olt9 · 

(110 5140 
o.o 5o46 

·o~o /1 I 98 
o.n 4.98 

010 0.55 
010 0155 

OIIJ 0.56 
010 015(, 

o.o 411)8 
010 4 'Ill 

CnO "j, lt'J 

o.o 5.'•9 

o.o ?. • (,2 
Ou 0 2.62 

(},() 2.70 
n.o 2, ·to 
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l'> fliP-! 2~'• 7 A o.o 2.62 
FNr-.J 6'Jo '/5 OoO 2o l•2 

16 f.NI':-1 65.7t. o.o 2.62 
f:t.Jr.- .I 2'i.2'l o.o 2o62 

17 f.Nr:-1 2'• .20 o.o 2i70 
r:Nr-.1 2'• .20 n •. o 2;70 

Ill Hll:-1 '2'> .2'1 o.o 2.62 
t:N':-.J 6<;.76 o.o 2.62 

I 
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-----------------------------------------------~ 

HHI E 3-',,8 CllFFI'F TARlf' IJYNAMIC CASE B (RESPONSE SPECTR:JMI 

M 0 n A L .PART· I C I ·pAT J·O N FACT 0 R S 

lo1110E X-I)J RF.CT ION Y-I.H R f-C fl ON 7-QIBFCT!ON 

1 o.,42o;JF. 00 0.9Jl3E-08 -O.R1114'::-05 

2 0. ~) HIOF-oc; O.lldOF.-07 o.4;u,oF. ()0 

1 -0.1125~-03 -•l.83A2i"-07 -0.1242"'-04 

4 O.J920f:-04 0. l?.llF-06 -O.l092E-05 

5 0.3324"'-05 -tl.3H5E-02 0.3017F.-05 

... --- ·-·--·· ... 

----------
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NIIMflf:R 

1A 

RMS 

I 7 

5 

TM\LF 3- 1g. C!lFfFF TAI\H OYNAMIC CASE 6 !RESPONSE SPECTRJMI 

llo C 
o.o 
o.o 
o., 0 
o.o. 
0.') 

. 0 S P L A ~ E M E N T S I R 0 T· A T I 0 N S · 

X- v-
TRANSLA.TIIJN 

o~o 
o.o· 
o.o 
o·.o 
o.o 

·0.0 

l-
TRI\NSLATION 

o~o 

o.o 
o.o . 
o~o 

o.o 
o.o 

o.o 
o.o 
0;0 
o.o 
o.o 
o.o 

x-
ROTATION 

o.o 
o.o 
o.o 

··o.o 
o.o 
o.o 

Y-
ROTATION 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

1 n.o n.o o.n o.o o.o n.o 
2 o.o o.o 0~0 o.o o.o 0~0 
3 o.o o.o o.o o.o· o.o o.o 
'• o.o o.o ·. o·.o o.o o.o o,o 

z-
RIJT AT ION 

~----~.,~~o~~~o~--------~·>~-~o~~------~o~·~o~--------~o~·~o~--------~oL.~o __________ ~oA.~o ______ ~------------------------------------_____ ...,Rl.,..lfS n.o o.o o.o o.o o.o o.o 

RMS 

15 

RMS 

l . 

l 
2 
3 
4 
5 

ll.O 
o.o 
o.o 
o.o 
o.n 
o.o 

o.o 
n.o 
n.o 
o.o 
n.n 
o.o 

o.o 
0~0 
o.o 
o.o 

0•0 
o~o 

o.o 
o.o 
o.o 
t) .o 

o.o 
o.o 
o.·o 
o.o 
o.o 
Q.O 

o.o 
o.o 
o.o. 
o.o 
o.o 
o.o 

o. 0 
o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
OoO 
0 0 

o.o 
o.o 
o •. o 
o.o 
o.o 

. o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
0 

0 0 
o.o 
o.o 
0 0 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 

14 l n.zqeheE-03 -n.22)79E-04 0.8Z802f-06 -0.404l3E-O~. 0.911lOE-07 O.Z4705E-05 
-----------~~z~~-~O~o~2~1~4~9~~~E~=-~1~1~~-~C~o~6~A~O~t~,7~E~.-~1~0~~0~·~5~~~2~5~9~F.~-~O~A~~O~o~1~6~4~4~2~E~-~0~9~~-~0~o~2~7~0~9~2~F~.-~1~0~~-~o~·~2w4~8~6~1~~~-~1~2~----------------------------------·i 

3 -0.34751~-07 0.24114E-OB -o:zz176E-01 -0.57440~-09 -0.43130E-OA -0.28619E-09 
4 0.~~009~-08 -0.36713E-09 -0.2A780E-08 -0.40932E-1U -0.4525BE-09 0.38549E-10 

-----~~------5--~•)~·~il~7~~£2~1>~E=-~l~2--=-~o~~~6~0~9~2~3~E=-~l~1--~0~·?34~6~625~E=-0~9---0~.~2?3~93?~~,~E-~12~--~0~·~2~6~52~4~E~-~10~~-~0~·~4~5~8~19~E~--~1~2~------------~---------------------
RMS ;:~ o.~'?f!6A~-l)3 f).2237l)f.-04 O.R2834E-06 Oe72253E-OtJ 0.91233f-07 0.2470.5E-05 

1 l 

RMS 

2 
.1 
4 
5 

o. 2Q e6 'lE-•n 
o. 7.20•Bt::-11 

-J.v. 751;:-or 
0.(;')1)00~-IJI) 

-0. fJit 7 5 Ho- 12 
o. ?.9or.nt:-oJ 

1), 223!10'0-04 
-0.6B0'df:-l0 
-:). ?4115~:-0il 
0.3&71 1•f-O~ 

-0 .60909F-11 
0.22300:0-04 

-o. 84037E-tJ6 
o. %2601'-0•J 
0.221 nr=-o1 
0.2871\0f.-00 
0. '3't671lE-09 
0. 040fJ<II':-ll6 

ry.?9~JOF 03 -0.116]q[-t)5 0.91lh4E-07 
2 o.5~~17.f-11 -J.~5421F-to o.5I046~-oq 

0.32795E-10 
l)o1641t3E-09 
o. 57 1t36E-O~ 

0.40'H2E-10 
Oo·23955f-12 
n. 599'73E-09 

0.91045E-07 
n.27069E-IO 

-0.4 3130F.-OA 
-0.45258E-09 

0.-2f>514E-10 
0.9114AE-07 

o.Z4705E-o5 
Oo24900E-12 

-0.28619E-09 
0.38549E-10 
0.45831E-12 
o.24705E-o5 

--------------.,'~:----...;;.t)• o 3ft I; ~] o; C- Q 'f -0 o 4 1t 3 'H: f: -I) q () o 5 1 2 Q 11: -I) ·f 
4 tJ.647czc-na -o.rsr~1~-10 o.41572~-oa 

~.40926E 09 -0.42A68E-06 -0.11286E-04 
O.I6,4JE-09 0.20400~-10 o.~1800E-13 
0.15652~-JO -0.31599c-on 0 •. 10460E-OR 
0•11154F.-J9 o;3-J856E-o9 -O.l9203E-09 
J.23972E-12 0.32226~-10 Oo54670E-12 

RMS 

11 

5 -O.ZJ?.~JE-11 -J.22515F-12 0.60404E-ll 
__ __:0..::.'..::2:...:'J_•I-'.l-'O..::Ec...-..::1):..::3:____:0....:'...:1....:9..:.:6:..:1c..;q._o: __ ..:;Oc:..5 __ ......o;Oc.:•...:1c.:.l4 6 8 f- 0 l> 0 • 1 ~d 00!:!.:!:.:.: -~0:!:!1:!......~0~·!..:'!:• 7~-A~. 7~U~f:._:. -~0~1!..·' __ .20!.Jo~l!J1u2:..!8!.!6~E;.:--:JOL:4:t_ __________________________________ _ 

1 
2 

0.3031)9~-03 -0.19Ri6r-o~ 0.6~612~-07 -0.5412lE-09 -0.95~65~-08 -0.11286E-04 
0. L? ~6'1E-12 -11. h9<J:IF-l't 0. 'i 10':' 21'- :ll) · -0.4) !J'> 1 t:-1•J -0.50 I <J l::,E_-~l~l ___ -~0.!..~47-0::!.4~3~1~E_-~1~4 __________________________________ _ 

-O.l94qlE-10 0.7d~~S~ 13 n,572~h~-tJ7 -0.44512~-09 -0.4l04j~-OO 0.716lAE-12 
4 o.7n~t~c-t2 -0.4~'17~-1~ o.~1671r-oq -0.24105~-to c.no44?~-o9 -0.22~28E-13 

~~-~'~J~·~1';'~1~1~1·~~-~v~'9;_ __ a~.'~:z~· ,~·~-~~~~Jr-~·-~1?~·--~o~. ~-l~J·~Jl~1'~:-~1~4~~-~!~J-~1~J~3~3~7~~~.-~l~o~~(~J.~3~4~0~n~t~F.~.-~1~5~~o~.~5~4~S~l~Z~E~-~~~2~-----------------------------------
______ R_MS ______ ___,· iJ, :l•l.J l'!'--ln ll, 1'1'1:1'-.r'-•.J'' o,>J n4 ~F-t'J t ''• lll2'i F-i)<J ll.l0't39:C-07 . o. l I 21.lfl:::-04 
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l I) l o. 7.9P.'thf'-03 -O.l9hllF-O<; o.H'HB!=-07 0.31444E-08 0.414941;-06 -O.ll2?0E-04 -2 -().'57'tt'll:.-lt 0.654?.11'-ttl o.5304of-t)R 0.16443E-u9 0.204901:-tO -"-0. 39945E-.l 3 
~ n~ V.l: 1o7E-•H o.443'i'if'-O'l 0.'>1201F:-01 .IJ.15652E 08 -o 37hOOF.-OR .-Q 1044F.F -OR 
4 -o. '·.It 6il '•E- on 0.156bC!:-10 0.415721'-08 .9.11154!:-09 O. 30057E-09 O.l9198F.-O? 
'i -11.2321 7E-ll -o .zzc;nF-12 -O.C>0341F'-ll -O.B?67E-l2 -0.32228E-10 0.5434!>E-12 

RMS o, ;>~nt,IJE'-03 o .t9~33F.-oc; o. ~'j 871!1"-1) 7 flo35ttlOE-OO 0.41495!'-()1, O. ll£90F-04 -

'.I t I). 2'1'1'1 ~!=-03 •l. Zl. 3 fl ?E-ll'• O.R74t3f.-0() O.l0417E'-OII -0. lOOR 1tF.-Ob O. 24 717E-O 5 
2 -o.t·1nw:-11 o.r.B06CF.-10 0.56261E-OA 0.16't43~-09 0.27079E-10 -Q.Z4748f-1Z 
l o~ 34 71H-o7· o. 240fl'iE-Ofl Oo22172F.-07· Oo 57't36E-09 -0.431:\0~-0A O. 2R588E-09 
4 -0. f:4 9%1'--0A -0.3h705E-09 0,2A7AOE-Oil 0.40931E-10 -o. 45 256 E-09 -0.3R540E-10 
'i -O.R'o1'.l1f:-12 -0.6i)8'>4f.-11 -0.3't6ROF-·19 -0.23965E-!Z -0.265!6!;-10 Qd6QQ3E-12 

RMS •Jo 2'J!lH JE-03 o.7.7.3ii'>E-O'• o.n"14'dE-06 Oo120hilE-OO o. 100931"-06 0.2't717f.-05 

:1 t O.?<)llHJ':-03 -0.223?0E-04 -O.Ail624F.-06 -O.l3tl25E-Otl -O.l0016E 06 o.Z4111E-Q~ 
2 0.23r:6<;E-11 O.htl034E-10 0.'>6260E-08 0.16442E-09 -0•271021'-10 0.25050E-12 · 
3 0,3471H-07 -0,2408~E-08 -0.22116E-07 -o. 574'• 7E-09 -0.43i30E-OO Oo28588E-09 

'• -o. 6'•')96.~-oa 0.36705E-09 -0.2R1tllE-OA -Q.~Q2H!;-1Q -0.45Z'if!f-Q2 -!l.lBS!t!lE-10 

RMS 
5 0.077'11':-12 :-0 • 6lJ 111 F- ll -0,146~6[-09 -0,2396lE-12 0.26526F-10 -0.45799E-12 
.- 0, 29Rl13E-03 0, 2 7. 39•JF-04 Oo88654F.-06 Oo15066E-08 o. l00115F. -06 o.241l7E-05 

1 1 (},2q'!46E-03 0.196311:-05 -0.4'3255F.-07 -o. 34796E-oa Ooltl494F.-06 -O.ll290E-04 
2 0,61G'i4F.-11 o.h542or:-1o 0• 53043E-Oil O,l6442E-09 -0.2050AE-10 0.2744310-13 
3 0. Vt6tt7E-07 -0,44365F-Q9 -a·.nzo'aF-:Jz -Ool5f1<;Jf-[lll -Q.3I~QQF-~ai0~~6E-OO 

'• -O.f>4Afi9Z-OA -0.75·05H'-10 -0.41513f:-JA -o. 11154E-o9 0.30857F.-09 O,l9198F.-09 
<; 0,235011:'-11 -0,2 32't0F.-12 -0.60290F.-l t -0.23961E-12 0.37.190!'-10 -o.·s4633E-12 

RMS -:, 0. 29 qt,f,f:- 03 0,19631F.-05 o. 72033!;-0.1 a.~!l20flf-O!! Odl!t2CIE-Qf.! OollZ20E-Q~ 

6 1 0,31l30'1F-03 Ool?8R3F.-05 .-0."76095F.-07 0.628981::-09 -0.961,05E-08 -0. 1128 OE-04 
2 o. "1'1411'lE-13 0. 120~2(--1/t 0 ';]079!'-0il -0.4365?E-l0 0. 56Q06F-11 -0 H716F-14 
3 -0. l9HOF-Iu -0,137'i2f:-12 -0,<;7259E-07 0. 1t4515E-0.9 -0.'• 1043F.-Oil Oo1l676E-12 

'• •), THVH-12 o. 130.:. 7!'-1 ~ -o.4t67lr--on O, 24?05E-10 0.89491E-09 -0.23804!:-13 
5 O,L61 1tflf: 09 O.•H52SF. 12 0 1 HlcJ6[-l~ -Q.JQ121E l!i 0.5lb10E-I'> -Q. 5!tfi2QE-12 

RMS ' 0. 30 309F- 03 J,19RA3E-05 O, 96110E-O 1 O, 77222E-09 0.10534E-07 O.ll288E-04 

5 1 o., 29:J30F.-03 o~J'l640F.-o~ -01 llOHE-Of! -Q • H! 7!!!ts;-Q2 -Q.!t21l6ZF-Ofl -O. 11 ZB 6F-O!t 
2 -0. 51J<III';E-11 -0,65'• L'H:-1o 0,53043E-OA 0,16442.E-O'I -o. zo,,q 7F-t o -o. 34991E-·13 
1 -0, 31ol:ll'"iF-07 0 • 1t4 JloOF.-09 ..:o. 57 20 1tF-O 1 -O.l5653E-ll3 ·-o.37600E-oo O,l0460E-08 
'• o. 6'• 102~-uo o~ 15e1Cf'-10 -0! '•1 'i 73E-OU Oolll 'YtE-0'~ Q • .3QB <;fir:: Q9 o.12zazc: 02 

RMS 
5 0,2346(11:-11 -0.22152!'-12 0. 60.356F.-1l 0.23?16E-12 -0,321'161'-10 -0.54606E-12 

0,2911:HIE-03 0,196 1tflE-05 O, i2't56E-06 0.1763l>E-Otl 0, 42 Sf, 3E-06 O.ll286E-04 

'• l O, 130 7'JF-03 'Jnl05<;2F-05 -o. 5?8491'-07 -0.70456E-Otl -o. ?:\O 13!=-06 -0.19964!:-04 
2 -O."!'I'l::!'i'=-11 -o. 351 c;or:-Lo 0,2<;hO'lf-OA 0.359U2E-09 -0,1101)5f-10 0,'o2930E-12 
3 -tJ,16<;C:.I<:-07 o. ~30J1r.-oq -o. 28279F.-07 -0.39062E-08 -0.20\flfl['-OR 0 1~'i55F-OA 

4 On 32 1t 1t'if:-Oll Oo 1t0!139f'-l0 -0.211'>2E-t)ll -0. 28337E-O? o.16'>67f'-09 -0.4311571:-09 
5 -0,6237V'.-13 -Ool232'iF.-t2 0. 322961'-11 0,3951l3E-i2 -0.1721l7E-IO -0,95904E-l3 

RMS 0, l3 i!'79E 03 0; l05521C-OG 0,662 17E-O 1 O. 8171.>2E-Oil Oo230l4E-Of, Q 0 1'H64E-O~ 

1 t o. 11'1791--uJ -1), IO'i'ilf:-tlc; o. 5'•5'• 7f:-l) 7 0.70036E-Oll -o. :n016F-Oh -o. 19964E-ot, 
;> 0.3412>1:'-11 -u. ~,, 152·:.-1u 0,2'j6l0f-OII o. l5?a,,~;-o<J 0.10'1961'-10 -0.43254E-12 
3 0, Jl•'lfl 1f:-•H -u.ZJU.?<;F.-0') (l,2f1277f--07 0. 390~·'.lE-OU -0,2010RF.-Ot1 0.23555E-08 

'• 0. V44'oF -OJ -o.,,oa:c~nF-I.n o. ~11 'i2F-flil 0,2033 11:-1') 0.11,567[-09 -0.4311571:-09 
<; u.CJr,z1rJ'--13 -11,1219'•'':-1?. (). ~ 2 3 6 );. -1 t 0,3961l2E-12 0,173ll3f-IO o.942ZOE-1 3 

RMS n. UH7<~•:-,~3 1). L ~l"r' 1 ':- c:; n. t, 1 c; 3 11:.-·1·1 ll,H10;!1E-f).J 0. 2 30 l 7F-0f> 0.19961of-04 

?. 1 o .J3J;.Ur.r:-•l.3 -(1, !l15'• t:F-o~; O.l•lOJ 31'-07 O,JII!JliE-00 Oo22270f:-Oh -0.19?7<;E-04 
2 -0, .B 11 1o.'--11 o. v;Jstr-tfl ('1,?5!>10"-IJO o. 35'lil'•~-O'I 0,11001f-10 0,4PI60E-12 
~ n, tl'.'l!l'i!'-07 II, .Dil'•l f-119 n. ~!J27F-07 O. 3'J06•lE-•J>J -0,201A3F.-OO -0,23'i29E-OO 

'• -0,12'd;IF-lHl i1.'•1Je~4r-to O,?t 157.1::-•11 0.28B7E-ll9 o, 1656rJF. -0'1 Oo43A49E-09 ... q,r,r,ll' -13 -1.11l'Jf -1.-' -1),_\,~q•) -11 -,),)'J';t>ll·-1?. -0.113tl'l'-.l!) ~ o. 94•2<12r:-l3 
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RMS 0. \ :Hln 1,1'-03 C.l0540F.-Ot; 0.30167~-07 ().43595E-06 0.22279f.-()1, 0.19975E-04 

l o.l3P.fl7E-03 0.-10547F.-05 -O.l5504E-07 -o. 26'•02E -oo Oo 2 227<JE -06 -0.19'H5E-04 
2 0~ 34'103[-11 0.3515\F.-'10 · o.25t.09E-oa 0.;35982E-09 -O.llOllE-10 '"-0~443\0E-12 
3 I). l61lfl5E~07 -0.; 2304ttE'-09 :...o.za279E-'07 -0.39062E-oo -0.20186[-08 -'0.23529E-08 

'• -0.32'tlBF.-OO -0.408121:-i:O -Oo21152E-OI:\ -a. 28H7E-o9 Oo l65b6F-09 o, 431148E-09 
5 -0.'t7"1flH;; l3 n.l2t:.OOi' 12 o. 37.217t'-ll -0.3'J53'tE-12 O.l72117E 10 -o. 95966E.-l3 

RMS 
O.l3flfl7~'-03 0.1054 7E-O'l 0.3242\F.-07 0.4·7414E-08 .0.222fl0~-06 o.t9975E-04 

*RMS represents the root mean square of the displacements from all mode shape~! considered. 

·' ': . ,·· 
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T~ 1ll F 3-'iO fllFFf'F. TAHLF. DYNAMIC CASE 8 I RESPONSE SPF.CTRJMI 

R F 5 P 0 N S F. S P E C T R U M F 0 R C E C 0 M P 0 N E N_ T S 
--·- ··-··- ··-·--·--·-·-----· ---·· .. . . .... . .... ·-· . .. -·· - ... .. -. ~. -- .. 

S }IJI\Il( PrJnT 1)!= TH:: ~1.11-~ PF THF S~llo\R~:s OF TH 1; fo'OO.\L Ff)Pf.F:S 
I F1~R All r,r_ ~·4E~ITS I 

0" 

PX = X-AX I AI. FllRf.f TX = X-HIISTitlG M0f4ENT 
IIY = Y-SIIF,\R Hl~CI' .rw = Y- RFNOING MOMF_NT 
V7 = Z-SHI:AI"l fOP.C:I· MZ = z- BF.NOING MOMENT 

I - INITIAl NOOE .· 

r: = C.E!'jHR !'lOll F. IEOB e1eE 6E~IJ !::1~1 11 
J = FINAL NOllE 

El"MF.fH TYPF 1310 p I p F. I I I I ELHIENT NUMBER I 11 

PX f I I VY I I I VZII I T X I t I MYIII MZ Ill e~ 1.11 ll~IJI llZIII IX 1.11 ·M~I II MU.Jj___ 
0 o ~ llo?.': 01 O.l'tb~~-02 ll.6273E Ol 0.3lRJE 01) o.t.A4 7E 02 O.lo;fi'JE-01 o.·.Ho2E 01 0.1 1t63E-02 O.b213E 01 o.3183E 00 0.5H5E 01 0.3107E-02 

EFMHJT TV I' F. 1310 p I Jl F I I I I ELEMENT NU~IBER I 21 

I' X II I VYI I I VZ II I TXIII MYI I I MZIII PXIJI VYIJ I VZIJI TXIJI MYIJI HZIJI 
o.J1'i7r 01 0 .1?f.4F-r.2 O.'it>t.7E 01 :1 .3lfi3F 00 0. '>73 SF., 01 o. 310"1E-02 O.Jl57E 01 0.12o4E-02 Oe'>6b7E 0 1 0.3183E 00 Oe4314E 02 Oel038E-Ol 

E'LUIFNT TYPF. 13/r:: p i p F. I I l l HI'!:!EtH I':IWIIiEB I 31 

PX f II VY I I). V7.1 I I TXIII MYI T I Mllll PXIJI VYIJI VZIJI TXIJI HYIJI MliJt 
o .• llt.'Ji' 00 O. H35f-U2 () .6(>05(' 00 (1.4?1l:!F. !lZ !loi2BF OL 0.25Z8E 02 O.llu2E 00 0.3135E-OZ Q .C;605E !lll O.!tZ85E-IlZ Q 3163E Ill ll.2165.E::Dl--· 

ElfMEfH TYI'( I II C p I p E I I I I ELEMENT NUMI\ER I '• I 

PX Ill VYI I I VZII I T XI I I tiY! II MZIII ei.IIJI llY 1.11 ll z 1.11 Ul.ll 8~1.11 HZI II 
O.llbt-1: 00 O.'>lllfof:-02 0.6ld 1tf: thl 0. 1.~21 .• [-1)~ 0.37t.3F. Ol 0.21b5E-Ol O.ll66F. 00 Oo5A16F.-02 O.bb34E 00 0.4326E-02 o, 1958E 01 Oe2909E-01 

f"Lr:MqiT TYP,.. 13/r: p I p r: .I I I I F.LHIENT NUMBER I ~I 

PX Ill VYIII VZII I TX I I I MY Ill t1Z II I PX f .1 I VYIJI VliJI TXIJt HY(Jt HZ(Jt 
o •. 31 <;9i' 01 o. 3?qttr--IJ2 ll. 5i>h4t= Ul o ~"32 unr 01) 0. 1o311.E 07. o. 3022E-Ol 0.3159[' 01 0.32<l4f-.-OZ Oo5664E 01 0.3288E 00 o.5734E 01 o.2029E-oz 

ELF I' [tiT rvrr f 11 r: I' I I' r I I I I ELI'Mt:NT N1Ji11'E It I 61 

PX Ill VY I II vz Ill T XII I •IYI II ·Mz I I i PX I .11 VYIJ I VZIJI TX(JJ HYIJt HZIJt 
0.31(,_:.,~ tll il.Y·•)OF-02 11.1:/."/,)E oil t:.3?.1111!' tlO n.'i7VrF r)l O.?.OZUF-02 0.3163E 0\ 0.360RF.-Ol 0.6270E 01 0.32ABE 00 0 1 6843E 02 Q.3432E-Ol 

r 1 r •: I I I 11 

I' X Ill 1/Y I I I Vlll I TXIII PXCJI VYC.JI V7.(.J) TXIJI MYIJI HZLJt 
!l. -~ l >IJi . <Hl u.:nur 01 0.1'•7.1~'-0:> o·.6273E 01 0.3l83E 00 0.5736E 01 0.29CJ8E-02 
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~1 

--... 
., 

E•.E"HIT y"ypr:: Ulr: p I p f: I -/ I ELEMENT NliMilER 81 

I' X I-I I VY Ill VZCI I TXi II MVI i I t~i Ill PX I j) VVIJ I V Z I J I TXCJI HY(J I MZCJI 
0.31'ifl'7 01 0.12291:-02 o. 'i6h7J: 01 o. 3181[ 1)0 o.5noE 01 Oo299!1.E-02. O,H5UE Ol 0.1229F-02 0.5667E 01 0.3183E QO OtHl~E oz Otl06~E-OL 

Fl.'-'1!'NT TYPF IJIC p I p 1'- I I I ElEMENT NlJmlER 91 

PX I I I .VYIII VZ II I. T X Ill MY Ill Mllll PXIJI VYIJI VZIJI TXIJI HY:!JI HZLU 
o •. 116<~" 00 o.:n 1or-:-o2 (l,A(, 1)6 f. (Ill () ·'·;~ 57f--02 0,19351? 01 0,1055[-01" 0.11691' 00 o.3370F:-02 0,6606E 00 0.4257E-02 0.3763E 01 0.2l80E-Ol 

Elf r-<F.~•T TYPI' (]IC p I p F. I .; I I' ELEMF.NT NUMBER 101 

PX It I VYIII VZ II I T XI II MYIII MZ Ill PX I Jl VYIJI VZIJI T X CJ I HYCJI MZCJI 
0 .11''''!: 01) 0,5n21E-07 O,Hd7E no 0.4 211E -'07. o.J7h3f 01 0.2JflOE-Ol o.tthoE 00 0.5621F.-02 0.6632E 00 0.47.7lE-02 0.1 957E 01 o.2732E-Ol 

0 

HI'MfNT TYI'r: 131C p I p [' I· I I I ELEMENT NUMBER I ill 

PXIII VYII I VZ Ill TXIII MY Ill HZ Ill · PX I J I VYIJ I VZIJI TXIJI MY( Jl HZCJI 
o,J1'i..,F 01 o;J07lf.-07. I). 'i6hlt[ Ol 0.32•l'l[ 00 0.43llE 02 0.?84 tE Ol 0.3l5<JE 01 O, 307lE-02 0 .5664E 01 o.3za9i: 00 o. 5734!; 01 0,.2H3E-OZ 

El~Ml:!H TYI'F 13/[ I' I I' r: I I I ELEMENT NUMRER I 121 

I' X Ill VYI I I 'Jl I II TX Ill MYI II MZ I II PXIJI VY!JI vz IJI Il!IJI H~l Jl" ltZIJI 
0.311dF. 01 O,BRllF-02 n.6270f: Ol 0.32fl9E Ot) o.5734E Ol 0.231'•3E-"02 0.3l63E Ol o.33aBF.-02 0.6270E 01 .0.3289E 00 0.6843E 02 0.3197E-Ol 

fli:Hf'I-!T TYPf IJIC I' I f' .. I I I Hf:t4<;NT NUMliER I 131 

I'X II I VY I II VZIII T X Ill MYII) MZIII .PX I Jl VYIJI V.Z I J I TXIJ) HYCJI MZI Jt 
Oal".lOLF. 01 o.,3129F. 01 o~t1B2E on o ~ t7f,o~-o 2 o. lf,zqE 01 0.4Jl2E 02 o.130lc 01 0.3129E 01 0.1182E 00 0.1760E-02 0,6095E 00 o.l613E oz 

F.lcMI'.Nf TYPE IJIC p I p r: I I I ElfMJONT NU..,fiER I 141 

I' X I II VYI I I VZ II I TXIII MYIII MZ I II Pi\ I .1 I VYIJ I VZIJI TXCJI HYCJI HZCJI 
o,341Hf:-n2 0,:P26f: 01 0.12\'lf: ·)0 0.1760f-02 0,6o?c;E O!l •J.1613E 02 0.341tlF.-02 o. 322,F. 01 o.t2l<JF. 00 o.l760E-OZ 0.609Zf OQ o~uu.e oz 

fLE'MFtH JYP: ll/1~ I' I I' '0 I I I r:LlM!:~n NUt1flf.P I l!;l 

PX Ill VV I I I liZ I I I T X I I I '-IV I I I t·ll.l II PX I :11 VYIJI Vll Jl TXIJI MY: I .II HZIJI -· c., " )0 [ !: Ol 3,:117.01: 01 "" II t::i t' oa 0, I ((, '•I' -II.! ()' ~()'Jll' IHl n,t'•1.H 02 0.1301~ 01 1).31?.0" 01 o.111J3f- 00 0.1764[-02 O.l629E 01 0.4312E 02 

F.Lr"'Uif TYP"- 1 u•~ p I p E I I I I Etf..,PIT t~IJi~f!E k .1.61 

''X Ill VY II. I v llll l X II l ~-1 Y I I I "1ll I I PXIJI IIVLII VZ IJ I TXIJ I MY( J I MZC Jt. 
I· 

... a4-



O.DOSIO 01 o.:HJOE Ol 0.11f2F. 01 0.3fl 1t4!:-02 O.Lb16E 01·0.4Jl41' 02 0.13051' 01 0.31301"01 0.1172( 00 0.3844E-02 o.6054E 00 o·.t614E. 02 

F.Lr-w::rH rvrr: I'll r p I p E I I I ·FLEMF;NT NIH~IJER i 171 

rx I II · VY I I I VZ I I I T XI II MYI II ~l I II PX I Jl VYIJI V Zl J I TXIJI HYIJI Hll Jl 
On41lil'iE-03 0., '-l?.2Rf: 01 O, 1llOF. 00 llo)lllt2[-0l o.r.oc;4c: 00 o .lnll•C 02 0.4U85F-03 0. 3VRF. 01 O.l210E 00 0.3B42E~02 0.60'HE 00 o.t6i4E 02 

HO'ENT TYJlf: I"Uf. Jl I p E I I I fl[MENT f.IIJIARER 1 !I i 
PXIJI VYI II VZ II I TX I II MYI I l IIlii) PX I J l VYC j I VZIJI TXIJI HYI Jl HZIJJ 

o. 13ll'~" 01 0.3L'IOE 01 0.1173f: 00 0.3(l43f-02 0.60511=. 00 U.1'614E 02 0.}305f 01 0.3130F. 01 O.J113E. 00 0.3843E-OZ O.l6l6E 01 o .• 4314E O.l._ 

• 
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C.:ll"lf.'NT 
Nil·"~[: P. 

2 

4 

6 

7 

.II 

9 

-----.-0-. -

ll 

12 

11 

1 t., 

I ~i 

[T 

1~ 

Tfllll!C 3-.li COFFEE TABLE OYNI\MIC CASE B 111-E~PONSE SPEC.TRJMI 

!'! f' ~ p 0 N s [' s p E c T R u M s T R E s s 

~A-TIQN l NG TIJl CIRClJ~F SHl'AR 
S TP. f: SS. STRESS S TRESS 

r-Nfl-1 117.151 0,(1 6.104 
I NO-J 12.509 o.o 6.104 

f:Nl•-1 12. 50 5 o.o s. 539 
FNf'l-J 74.8'17 o.p 5,539 

lN[l-1 lo 115 O,(l 0.618 
FN('-J 6,38h o.o 0.610 

END-I 6.305 o. 0 Oo621 
ENP'-.i 3 •. 37(, o.p O.b2l 

HID-I 7'•. 8!'-f. (l,O 5.545 
E~!O-J 12o 505 o~o 5.545 

ENQ-1 12.50') o.o 6.109 
EN O-J 117.06'1 o.o 6.109 

HHI-1 117.150 o.o (, .104 
ENC-J 12. 'i 11 o.o 6.104 

F'Nil-1 12. 506 o.o 5.539 
· fNil-J. 74.11'18 Oob 5. 539 

HIP-I 3. 336 OoO Oof>16 
I:Nf'I-J 6.30fl o.o 0.618 

F.ND-1 (,,)85 o.o Oo621 
HI O-J lo 3 71, OoO Oo621 

fNP-1 74.1155 o.o 5. 5't5 
EN O-J 12.504 o.o 5o 545 

ENC-1 12.500 o.o 6,109 
fNI"-.1 117.08'1 o.o b.109 

FNI"-1 ·71.111'• o.u .2 .915 
EIJD-.1 ?.0.13':1 o.o 2.'115 

F.Nt'•- I 2l•o'l31 o.o 3.006 
fN[>-,1 ;>r,, '131 o.o 3,006 

HJil-1 21'1.1.3<1 n.o '2.915 
CHP-J D. 104 o.o 2.'H 5. 

H!fl-1 73.217 Q,l') 2.9111 
tNil-.1 7 flo l ~;t, n.o 2.918 

U!P-1 2(,. <)I,() o.o 3.009 
Ft1f1-,l '?lJ. 'lleO o.o 3. ,)09 

I:·~'[!- I 21!.15 1• o.o 7 ,'11.8 
EI'JP-J n. 2 i. n i),l) 2 .'llil 
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-----. 
I 

HIH f. 3-:J;Q•, COFHE TI.\RLF. OYNI\MIC CASE C CSTF.P-BY-STEP llllfE~RU ION) 

OISPLACF.MEN·r MAXIMA 

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

Nnnt Ill SPLLIC tt·1~NT M~ X I i~lJ~1 TP~E 1!. T PLOT 
NUM~.[R. CC~PONf:NT VIILUf: MAXiMUM. SYI1fl0l ... 

I 1 1. 2653f'·-04 '• • <)I)!JOF. 00 Nl.\ 
;> q,_~VtlE-07 4o<J000F. 00 NA 
1 5,CJ745f--0') 4.<JOOOF. oo· N!l 

2 1 1.26531;:-04 4,'11JOOE 00 Nfl 
;> '),3341!'-,)1 '•• CJOOOE 00 Nfl 
3 1~, 551 O:C-09 4,QOOOC: 00 NA --

3 .l 1,2650F· Ql, 4,'WOOF. 00 Nil ., 9,3?47.E-07 4.90001' 00 NA ,_ 
3 2.ooec.r:-oe 4.9000E 00 NA 

4 1 1, 2650E-04 4, 'JOOOE 00 NA 
2 9, 33 1t4E-07 4;'lOOOE· 00 NA 
3 ?.oOf>HE-08 4o9000E 00 NA 

" 1 .. 7,.6787f-U4 4.<Jr)00f:' 00 tJA / 

2 1.73fl!if'-Of> 4,9000<: 00 Nil . 
3 4,39(8f-OB 4o9000E 00 NA 

f> 1 2. 71 07!:-04 4,'lOOOC: 00 NA 
2 1. 13411E-Oh 4,9000!; 00 NA 

.. 

3 1. 516f,E-OA 4•9000E 00 Nl'\ 
7 1 2. f>7'l3F-04 4.CJooor: 00 NA 

2 1,73A4E-06 4,'lOOOE 00 Nil 
3 1. 5115F-Oil 2. 6000E 00 Nfl 

8 1 2o6825[-04 4,9000E ()0 NA 
2 1.9548F:-05 '••9000E 00 .• NA . -
3 7.i983E-07 4,<)000E 00 !Ill 

C) 1 2. 602'51:-04 4.9000E 00 NA I 
2 1.95'oOF-05 4,'101')(1[: 00 NA -
.'i 7.1905E-07 'o,QOOOE 00 Nil 

10 1 2o6793F.-04 4o9000E 00 NA ·-

2 l.ns4F.-oo t,, CJOOOC: 00 Nl'\ 
3 L. 6 0 39E'-O!l 2,6000E 00 Nil 

11 1 2. 7l!i0f:-O't 4o 90UOE 00 NA 
l 1. 734B<:-Oh '<. <WOOE 00 NA 
) 1. 3933C.-OO '•. 9000F. 00 NA 

12 l 2.6707F.-Ott 'to <JOOOF. 00 NA 
2 lo 7'HI4::'-06 'o.'lOOOI; 00 Nil 
3 4.27'<9!':-0il 4.'1000<:' ·01) NA . 

13 1 2. 6Al9F-l.l'• '•. 9000E 00 ~lA 

2 1,954 1•C:-O<; 4,9000.: uo ~lA 

1 '1.1'•24':-07 4. 90000: 1)0 NA 
14 l 2. o•H•H:-04 1to ')00f)F. 00 NA 

2 •• 'l'i44~-05 4. •JI)Oll': 00 Nl.\ 
~ 7.l240f-07 'o,9000J: 1)0 NA 

* All values represent the absolute maximum. 
-· 

·-·--·-------

-
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TIIOL l' 3-13 COFr-n: li\IILF. OYNAHIC CASE c I STEP-l:IY-STEP INTEGRAf ION I 

F n p c E c 0 p 0 N " N T M A. X I M 'A 

' -.----.-- -- ·-·-·· ----------- -------- --· . ---- . 
H'EitENT TYPIO r>;•JM'1ER 2 

ElE"rNT LOCI\Tif.N FOHCF I~ 1\ X I MUM f!ME tiT 
!• Nllt~H 1: R [fl!~POI-IHJ r Vlll.lJF. Ml\ X l11UM 

!C:N0-1 FX ;>, 7'J~IH' 00 4,9000F. 00 
FY 2.3873F.-G1• 4, 'IOOOE 00 
f1. So 9270E cio 4,9000E 00 
TX 2, 70'J6F.-Ol 4 1 'l000f' QO 
MY ,,29';(>E 1)1 4,91)00F. 00 
Ml 2,!!619E-rn 'to 9000E 00 

f'N0-.1 FX 2,.791l3E co 4;9000E 00 
FY 2.3li13F-04 4 1 'lOOOF QQ 
FZ 'io 92 1ilf' 1)0 4,'l000f: 00 
TX 2. 70'1610- 0 l 't.'lOOOIO 00 
rw )o611Jlf QQ ~.2QQQE Qll 
Ml 1.1772F.-Ol 2o6000F. 00 

2 !'NO-I rx 2o 79fl11' co 4o9000E 00 
FY 2.37'i9E-04 4o9QQQE QQ 
FZ 4; 04 7flE 00 4,9000E 00 
·TX 2. 70<i6E-Ol 4;90001:' 00 
MY 3 1 67P.<lE QQ ~.2QQQF QQ 
MZ 1.1772r:,-rn 2, f,OOOF. 00 

2 ENO-J fX 2o 7901E co 4. 9000E 00 
FY 2. 37591:'-04 4.90001:' 00, 
Fl, 4 • 84 7fiE qQ ~ 1 9QQQF a a 
TX 2o70'11,F.-01 4o9000E 00 
MY 3,!11 BF. 01 4,90001' 00 : ,; 
MZ 1,6724E-0.3 4.50')0E 01 

F.ND-1 Fll l. 00 l'l 1:-•11 4. <)000[ 00 
rv <J, 2701E-!J4 2. 6000E 00 
F7 5.5H't6':'-l)l 4 lJO(JOC: 00 
TX 1. '•'l 'i'•IO C3 4. 9000F 00 
MY 1.6402E 00 4. 9000E 00 
M7 l, i'.Mil E-03 4. '5000[ 00 

:s fND-J FX 1.001':1!=-0l 4. ljt)i)Qf llO 
r-v <J. VOlE-1)4 2,6000E 00 
r:z 'i, 5fl'•6E-Ol 4,90rJOF oo· 
TX •·'•9'i'•[·-·J3 4,'JO'JoE· oo·. 
IW ;1,1769[ 1)0 '" 'JOOOF 00 
~~' ~ •• 4:~09"-01 2, foi)OOF. 00 

'• 7-~!0-1 I")\ J,t101W"-I)J 4. '1000[ uo 
' ·<-- FY 1. fl. d'lc.· 0'· '·. )0i.)Q!: llO 
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, .. . 
<1. •I 

F' 5o5987f-01 4.?000E 00 
TX 1. 4~>t.or-o3 4.9000f- 00 
MY 3.17h7[ I)Q 4. 900(lf 00 
'll 6.42r,9E"-03 2.6000E 00 

4 ENll-.1 FX 1 • on HH'-•ll 4.~000E' 00 
r=v 7. 7'•1l~F-04 4.51)00E 00 
FZ "i,5<J'l7E-01 '•• 9000E 00 
TX 1. 4lt41ll:'-03 4.9000f 00 
MY 1.6n1r <)0 4,9000E 00 
MZ 5.67l2E-03 4.?000E 00 

'j END-I· FX .2.7962E CO 4.?000E 00 
FY 9. "BJ5f"-04. ·4.9000E 00 
FZ '•·ll'•t;5.: 00 4.?000E 00 
TX 2.7'tBr:'-Ol 4.9000E 00 
MY :~.6l?.Jf 01 4.~0001' 00 
"'Z 7.21CJ6E-03 4 ,?OOOE 00 

5 FND-J FX 7.o79!12E 00 4~9000E 00 
FY <!, 33 75E-04 '•. 'IOOOE 00 

~ FZ '•. A'• h5E 00 . 4.9000f 00 
TX 2. 7't HE-01 4.900Qf.· 00 
MY Jo6775E IJO 4.'10001: 00 
MZ l·,,tA10[.,-03 Z o60QQE 00 

.• .. ., .;,· 

6 fNfl-1 f)( 2.7'l8 1tF. 00 4.900010 00 
l'y 9. 3605F.-04 4.9000E 00 
Fl 5.9?f.,5~ 00 4.9000!: 00 
TX 2. 7't33F.- C1 4 9000E 00 
MY ~.6711lE 00 4.9000E 00 
"11 lo'tOllF-03 2o6000E 00 

Hlr.-J FX 2.. 1"!RI;E 00 4, 9000F 00 
FY 9, 36/t 5E- 0't 4,'l000f 00 
FZ 5. 92 (,')r- 00 4. 'Hioo~ 00 
rx 2.7'•HF-Cl 4 ,'1000F 00 
IW 6.2'l't3F. 01 4.9000F. 00 
Ml lo020JF.-02 4 .• 9000£: 00 

7 r:Nn-r FX 2. 7'1fll ~: 00 4,9000E 00 
r.y 2.(.~''llf'-04 '•. ')000f 00 
r-z r;,97. nF. 00 '•. 'llltJOE 00 
TX 7 • 'fl 07.1: -•H '•• 9000F 00 
hY [,. 7.'15f,r. Cl '•. 'IOOor· 00 
i 1 ~~ 3.1'•11!"-'13 '•. •JI)OOE :l'o. ., 

7 f~IP.-J FX 7.. 7'lUJ'' co 4. 'lOuu~ uu 
FY 2,hrot)lf:-0't '•. •11)l)(Jf- 00 

"' 'i, •;;J77F ')0 '•. '}f){) f)[ (J\) 

1 X. :~.J 11 '1,~•--nt 4·. 'IOt)(JF no 
-89-
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' 

4~ 

'lY l,671l7F. 00 4,9000F. 00 
Ml 1.197.11F.-03 2,bOOOE 00 

0 FNI'l-1 FX 2,790IE 00 4, 'JOOOE 00 
FY 2.t.Hor-o4 '.o9000f: 00 
FZ 4. flit 71lr: 00 4,'JOOOF. 00 
TX 2. 71112F._;OI 4, 91)0UE 00. 

· ~IY 3.~769F. 00 4o9000~ 00 
"1Z 1,1927F-03 2 ,tlOOOE 00 

A FNO-J FX 2o7901F 00 4$ 9000F 00 
FY 2,1)3 7RE-04. 4 90001' 0 
FZ 4,Cio70F. 00 4.9000f 00 
TX 2.7102F.-Ol 4.9000f: 00 
MY 3.01 :BF oi 4,9000F (JQ 

Ml 1.111125~'-03 4,5000E 00 

9 END-I FX 1,00l6E-01 4,9000E 00 
Fy. 9.04BE-04 2obOOOE 00 
Fl. 5,505'oe-01 4,900PE uo 0 TX 1, 1tb4RE-03 4,9000E 00 
MY 1.'>4031' 00 4,9000E 00 
Ml. ioR015E"-03 · 4. 5000E 00 

9 FNO-J FX ·1.00 1(,f-01 4. 9000t: 00 
FY 9,041'tf:-04 2,6000E oo· 
FZ 5,51J'i41' 01 4.9000E 00 
TX 1,464BF-03 4o'lOOOE 00 
"lY 3. P72E 00 4.9000E 00 
Ml 94f 03 2.60001' 00 

)() ENil-1 FX 1,00 l6F-O l '•• 9000f. 00 
FY 7.591ZF-04 4o5000E 00 
FZ 5, 59') lE-O I 4.9 0 
TX ),10fl5E-03 
MY 3.1771!' 00 '•, 'lOOUF 
MZ 6.4306E-IH 2,60Q_OE 

10 r:1·m-J FX 1,001f>f oi 4,90001: uo 
Fy 7. ~·lllF. -0'• 4, 5000F 00 
fl. 5. 5'}'11 r:-o 1 4. 9000F. 00· 
TX 1>, HIII5E 03 4.9000" 00 
IIV 1,6<;ZOE 00 '•, 'lOOOF. 1)0 
MZ 5,4A26f:-03 '• • ?OOOF 00 

I 1 !' ~Jil- I ::x 2.79;1lf' ~0 4,')1)Q()f •)0 
I'Y •),l)r,,, LF-O't 4, •}f)Q()F 00 
r I. lo,P.Io65'"' 00 4. "lOOO[ I)() 

TX ?. • Jt, 37'='-i)L 4. <ii.lO 1~ ')IJ 
MY ~) i.ll.' .,,, ill '•:, ')•.)r)l)t= 00 
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Cj'f' 

Ml 7. 00 "i00:-1)] 4,'lOOOF. 00 

1.L ENn~J FX 2o79H1E IJO '•• 9000£' 00 
FY 9,06'• it:-04 4, 'JOOOE 00 
FZ 4,8465E 00 4<'l000E 00 
TX 2.74)71'-01 4,900IJE 1)0 
MY ),'>77Jlr;: 00 '•. 9000!'0 00 
~~z 1,4n61E-OJ 2,6000E 00 

12 FN0-1 FX 7., 7'HI)J' 00 4.'lOQOF 00 
FY 'J, O'l 1tlE-04 4.9oooi: 01) 
Fl 5 • '17 '>5E 1)0 4.9000': 00 
TX 2,7't36E C1· 4,9000E 00 
MY 3,n71JOE 00. · 4,9000E 00 
MI. lo ltf>IJ lF.-03 2~ 6000E. 00 

12 f:N0-.1 FX 2,7')113!' co 4,'JOOOF. 00 
· FY 9,09'11E-04 4,9000E 00 

r-z 5o'l265F. 00 4,900UE 00 
TX 2.74 JnE-01 4 'JOOOF. 00 
~IV t,,;>')ldF. 01 4,900\lF. 00 
M1 9. <JOU'JE-O.J 4.9000': 00 

" 

13 ENO-l FX l 1l'iOE 00 4.9000f 00 
FY 2.1•n:~r-·oo 4,9000E 00 
F7 1,1)10'•f:-Ol 4.?000E 00 
TX 1. 97 70F.-03 2.6000E 00 
MY 1. 377M: 00 4, '>OOOE 00 
Ml .J.Ol2'iE 01 4.<IOOOE 00 

13 F"liJ-.1 r-x l,ll'iCr \)0 4,'lOOO':: 00 
FY 2. 791,]1' 00 4.9000F. 00 
"l 1,01041'-01 4,9000E 00 
T.X 1~ 9770~-0'1 2.6000<: 00 
IW 5,0fdflE-01 4,1000E 00 
M1 1, 1,f1•) 1E 01 4. 901)0f: 00 

14 FrHJ-1 . FX 2.ner.r.F.-03 3, 'iOOOE 00 
FY 2.1lOl 1tF. 00 4 1)000f 00 
r-z l ,I) 1 .~ ;>r:- () 1 '•, •lOOOI' 00 
TX l, 'l1f,'.lf'-1)3 7..6000!' uo 
IW 5,061111'-01 4.'lOOOf" ou 
~~! 1. 1t0il71" i)l '•· <)000~ 1)0 

l'• f'fHl-.1 1: X .? ,1\11 r.o;~--IJ3 3. 'i01i0f- uo 
r-v ?.,,,,,l,,r I)Q 4~ ''HHlO'.: 00 
rz 1.01 ?21'.-·H '•. 901l0f' 00 

I TX I.<; 7'-'lE ·B ·7.. '->000f uo 
" , . .,v '.l .,1)(liJ2[- 'll 4, 900llF lil) 'I 
I •·•7. 1 • •.no r;: Ill 4. <)(1\)1')1' 1)0 I 
11· 
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IS F.N0-1 FX l.ll52f: 00 4 9000E 00 
r-v 2. 79f>'tf 1)0 4,9000E 00 
Fl loOiO'lF-Ol 4o9000E 00 
TX 1.9110(,[..:.03 2.1'>000E QQ 
MY S.Q<;<J!,f-01 4.9000f 00 
Ml l•'•Oil"TE f)l 4,90001' 00 

l'l F.f\10.,-.J FX 1.11'12!' 00 4,9000E no -
Fy Z.12f.!!tF !lQ ~ .'lQQill' ·00 
FZ l,OIIJ9!'-IH '•· 9000': 00 
rx (,911()!\F.-03 2.6000!' 00 
·~v I 31 79E 00 4 '10001' 00 
Ml 3.8l25E 01 4. qonoF. ·oo 

I r, Et..jn-J FX 1. 11 nr 00 4.9000f: 00 
FY 2 .79613" nn t. .t}onnr: on -
FZ 1.0041E-01 4. 9000E 00 
TX io3220E-03 . 2o6000E 00 
MY 1 . Jr.nqr: on 4.9000F 00 
~~ 3.011?.F 1)1 4. 9000F 00 

lA ENO-J FX 1•11171" 00 4.9ouor: 00 
FY 2.79681: 00· 4.9oour: 00 
Fl · I ,IJ04 11'-01 4.90001' 00 
f)( lo 37.20[-03 2. 60ont= 00 
~y 5.0291[-01 4.90001: 00 
MZ I 1,0 I OJ' 01 4 ,qonoF. on 

' .. 
1 1 F.ND-1 FX 1. 70'l0F-O'I 2.20011F. 00 

FY 2o8019F. on '•· 9000F. 00 
FZ I .0059F-Ol 4 .• 900f]F 00 
lX 1.32tlE.;_03 2. I'>OOOE 00 
MY 5o02f1Af.-01. 4o9UOOE 00 
~1Z 1.40101'= 01 4.9000E 00 

1 1 H.JI)-J FX I . 7l''J0F-O'i 2 ~OOOF 00 
FY 2.AOl<lf 00 4,'1000F ·oo 
FZ 1.00S9F-01 ' 4 ,9000f ou 
TX l • .!;!IH'-03 2 • f!O~•!!E QQ ,. 
M) 5.0~00F-OI '•• 9000!· oo 
Ml I • t,n l ()t; 01 4 ,900fJF ·oo 

,. 

111 f:N0-1 FX I, II 77r: on 4, '1000f 01) .. 
rv 2. 7•~r,ur f)Q 4 ,901H)~ uo 
f7 Jo(lllloJf.-01 , '•• <Joonr OfJ () 

TX J.Vulr-o3 2. hOtlOE 00 
r-'oV .... 1)7'-I'Jf'-i)J 4 ,91100<: QO 
IF l,t,t)fi)F I) I '•·• <lOOOE 00 
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1H fNC-J FX 
FY 
FZ 
TX 
MY 
M1. 

1.11 nr: oo 
2. 7<161H' 00 
I.004lf-Ol 
1.3203F.-03 
i. 36'10E <i<i 
'lo0132(' 01 

'•. 'lOOOF. 00 
4~'l00UF. 00 
4.9UOUF. UO 
2.(>01H)f: 00 
4o9000f. 00 
4o9000f 00 

------------------------------------------------------------------------------------------------~---------------------------------------~ 
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Tt\Rlf. ~-t4cnrn:r: T~IILE OYN~MIC. CASE·C ISTEP-BY-STEP I"'TEGfi.ATIOill) 

S T R f: S S C 0 H P 0 N E N T H A X I M A 

ELF..,FNT LCfATION LONG I TI.JD~Il C I PCIJI1FP. SHE fiR 
1\LIMf\ Ell STRESS ,STPF.SS STI~ESS 

l FNf.-1 107. ~2 o.o r;. 74 
F.Nf.-J n. 74 o.o 5. 74' 

7. r:NC-1 P..14 o.o 4. 74 
F.Nn-J 6h.2l - o.o 4._74 

1 fcNr-1 2.ll3 o.o 0 52 
f:NO-J .5; 39 o.o 0,52 .. 

'• tNP.-1 5 •. 39 0,1) 0.52 
F.NO-J 2.05 0,() 0.52 

-
~i FNC-1 h6.2() o. 0 .4. 74 

Elilr-J 0.74 o.o 4.74 

.. 
(, fNC-1 o. 7'• 0 0 ., ' Jl 

· ':ND-J 10'1.60 o.o 5.74 

., Plr.-1 107.t2 (),() 5. 74 
ENr.-J a •. 1 1t o.o 5. 74 

II ENC-1 R, 7 1t o.o 4.74 
ENC-J 6ho2l 0 0 4 '74 

') ENf.-1 2.83 o.o 0.52 
ENfJ-J ·5. 39 o.o Oo52 

10 ENC-1 5.3'J o.o 0.52 
F.'IJC-J 2.0') o.o 0.~2 

11 r:Nr-t 66.20 o.o 4.74 .. 
ENC-J 0;74 o.o 4 74 

l?. ENC-1 ll. 7'• o.o r;. 74 
fNIJ-,1 107.60 o.o 5.74 

13 r:Nt:-1 ~l.'t!) ,., ., o,o 2 >. L•1 
"Nf:-.J 2'•. 4 7. o.o 7.61 

I '• F.Nf.-1 n .Jn (1.,1) 7.' (.1 
·-.!'.!r- .. 1 .n .313 0.() ?. (, 1 
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t<; fNr-1 ;?I,. 47. o.o z. 61 
C:Nr.-J 64 .n 1 o.o 2.61 

16 EN!:'- I 1;4.69 o.o 7.;6i 
!:NI:-J 2 1to 4~ n~o 2 .l.l 

17 F.Nr:-1 23•39 O.fl 2.61 
ENr.-.1 . 2:1.39 o.o 2. (, 1 

1~ ENI'-1 2'•. 42 o.o 2.H 
fNr-J 6'• .69 o.o 2 t.1 

. .._· 

• 
~-·------------------------------------------------------------------------
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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 

11 from the _1 EPIPE' program and those gotten by Spence ,. from 

the SPANDLE program. 

Problem Description 

i. Geometry- The layout of this piping system.is 

shown in Fig. 4-1. The piping elements 2-3 and 10-11 are 

stiffened by taking the internal diameter of the pipe as 

zero. Table 4-1 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's ratio 0.3 

iii. Loading conditions - The piping system is assum:ed 

fixed at node 1 and s~jected to the prescribed displacement 

at node 19 resulting from the t,emperature change. The 

amount of the imposed displacem~nts are as follows: 
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y 

Fig. 4-1 

Isometric Sketch of Spence's Problem 
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, .. ·- ····-----------__.:_ ________ _ 

NOOE 
tlU"4aER 

1 

BCUNOARY CO~ClTION CODES NODAL POINT COOROINATES 

2 
3 
4 --·-
5 
6 

X Y l XX YY ZZ X Y l T 
1 ........ 1 l- .. 1---·· 1···----1·------··- o.o .......... o.o o.o 0·----.. --·- o.o 
0 0 0 0 0 0 OoO 0.0 90.000 0 0.0 
0 0 0 0 0 0 o.o o.o 150.000 0 o.o 
0-----0 0 0-.. --··0--·0----.. - .... 0;;0 ....... 0.0 168•000 -----·0 ----·- ··-- 0.0 - ........... _ ... ··· 
0 0 0 0 0 0 48.000 o.o 7.16.000 0 o.o 
0 0 0 0 0 0 7.28.000 o.o 216.000 0 o.o 

1 
6 
q 

- 0 ·-·· 0 ·- · · 0 0 ·----· 0 ·--- 0 ·-·-·---·- -27.<,. 000 .... ·· · ... -49 •000 .. - ....... 2 16o000 ----... 0 ·------- · 0.0 · 

10 .. 
ll 
12 
ll 
14 
15 
16 
11 
18 
1 q. 
io 
21 
n 

0 0 0 0 0 0 324.000 -96.000 216.000' 0 o.o 
0 0 0 0 0 0 340.000 -9n.OOO 216.000 0 0.0 
0-- --· 0 ··· --- 0 0----.. 0 ·-· 0 ·3q~. 000 .. _ ----411 .O·JO ·· 216.000 ·- ···0 ..... - ..... ·0 .0 
o o o o o o 396.ooo 24.ooo 216.oo·o o o.o 
0 0 0 0 0 0 )Q6.000 72.000 264.000 0 o.o 
0 0- 0 0 0·---0·--·-·-.. JQf,.OOO 12.000 .......... ZJ.9.000 .... ·-0--.. ·--·-·--·0.0· 
0 0 0 0 G 0 4~4.000 72.000 327.000 0 o.o 
0 0 0 0 0 0 615.000 77..000 327.000 0 o.o 
0 .. 0- .... Q 0 0--·- 0--· 627.000·· ·72.000. 327.000·--·-0-.. ·------- o.o ........ _______________ .................. . 
0 0 0 0 0 0 790.000 77..000 327.000 0 o.o 
0 0 0 G 0 0 846.000 120.000 ~27.000 0 0.0 
o ...... o o .... ·1· .... :1 .. ----t--·-·--· B'•"·ooo 24z.ooo. --·-.. - 321.ooo 0-------...... o.o .. -- ...... 
1 1 1 1 1 1 846.000 245.000 327.090 o. o.o 
l 1 1 1 l 1 846.000 242.000 330.000 0 o.o 
1 1 1 1 .. 1 1 85o.ono . Z4z.ooo 327.ooo o--- -o.o 

- - .. - .. _______ _ _______ .. _________ .. _______ .. ____________________ .. __________ .. ________ .. ________ ... _ .. _____ ....... 

... _ ... _ .. ____________ ~------
_______________ .. ________ .. ___ ~-----.. -----------· .. ·----------------···--·--·-.. ·--··---.. ···---·-.. ··-....... ______ .................. .. 

. . - . .. _______________ _ 

-----------·------ ..... 
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X displacement *·6.8526 in. 

Y displacement= 1.9602 in. 

Z - displacement = 2.6487 in. 

The imposed displacements are taken into account by three 

linear spring elements 20-19, 21-19 and 22-19. 

Analyses Results 

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

showing the nodal displacements/rotations, pipe forces and 

moments, and pipe stresses respectively. A comparison of 

the results are made on a selected number of nodes and 

elements as shown in Tables 4-5 to 4-6. The results 

obtained from the EPIPE agree quite well with those gotten 

from SPANDLE. 
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f·! fl ll .\ 1. I! I <; J' l ,, ( r M r "I l ~ 

···NODE ··-·-·lOAD--····----·-·-·-··----· X-·--------·------·Y-·-·····-·-· · ·-------·l-----·-·· ··-- ··--···--·-··X---·----·--·----Y------·-·---··--·· -l---···· 
NU~~ER CASE · TR~NSLATION TRANSLATION TR~NSlATION ROTATION ~OTATICN ROTATION 

22 

21 

20 

19 

lA 

17 

16 

15 

14 

l1 

12 

ll 

10 

9 

A 

7 

6 

4 

1 o.o o.o o.o o.o o.o o.o 

o.o o.o o.o o.o o.o o.o 

o.o o.o o.o o.o o.o o.o 

1 -0.6052hE 01 -0.19602F. 01 -O.Zh487E 01 o.o o.o o.o 

-O.h1174E 01 -0.19598E 01 -0.2182JE 01 -0,35861f-02 0.90~87E-02 

1 -0.56~50E 01 -0.23532F. 01 -0.18255E 01 -0.34953E-02 0,81391E-02 0.72061E-02 

-0.56923E 01 -0.319JZE 01 -0.23956E 00 -O.Z7946E-02 Oe8l129E-02 o.3655Ze-oz 

-0.56922E 01 -O.J2369E 01 -0.1415~E 00 -0.27518E-02 0.80009E-02 O.Jb362E-02 

-0.56894E 01 -0.40219E 01 0.51905E 00 -O.Z0511E-02 -0.17715F.-02 0.650B9E-02 

-0.54222E 01 -0.44775E C1 O.JZ684E 00 -O.l7682E-02 -0.71344E-02 O,l0204E-Ol 

-Oa5310IE 01 -0.45047E 01 0.32690E 00 -0.1894JE-02 -0.76026E-02 O. ll 082E-O I 

-0.43152E 01 -0.46111E 01 0.44590f 00 ~o.27341E-02 -0.60671E-02 O.l344JF.-01 

-O.J4462E 01 -0.46109E 01 0,64030E 00 -O.Z3666E-02 -O.Z8211E-02 0.95052E-OZ 

-0.~14l2E 01 -0.47829E 01 0.67994E 00 o.sozoaE-04 -o.4B4B4e~o4 -o.Jozooe-oJ 

1 -0,314COE 01 -0.47342E 01 O.b8443E 00 0.99258E-03 0.35357E-03 -0.37084E-02 

-0.26775E 01 -0.43849E ~1 o.aJ251F oo 0.31681E-02 0.48609~-03 -0.12174E-01 

-0.20239E 01 -0.37021E 01 0.10l14E 01 O,JjhOJE-02 -b.78647E-04 -0.14617E-01 

l -0.20209E 01 -0.11857E 01 0.45Gl4E 00 0.41162E-02 -0.77120E-02 -0.12188E-OI 

-O.I4994E 01 -0.44507E 00 -0.60J06F.-OJ 0,42368E-02 -O.l2063E-OI -0.~8227E-02 

.::..Joo-

.. 
-'\ 



• 

·· ··· · 3 .......... - .. --l----0.-12777E--OI·--O. H013E--00·--0.5ZCJ6CJE-03----- Oo404CJRE-OZ--Ooi-2HCJF.-01---0. 7832ZE-02 .... - ....... ----- ....... - ..................... - _.•. 

.. 1 -0.56361E 00 --Oo15258E 00 · -Oo37087F.-03 Oo30796E-OZ -Oo10757E-01 ··-Oo49527E-02 

.. 1 ................... 1--:-... o.o ............................. o.o ....................... · -o.o .. -·; . 0 i 0 ....... - ............... 0 i 0 ....... - .. - .......... 0 i 0 .... .. 
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l•\ f<l f 4-) 

,- I .: M 1 .> 

........ f.bfMf-NT---··EI:EMENT--lOAO---STAT-IGN----··· AX IAl·-·------V-1\X I S--···-----Z-AXI S·--TORS IONAt:----·····Y-AX IS· 
Nli~I\'F.R TYPE CASE FORCt: SIIF.I\R SHEAR MOMENT MOMENT. 

I 
I 

TANGENT ENO-l--· . -10138. 668 . -7093.938 . 40321o500 . -1436644.00 -5A 71017.00 
ENO-J -10136. hl-o8 -7093.930 40321.500 -1't366't4.00 -224211~.00 

2 TANGENT- ·· l·· · ······EN0-1·-·--- t0l38 • H8 ··· -7093o938 ·40322o436···-1436647o00 -22421't6o00 
ENO-J -10138.668 -1093.9)8 1t0322.43U -1436647.00 177200.00 

3 ··TANGENT . l .. fN0-1· .... -10138. 61l8 ·-7095.625 ·'t0359.ooo .. -1436648.00 176.715400 
ENO-J -10 138. 688 -7095.625 40359.000 -1436648.00 903296.00 

· 4 ...... RENO .............. 1 · ·END-I· ··--10146, 875 · .... _40337. 750 -7091.625· ·-1436654~oo-- .. 266782.oo 
CENTER -35697,813 -21149.250 -7091.625 -911391.00 979387.00 

ENO-J -40337.625 10147.375 -7091.625 -51617.00 1096218.00 
.. ·-· ----- --·· 

5 TANG F. NT ENO-l -40320.000 -7092.125 -10140.1)4 -51615.88 2351909.00 
ENO-J -40320.000 -7092.125 -10140.734 -51615.811 526591.63 

• 

····Z-Al<JS··-·· 
wmF.NT 

-1480529.00 
-e42084.oo 

.. ·-E42082o00 .. 
-'•164 'H. 00 

· · -416456o00 
-208753.00 

90282llo00 .. -
2129143.00 
23511140.00 

-1096278.00 
1110318.00 

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

6 BEND 1 END-I -40283.COO 
CENTER -ZH35o 000 

·- ..... END-J .. · 7120• 188 · 

7 !lEND 1 ENO-l 7114.125 
.. · ...... CENTER-· -23431.625 

II ···TANGENT--· ··-· 1 

.END-J -40287.1:175 

ENO-l·· ----40 704.000 
ENO-J -40704.000 

· ·· 9··· -·-·BEND·-· ...... ·1·· · ·· EN0-1--··--40326<000 

cO TANGENT 

H RENC 

CENTER -33544,438 
ENO-J -7113.938 

ENO-l 
ENO-J 

ENO-l 
CENHR· 

EN!l-J 

-7152.000 
-1152.000 

-7110.686 
-12209.125 
-10160.43!! 

7118 .• 813 10140.328 -51618.56 -526585.94 
31511.813 10140.320 -266313. 311 8209.94 

·--·40268•000 .... 10140•328· .. -3'}890;,69 -· 538324•81 

-40287.500 -10140.547 -39879.96 -5]8.162.06 
·-31521•813 · -10140;;547 -551430• 31 ..... -696638•50 

-7114.311 - i0140. 54 7 -1025000.31 -446850.81 

·-7147. 625 -101Ho938 -·-1025064•81 .. ·-·-4 46 87 7 i 69 
-7147.625 -10117.936 -1025084.81 -6<)019&.25 

··-7099o000 .... ·-10140ii 101-.. ·-1025090.88--·· ·-690232•69· 
23484.563 
40312.625 

-10140.813 
-10140.813 

-10162.166 
-2154.945 

713?..563. 

-10140.707 -13'55474.00 
-10140.707 -1176973.00 

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

-40]06. 12 5 -ll7h962.00 
- 1.0306. 12 5 -1176982.00 

-40304.375 -1171010.00 
-40304.315 -1112326.00 
-'t0304o H5 -1'i29279oCO 

-107396.06 
536350.00 

3107116.00 
405232.00 

405275.44 
-24<J06'l.OO 
-757562•00 

-179921.00 
-<1!!7517.13 

··-245480CoOO· 

2455161.00 
· -3CJZ2603.oo· · 

4730652.00 

·4729894o00 
'•901309.00 

4900733o00 
4575375.00 
B063f>A.OO 

- 'i383 23.00 
19i784,00 

191765.88 
4 31.415.1 q 
338090;;00 

li TANGENT 1 ENO-l -10112.000 . -71!7.000 40268.000. -1529200.00 751214.00 -338798,00 
· ..... -·· ···· ··-· - · .. ·--··-· -· ENO-.J -· .. --10112 • 000 · · ..... --7117 • 000 · · 40268 • 000- -152<}200 • 00···--136118'.-.00 .. ·-231 706 • 00 .. ···· 

13 BEND ENO-l -10166.500 -'•029'•· 750 -70611.875 -1529270.00 232249.00 13f03'i7.00 
·tENTER·-· ··-35656.188 -21295.613 -7068.1175-· -10164115oCO 1005666.00 ·25M536o00 

F.NO-J -40290.936 101i>9.375 -7068.1175 -107026.00 1189987 .oo 2 1!06"3 02. 00 

l't · -TANGI"NT ·1 .. ·ENO-l ..... --40288. 000 . -7064.686 -10136.715 ·-106967.63 .... 2806206.00. -11900511.00 . 
END-J -40288.000 -7064.(,88 -10136.715 -106967.63 1072829.00 18021.00 

15 ·TANGENT ·1 .. ENO-l .. · -38912.000 . -7196,000 -10l't5o000 ·-106970.00 1072826.00 18393.00. 
ENO-J -38917..000 -1196.000 -101't5.000 -106970.00 9'51072.00 104672.00 
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P I· ,~ E F 0 R C E S A N D M 0 M E N T S 

. -· F.lEMO'H ----ElEMF. NT---- ·lOAD- ·-·S l A f.l ON·----·----- /IX·! Al .. ·-------··-·Y-11 K IS ........... - .. ·l-1\X IS------ TORS HJNAL------...... Y-1\X IS··-- ......... l-1\K IS 
NUM9F.R TYPE CASE FORCE Sllf:IIR StiEI\R MOMENT HOMF.NT MOMF.NT 

16 .. TANGENT· 1- ---END-I· -38368.000 --7021.078 -10134.703 ... -106969.13 .... 9~1109.00 ..... 104't35.00 
ENO-J -38368.000 -7021.078 -10114.701 -106969.13 -7819ll.OO 1305077o00 

17 ........ RENO- 1---· -ENO-l ··----311316. 500- ·---705'>.1118 -.. ·-10136.813· -----1070011.00· -7R11199o38 .. 1304<;49.00 ---· 
CENTER -32012.625 ?2107.563 -10116.813 -711061.00 -Oll'242.00 100'>316.75 

ENO-J -70SO.tR8 18301.1'25 -10136.011 -1268445.00 -)19530.00 --J!~58nB.OO 
·······--···----

18 TANGENT fN0-1 -7C56.000 -10133.'>00 -38289.000 -1268395.00 -195'>04.00 379440.00 
END-J -7056.000 -10133.500 -38289.000 -12611395.00 -4866H6e00 1f.l')7l8o00 

.... ·····------ ----·- ·---. ---·- ------------ .. -
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1 ... TANGENT·-··· ---- . -------fNo-=i --· ·····27 ii"Q·~-i:i7o 
E~O-J 10660,355 

o.o 
o.o 

... l··--iANGENf _______ T ____ Et·io=-r··-----5iio5~fzj _______ ---o~-o-

ENO-J 1032.~88 0.0 

.. 3 ----i'ANGE"Nf _______ - ---- -- -e-No.:( _____ ---1913:~69 
ENO-J 1t-lft6. 352 

o.o 
o.o 

-2715.150 
-2735.150 

-1ltftft.3':J3 
-1441t.393 

-2131,, 7os 
-2134.705 

. -------- .. - - ------ ----------------- ------- 4- ---R [Nr. ---------i~o--,-- -----J'lftlo 193·------ i"Ti"4;5oi·--· -21 H. 90J 

CENTER ':JJ51.504 4043,330 -1717,534 
--------------------·----~J!Q.::,! __ }_QJ,19._7_,_~~-6. .... _ ----~~l!_f>, 238 ___ .... .... Y•o 7't.4 ... __________ . _______ ....... -··-----····--·· 

5 TANGF.NT 1 END-I 11192,105 o.o 34.683 
. ______ -·--···---····· __ -----·---- ___ E.I'tQ::·.J ____ }O 14. 5.82 .......... . ...... 0 .• 0 .. ---·-- ......... 34, 681. -··--· ----------·-------- __ ......... ____ --------· .. ___ _ 

6 RENO 1 F.N0-1 -130lo 301 -Vt1.671 
_ --------·--- _________________ C~t>II.E~- ______ ::24 !lo 422 ... ___ .7:.1675. l35. 

END-J 2~10.705 -4661.762 

34. 660 
. -::-172.6'•". 

416.519 

,. 

....... _7 _______ ~JNQ __________ L __ !!'!Q='--- JUt, 1 •. ~,~',! _________ 4M•2• 44~ . . :'t 16. 11.4 .... - ·--- -· ····------ ------·--·--·· ----·--- -· ···-········ ... ··-·· ........ - .... . 

8 

CENTER 17376,383 7449.180 
END-J 20809,211 6983.~99 

END-I 
END-J 

2CA95,S5'l 
2l7'l0. 277 

o.o 
o.o 

-IH4.416 
-2156.747 

-7.156.549 
-2156,54<) 

---------------- -· ----- ··------------------------·-··- --------------------- .... - - .. - - . - . ----- ---- --------····-- ---------------- ····-------- ----
q BEND ENO-l 21574.539 9306.688 -2156.676 

CENTER 201Q2,l77 8680,820 -2739.702 
. _____________ ······--·-··--··-JNJl.::.L ___ . .1.'<000 •.'164 .... ___ .J>Z.lA. 926 _____ . .-~21 't2. 69L .... _______ -----·····-····· 

10 TANGENT l ENO-l 14'l99,633 0.0 -2142.9'l0 
_____ ----------'---·------·---(~0-,L _______ l.~Jl.!.o}.l_ ___________ Q. 0 ___________ -::2 11•2. 990··-··--·---------------- ---·-·-·· ·-······--·-···- ·-·-- ____ ............. . 

lil HF.NIJ ENO-l 1737.865 364.171 -2143.010 
__ --·· __ .. _ ... ___ . q!'lH_f! ____ .PH~. 1 Sit ... 020,7 70 ... -2012.061 -· .. 

ENO-J 1398,411 642.046 -2943.825 

1? __ J.'.\NGt;.t-n: _______ J ____ !;~fl.::.L ____ 3_t;ll.I}~L--·-----J>,o . ___ .... :-294't.11 7_ _____ --------·----····--·-·- ····--·--··-· -------·-·· -------·----·· ·-···-·· ... 
ENO-J 6C93.7R'l 0.0 -2944,117 

f:IENO 1 END-I 601J1. 242 ______ ?~O.Jo H? .. _ .:::Z94'!•05Q .... ------··--·- -----· ....... . ·-· ---------- .. -cF.Nt ER _____ iT2o2. 4oa-·. 4908. 137 -20 tt,. sH 

F.NO-J 12144,SOO ~329,201 -89,939 

.. -T~--TANG?:t.if ___ ·-------~-----e~io::T ____ I3.23~. 363-- -- ---- ---o~-ii ... -90.163 
ENO-J 4340.0CR 0.0 -90.163 

iii TA"Nr.nw· -----i ----F.t.iil=-r····--- zjli~75ii ·· 
ENO-J 2046,309 

i r~ --TANGENT·-·---- ·····r-· --ENI1=1 ______ 3_ii 4ii~-t, 16--
ENO-J 6302,473 

······ ····· ·i r·--··an!rf ____ · i----F.No:.,---ijt,or;·;·:;i q· · 

o.n 
o.o 

... ,---0~ ii. 
o.o 

-34.005 
-34.005 

-•10. 4'10 
-'l0,1t90 

... -·~---··--·---- ·-- ·-- . ----------- -- ··--··-···· ·······--·· -------··--·- --- .... ··- ---- ·····-····--·······- ····-····· ..... -··· 
2477.3'lr -90.11'1 
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I 
···-···----Ttl-· TANG!.' NT 

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

CFNTER 
END-J 

END-I 
fND-J 

"135. f05 
-967.<179 

1BJ5,1l96 
23003.227 

l<JO?.l74 
-311.999 

o.o 
o.o 

-1 1t39. 359 
-2312.506 

·-----------·----
- 2 372. 67. 1 
-2312.627 
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Table 4--5 

Comparison of Nodal Displacements/Rotations 

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

EPIPE 6 -2.0239 -3.7023 1. 0114 3.7603E-3 -7.8647E-5 -1.4617E-2 

Spence 6 -2.0044 -3.7244 0.99407 3.8338E-3 -3. 4540E-5. -1.4697E-2 

EPIPE 10 -3.4462 ~4.6109 0.6403 -2.2366E .... 3 -2.8211E-3 9.5052E-3 

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

Table 4-6 

Comparison of Forces and Moments 

Solution Element FX FY FZ TX MY MZ 

EPIPE 1-I 10138 40321 7094 1436644 -1480529 5871017 
-J 10138 40321 :....7094 1436644 - 842084 -2242113 

Spence 1-I. 10065 39963 7123.7 1444200 -1490900 5814300 
-J 10065 39963 -7123.7 1444200 -. 849790 -2217600 

/ 
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