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ABSTRACT

This report briefly describes the general analysis features of the TMRPIPE

code to perform a complete analysis of a nuclear piping system. This report
presents benchmark problem solutions employed to verify correct execution of
the TMRPIPE Code. The solutions of benchmark problems have been compared with
closed-form solutions available in the literature or with solutions obtained,
using other similar codes.

This report satisfies the Teledyne Engineering Services (TES) procedure on

computer code Verification which is responsive to and implements criterion number

. 1 in "General Design Criteria" of Appendix A, and the Design Control Measures in
"guality Assurance for Nuclear Power Plants" of Appendix B in 10CFR50 of the NRC

Rules and Regulations.
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INTRODUCTION

TMRPIPE is a system of computer programs intended primarily to perform a

complete analysis of nuclear piping systems. The integrated package consists
of the following individual programs:

LION 4.

TMRSAP

PASS

NUCPIPE

for generation of thermal models and

,for determination of the temperature distributions
for the static and dynamic structural analysis of the piping
system.

for tabulating the support reactions and displacements from

TMRSAP, calculating the support design loads, performing a

stress evaluation at selected data points and printing the
information in technical report format.
for evaluating the stress results in accordance with the ASME

Code, Subarticle NB-3600.

This report presents a detailed description of each of the above programs

and benchmark solutions employed to verify the use of TMRPIPE for the solution
of thermal, static and dynamic analysis of piping systems such as a reactor
coolant loop subjected to forcing functions, including ground accelerations due

to seismic events. Benchmark problem solutions employed to verify the use of
TMRPIPE for the solution of steady state and transient heat conduction analyses

are also included. TMRPIPE has been used by Teledyne Engineering Services to
perform many piping analyses. This report, however, presents only the bench-

mark problem solutions for verification of the basic capabilities of the code.

The following chapter presents details of the verification procedure

adopted in this report. General description, application, capabilities, theory,
qualification and benchmark problems are included in this report for each one

of the programs described above.
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VERIFICATION PROCEDURE

The verification procedure has been carried out by comparing solutions
obtained using the TMRPIPE Code either to closed-form solutions when available,
or to solutions obtained from other computer codes with completely different
techniques and methods of analysis. Hand computations have also been used

occasionally to compare the results of TMRPIPE. As a result of the numerous

problems solved, several of the code features are verified many times in this
report. Such Verification is naturally an additional assurance of the high
level of confidence of the code.

A set of problems was designed to check the ability of the TMRPIPE program
to carry out stiffness matrix, flexibilitymatrix and dynamic matrix generation,
to calculate free thermal growth of piping systems, to perform load, .'deflection,
and support reaction calculations, to assess individual and cumulative modal re-
sponse and to perform frequency'and mode shape calculations. An ASME benchmark
verification problem was also set up for evaluating the stress results in ac-
cordance with the ASME Code, Subarticle NB-3600.

The problems were modeled and analyzed by engineers reporting to a technical
leader then checked by another engineer. Discrepancies have been clarified by
discussions between the parties involved.
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LION 4

A computer program to determine temperature

distribution for arbitrary shapes and complicated
boundary conditions.
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1. 0 GENERAL DESCRIPTION

LION 4 is a digital computer program which is used to solve the steady-state
or transient temperature distribution in any three-dimensional configuration. The

heat source may be externally conducted or internally generated.

In addition to the solving of heat conduction in structural elements, LION 4

may also be used in such cases as forced convection, free convection, or radiation
where the output will yield temperatures and heht fluxes for points representing
the surface of the structure.

Input to the program consists of structural geometry, physical properties,
boundary conditions, internal heat generation rates and coolant flow properties
and rates.

2.0 APPLICATION

The program solves the transient heat conduction equations for a three-dimen-
sional field using a first forward difference method. Since the method of solution
is -based on a nodal representation of the geometry, any type of configuration can

be handled through the evaluation of the "equivalent resistances" of the nodal
connectors. In addition, the program solves the energy equation (at constant pres-
sure) for the coolant nodes and also allow sub-cooled nucleate boiling to be

considered.

3.0 CAPABILITIES

. The LION 4 digital computer program can solve three-dimensional transient and

steady-state temperature distribution problems. The input consists of geometry,
physical properties, boundary conditions, internal heat generation rates,. and

coolant problems of heat conduction in a structure. LION 4 can handle forced con-
vection, free convection, and radiation or a combination of these at the surface
of the structure. The output consists of complete nodal temperature distributions
along with surface fluxes and.surface heat transfer coefficients. An option is
included in the program for determining the mean temperature in any specified sec-
tion of the structure.
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4.O THEORY

Nodal E uations

LION 4 employs the first .forward di.fference method in obtaining a solu-
tion. The basic equations (whose mathematical development is available in
the original program repor t, Reference fl]) in matrix form for the internal
nodes are as follows:

(sT)t
1

(q)t . (Y)(T), (C)
1 1

(T), „ = (T), + (~T)t (2)

t = time
= time increment

(C) = capacitance matrix

(g) = internal heat generation matrix
'(Y) = internal admittance matrix
(T) = temperature matrix
(hT) = temperature change matrix for time step

Equations (1) and (2) as shown above are used to determine the temperature
change in the time interval and the temperature at the end of that time
interval for all internal nodes.

The temperature change for a surface node is calculated by applying the
.Ohm's law analogy for heat flow to a node with no capacitance. This technique
.is as follows for the i surface node. Let the i surface node have n heat.th .th

flow paths to it and let these heat flow paths be indexed on a.

Thus,

T = temperature of node at end of heat
flow path
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Y = admittance of heat flow path a between
a

the temparature potentials T,. and Ta

g = heat flow in path aa

it follows that,

= Y (T - T.)
a a a 1

Since a surface node has no capacitance, the application of the analogy
yiel ds

n

Q
= 0

a=1

or

a=1

YT -T Y =0
a=1

Rewriting the above
n

a=1
T

n

a=1

or in the time increment form

+YT
a 1

p v

a=1

(3)

Equation (3) as shown above is the expression used in the program to determine

the surface node temperatures at each time interval.
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For the coolant nodes two heat flow paths must be specified. The first
being heat flow from the surfaces, and the second being heat flow (or energy

transport) due to the coolant flow. The equivalent heat flows are calculated

as follows:

let A be the coolant node index.,
let B be the index of the surface node connected

to coolant node A.

let C be the index of the coolant or boundary

node upstream and connected to node A.

The heat flow from the surface to node A is

AB A
=

YBA (TB-TA)

where YBA is the admittance between nodes B and A. The equivalent heat

flow from the upstream node C is

where

C-A =(TC-TA (C )(Flow rate)

C = specific heat of coolant
p

Flow rate = mass/time

It easily follows by using the electrical analogy* that for the time t

(LIT )t B-A C-A(Q + 0 ).
CA

t
where CA

= total thermal capacitance of node A = C x (Volume of node A)
P

x (Density of node A).

(4)

"Using electrical terminology and the basic physical law

q = CE,

differentiating and assuming C is independent of time

C — andd dE
dt dt

'singdefinition of,current and writing in differential form,

~E = —. This expression is analogous to expression (4).iLt
C





Then

( A) t+T A t ( A)t

I
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(5)

Equations (4) and (5) are used as shown in the code to determine the
coolant node 'temperatures at each time step.

Stabilit Criterion

If the LION 4 user specifies the time increment too large, the program

will automatically choose a time increment which meets the stability criterion.
The original TIGER report tlj develops the stability criterion based;.on the
internal nodes which is as'follows:

C.
T -Y. ~ll

where C,.
= total thermal capacitance of internal node i.

Y-. = the negative sum of all the individual admittances
11

connected to the internal node i.

Since an averaging technique, independent of the time increment, is
used to determine the temperature changes for the surface nodes, the surface
nodes do not require a stability criterion. However, the addition of coolant
nodes to TIGER created an additional stability criterion. By a similar
analysis to that done in Reference t lj, the stability criterion can be derived
for the coolant nodes. Consider, for analysis purposes, only one surface
connected to the coolant node.

Flow

Node A - coolant node

Node B - surface node

Node C - coolant or boundary
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C = specific heat of coolant

YBA
= total admittance between nodes A and B

= time increment

CA
= total thermal capacitance of node A

F = coolant mass flow 'rate

Considering the heat floW to node A and applying the electrical analogy (refer
to the section entitled Computational Equations of this report) yields

hTA
C [YBA(TB - TA) + C F (TC - TA)]

in the numerical method form

( A)t+7
= ( A t A t

or

( A)t+v A t
GA

p
[YBA(TB - TA) + C F(TC — TA)]

t
(6)

If an error is introduced in evaluating TA at time t', then at any time t,
after t', the resulting temperature TA will differ from that obtained if
the error were not present. Let this difference be

A
( A)t ( A)t ( A)t

. Since the temperature after the error is introduced must obey equation
(6), it follows

n h
~ (TA)t+ = (TA)t +,

C YB A(TB - TA) + C F(TC - TA)
!

Subtracting (6) from (7) and using the
A

A=TA-
nB=T

8
n

C =T
C

definitions

A

B

TC
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(<A)t+, (<A)t C BA B A C A
A P

which can be written as

( A)t+ ( A)t
.C (F)t

C
( BA)t( B)t ( )t( C)t

A p

with the following definition

~(<)~ '(<()Y
where i is indexed on all surface, boundary, and coolant nodes.

Dividing equation (8) by (Y)t and using the properties of the

absolute value

('A)t+. (~A)t .C (F)
(Y A)

CA B t
CA

k ' ("BA)t
A

where ~, CA, C and F are always positive.

(B Y

(<)t

,c (F)~ (sc)„

A (~) t.

From the definition of (Y)t , it follows that

(')t
(r)t

equation (4) becomes

('B)t

(a~t

('c)t
<1,

(~)t

('A)t+, C (F)t1- —(Y )
CA BA t CA

.C (F)
+ —(Y ) +

CA BA t CA
(10)
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For the error in the coolant temperature to decrease with time (i.e. for stability)

From this criterion and equation (10),
vC (F)t]- — (Y ) + ~ +

CA BA t GA

This inequality requires that

it follows that

(y )
vC (F)~

CA BA t
GA

(10)

(y ) + TC (F)~
CA BA t

GA

Solving for GA
T <

BAt t,

Due to the relative magnitudes and the conservatism of the present

expression, it is assumed that (ll) can be approximated by*

A.
GCCF ~

Noting that

CA
= C x (Volume of coolant node A) x (Coolant density)

P

where

(Volume of coolant node A).= (Surface area of attached surface
node) x (Flow path width)

yields
(Volume of coolant

T
node A Coolant Densit

since the maximum flow represents the

(Volume of coolant

most limiting case

node A Coolant Densit
max

*It is possible that this criterion may not be stringent enough in some extreme
cases. 'owever, to avoid use of a very -small time increment in the general
problem, this a'ssumption is made.
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This expression is used in LION 4 to determine the maximum allowable time
increment for coolant node temperature calculation stability.

Tne smallest time increment, from both the internal node and coolant
node criteria is used as the maximum allowable time increment for stability
of the solution.

PROGRAM DESCRIPTION

Nodes

l. Internal Nodes - The internal nodes must be numbered consec-
utively starting with one through the total number being used.
The node material, dimensions, initial temperature and base

internal heat generation rate must be specified in the input.
The internal generation rate may be varied with time by use

of the internal generation rate fraction library.

2. Surface Nodes - The surface nodes must be numbered consecutively
starting with the integer one above the total number of internal
nodes being used. Surface node dimensions, initial temperatures,
and types of heat transfer coefficients must be specified as input.

3. Boundary Nodes - The boundary nodes must be numbered consecutively
starting with the integer one above the total number of surface
nodes being used. The boundary node has no dimensions. Thus, the
only input required is the initial temperature* library.

4. Coolant Nodes - The coolant nodes must be numbered consecutively
starting with the integer one above the total number of all other
nodes being used. The initial temperature** must be specified.

*Only for boundary nodes that supply coolant channels, enter enthalpy
instead of temperature if the boundary node fluid is in quality initially.
Library entries must be consistent with initial condition and either all
enthalpy or all temperature throughout any one library.
** If enthalpy is being considered, enter enthalpies instead of temperatures.
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Node Connections

l. Internal Connection - An internal connection is defined as a

heat flow path either between an internal node and another in-
ternal node or betw'een'n internal node and a surface node.
An internal connection may be specified as one material or as

two materials in series.

2. Surface Connection - A surface connection is defined as a

heat flow path between either a surface node and a coolant
node or between a surface node and a boundary node. The

mechanism of heat transfer for a surface connection may be of
any one of six types described in detail in the section entitled
Subrountine Descriptions.

An internal node may have only internal connections (maximum of seven).
No restriction is made as to whether these internal connections are to surface
nodes or to other internal nodes.

A surface node may have only one internal connection (i.e. may be con-
nected to only one internal node) but may have a maximum of six surface
connections'nly one of these surface connections may be to a coolant node,
but none of the six need be to a coolant node. It follows that all of the
surface connections may be to boundary nodes. Note that multi-mechanism
heat transfer from a surface node is possible.

Each coolant node must be connected to at least one and not more than
four surface nodes and must be connected to one upstream node (either coolant
or boundary node). The upstream node for the first node (inlet node) in a

channel must be a boundary node. The upstream nodes for all other coolant
nodes in the channel are all coolant nodes.

A boundary node may be connected to an unlimited (within the total
number of connections in the program) number of surface nodes and/or coolant
nodes... A boundary node may not be connected to an internal node.
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One of the main functions of the LION 4 program is to calculate. the

conductances between nodes. This is done in the subroutine called YMAT by

means of admittance matrix techniques and is described here in some detail.
This subroutine reads in the connector information for all the internal nodes

including the connections between the internal and surface nodes.

For example, if one has the following configuration

Material 8 Material 10

Node
Number
(I=1) /

///
/ /

//
Material 8/

The input necessary for the NODE I is the designation of the node it
is connected to, the appropriate resistance lengths, 'the type of material
for each node, and the appropriate surface area.
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The LION 4 program may be used for the solution of steady-state or
transient temperature distributions in any three-dimensional configuration.
The heat source may be externally conducted or internally generated. Thermal

networks involving radiation, conduction, forced convection and free convection
can be solved. Since the method of solution is based on a nodal representation
of the geometry, any type of configuration can be handled through the evaluation
of the "equivalent resistances" of the nodal connectors. In addition the pro-
gram can solve the energy equation (at constant pressure) for the coolant
nodes and also allows sub-cooled nucleate boiling to be considered.
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6;0 BENCHMARK VERIFICATION PROBLEMS

61 ~S1 P bi

In this benchmark verification problem, LION 4 results are
compared to TMRTEMP [3j results in an analysis for the transient response
of a one-dimensional model to a step change in temperature. The model

as pictured in Figure 6.1-1 is a one-dimensional idealization of the wall
of a 14 in. Sch. 140 pipe. The forcing function is a 100'F step change in
fluid temperature from an initial uniform system temperature of O'. A

comparison of the transient responses can be seen in Figures 6;1-2, 3 and

4 for Node 1 (INSIDE Surface), Node 5 (NEAR CENTER of Pipe Wall) and Node 8

(OUTSIDE Surface) respectively. As can be seen, the agreement between the
LION 4 and TMRTEMP response is reasonable.
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An example of a one-dimensional model appears in the following figure.

9

R)

R6

5
R4

R3

Rl

10

L

(RO RI)

RI

RO

Node Number

1 thru 8

9 and 10

11 and 12

Internal (pipe wall) Nodes

Surface Nodes

Boundary Nodes

Figure 6.1-1 One-Dimensional Thermal Model
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6.2 Sam le .Problem 2

Here, a two-dimensional idealization is used to model a full
size 2 In. Sch. 160 Carbon Steel Tee. A comparison is made of the transient
responses derived by LION 4 and TMRTfMP for a 552'F to 350'F step transient.
The output is displayed on plots Figure 6,2-2 and 6.2-3 for Node 34 (Located

internally at the junction) and Node 49 (inside corner of the junction) re-

spectively. The agreement in both cases is excellent.
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As a further comparison, a .2-dimensional idealization of a

8.25'igh x 1" thick x 14', radius vessel support skirt was used. The skirt
was divided into 33, 3" long nodes with the lower 14 and the upper 1.7 surface

nodes having film coefficients of h=1.25 and 0.077 (BTU/Hr. Ft. 'F) respec-

tively. The base node was assumed to be adiabatic and the ambient boundary

nodes assumed the 120'F temperature that was initially uniform throughout

the system. At time zero the skirt and surface (h=l0,000 BTU/Hr. Ft. 'F)
was subjected to a step change from the initial temperature of 120'F to
940'F.

The thermal response for the three end nodes was plotted for the

initial five minutes.
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Figure 6.3-1 TMRTEMP Therma1 Mode1 for Skirt
Temperature Distribution
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Figure 6.3-3 Temperature Response for Node 31.
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Figure 6.3-4 Temperature Response for Node 32.
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6.4 Sam le Problem 4

For a final comparison, the one dimensional model used in Sample

Problem 1 was used by LION 4, TMRTEMP and the classical Brock-McNeill I:2j
solution to plot the responses for the inside surface, mean, and outside
surface temperatures. Evidently, LION 4 compares favorably with BROCK and

TMRTEMP.
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Figure 6.4-1 Inside Surface Temperature'
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MEAN TEMPERATURE
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Figure 6.4-2 Mean Temperature
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Figure 6.4-3 Outside Surface Temperature
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A cooling fin of square cross-sectional area A, length g, and con-

ductivity K extends from a wall maintained at temperature T . The

surface convection coefficient between the fin and the surrounding
air is h, the air temperature is Ta, and the tip of the fin is in-
sulated. Determine the heat conducted by the fin q and the temper-

ature of the tip T~.

T =100'F
w

21

h = 1 0 T = O''r-Ft -'F

22
Y

24 BTU
Hr-Ft-'F

26

03

04

Q
g=s" 8

07

Q

29

39

X
Insulated

Finite Element Model

MODELING HINTS: Coupled nodal temperatures are used to insure symmetry.

Figure 6.5-1 Heat Transfer From a Cooling Fin
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TABULATED RESULTS

ANSYS OUTPUT LION 4 OUTPUT

NODES

1, 11, 21, 31

TEMPERATURE

(100.0)'F (BASE)

ELEMENT ELEM.MEAN TEMP.

96.127'F

ELEM. TEMP.

(100.00) 95.65'F

2, 12, 22, 32 92.253 88.995 88.24

3, 13, 23, 33 85.736 83.049 82.03

4, 14, 24, 34 80.362 78.211 76.95

5, 15, 25; 35 76.060 74.416 72.95

6, 16, 26, 36 72.772 71.613 69.98

7, 17, 27, 37 70.454 69.762 68.02

8, 18, 28, 38 69.076 68.847 67.53

9, 19, 29, 39 (68.618) (END) (67.53)
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Figure 6.5-2 Steady State Temperature Distribution
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6.6 Sam le Problem No. 6

A long hollow cylinder is maintained at temperature T. along its inner
1

surface and T along its outer surface. The thermal conductivity of
0

the cylinder material is known to vary with temperature according to
the linear function K(T) =

CO + C1T Determine the temperature dis-
tribution in the cylinder for 1) k = constant, i.e. Cl

= 0, and 2)
k = k (T).

To

z

Y

a

ll 12 13 14 15 16

1 2 3 4 5 6

k(T

Problem Sketch Finite Element Model

GIVEN: Cl
= 50 BTU/hr-ft -'F, C2

= 0.5 BTU/hr-ft -'F , r,. = 1/2 in = 0.041666 ft.2 0 202
r = 1 in. = 0.083333 ft, T = 100'F, T = O'.

0 1
'

MODELING HINTS: The axial length of'he model is arbitrarily chosen to be 0.01 ft.
Nodal coupling is used to insure axial symmetry. The steady-state

convergence procedures are used.

Figure 6.6-1 Cylinder with Temperature Dependent Conductivity
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Figure 6.6-2 Steady State Temperature Distribution for Case 1,
Constant Conductivity
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Figure 6.6-3 Steady State Temperature Distribution for Case 2,
Temperature Dependent Conducti vi ty
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7.0 CONCLUSIONS

Comparisons of LION 4 -Thermal Analysis with BROCK, TMRTEMP, and ANSYS

thermal analysis techniques shows favorable agreement of results. One can

assume that LION 4 can be used with confidence for thermal analysis of
transient and steady state responses to be used for conservative engineering

design evaluation.
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TMRSAP

A digital computer program for the

structural analysis. of piping systems.
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1.0 GENERAL DESCRIPTION

The TMRSAP computer program provides an elastic analysis of complex piping

systems subjected to thermal, static and dynamic loads. TMRSAP is a modified v«-
. sion of the SAP IV computer program. A preprocessor has been added to provide

a more user-oriented input format. Point-to-Point coordinate input and arbitrary <

node numbering are included for ease of modeling and for implementing geometry

changes into existing models without having to re-do the entire input data for a

given model. The pre-processor reads the card input defining the model in a user-

oriented format, transforms the input data to a SAP IV compatible format and

creates an intermediate file in BCD mode (coded file). SAP IV subsequently reads

the input data from the intermediate file and proceeds with the execution.

The piping systems to be analyzed are composed of two element types: (1) pipe
elements (tangent and bend), and (2) boundary elements. The pipe element can be

represented by a straight segment (tangent) or a circularly curved segment (bend).
The boundary element is used to constrain nodal displacements to specified values,
to compute support .reactions and to provide linear elastic suppor ts to nodes.

Four (4) types of dynamic analysis can be performed by the program.

2.

3.

4.

Determination of system mode shapes and frequencies only.
Dynamic Response Analysis for arbitrary time dependent loads

using mode superposition.
Response Spectrum Analysis.
Dynamic Response Analysis for arbitrary time dependent loads

using step-by-step direct integration.

Program printout consists of forces and moments acting on the pipe element at
the ends of each member and at the midpoints of the arcs in bend elements. Stresses
within the 'piping system due to effects of. internal pressure and bending are com-

puted in accordance with ANSI B31.1, "Power Piping."
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2 a 0 APPL ICATION

The TMRSAP program provides a solution for the static and dynamic structural
analysss of nuclear piping systems. The program analyzes elastic piping systems

subjected to thermal, static, and dynamic loads.

The piping systems are modeled using either of two element types, namely,

boundary element or pipe element (tangent and bend). These elements may be used

in a static or dynamic analysis. The pipe element is represented by a straight
segment (tangent) or a circularly curved segment (bend); both elements require a

uniform section and uniform material properties. Elements can be directed ar-
bitrarily in space. The member stiffness matrices account for bending, torsion,
axial and shear deformations. In addition, the effect of internal pressure on

the stiffness of'urved pipe elements is considered.

The loads contributed by the pipe elements include gravity in the global
directions, and loads due to thermal distortions and deformations induced by

.internal pressure. Forces and moments acting at the member ends and at the center
of each bend are calculated in coordinate systems aligned with the member's

cross-section.

Four types of dynamic analysis can be performed by the program:

1. Determination of system mode shapes and frequencies.
2. Dynamic response analysis for arbitrary time-dependent loads

using mode superposition.
3. Response spectrum analysis.
4. Dynamic response analysis for ar bitrary time-dependent loads

using step-by-step direct integration.
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The capabilities of the TMRSAP program are as follows:

~Ri A 1 i'-d d igh

thermal

deadweight + thermal

b. D namic Anal sis - response spectrum (seismic)
forced response (time history)

1. mode superposition
2. direct integration

c ~ ~plottin — On request, the program generates a geometry file which

becomes the input file to a SAP IV plotting program "SAPLOT"* and may

be executed in the same job stream following the analysis or a geometry

input data check (no analysis). If desired, the geometry plot file may

be saved on magnetic tape, disk, or copied to a punch file and plotted
in a separate computer run.

d. Bandwidth Minimization - The program has an optional bandwidth minimi-
zation capability which is a separate overlay. It employs a Cuthill-
McKee nodal renumbering algorithm to ensure that the stiffness matrix

e

will have a narrow bandwidth resulting in a more efficient solution
of the system of equations and considerably less execution time. The

bandwidth minimization overlay reads the SAP IV model from an inter-
mediate mass storage file created in the TMRSAP pr eprocessor overlay in
BCD mode, then performs the resequencing strategy and writes the modified
model back onto tape in BCD mode where it is ready for execution by SAP

IV for either a problem solution or an input data check.

e. Closel S aced Modes - The program has been modified to include a closely
spaced frequency criteria in accordance with the "ten percent method" de-

fined in NRC Regulatory Guide 1.92, C.1.2.2 for combining the modal re-
sponse in a response spectrum dynamic analysis. The closely spaced

*Copyright ~c'y Ashraf Habibullah 1974
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frequency criteria may be overridden at the input level by defining
a criteria « 0.1 causing the program to encounter no "closely"
spaced modes whereby. the closely spaced mode term in the equation
goes to zero resulting in a square root sum of the squares modal

summation.

H

R =
L E R + 2 z IR. . R ( j i y" J

k=1 k
1 J

f. P~F — TP p g «p f11 fpfp 1 1

forces, moments, deflections on tape which may be copied to a punch

file, magnetic tape or cataloged on a disk file for each load condi-
tion. These files may then be manipulated and merged to become a

single input file to postprocessing programs.

The TMRSAP piping system model is written on tape in BCD mode as it is
transformed to a SAP IV model. If it is desired, the transformed SAP

IV model may then be copied to a punch file to provide a SAP IV data
deck. This deck may then be modified to meet the needs of special
analyses or modeling techniques using the standard version of SAP IV:
i.e., for requirements which are beyond the current capabilities of
TMRSAP.

4.0* THEORY

The calculation of the structure stiffness matrix and mass matrix is accom-

plished in three distinct phases:

1.. The nodal point input data is read and generated by the program. In
this phase the equation numbers for the active degrees of freedom at
each nodal point are established.
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2.

3.

The element stiffness and mass matrices are calculated together with
their connection arrays; the arrays are stored in sequence on tape

(or other low-speed storage).
The structure stiffness matrix and mass matrix are formed by ad-

dition of the element matrices and stored in block form on tape.

The formation of the structure matrices is carried out in the same way in a

static or dynamic analysis. The static analysis is continued by solving the

.equations of equilibrium followed by the computation of element stresses. In a

'ynamic analysis the choice is between

1. frequency calculations only,
2. frequency calculations followed by response history analysis,
3. - frequency calculations followed by response spectrum analysis,
4, response history analysis by direct integration.

To obtain the frequencies and vibration mode shapes solution routines are
used which calculate the required eigenvalues and eigenvectors directly without
a transformation of the structure stiffness matrix and mass matrix to a reduced

form. In the direct integration an unconditionally stable integration scheme

is used, which also operates on the original structure stiffness matrix and mass

matrix. This way the program operation and necessary input data for a dynamic

analysis is a simple addition to what is needed for a static analysis.
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STATIC ANALYSIS

A static analysis involves the solution of the equilibrium equations

K u = R

where

(2)

R = Load Vector

u = Displacement Vector
K = Stiffness Matrix

followed by the calculation of element stresses.

Solution of E uilibrium E uations

The load vectors R have been assembled at the same time as the structure
stiffness matrix and mass matrix were formed. The solution of the equations is
obtained using the large capacity linear equation solver SESOL . t 7j: This sub-

routine uses Gauss elimination on the positive-definite symmetrical system of
equations. The algorithm performs a minimum number of operations; i.e. there are
no operations with zero elements. In the program, the L DL decomposition of K

is used, hence Eq. (2) can be written as

and

Lv=R

v = DLu

where the solution for v in Eq. (9) is obtained by a reduction of the load vectors;
the displacement vectors u are then calculated by a back-substitution.

In the solution, the load vectors are r educed at the same time as K is de-

composed. In all operations it is necessary to have at any one time the required
matrix elements in high-speed storage. In the reduction, two blocks are in high
speed storage (as was also the case in the formation of the stiffness matrix and

mass matrix), i.e., the "leading" block, which finally stores the elements of L

and D, and in succession those blocks which are affected by the decomposition',of
the "leading" block.
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Evaluation of Element Stresses

After the nodal point displacements have been evaluated, sequentially the
element stress-displacement matrices are read from'low speed storage and the
element stresses are calculated.
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DYNAMIC ANALYSIS

where

In dynamic response analysis the solution of the equations

M u + C u + K u = R (t) (5)

M = Mass Matrix
C = Damping Matrix
K = Stiffness Matrix

is required, where R(t) can be a vector of arbitrary time varying loads or of
effective loads which result from ground motion. Specifically, in the case of
ground motion, if it is assumed that the structure is uniformly subjected to the

~ ~

ground acceleration u, the equilibrium equations considered are.

Mu +Cu +Ku =-Mur r r g (6)

where ur is the relative displacement of the structure with respect to the ground,

i.e., u = u - u .
g

The program can carry out a history analysis for solution of Eq. (5) or (6),
or a response spectrum analysis for solution of Eq. (6). The history analysis can

be carried out using mode superposition or direct integration. The response spec-

trum analysis necessitates, of course, first the solution of the required eigen-
system.

Res onse Histor Anal sis b Mode Su er osition

In the mode superposition analysis, it is assumed that the structural response
can be described adequately by the p lowest vibration modes, where p « n. Using

the transformation u = eX, where the columns in c are the p M-orthonormalized
eigenvectors, Eq. (5) can be written as

~ ~

X+ ok+ a X ='R (7)



i
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where

a = diag (2o),. g.); A = diag (u )
2 2

In Eq. (8) it is assumed that the damping matrix C satisfies the modal

orthogonal i ty condi tion

c C c.=0 (igj)j
. Equation (7) therefore represents p uncoupled second order differential equations.

These are solved in the program using the Wilson Q - method, which is an uncondition-

ally stable step-by-step integration scheme [1]. The same time step is used in

the integration of all equations to simplify the calculation of stress components

at preselected times.

In the case of prescribed ground motion u =.,c'nd in Eq. (7) the right
T-

hand side is given by - 4 Mu , where the ground acceleration is considered as the
g

sum of the components in the s, y and z directions.

Res onse Histor Anal sis b Direct Inte ration

The solution of the equations of motion, Eqs. (5) and (6), can be obtained

by direct integration $1]. In the program the Wilson Q-method is used, which is
'uncondtionally stable. It need be noted that Rayleigh damping is assumed, i.e.
C = a M + B K t.2]. This form of damping is easily taken account of in the analysis,

because no storage and no multiplications for a damping matrix are required.

5. g AL Fl ATION

The TMRSAP computer program is designed to perform an elastic analysis of
complex piping systems subjected to, thermal, static and dynamic loads.
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Four (4) types of dynamic analysis can be performed by the program.

2.

3.

4,

r

Determination of system mode shapes and frequencies only.
Dynamic Response Analysis for arbitrary time dependent loads

loads using mode superposition.
Response Spectrum Analysis.
Dynamic Response Analysis for arbitrary time dependent loads

using step-by-step direct integration.

The piping systems to be analyzed may be composed of two element types;
(1) pipe elements (tangent and bend), and (2) boundary elements. The pipe
element may be represented by a, straight segment (tangent) or a circularly curved

segment (bend). The boundary element may be used to constrain nodal displacements

to specified values, to compute support reactions and to provide linear elastic
supports to nodes.

6. 0 VERI FI CATION

This section contains the solution comparisons between THRSAP and independent

'lassical, benchmark, and other pipe stress programs whose solutions have been

documented. The comparison of static, dynamic, and thermal problems are presented

in the Sections indicated below:

6.1

6.2

6.3

6.4

6.5

6.6
6.7

6.8

Static Analysis - Continuous Beam

Deadweight Load Condition - piping system

Thermal Expansion - piping system

Thermal Expansion - piping system

Dynamic Analysis - natural frequency, cantilevered beam

Dynamic Analysis - three dimensional structure
Dynamic Analysis - natural frequency, uniform beam

Dynamic Analysis - forced response, piping system
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6 ~ 1 Static Anal si s

Continuous Beam - Uni formly Loaded - Four Equal Spans

Introduction - The purpose of this problem is to compare the results
arrived at by the TMRSAP program with the results as found in the American In-
stitute of Steel Construction Manual of a uniformly loaded beam whose classical
solution is

given'roblem

Descri tion - Under the Beam Diagram 5 Formula Section of the
American Steel Construction Manual [5], a continuous uniformly loaded beam as

shown in Figure 6.1-1 was modeled for input to the TMRSAP computer program.
Sixteen equal segments each 30 inches long were grouped to form four equal spans.
Each span is ten feet long and is simply supported for gravity in the vertical,
direction at each end. This mathematical representation is shown in Figure
F 1-2. A static analysis using the Deadweight option of the TMRSAP computer pro-
gram was then performed.

~P

a) Member properties

Pipe Outside Diameter (inches) ..................... 10.75

Pipe Wall Thickness (inches) .. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ 125

Young's Modulus - E (psi) .......................... 28.3E6

Weight (0/1no) ooooo.ooooooo.o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o 10 ~



0

0
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BEAM DlAGRAMS AND DEFLECTIONS

For various static loading conditions

39. CONTINUOUS BEAM—FOUR EQUAL SPANS —ALL SPANS LOADEO

wl wl wl Iol

I

'0.60? u,'l OA64 wl '.536 u'l
I'0.1071wlx -0.0714 u Ea -0.1071 wlz

A l 8 l C l D E

. RA =0.393fol Re ~ 1.143wl Rc = 0.928wl Ro = 1.143wl
R = 0 393 wl ~

0.393 wl 0.536 Iol,: 0464 wl, '.607 u'l., ~,
I

SHEAR
0.393 wl

+0.0772 ula i, +0.0364 wl> +0.6364 u'l'0.0772 wla
I III I

MOMENT
~0393 l 0.536 l 0.5365

I
I I

'393l

4 Max. (0.440 I from A and E) ~ 0.0065 aors/El

AMERICAN INSTITUTE OF STEEL CONSTRUCTION

Figure 6.1-1 Geometry

10'-0" lot 00 10'-0" 10'-0"

Restrained Against
Translation or
Rotation in the
Axial Direction
(this joint only)

2 3 4 5 6 7 8 9 10 11 12 1314 15 16 17

ver tical Supports

Figure 6.1-2 Structural Model
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Point Su ort T e

* XYZ - Restraint
Torsional Restraint

I

Joint Coordinates (Inches)
X Y Z

0 0 0

2

3

5

6

7

8

9

10

11

12

13

14

15

16

17

Y-Restraint

Y-Restraint

Y-Restraint

Y-Restraint

30

60

90

120

150

180

210

240

270

300

330

360

390

420

450

480

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

*Note - Point 1 is supported in the XYZ direction as well as restrained against
torsional rotation so as not to create an unstable structure.

Results - listed below are the Reaction Forces for the supported points. The

comparative results are shown:
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REACTION FORCES (lbs)

Reaction Points Steel Manual TMRSAP Difference

0.393 wl .= 471.6 473 .3

1.145 wl = 1371.6 1367 .3

0.928 wl = 1113.6 1120 .6

13 1.193 wl = 1371.6 1367 .3

17 0. 393 wl = 471. 6 473 .3

Conclusions - TMRSAP prints reaction forces less than 1 percent (.6) difference
than results shown in the Steel Manual. This difference is well
within acceptable levels.





-60-
A TELEDYNE

ENQINEERINQ SERVICES

6.2 Deadwei ht Anal sis

Introduction - The purpose of this problem is to show that the results
of static deadweight analysis as performed by the TMRSAP program is in agreement

with the results of the Arthur D. Little ADLPIPE program whose results have been

verified.

Problem Descri tion - A three dimensional piping system consisting of
straight segments, elbows, tees and branch connections is modeled for a deadweight

load condition utilizing TMRSAP. In this loading condition, the bending stresses,
'forces, moments and displacement as a result of the deadweight load of the piping
system are determined. The input parameters to the program include pipe geometry,

physical properties of the pipe as well as concentrated weights in the system.

The program takes into account terminal points, modeled as anchors, and all inter-
mediate pipe support/hanger locations.

~P

a) Member properties

Pipe Outside Diameter (inches) ................... 4.5
Wall thickness (inches) .:........................ .337

Young's Modulus (psi) ............................ 27.9E6

Weight (lbs/in.) ................................. 1.719

b) Geometry

A structural model, showing the piping geometry, support type and

location is shown in Figure 6.2-1.
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Results

The reaction forces for terminal ends as well as a few intermediate
supports are shown below.

Point Program Reaction Forces - Moments

Support
Type

Fx(lbs) Fy(lbs) Fz(lbs) Mx(in-lbs) My(in-lbs) Mz(in-lbs)

68

Anchor

215

Anchor

370

Anchor

TMRSAP

ADLPIPE

TMRSAP

ADLPIPE

TMRSAP

ADLPIPE

2 ~

-2o

14.

14.

21.

21.

199.

199.

165.

165.

367.

367.

3243.

3243.

7670.

7670.

17089.

17088.

189.

189.

-439.

-439.

-767.

-767.

-1768.

-1768.

1801 7.

1801 7.

41989
'1988.

120

Y Rest.

230

Y Rest.

TMRSAP

ADLPIPE

TMRSAP

ADLPIPE

0.

0.

0.
0.'56.256.

239.

239.

0.

0.

0.

0.

0.

0.

0.

~ 0.

0.

0.

0.

0.

0.

0.

0.

0.

. 290

XZ Rest.

TMRSAP

ADLPIPE

-21.
-21.

0.

0.

0.

0.

0.

0.

0.

0.

In addition a few points were chosen randomly to compare the displacements at
these points.
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Program Point dx

Displacement (inches)dp'z
TMRSAP

ADLPIPE

TMRSAP

ADLPIPE

TMRSAP

ADLPIPE

- 115

115

160

160

310

310

-.0077

-.008

-.0067

-.007

-.0019

-.002

-.0387

-.039

-.0003

-.000

-.0351

-.035

-.0022

-.002

-.0048

-.005

-.0007

-.001

Conclusion - The TMRSAP computer program results are almost identical to the
verified Arthur D.. Little program. (ADLPIPE).
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6.3 Thermal Ex ansion - Problem 1

I

Introduction - The purpose of this problem is to compare the reaction forces
and moments derived by TMRSAP at each terminal end of a three dimensional piping
problem with results as shown in the Piping Design 8 Engineering Section of the
Grinnell Book. [3].

Problem Descri tion - A three dimensional piping problem anchored at both
ends and containing two five diameter bends and a standard long radius elbow as

shown in figure 6.3-1 was subjected to a temperature change of 750 degrees F.
~ As a result of the elevated temperature, thermal expansion occurs which induces

forces 8 moments in the anchors.

The piping system was mathematically modeled as an elastic system of uniformly
loaded members. These members were divided into straight and curved segments and

analyzed as a thermal expansion problem to determine'the reactions at both anchors.
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18'

Bend R = 5D = 4.16'

L.R.E11. R = 1.5D =
1.25'y

+X'
h. Fz

+z'~
Y+Y'x

= Full Anchor

Given: A 10" piping system in accordance with the

sketch shown above.

Maximum Operating Pressure P 350 psi
Maximum Operating Temperature 750'F

Piping Specification A.S.T.M. A-106 Grade A

Data:

t = 0.365 inches

schedule 40

d = 10,02 inches

Find: Reaction forces Fx, Fy and Fz at point 11

(at point 1 reaction forces equal and opposite).

Figure 6.3-1 Multiple plane system containing
Circular Arcs.
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Introduction - The purpose of this problem is to show that the results
of the thermal expansion analysis as performed by the TMRSAP program is in agree-

ment with the results of the Arthur D. Little (ADLPIPE) program whose results
have been verified.

Problem Descri tion - A three dimensional piping system consisting of
straight segments, elbows, tees, and branch connections is modeled for the thermal

expansion load condition utilizing TMRSAP. The mathematical model showing the

piping geometry, pipe changes, concentrated weights as well as pipe support locations
is shown in Figure 6.4-1. Note that this is the same piping system that has been

previously used in the static comparison between the TMRSAP and ADLPIPE program in
Section 6.2. As a result of strain flow through the piping system, the temperature

change creates thermal expansion and distortion in the pipe. It is this expansion

and distortion that induces thermal stress, forces 8 moments which are to be com-

pared with the verified ADLPIPE program.

Pro ert Data

a) Member properties

Temperature change ('F) ...................... 565

Coefficient of Thermal Expansion (in/in./'F).... 7.156E-6
l

b) Geometry

The mathematical model, as well as all other member properties
are the same as those defined in Section 6.2.
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Results - The reaction forces for terminal ends'as well as a few inter-
.mediate supports are shown below.

Point

Support
Type

Program

Fx
Forces (lbs

Fy Fz

Reactions

Moments (in-lbs)

68

Anchor

TMRSAP

ADLPIPE

319.

320.

-25.
-25.

-375.

-375.
1337.

1337.

-26190.

-26248,

3008.

3010.

215

Anchor

TMRSAP

ADLPIPE

301.

303.

-528.

-529.
14.0

14.0

-22941. -20979.

-22973. -21006.

-80958.

-80981.

370

Anchor

TMRSAP

ADLPIPE

-57.
-55.

-162.

-165.
-165.

-165.
-9606.

-9736.

41192.

41058.

-22915.

-23267.

~ 120 .

Y Rest.

TMRSAP

ADLPIPE

0.

0.

46.

46.

0.

0.

0.

0.

0.

0.

0.

0.

230

Y Rest.

TMRSAP

ADLPIPE

0.

0.

9

8.

0.

0.

0.

0.

0.

0.

0.

0.

290

XZ Rest.
TMRSAP

ADLPIPE

29.

27.

0.

0.
656.

655.

0.

0.

0.

0.

0.

0.
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In addition a few points were chosen randomly to compare the displacements

at these points.

Program Point dx

Displacement (inches)

dy dz

TMRSAP

ADLPIPE

TMRSAP

ADLPIPE

TMRSAP

ADLPIPE

115

160

310

-.5359

-.539

-.4132

-.417

.5011

.510

.0448

.045

-.2285

-.230

.1265

.127

.1302

.130

.1984

.198

.1149

.115

Conclusion - A review of the results shows that the TMRSAP program has values

within 1 to 2 percent of the verified ADLPIPE program. These values are well
within acceptable limits.
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6.5 ~D namics - Beam Problem

Natural Frequency Calculations of a Uniformly Loaded Cantilevered Beam

Introduction - The purpose of this problem is to compare the dynamic
property, natural frequency, of a uniformly loaded cantilevered beam as obtained
by the TMRSAP program with the value calculated by a standard analytical procedure
found in any dynamic handbook..

Problem Descri tion - In the Shock 8 Vibration Handbook by Harris 8 Crede
L4j, the natural 'frequencies of some commonly used systems are given. In this

problem, we calculate the natural frequncy of a uniformly loaded contilevered beam

according to the formula presented in the handbook and compare it to the value
determined by the Eigenvalue solution in the TMRSAP Program.

In modeling the problem, a 12 inch schedule 40 pipe, nine feet long,
anchored at one end and free to vibrate is divided into nine equal segments each
twelve inches long with a uniformly distributed weight. This is shown in Figure

'.5-1.

Member Properties

Pipe Outside Diameter (inches)
Pipe Wall Thickness (inches) ..........
Young's Modulus - E (psi)
Weight (lbs/in.)
Moment of Inertia (inches )

Length (inches)

12.75

0.375

27.9E6

4.1333

279.3

108
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Full Anchor This End„Free
to Vibrate

9 I pll

Figure 6.5-1

Hand Calculations

For Beams of Uniform Section and Uniform Distributed Load, the
natural frequency calculation is based upon the formula:

F=A
2n

~EI

w14
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where

F = cycles/sec
A = coefficient based upon type of supported beam

A = 3.52 for cantilevered beam (first mode)

g = 386.4 in/sec2
+ = 3.1416

All other terms. same as property data. For the above problem

F = 3.52
2*23. 26

27.9*10 * 279.3 * 386.4 — 41 c s
4.133 * (108)4

The THRSAP program computes the 1st natural frequency at - 40 cps. The dif-
ference is 2.645.

Conclusions'- The greater the number of lumped mass points the more accurate
the results, since the number of dynamic degrees-of-freedom is based upon the
mathematical modeling of the system. The result obtained showing the 2.64% difference
is within acceptable limits.



0
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6.6 Dynamic Analysis of Three Dimensional Structure

Introduction — The purpose of this problem is to cross-check the results
of TMRSAP with a benchmark previously used in verification and qualification of

'thercomputer programs. This problem compares the dynamic characteristics, mode

shapes and frequencies, using the lumped mass matrix method against this benchmark.

As an additional check, TMRSAP results were also compared with experimental results
obtained from a vibration test machine.

Problem Descri tion - A three dimensional structure comprised of two inch

steel pipe and steel cubes welded together in the shape of .a coffee table as shown
'n

Figure 6.6-1 is subjected to vibration to determine the dynamic characteristics
of the structure.

In formulating the mathematical model, the mass of the pipe and cubes are .

lumped at specified joints connected by massless springs. Each concentrated mass

or lumped weight as it is commonly called is assigned three dynamical degrees-of-
freedom. The mathematical idealization of this three dimensional structure is shown

in Figure 6.6-2.

Pro ert Data

a) Member Properties

Pipe Outside Diameter (inches) ...
Pipe Wall Thickness (inches) .....
Young's Modulus - E (psi)
Poisson's Ratio - ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

2.375

0.154

27.9E6

0.3

b) Geometr and Wei hts

Point
Joint Coordinates inches Lumped

Weights
~oonds

1

2

. 3

0

27.25

27.25

10

10

10

0

0

17.25

3.4517

3.4517

3.4517
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Point

Joint Coordinates inches) Lumped
Weights
(pounds)

4

,5
6.
7

8

9

10

ll
12

13

14

15

16

17

18

0

0

8.625

18.625

27.25

27.25

27.25

18.625

8.625

27.25

27.25

0

10

18.625

18.625

18.625

18.625

18.625

18.625

18.625

18.625

18.625

18.625

0

'l,7. 25

17.25

8.625

0

8.625

17.25

17.25

17.25

0

17.25

17.25

3.4517

9.7973

3.4517

9.7973

3.4517

3.4517

9.7973

3.4517

9.7973

3.4517

3.4517

0

0

0

0

(c) System Restraints

(i) 15, 16, 17; and 18 are full anchors. (This is to minimize
- 0 unknown influences at the supports)

(ii) The corners are modeled as the junction of three mutually
perpendicular pipes -- the block stiffness is not taken into
consideration.
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Figure 6.6-1 Three-Dimensional Structure
Used in Experiment

10

12

6

3

17

15

18

Figure 6.6-2 Mathematical Idealization of
Three-Dimensional Structure
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Resul ts

TABLE 1

CALCULATED AND MEASURED RESONANT FRE(UENCIES

FOR STRUCTURE SHOWN IN FIG. 6. 6-2

Resonant Frequency, cps

Experimentally
Measured

ANSYS Finite
Element TMRSAP

110

117

134

214

359

382

416

553

697

821

853

885

898

109.0

115.9

135.0

212.5

352.4

394.6

422.2

532.1

655.8

684.9

760.7

822.1

849.3

873.2

903.5

111. 2

115.8

137.1

215.8

409.5

422.9

451.8

549.2

739.0

758.9

851.8

892.7

893.5

911.3

932.7

* - Not observed experimentally.

The results of TMRSAP fall within accpetable limits as shown above.
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6.7 Natural Frequency Calculation, Uniform Beam with Two Concentrated Weights

Introduction - The purpose of this problem is to compare the natural
frequency calculation as determined by hand book procedure with the results de-

termined by the TMRSAP computer program.

Problem Descri tion - A two dimensional beam problem, free to vibrate
in the plane shown, has two concentrated weights Wl = 500 lbs and W2 = 100 lbs.
This is shown in Figure 6.7-1.,

The problem is mathematically modeled as a continuous pipe consisting of
two concentrated weights interconnected by weightless members and supported in the
manner shown in Figure 6.7-2. In this problem, we calculate the natural -frequency

by the method given in the Vibration Theory and Applications book L6], and compare

it with the results as printed by the Eigenvalue solution of the TMRSAP program.

Pro ert Data

Member Properties

Outside Diameter (inches)
Wall Thickness (inches) ...
Young's Modulus - E (psi)
Moment of Inertia (inches )

Length (inches)
~ ~ ~ ~ ~ ~ ~ ~ ~

12.75

0.375

27.9E6

279.6

240.0

Calculation - As presented in the Vibration Theory and Applications book,[6],
(page 224), the fundamental frequency is defined by the following equation..

W = 4.57 EI

1

where W is the first natural frequency expressed as radians per second, and all
other terms are the same as property data. For the above problem;

' = 4.57 27.9E6 * 279.6 = 108.5 rad/sec = 17.27 cps
(240)



0

0
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W2=100¹

10 l Pll

$ ll)=500¹

1QI Pll 10'-0"

Figure 6.7-1 Mathematical Idealization of Structure

Concentrated
wt=500¹

Concentrated
wt=lpp¹ .

1 2 3 4 5 6 7 8 9 10 1112 131415 161718 192021 222324 2526 2728 2930

This joint is also restrained
against rotation in the X Direction

Figure 6.7-2 Two-Dimensional Structure, Concentrated Wts.
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Results - The TMRSAP program prints the first fundamental frequency as

108 rad/sec = 17.19 cps.

XlAlso, the amplitude ratio, expressed as —, is 2.58 from THRSAP as com-
X2'aredwith Thomson's 2.60.

These results are well within acceptable limits.
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6.8 Dynamic Analysis of a Three-Dimensional Piping System Subjected to
Time Varying Loads

Introduction - A dynamic analysis is performed with the piping shown

in Figure 6.8-1 using the STARDYNE program and the TMRSAP program with analysis
types,

NDYN = 2; Dynamic Response Analysis for arbitrary time dependent

loads using mode superposition.

NDYN = 4; Dynamic Response Analysis for arbitrary time dependent

loads using step-by-step direct integration.

Problem Descri tion - The computer model is shown in Figure 6.8-1
and is composed of sections of straight pipe, curved pipe (elbows) and a valve
with a concentrated weight. Nodes 1 and 48 are anchors and therefore are pre-
vented from having any displacement or rotation. The time varying loads applied
to the nodal points on the structure are shown in Figure 6.8-2.

P 0

a) Member Properties

From
Node

To
Node

0.D.
(in.)

t
(in.)

Wt.
(lb/in) Coranents

"1

42

46

42

46

48

18.0

24.0

16.0

0;562

2.0

0.50

8.71

39.12

6.89

5000 lb. concentrated
weight at node 44
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44 42

Qq

Oo

'Y
O24

014

Figure 6.8-1 3-0 Piping System
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b) ~Geometr

Node
No.

1

8

10

14

16

22

24

28

30

42

,44

46

48

0

0

-26.728

-327.240

-347.244

-347.244

-347.244

Coordinates

0

0

27.000

90.277

117.275

118.639

126.545

136.858

156.138

160.392

160.680

144.672

135.732

-10.752

-37.752

-37.752

-64.474

-196.772

-215.585

-225.898

-244.800

-244.800

-244.800

-244.800

-244.800

c) S stem Restraints

Nodes 1 and 48 are full anchors

Time Yar in Load In ut

F
(L8S)

t (Sec)

Figure 6.8-2
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NODAL LOADS

Node F F F

44

30

28

24

22

16

'14

10

0.0

. 01993

.01993

.02303

.02303

.03310

. 03310

.04004

.04004

0.05

.06993

.06993

.07303

.07303

.08310

.08310

.09004

.09004

-"34,460.6

33,200.7

23,476.4

, -23,058.9

31,664.7

-30,543.6

'23,476.4

23,058.9

-32,610.2

31,664.7

-30,543.6

Results

The following plots show the moment response acting at node 28, the

first bend downstream of the valve and at anchor node 48. A three way corre-

lation of results is shown with excellent agreement.

1) TMRSAP by Mode Superposition

2) TMRSAP by Direct Integration
3) STARDYNE by Mode Superposition
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ELEMENT 8 NODE 28
h TMRSAP MODE-

SUPERPOSITION

x STARDYNE MODE-
S UPERPOS ITION

o TMRSAP DIRECT
" ." ~

'

INTEGRATION

X
0

TIME (SEC)

0.1 0.2 0.3 0.4
X

0.5 0 6

..X

Figure 6.8-3 Time History ResPonse Node 28 - Torsion Tx
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20
ELEMENT 8 NODE 28

15

10

b
0

TIME (SEC)

0.2 0.3$ 0.4 0.5 0

-5

b
I

O

-10

-15

-20

0

TMRSAP MODE - SUPERPOSITION

STARDYNE MODE - SUPERPOSITION

o TMRSAP DIRECT INTEGRATION

Figure 6.8 4 Time History Response Node 28 - Bendinq M
Y





ELEMENT 8 NODE 28

x

TIME (SEC)

0.1'.2. 0.3 0.4 0.5 0.

xx

OO

xO
0

~ TMRSAP MODE-SUPERPOSITIO

x STARDYNE MODE-SUPERPOSITI

o TMRSAP DIRECT INTEGRATIOjl

N

Figure 6.8-5 Time History Response Node 28 - Bendina M
Z
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K.
X
0

ELEMEtlT 12 NODE 48

40

TMRSAP tlODE - SUPERPOSITION

x STARDYNE MODE - SUPERPOSITION

o TMRSAP DIRECT INTEGRATION .

30
0

00

20

10

0

0.1 0; 0.3
0

* 0.4 0 5

TIt<E (SEC)

0.6

-10

-20

-30

-40
X
b
0

X

co@
l
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Figure 6.8-6 Time History Response tlode 48 -. Torsion Tx
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ELEMENT 12 NODE 48

60

e

40

20

TIME (SEC)0
>- 0

0 5
b0,40.1 0.2 0

.30

,cgC

Q ~

-20 0
o yo xo

0

-40

-60
Xb
00

0

-80
X

TMRSAP MODE - SUPERPOSITION

x STARDYNE MODE - SUPERPOSITION

o TMRSAP DIRECT INTEGRATION

Figure 6.8-7 Time History Response Node 48 - Bending M
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ELEtIEt4T 12 NODE 48

20

15

10

X
X

0

X X
o o
ox

I
X b

0

0

0.2 '. I

0.4 '0

TIME, (SEC

0.5

-5

x

-10

-15

-20

X

b TMRSAP MODE - SUPERPOSITTON:!

x STARDYNE MODE - SUPERPOSITION
o TMRSAP DIRECT INTEGRATION

0

Figure 6.8-8 Time History Response Node 48 - Bending M





-91-
4< TlELEDYNE

ENQlNEERINQ SERVICES

7.0 CONCLUSION

Static, dynamic and thermal analysis capabilities of TMRSAP computer

program have been verified through a number of benchmark problems ranging

from a simple beam analysis to three dimensional analysis of a piping sys-

tem. A comparison of TMRSAP results with published results, closed form

solutions and the results of other computer solutions showed close agree-

ment despite the fact that the computer pr'ograms used for comparison

employed different methodologies and numerical procedures to solve the

same problems. Hence, TMRSAP program is considered verified and suitable

to analyze piping systems under different loading conditions mentioned

above.
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REPORT GENERATOR PROGRAM FOR

PIPING ANALYSIS SUPPORT SYSTEMS
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1. 0 GENERAL DESCRIPTION

A computer program has been developed to function as a report generator
for the Hanger Selection Summary Reports eliminating the laborious task of
manually examining output for maximum loads, displacements, and calculating
maximum stresses. The program requires as input the TMRSAP structural Model

along with the internal forces, moments, and deflections resulting from the

flexibilityanalyses for various load conditions (static and dynamic). The

program prints out a summary of (1) nozzle and anchor loads, (2) hanger and

restraint loads, and (3) a stress summary of selected data points.

2. 0 APPLICATION

The purpose of this program is to determine the adequacy of the piping
support system for a given TMRSAP structural Model by evaluating stresses for
sustained loads, occasional loads, and thermal expansion in accordance with
the design and analysis philosophy of subsections NB-3652 and NC-3652 in Sec-

tion III of the ASME Boiler and Pressure Vessel Code (BPVC). The program also
provides design load summaries for anchors and restraints and reports the
maximum loads for each load condition and the required net design load.

3. 0 CAPABILITIES

The PASS Computer Program is a post-processor to the TMRSAP Computer Program

which provides an elastic analysis of redundant piping systems subjected to
thermal, static and dynamic loads. The program requires as input, the TMRSAP

structural Model describing the piping geometry, and the internal forces, moments

and deflections resulting from the flexibilityanalyses for various load con-

ditions (deadweight, hydrotest, thermal, seismic inertia, attachment displacements).
The PASS program also functions as a report generator for the hanger selection
summary reports. The program computes and summarizes in a tabular report style
format: (1) nozzle and anchor loads, (2) hanger and restraint loads, (3) a stress
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summary of selected data points in accordance with the rules of Section III,
Subsection NC-3652 for; sustained loads - Equation (8); occasional loads-
Equation (9); thermal expansion - Equation (10) and Equation (11) for Class 1

and Class 2 components, and (4) a stress sumary in accordance with the rules
of Section III, Subsection,NB-3652 for the primary stress-intensity limit-
Equation (9), for Class 1 components only.

4.0 THEORY

The PASS program is designed to read the TMRSAP structural Model and

determine all network point restraints from the restraint cards. Those points
restrained in the six degrees of freedom are considered anchors; other restraint
points are defined by a restraint code in the respective X, Y, Z direction on

the network point restraint cards of the TMRSAP structural Model and a re-
straint summary table of all network point restraints indicating the direction
and type of restraint. The outside diameter and thickness for each member and
bend radii for all elbows is then determined and a table of member geometries
printed.

*

Points to be analyzed are subsequently read as input data by the program
which must include all restraint p'oints as they appear in the TMRSAP structural
Model;

The internal forces, moments, and deflections for each load condition are
then read as input data-by the program and stored for those data points defined
on the network point restraint cards and for those points undergoing str ess
evaluation.

Once the input data have been read in for all load conditions, the net
design loads are determined for each anchor point in the following manner:
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2.

3.

The deadweight loads and hydro-test loads are retrieved for the

point of interest.
The loads for all thermal conditions are scanned and the maximum

positive (+) and maximum negative (-) loads for each direction
determined.

The load combinations for determining the maximum design loads

are defined as follows for both full anchors (those points re-.
strained in six degrees-of-freedom) and restraints, with the ex-

ception of springs and snubbers. Only deadweight and hydro-test

loads are considered for a spring and seismic loads only for a

snubber.

MAXIMUM DESIGN LOAD +:
DL1 = + SEISMIC (DBE) + E.E. (DBE)

DL2 = + SEISMIC (DBE) + E.E. (DBE) + DYNAMIC (+) + DEADWEIGHT
'I

DL3 = + SEISMIC (DBE) + E.E. (DBE) + DYNAMIC (+) + THERMAL (+)

+ DEADWEIGHT

DL4 = MAX. (+) OF (DEADWEIGHT OR HYDRO)

(+) DESIGN LOAD = MAX. (+) OF DL1, DL2, DL3, DL4

~ MINIMUM DESIGN LOAD

DL1 = - SEISMIC (DBE) - E.E. (DBE)

DL2 = - SEISMIC (DBE) - E.E. (DBE) + DYNAMIC (-) + DEADWEIGHT

DL3 = - SEISMIC (DBE) - E.E. (DBE) + DYNAMIC (-) + THERMAL (-)
+ DEADWEIGHT

DL4 = MAX. (-) OF (DEADWEIGHT OR HYDRO)

(-) DESIGN LOAD = MAX. (-) OF DL1, DL2, DL3, DL4

where, DBE = Design Basis Earthquake

E.E.= End Effects Loads
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Thermal and seismic displacements are then determined for all restraint
points. The thermal displacements are defined by a maximum and minimum range

while the seismic displacements are to be considered plus (+) and minus (-)
since for a normal mode analysis the resultant internal forces and moments are

computed from the square root sum of the squares (SRSS) of the modal forces
and moments. Two options are available for computing the combined seismic re-
sponse;

Option 1: F. (F.) + (F.)
z

N. (N.) + (M.)
X Z

+ I~,.[

(s.) + (s.)
X

)

Z'ption

2: F. (F ) + (F ) + (F )
X Y Z

(M.) = (M.) (M.)
y > z

Si = (S.) + (S'.) + (S.)
1

X
i y 1

Z

where, i = x, y, z = Response Directions
X, Y, Z = Shock Directions

The program then evaluates stresses for Class 2 specified data points in
accordance with the rules of NC-3652, Section III.

Sustained Loads: PDo + 0 75. MA 1 0 SNC-3652.1 4t Z
(8)
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Occasional Loads:
NC-3652.2 max o + 0.75i '

B < 1.2 S
D . (M+M

4t Z
h (9)

ma xpansson: .
SNC-3652.3 A

Z (lo)

PD . M ~ M
o + 0.75' + i c <:(Sh + SA)

4t Z Z

The primary stress-int'ensity limit, Equation (9) of NB-3652, is evaluated
for design conditions of all Class 1 data points specified in the node list for
stress analysis.

Bi o + BR o Mi < 1.5 S
PD 0

2t 2I
(9)

For a complete definition of the preceding equations, reference subsections
NB-3652 and NC-3652 of Section III in the ASME BPVC.

The program currently evaluates Equations (9), (10), and (11) of NC-3652

with and without moments due to secondary end effects (building or equipment
movements). The moments produced by such displacements from seismic inertia
effects are included with earthquake moments in the evaluation of Equation (9)
in NC-3652.1 and Equation (9) in NB-3652.

The stress intensification factor, i, of NC-3652 is determined by the
program in accordance with Figure NC-3672.9(a)-l for Class 2 components and

the stress indices Bl and B2 of NB-3652 are determined in accordance with Table
HB-3683.2-1 for Class 1 Components. If the stress intensification factor, i,
or the stress indices Bl and B2 are provided with the stress input data, these
factors will override those computed by the program.
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In addition to printing stress summary tables for all specified stress

points, the program determines critical points as those points with the greatest
stress to allowable ratio for Equations (8) and (9) of NC-3652 (Class 2) and

Equation (9) of NB-3652 (Class 1).

5.0 gllALIFICATIM

The program may be used to determine the adequacy of a piping support
system subjected to sustained loads, occasional loads, and thermal expansion and

compliance with the rules of Subsection NC-3652'f Section III of the ASNE BPVC.

It may be used to derive support design loads for anchors and restraints (rigid,
spring, snubber).

6. 0 VERIFICATION

This section contains the solution comparisons between PASS and independent

hand calculations for a typical piping system,'shown on Figure 6.0-1. The comparison
of (1) anchor and nozzle reactions, (2) hanger/restraint reactions and displace-
men't tolerances and (3) the Class 2 stress evaluation are presented in Tables 1

,to,4. The results show very close agreement.
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TABLE 1 —COMPARISON OF NOZZLE AND ANCHOR REACTIONS

NODE 901

, DESIGN LOAD (+)
DESIGN LOAD (-)

F„~LB.

PASS HAND

1616 1617

-499 -501

F ~LB.

PASS HAND

1386 1385

-348 -347

F ~LB.

. PASS HAND

719 719

-2676 -2676

M IN.-LB. M IN.-LB.

HANDPASS HAND PASS

Mz INLB

PASS HAND

DESIGN LOAD (+)
DESIGN LOAD (-)

87192 87192 '481 9

-31632 -31632 -87739

24820

-87740

17033 . 17031

-35747 -35745

NODE 910

DESIGN LOAD (+)
DESIGN LOAD (-)

F„~LB.

PASS HAND

30 29

-51 -50

F ~LB.

PASS HAND

329 331

-168 -170

F ~LB.

PASS HAND

57 57

-35 -35

M„ IN.-LB. M IN.-LB. M IN.-LB.

DESIGN LOAD '(+)

DESIGN LOAD (-)

. PASS HAND

3632 3633

-6267 -6268

PASS

971

-964

HAND

971

-963

PASS HAND

3510 3508

-6151 -6149
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TABLE 2 - COMPARISON OF HANGER AND RESTRAINT LOADS

NODE

65

65

395

430

430.

RESTRAINT TYPE
AND DIRECTION

Y RIGID

Z RIGID

Y RIGID

Y RIGID

Z RIGID

DESIGN
LOAD +

PASS

2538

2279

222

388

341

HAND

2538

2280

222

388

339

DESIGN
LOAD

PASS

-835

-745

-104

-158

-389

HAND

-835

-745

-104

-158

-387
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TABLE 3 - COMPARISON OF HANGER AND RESTRAINT DISPLACEMENTS

THERMAL DISPLACEMENTS

NODE

65 (+)

DX IN.

PASS

.000

HAND

.000

DY IN.

PASS

.000

HAND

.000

DZ IN.

PASS

.000

HAND

.000

65 (-)

395 (+)

395 (-)

430 (+)

430 (-)

-.034

. 097

-.000

.000

-.004

-.034

.097

-.000

.000

-.004

-.000

.000

-.000

.000

-.000

-.000

.000

-.000

.000

,-. 000

-.000

.000

-.158

.000

-.000

-.000

.000'.158

.000

-.000

SEISMIC DISPLACEMENTS (Q+

NODE DX IN.

PASS HAND

DY IN.

PASS HAND

DZ IN.

PASS HAND

65

395

430

.120

. 213

.148

.120

. 212

.148

.000

.000

.000

.000

.000

.000

.000

.388

.000

.000

.386

.000





TABLE 4 - CLASS 2 STRESS EVALUATION COMPARISON
(1)

NODE

15

15

15

90

100

110

125

125

125

155

380

395

410

910

COMPONENT TYPE

TEE-RUN

TEE-BRANCH

TEE-RUN

RUN

ELBOW

RUN

TEE-RUN

TEE-BRANCH

TEE-RUN

RUN AT RESTRAINT

REDUCER

RUN AT RESTRAINT

ELBOW

ANCHOR

E UATION 8

PASS HAND

2390 2390

2465 2464

1645 1645

1653 1653

1295 1295

1117 1118

1897 1897

1281 1280

1863 1863

745 745

1641 1641

1045 1045

1112 1112

2889 2889

EQUATION 9
WITH END EFFECTS

PASS HAND

5352 5351

4948 4947

5969 5968

2684 2685

3695 3696

3151 3151

5509 5509

6969 6967

6041 6041

1081 1106

3570 3575

3885 3890

4584 4590

4520 4522

PASS HAND

15698 15697

6894

9485

1323

5807

1128

3781

1991

3448

405

1883

6894

9484

1323

5807

1128

3781

1991

3448

406

1886

1922

6187

24

1925

6196

24

EQUATION 10
WITHOUT END EFFECTS

(1) Refer to NC-3652 of Section III of the ASME BPVC, Winter 1972 Addenda
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NUCPIPE

A digital computer program for the stress analysis and fatigue
evaluation of nuclear power piping syste'ms.
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The nuclear .Power Piping Program, NUCPIPE, performs analyses in
accordance with the design and analysis philosophy of ASME Section III
Nuclear Power Piping Code for two separate protections: (1) protection
against membrane or catastrophic failure, and (2) protection against
fatigue or leak type failure. Two general types of loadings are con-

sidered: (1) self-limiting loads or those loads induced'as a result=of
restraint of deformation of the structure, and (2) non-self-limiting
loads, which are applied loads such as-internal pressure and weight.
Membrane analysis is performed by considering all non-self-limiting
loads. Fatigue analysis 'is performed by considering both self-limiting and

and non-self-limiting loads.
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In order to analyze and validate a piping design in accordance with
the rules of Section III, it is necessary to perform several flexibility
analyses and to use the moments obtained from these analyses to determine:

a. Satisfaction of primary stress-intensity limit, Eq. (9).
b. Satisfaction of primary plus secondary stress-intensity

r ange, Eg. (10) .

c. Satisfaction of peak stress-intensity range, Eq. (11).
d. Simplified elastic-plastic discontinuity analysis:

expansion'tress, Eq. (12); range of primary-plus-secondary
membrane plus bending stress intensity, excluding thermal

bending and thermal expansion stresses, Eq. (13); and

alternating stress intensity, Eq. (14).

A piping system should be analyz'ed for the operating and design conditions
given in the Design Specification. In general, the calculation of loads will
indicate that only a few components require investigation using the Code Rules.
For example, specific locations in the piping system will have higher moment

loadings and higher temperature loadings (LT1, LT2, T , Tb) than others. For
a'hosecomponents having essentially the same loadings the stress indices for

one component will be controlling.

The compariative analysis, given herein follows the general procedure de-
'fined in Section III subsection NB-3652 of the ASME Boiler and Pressure Vessel

Code. The intent of the analysis g'iven herein is to provide evidence which
shows comparison of results between the NUCPIPE program and the ASME publica-

.tion Sam le Anal sis of a Pi in S stem Class 1 Nuclear (Ref. 1).
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NUCPIPE performs a stress evaluation using the results of the structural
analyses performed with the TMRSAP program. The stress evaluation is in
accordance with ASME Section III, Subsection NB-3650 and addresses (1) mem-

brane failure, and (2) fatigue or leak-type failure.

Two general types of loading are consider'ed:

(1) non-self-limiting loads (i.e. applied loads such as internal
pressure and weight) and

(2) self-limiting loads (i.e. loads induced as a result of
restraint of deformation of the structure).

Membrane stress evaluation considers all non-self-limiting loads.
Fatigue evaluation considers both self-limiting and non-self-limiting loads.

An optional capability of NUCPIPE p'ermits the combination of moment

loads corresponding to plant operating conditions for different thermal

transients. Thermal expansion moments may also be generated by interpolation
or extrapolation for additional thermal expansion conditions from a reference
set of input data.

NUCPIPE contains an option for simulating an NB-3200 stress analysis for
butt-welded components by allowing a direct input of thermal stress derived
from the thermal transient analyses .

s„ =
~2 , , «I'~,l + C3<,b ~5~,

1

s =
~2> K3 E~ )6T> (

+ K3c3 Egb (a 7 - ~b>b I
+1 1

This NB-3200 optional capability may result in a smaller range of thermal
stress since the algebraic sign of the thermal gradients is considered in
the solution of the stress-time history.
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4.0 THEORY

The program utilizes random access files for the storage of input
geometry and moments for the various load and operating conditions. As

each point is evaluated in accordance with NB-3650, the geometry and moments

for that point are retrieved from the random access files and a stress
evaluation is performed to satisfy:

l. Primary stress intensity limit (NB-3652, Eq. 9)

2. Primary plus secondary stress intensity range (NB-3653.1,Eq.lO)
3. Peak stress intensity range (NB-3653.2, Eq. 11)

If the primary plus secondary stress intensity range, Eq. 10, is not
satisfied, a simplified elastic-plastic discontinuity analysis per NB-3653.6

is performed. Following the stress evaluation for design and normal operating
conditions, a fatigue evaluation is carried out for all combinations of load
sets.

The program sets up matrices of equations during the calculation of
stress ranges for all load set combinations. For those load sets where Eq.

10, S >3S ', Equations (12) and (13) must be satisfied, and the value of S ,

Eq. 10,'s then used to calculate K in Equation (14) for the subsequent
e

fatigue analysis. The fatigue analysis is carried out by computing the usage

factor for each load set pair in descending order of magnitude of alternating
stress, Eq. 14, eliminating one of the load sets each time the process is
carried out. The process is continued until all the load sets have been

eliminated or until there is no further contribution of usage factors.
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A piping system contains an infinite number of points in space along

the segments of pipe and piping components. During the operation of the

system various transient conditions given iq the Design Specification, produce

an infinite number of time "points". The intent of the ASME Boiler and Pressure

Yessel Code for Piping Systems is that a sufficient number of these points in
space and time be analyzed so that it is reasonably obvious that all components

of the piping system conform to the Code requirements for design and analysis.

A piping system should be analyzed for the design and operating conditions
given in the Design Specification. Generally, the calculation of loads may

indicate that only a few components require analysis using the Code Rules.

Specific locations in the piping system will have higher moment loads and

higher thermal loads (aT1, DT2, T - T ) than others. For those components2' b
having essentially the same loadings, the stress indices for one component

will be controlling.

The sample stress anlaysis contqined herein follows the general procedure

defined in Section III, subsection NB-3652 of the ASME Boiler and Pressure

Yessel Code.

The procedure used by the NUCPIPE program employs the logic and rules of
the Code. The procedure of the Code should be understood before applying
the program to any piping components. Utilization of the-program which employs

the Code does not negate the need for competent engineering.
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Com arison of Anal tical and Published ASME Results

Analytical results obtained with the computer program discussed herein
d Ihlh I dhllhdl I Adhdd .A~IA

of a Pi in S stem Class 1 Nuclear.

The analytical results given herein were derived by the NUCPIPE computer

program which is in accor dance with the general procedure defined in Section
III, subsection NB-3650 of the ASME Boiler and Pressure Vessel Code.

Three components in the sample piping system described herein were used

for comparison;

1) GIRTH BUTT WELD, Location 14B

2) BUTT WELDING ELBOW, Location 27

3) BUTT WELDING TEE, Center at Location 10

The analytical results for the three components compare favorably with
the ASME published results and are summarized herein for Eq. (9) and Cumulative

Usage Factor as defined in subsection NB-3652, Section III of the ASME BPVC.

Node
Location ASME NUCPIPE

Equation (9)

ASME NUCP IPE

Cumulative
Usage Factor

14B

27

10

7195

16050

20825

7234

16041

21198, .3699

10

«0-'35256
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6.1 Benchmark Verification Problems

6.1.1 NUCPIPE Anal tical Results
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PNI!"I

EON' -"7234 e

mT RE.SB ~ALIJILTI(BI

FAN 9 (EVER ~ CONO ~ ) "- 7786 ~

2. 25.LBHl=- AKi.(L0.

~ *k***kkkkkk*kkkkkk*kkkkkkkkk**kk*kk*k'kk*kk*kkkkkk*kk*k***ak*kkk*k&k**k*kkkkk*kk

POSTULATED PIPE PRFAK EVALUAJIGh
~ PRIMARY PLUS SECONDARY STRESS INTENSITY

UBJBSLF

STRESS ALLO~rABLE
RES

(ALL CPNOI TIONS HFET ALLO> ABLE)

EQM
(SN)SET y(Su)

4 6.8.09.

*k***k**kk k k k 4 ***4k k k k k ***4k k + k**k*****k*4 ***kk*4 k*k*kk k k k*****k k'k*kk*t k*k'kk*k*
pO
I

~ kkkk**tkk**kkkkt****kk*k*k*kk**kkkkkk**i*k*****kk**k*kkkk+ k k*k*****kk*kk*k*k*kk

POINT S 4 FATIGUE EVALUATION

; ~ SET 5(SN) SALT
USAGE
FACTOR

'3 8 46800, 27225 '4481, 1,000 22205, 0.00000
~ge&WIOtllf%W

QL~ LLALLVE .ljSAGE EA C T.OB...O.~~(LQ o 0

~*k ******* k **'***k k****k **k****y(*k k ********k ***k *k *k *+ k *k **k **kk k**k k *kk k*****k k k

SET SP ALLO~FD USEFACTQR
J

8 ~llN9% . 22205. ... <0 ........ 9<999999..
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@a**a+>*a* ASI"E SECTIGN III NI.CLEAR POINTER PIPING PRG,",RA>+**@*a**A*

uE. SAAPJ,+ . ANA.~QCA.I.ION~0 f&B.>~9.> 2.7

POINT 27 CARD 27

***k k * k * k k***k 0 * k *k *k ***k 4 *k**k ******'kk*k 4 ***kk Trr 'k k *k****0k ****k k *k****0 **** 'k* k k

D~W~R kA BEND— — RUN 4 %Uk'NAX .D Vi I.!(r .DES JG N
-(IN) THICK ~ RADIUS EQ ~ 9 (IN) (IN) PRESSURE

( JN) ( I~~) (PS I ) (PSl)
aa 000—-—E,S00-—S~~~am 0 0 -0.'.000-.=0.000 —..ESSE

~ ( 9 0 0» 0 0 ) ( 0 0" 0" 0 )

'.~A4j. B.ML PWQPSR.>IF~-- E—~8- 3X.1.0%.6 CPS.I ) A.

ALPHA = 9 ~ 11X10 6 (IN/TN/OE(t. F)

kkk***+kkk*kk*kkk*kkk**kk**kk***ATI(*kk**k*'4kkkkkk*kkkkkk***ktk**kk*kkk*k**kk*+kk

01 R2
(RUN 8R )

2., Q.o M~3
I

MRF~LKO-
C i. C2

(fIUN BR)~1—2~
IXES-

C3 Ki K2 K3 C3*
(RUN eR)

-k , 0.0 .J.. OJ) . 1., Q.O . . 1. ~ Q.O 5.0

~WkA~* k 00:.k k.T(Eked% ~A~~k.~~ ~.+~~k~A k.k..k.k k kyar k.k~ k k k.*A.kP.k.k k*4k.* I(( k Ik W.W |rl.,k k k k k k.k

COND SH PRESSURE EXPECTED E ALPHA !)ELTn
—,—A.L'SCS 4l? SA0 —CYCLE.S—(F SA0 --IN/.IN- T I

XJC+6 Xlo»b

DELTA DELTA
.T.? T.3

—0-

2
156OO,
156oo,

15600,
15600,

7 15boo,
8 15600 '

lp . 15600,ii 15600,

3'5'9 0,
220n ~

2200
',

2200
'515

'200,

2200 '

Q.~E~
5 28 ' 9,11 0,

40 '8 ' 9ofi 140
?.B.~~ ~

100 28 ~ 3 9 ~ 1 1 1~<

100 28 ' 9 11 -1<>,ES~ 9. (
18300 28 3 ,9 11 0 ~

80 28.3 9.11 11.-= .k—
5O 28,3 9.'11 o,
50 28 ' 9 '1 0 ~

3,

0 ~

8 ~

0 ~

pw

0,
0 ~

0 ~

0 ~

O.
00

Q.~ 0.0

0 ~ 0 ~

3 ~ 0 ~

3. 6.~
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*a*******A ASHF SECTION I I I NUCLEAR POKER PIPING PROGRAM***a*a**a*

~OS+19.~

PO?NT 27

H

>E?GHT

CARD 27

FARTHQUAKE .

N T
FARlVQUAf<t=.

CE.Q..D ~R MQb'G.~3

Ni -366000. i1581600.

~3 10~800. 78300. 0 ~

CO|190

Hi "3163200'
-~2—- -."-293.4.ML

1<3 IS0400

EXPAND.OH.. AN.D APJCBQB
t~ 1 H2

10
11

0, 0 ~ 0,
3197000, »138~800 83~800 ~

0.. Jl, 0.
l329700 ~ 1817300 '925009

0, n, 0 ~

04721,011. =.L9240GGL &.01LRR0
4329700. 1017300 '92000,
<l673900 ~ 1982600 '065500

'WOOS0.0.-. 128.7600. 98 313'
2352700. -VO00700, 1090300.
6306700. -1633900. 891700,
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*AS, V SAMPLE AVAL. LOCATIONS 10.1~8 i9 27

BODIES—~7 —LM. 'l -!

EGA lbna l. E~N ~ 9 (El'ER ~ CONDo) "- 19373
'04-——Z~SKl. 3.>160

~ kkkkk*k*kk*kkkkk*kk*kkkkkk*k*kkkk*kk*k**kkk**kkk***k*kkk***kkkkkk***k****k**kkkk

POSTULA TEO PIPE BREAK EVALUAT ICh
PRIHARY Pl US SFCONQARY STRESS INTENSITY

~LLQ~F=2-e ~>~
STKFSS ALLO~ABLE——C Qk D—IN.TEW4 I-T4— 8 TRk %8—

(ALL CORO I LIONS l"EF T ALLObhi3LE)

k***kk***k**kk**k*k4*k krak k*k**kk*kkk*k*k*k**0k krak k*kP*k**kkkkkkk0**kk*kk k*kkk 0*

SET
-ElW 40

(Sbl) 3(SH)

—-~11 .—.——%=3 %64. —I—l&L—OO-

**kk**k4kkkkkk+k*kkkk**k**k*kk*k*k**kkkkk*kkkkk'kkkkkkk**kk*k+kkkkkkkk*kkkkk*kk*

PQIN T 27 F A TIGlJE EVALUATION

SFT 3 (SI) C;P

USAGE
SALT FACTOR

3 =e ~6800„ 33S88. 37"55o l.000 18728 ' F 00000
~ ~ ~ W H Ot H tO

~UKLLATLVE.USA~ACIQR . Q. Q,KQ.Q9

*kk **k k **k k k+ k **k k *k *k *k *k k ******g k *k k k *4 **k *k *k k k k **k *k k k *k **k k *k *k ***k + k k k 0 **

SALT Nl'FC YL ALI, O4ED VSEF ACTOR

3712+5
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**k~*kkxak ASHE SECTION TI t NL'CLEAR POWER PIPING PROGRA9***kk",kkk*

~.AHR~CA~ GCA-LLQI4S-l-ILL>Ke-19.~

POINT 9 CARO 9

F -~8 3XVL>~PSEUD.
ALPHA -" 9 1 1 X10 "6 (IN/IN/DEC F)

****k**k*kkkk****4*kk*kkkkk**kkk***kkW***k**k***ir*kkk*kk*kk*k*kkkk*k*kkkkkk***>

* ——— " 'B
( I V) THICK, RAOIUS EQ ~ 9. (IN) (IN) PRESSURE

(IN) ( IN) (PS I ) (PSI)
2JJA.~ ~0—0 0—1~(4~ M 605.0.—044.L 2AS5.

( 3- 0- 0- 0 0 ) ( 0 0- 0- 0-)

~A~mL capp~I.m

*k*k*****kk*k**k*k*k*kk**kkk*k+k*kk*kk*kk***kk***k*4***kkk**kk*k+***kkkkW*****>

~PFSS .LNDLCE~
81 , 82 Ci C2

(RUN QR ) (RUN~~Q9 . ~MO L~
C3 Ki K2 K3 C3k

BR) (RUb BR)
L Ml . M~ ....1..EQ .~~..53.......

CENO SH PRESSURE EXPECTED F. ALPHA OELTA
D ~ ~LES CRSJJ IE/~ TJ

Xip+b Xio-b

OELT>
L?

DEL1A
7

10

15bee.
15bpp.

&5k.
15600.
15600,

1 15600.
15600,

15600.
5 15bpP ~

3590,
2200

'200'
~

'5
Ap

100
100

26,3 F 11
28 ~ 3 9,1128~ 9~
28.3 9.11
'28,3 9aii
? B.D

0,
0 ~

0.

0 ~

0.
0

2200'200'0 26e3 9.11 0 ~

50 28.3 9 '1 0.

2200. 16300 28,3 9.11 O.
2515'0 28,3 9.11 0,~Q~M MMM Q.

0 ~

e.
0,
0»
9.~

0 ~

0 ~

0,
0 ~

0 ~ '0 ~

0 ~ 0 ~

a .tL

0, 0 ~

0, po
3!
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A*+AAA**+* ASHE SECTIPN III NGCLEAR PPHER PIPING PRPGRAH*A****A***
, ~~B~JLBE LLPALL1<4.148.yJ9.a.21—

POINT 9

M

ViE IGHT

1025200.
UL

"3 20400 '

EARTHQUAKE

83650O.

34800 '
~

0
0 ~

rOVP

gl T

fARTBQUAKE
<E.Q. EL..CHER CGH

H1 1673000
'Ai2='.—-- e SSEA 0.0.

H3 60600,

fAP.AHSlQN. AhiO .,ANC.HQR
H1, M2 H5

0
1 0 ~ .

'
0 ~ or

2 329sv00 2841404 92600.
.0,....—...0.~

4 -5689700. 4oppeon. Y38000.
5 0 ~ 0 ~ 0 ~

6 202 1.XO.O. 49.1.6.9.aa.......6.533.0{L.
7 568970n„ 4OOpapo ~ 738000,
8 -7038500. 494160n, 936900.

".b0.9.1200.~... 4285900 ....5.0CMO S.

10 "4644100» 3655500 '81500
'1-67353OO, 434610n, 694500.
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ASIDE SAHPLE ANAL. LOCATIONS 10'~By 19''27

EQW. 9 = a>O2,

ESS —'~V.ALLULTLQbl

EON' (EHER, COND,) " 9370
'B

LUQ

*4****4 A*W*A'A'*A****A'A**44 A'4 4 P*P %*AA'*A********ir**pk %*g***4***4*****Ps**A%*A'4**4A

POSTULATED PIPE eREA~ EVAhuATIGl
PRIHhRY PLUS SECONOARY STRESS INTENSITY

L

0
STRESS ALLOViABLE

.CLL%ll~~EbLSZ~—~XRESS—
(ALL CONDITIONS l"EET ALLO4ABLE)

*******4 ***A A A *A *****A **A O'' 4 **'*i** A A *A O' 4 k A'*A * fr P 4 *P A ** A *****A q 4 A A W **4 *4 *k *A **

SET (SH) 3(SH)

0 ****A'***0 O' W k*****+g**P**9r+*+P ***g*k4* 4 * 4 0 *A0*+******A**A *l******A'*A' 0 %* %*%*A*

POINT 9 FATIGUE EVALUATION

0 8

3(SH)

46800,

Shl

23 7 7il ~

SP KE
USAGE

SALT . FACTOR

3082e, 1,000 '71413, 0.00000
% W % <0 W N 0 A

L'LlLTZYF=llSALE FACJQR—. Q.~H
****A**A****A+'P*AA*A****%**4***QAWA*k****4*4'A4A'A*4****AAAAAW****%*A**A*A'4+++4*+

SET SP SALT t4ll'CYL ALLAYED USEFACTOR~J3 ~ l . —.—.II

~ I ~ '



i
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*kkk****kk,ASHE SECTIQN I I I Nt'CLEAR PQ>ER PIPING PRQGRAI'kkkk*kk~**

POINT 10 CARD 10

S16 6 EISNNaA ~((bil B((N2 M6X.. SBIh.. J)ES.IDB
( IN) THICK ~ RADIUS FQ ~ 9 (IN) PRESSURE

(IS) (IN) (PSI ) (PSI)
(SS((a. 0 am l(.W.SO ~((O

(io- o- 0- o- o«) ( 0 0 0 0 7

L aaaa
ALPHA «" 9 11X10 6 (Ih/It'/PEG F)

**k*kk*k***kk**kk**k**'*kkk**y*k**kkk*****k*kkk*kk***k***kk*kk*k**k***k*kk*k**kk

Ki

*k*ok**k*k*k***7((kk***kkkkk**k*kk*kk**kkkkkkkk*kkk***kkk****kkkkk**kkkk*k***kkk*
a

..E.SS (NI1LCES
Bi 8? C 1 C2 C3 K2 '3 C3*

(RUN BR) (PUN BR) (RUt BR)
7.aS0 —~~~DJL ~~~~M~ Ml ~a.ek0 l.. 0& l. Xi.0~,.0.il,... a 0 0...

k k k M+ M+Mkk~~~~( ~g~ 4 ~5 ~+k~k+7(( 4~~~~k k ~ +7((~ k kg k k 0( 7(( k +g g ~kk k k k k **k k *k *k

COND PRESSURE
p$

EXPECTED~aaaa— E ALPHA DELTA DELTA DELTA
(laS~N/(N 7+ ~T ~3
Xiot6 Xio«6

10
11

15600
'5600,

1560O.
15600.~~H
15600,
15600

'56

156on.
1560o,

n

3590
'200

'2'0

0 ~

0 ~

2200.
2515

'200.

2200

'00100
8

18300
80

e
50
50

28,3
28,3

28 ~ 3
28 '
28 ~ 3
28,3
2J.. 3

28 '
28,3

9.1< O. O. 0,
16, 6, 516,
L6 ~ '/6

0,(l (6, 6, 576,
9N 11 - "16m «6 ~ 716 ~0~(a~~0SSa
9.11 31, «12 '052 ~li 20, 19 774

'2,0.6....."..4
" .. 77

9.11 0, 00 00
9611, 00 0 ~ 0,
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****a**map ASh)E SECTION I I I. NL'Cl EAR POWER PIPING PRQGRAH+ c*++>*>**

L ~?ML L.

POINT 10

J 0 ? $JLB.y ]3.p ? 7

CARD 10

„H 0 H f
WEIGHT EARTHQUAKE~.Q.„—9.~

N S

EARTHQUAKE
.(?0 ...9 5I?Bl.~CI?NO 3—

Hi 17500. '7100 ~ 0 ~ Hi ff!3200 ~

—? 2— 2660.0 LW-?50.0 ——0 ~————Ni?———-2D2260-0
H3 287000. 74bpo. 0. h~3 149200.

EXPANS~.iw .Ag.P A?SCAM
COND H 1

1 0» 0»
2 251700. 2<5?Qn» .-11120Q,

n,...
4 337200. 323bpn» -223320n,
5 n, 0, 0,
6 30.?.600...351Rgl 2299000.
7 3372ao. 3236ao. -?233200.
8 348?pn, 3587QQ, 2838800,
9~05700., &2670JL .292?000~

10 4nebpp, 1587700. -2139900.
ii 2b5800 ~ 940500 '3?6500 '

~ ~ N
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ASh3E SAMPLE ANAL LQCATIOhJS } 0 g 148 p 19 ''27

EGIN

EghJ ~ 9~I ill= 2}'l98 ~ FQhJ, 9 (Eh3ER ~ COhlO ~ ) "- 28166 ~

'UU '5.&I&It

~~~MA>~~%.k.~A.A.*.A.AA.A.Ak k~>SA.M+ + + +*A> +

EQY, 10
( 53l3

EQhJ ~

LSD)
FQhJo

u
3 8

8
3 6

6

0 6
b

5
0 7
3—ll—
5 ll

3 10
5 10

3 7
7

0
0 9
1 7

3 9

65530 '6800 ' 39503 311128&55'5 3 9S(L3 ———.3.l.3.38 ~

653}98 06800. 39876. .88973.
653)9 ~ 46800 '9276 '8973

'&

61857, 46800e 39276 '87}5~

S602S. 46800 '9276 'r? 883 ~

~68.aa. ~}5.36.. W.t0..15.
50,30 1. 46800 '3153o ~ 28715

'4117'6800+ 31536 28715
'A.Qual&~ g 6.6.M. ~M.on...,. '

2.6.4.5.Z.

s4on6. 4680.0 3470a 28457
53487 '6800. 3398l3 ~ 27794

'.63M095a.~„..... Wo!>86 .

S}494, 46800. 32191. 28457,
5}494. 468no. 32}918 28457 ~

5&8838 . '6800 .-—.——3.036 83 8.%52. 8

50655, . ll6800, 3 1536, 28457
'0655,

' 46800, 31536 '84S7 ~

——068,0.0 . 387.0Q
09839, 96800 ~ 3398" ,tt 23546

'8285'68no. 31536 '2883e
(J QMQQ ~ 83.&LL MR 399.
45776 '6800 '
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AS'1+ SAHVLF A~AL, LOCA T? GNS 10 148 19 i 27

~..RM>'L ~TLGLF . E.M.ALMA.LZQN

USAGE
~E .. SALl W4LDB

3 8 46800 ~ 65530 ' „'?9878 ~ 2,334 }50~05, ~ 108'99 *
!!I ' * . -—,--~5 =! !! ..L!.!I-——

5 6 46800 '53}9, W-9469, 2 ']9 138526 ~ ~ 12658
0 6 46800 '1857e 113796 ' '72 137917 ~ ~ 00627 *
~9 L684Ak ——'BMi7- —.lXLKMA.,—1 074 .... 7..7..6~ . ~ .C 0 1 55

2 9 4680< 36761 60904 ~ 1 ~ 000 30452 ~
'0011

1 1 46800 ~ 35903 57836 I 1 ~'000 2891' o 00007
.! —I. —----. !. —,....I!

~0 ~ IPP w 'IO ot % %

~ 35256<U"ELATIVE USAGE FACTOR

'e ** **
~

* *** ** * **~~***~+*~****+****+***<A*A*****A**+A 0 %*4*AD$4**A***k*frPP 44—>>F.T

8 128878. }50405,
fL iRE 81.K

5 6 1 }«i69, 138526.
0 6 113796, 117917 '

> ~05~>L4 'L7.8~
? 9 609na., 30452.
9 1'1 57836. ; 289}8 ~

P

60
5
5.

ll 0
35

3~/ ,}08992E>00
. }.naS.S2Vt,.OQ

47m ,}26582Et00
797 ,627353F-02

3 225....1.5 5939K "..0.?

376486 ~ }06246} ~03
5o8}88 .688721F.-OO

999999.9.9...





-127-

k*»**k*k AGEE SECT I()N I I I ML'CLEAR P(3NER P IP IM('RO( RAHk kkk*kk k**

—AQ-".i' RANRI-FANAL -h CCh-T-WIi49-ID.~IAIDO-19iF-I—

POIt. T f 1 CARD. 11

~kkk*kkkk*kkkkkk*kkkkkkkkk*kkkkkkkkkk*kkk*kkkkkkk*kk*k**kkkkk*k*kk*kkkkkkkkkkkkk

QhAANF IF~LI.-=~Fhl0-.———ShL—MAIN1 —.RIINP—.....Qi1AX-...... DNIN .J)t 03CN
( IN) 7H ICY ~ RADIUS EQ ~ 9 (IN) (IN) PPESSURF.

( I N ) ( IN) (P S I ) (PSI)
~.ap.p. a So.o .—.w 0—fSenO — 0.--.—.. 0. ---O.-OOO----,O..OOe... 2485,

y ( 3- 0" 0" 0" 0-) ( 0. 0 0 0 )

H ~ATP0 Lhl=-PRQPF R-T-I FS: —-——E——.Ze.r3~ yb—(P-S-I-]
Al PHP. " 9, 1 f X 1 0 6 (I"/IN/DEl F)

~k*kt ***k* k k*+k*k*k+ k*kk k***kk**k*k****k****k k k k k*k*k*kk*13 k k*kkk**k* k k**k 'k +k*kk k

Kf

kkP k k>k k k kkkk~k~~kkWk~k k k kkkk~+33ckk kk kP*Akkk*kk*k*4 k k**kk k*kk kkk kk k k3hl kk

SH PRESSURE EXPECTED E ALPHA DELTA DELTA DELTA
(~SL)——(-~ )—-~BLEB . 4ES.L) LklI.h . 1'1 .... 7.2... J.3..

XfO+S Xfp-b
1

ISQQQ. 3090. 3 30.3 9,11 0. 0. 0,
15bOO ~ . 2200'0 '28 3 F 11 0, 0 ~ 00

'JS6, ~ . =—~-,-LI. - . —. 0

15600 ~ 2200 '00 28,3 9.11 0, 0, 0,
5 15600 ~ 0 ~ fOO 28 ' 9.ff 0 ~ 0 ~ 0———."—-—-LRAQJ1 3300.,———.111304—.—..-—-FB.,Z. 9 hl 0. 0, „0.
I 19000. 2200. 10300 20.3 9,11 0. 0. 0,
e 15bpn, 2515. 8p 28.3 9.11 00 0,
9 fgbp ~00 80 "R g...9. f 1,,...0,..., ....0....... 0,

~ 10 f5600. 2200, 50 28.3 9.11 r. n. 0ll 15bop, 2200, Sp 28,3 9.11 o. n. 0,

S-'t'R.F.-SS —J.NO-I ('-F S-
91 B2 C1 CZ C3 KZ K3 C3*

(RUN 'R) (RUN BR) BR)
„SO .. <..On . f 10— .f-.~p— . f-..-LO —<..20--—<.(-'.( ... .... f „70.......- ~ 50...-...

0
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*w<******~ ASHE SECTION III NUCLEAR PO"ER PIPING PROGRAH*++*+*****

h ~3: ~gBP~~NAL ~Qr~IQg~.„t uE,~~.27

PO?NT lj. CARD 11

>EIGHT

Hl f007700 '
"3 3073OO„

EARTHQUAKE.
F&.~3 LCQtEll~

«893600 0 ~

"109400. 0 ~

N 8
EARTHQUAKE

.,I'.E.Q.~9 ..E.HER .CQND.a.l.

"1787200,
. 1,4.7 (LO.Q.Q ~

-218800.

COND

0
1

2

10
11

.F.i(P,Ahh.I,QN. AND,ANCHQR
Hi H2 H3

0 0

0, 0, 0,
3044000. -3086~00. 18>00.0,...., .Q~ {I

5352SOO. -43244OQ. 149520n,
0, n. 0 ~

66.9 Q.a Q.O ~ .-.5 2.7. «7 0 a. 19 3.9 XO.O.
5352500. «432440n, 1495200,
6654300. -530020O, 1901800.
5745u Q.Q, ... tlbi2600. J..h 1.7,.9.0.0..
4235'500 ~ 5243200'358400

'469500,-3405600, 1632000.
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~ AS E SAMPLE hhhL LCrhrIO»S 10,1'>t3 19 27

.Rt) IaX 11 ~.R FS5 .. E,>.A LU.<.T4.0>

FQN. 9 = 8bOR'. EQI"' 9 (E>ER ~ C040<) 9995 '
E-. 25.($ ~>0 .55.10.0

'.M~AMc.k.~k.%dc.k.~k.k.kM~kk.~k.k k.k. kLk&k.k.k.4~k.kk k kW**,kk k.k k,k.k.k.k.~k *.k.*.kk k 'k 8.P.+ k A.< k.

)0
0 8

EAN. 10

23855

'4983.
qb600.

kkkkkkkk+kkkkkkkkkkkk*k*kk**kkkk*k*kkkkkkkkkkkkkkkkkkkkkkkxkkkkkkkkk*kkk*kkk*kk

POINT 11 FAT IGUE EIALUATICN

,uSAGE
SALT FACTORSET 3(SP) SP KE

E

.0 8 <I. 68%6.~. R3.8 59~ 349.7,l.~. L+.0,0.0..- —.f
$

SN

o.aoono.........
~err le'Islo&ttw

0,00O00

171.f 65

CV~4LATIvE USAGE FACTOR

kk kk k k k k*k**kk*k

00LX———HLf'LYl = .ALLQHEO...,-USEF0LZGE..

*****0k**kk*kk***k***kk k k*kkk k**k*kk*kk k k*kkk kk k**k***kk+ k 0 k k*k

0 8 3~971 17085. 5 99999999 0
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It is not the intent of this document to provide verification of the
NUCPIPE program in an absolute sense but rather to provide evidence that the

logic and numerical procedure used in the program is in accordance with the
design and analysis rules defined in SECTION III, subsection NB-3652, of the
ASME Boiler and Pressure Vessel Code.

One basic difference exists in the procedure used by the NUCPIPE program

and the ASME published analysis. In the fatigue evaluation for the calculation
of cumulative usage factor, the NUCPIPE program keys on alternating stress, S ,

a'n

descending order of magnitude in determining the usage factors for each

load set pair. The ASME published procedure (Ref. 1, page 25-26, Table 624.3)
keys on peak stress intensity range, S , in calculating the usage factors.

P
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Re uest l

Bo-22C)
Lb 5-l2+
WG(ol50ak08

Please provide a tabulation of the re-analysis run comparing
the original stresses, with the new calculated stresses for
the high stress points, anchor: points and points where the
stresses. increased.

~Res onse

Table l, attached, compares, the original and new stresses for
the high stress areas, anchor points and points where the
stress has increased for the seven piping systems which were
re-analyzed.

Re uest 2

Verify that the modeling of the seven re-analyzed piping
systems accurately reflect the as-, built,conditions.

~Res onse

Niagara Mohawk has verified',that the modeling accurately
depicted the as-built condition of the plant, including
the location of the. restraints in the systems.

Re uest 3

Indicate .if there will be an effect on the. testing and
inspection performed under I..E. Bulletin 79-02, as a result
of the recalculation of seismic stresses.
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Res onse to Re uest 3

The re-analysis has resulted in stress increases at ten
restraints. These restraints have been re-analyzed with
the increased loads and found to be within original code
allowable design limits. The primary piping and supports
were originally designed to the ASA B31.1 Code for
Pressure Piping 1955, as indicated. on Pages V-3 through V-5
of Table V-1 and Page V-17-in Section V.C of the Nine Mile
Point Unit. 1 Final Safety Analysis Report. Since the
restraints where loads have increased are not supported by
concrete anchor bolts, the re-analysis has no effect on
the testing and inspection performed under I. E. Bulletin
79-02.

Re uest 4

What effect does our response to I. E. Bulletin 79-04 dealing
with Velan valves have on our pipe stress re-analysis. Were
valves nozzles and equipment interfaces modeled as rigid or
flexible components.

~Res onse

Our response to I. E. Bulletin 79-04 was that, there are
none of the valves in question installed in seismic
Category I piping systems at Nine Mile Point Unit l.. There-
fore, we do .not have the problem, described in the Bulletin
of using incorrect valve weights in our pipe stress analyses.

Valves were modeled as lumped concentrated weights, stiffer
than the pipe they are in, but not as an infinitely rigid
piece of pipe. Nozzles'and equipment are modeled as infinitelyrigid components, which is standard practice.
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Re uest 5

What affect does the increased stress levels have on our
pipe break analysis.

~Res onse

The relatively minor increased stress levels at certain points
in the re-analyzed lines has no affect on our pipe break
analysis. Our analysis (see the Response to Question 10 of
Amendment No. 1 to the Technical Supplement to Petition for
Conversion from Provisional Operating License to, Full-Term
Operating License) assumed .that .any of the high energy lines
can break anywhere inside the primary containment. If a
line break did occur, because of redundancy and separation,
the engineered safeguard systems would still perform their
intended functions.

Re uest 6

Provide information concerning the verification of the TMRSAP
code used for the analysis of the reroute of the cleanup
system-piping.

~Res onse

Enclosed please find the code verification- information for TMRSAP.
This information includes a listing of the portion of TMRSAP
which performs the response spectrum. analysis sample problem
and a sample output.

Your sample problems can be .run on TMRSAP within two to three
weeks of receipt of the problem from members of your staff.
TMRSAP code analyzes each of three orthogonal earthquake com-
ponents,(two horizontal and one vertical) independently. For
each mode the co-directional forces resulting from each or-
thogonal earthquake component, are combined by absolute summation
after which the modal values are combined by. the Square Root
of the„sum of the squares method.
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Re uest 7

Was a standard version of ADLPIPE used to do the re-analyses
or was it a version modified in any way? Also, how does the
code combine the-earthquake components?

~Res onse

The most, recent re-analysis of piping systems used the standard
version of ADLPIPE dated July 1975. ADLPIPE is a proprietary
code which was used on the CDC Cybernet computer. system and is
not available for the user to„modify.

ADLPIPE analyzes each of three orthogonal earthquake, components
(two horizontal and one vertical) independently. .The modal
responses are combined by the Square Root.,of the.sum of the
squares mothod to obtain the representative maximum value of
forces in the x, y and z direction for each orthogonal earth-
quake component. The independent. spatial components for each
of the earthquake motions are then combined by the Square Root
of the sum of the squares method to produce the resultant forces
used for stress analysis calculations.





TABLE 1

v4

I

NODE

SYSTEM
NAME

ISO
NO.

LINE
SIZE

ORIGINAL
TOTAL
~PS I

ORIGINAL
SEISMIC
~PSI

NEW

TOTAL
~PS I

NEW

SEISMIC
~PS I ALLOWABLE

MODEL 1-SHUTDOWN COOLING SUCTION

20(Branch) Reactor Recirculation
System

C-26874-C
Sheet 2

14" 12433 7674 13628 9267 19080

160, Shutdown Cooling Suction 14" 13043 6419 12652 6028

200

255(Anchor)

14"

] 4II

9220

7499

4063 9424

7499

4335

MODEL 2-SHUTDOWN COOLING DISCHARGE

50

0 88

(Branch) Reactor Recircul ation C-19711-C
System Sheet 3

Shutdown Cooling Discharge

14"

14"

13920

19354

4775

7957

13822

18716

4644

7319

16200

19080





NODE

SYSTEM
NAME

ISO
NO.

LINE
SIZE

TABLE 1 (CONTINUED)

ORIGINAL
TOTAL
PEPSI ORIGINAL

SEISMIC
~PSI

NEW

TOTAL
PEPSI NEW

SEISMIC
~PS I ALLOWABLE

MODEL 2-SHUTDOWN COOLING DISCHARGE
(CONTINUED)

60

61

62

64

80

down Cool in Dischar e C-19711-CShut g g
Sheet 3

14"

I4ll

14"

14"

14"

19573

16088

15709

13470

11545

7698

5906

5249

4623

4400

18939

15489

15135

12934

11544

7064

5307

4675

4087

4399

19080

MODEL 2-EMERGENCY .CONDENSER RETURN

7(Branch) Reactor Recirculation
System

C-19710-C
Sheet 3

10" 15124 5709 15520 6105 17280

106

108

118

142

Emergency Cooling Return 10
II

10"

10"

10"

15894

16370

12484

12371

7590

7640

5143

5266

16375

16280

13252

12308

8231

7520

6167

5182
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TABLE 1 (CONTINUED)

NODE

SYSTEM
NAME

ISO
NO.

LINE
SIZE

ORIGINAL
TOTAL
PEPSI ORIGINAL

SEISMIC
~PS I

NEW

TOTAL
PEPSI NEW

SEISMIC
PEPSI

- ALLOWABLE

MODEL 3-EMERGENCY CONDENSER RETURN, REACTOR WATER CLEAN UP SUCTION AND REACTOR DRAIN

1(Anchor) Reactor Recirc.
System

27

47

53

59(Anchor)

87 Emergency Condenser

91

93

SS

C-26843-C
Sheet 3

2 8ll

28ll

28 II

28 II

28 II

10"

10"

10 II

10"

8829

11452

8215

7313

9055

6769

8948

7115

7643

628

3130

560

114

431

1192

3289

1050

1322

9374

10244

8220

7321

9371

7080

8517

7383

7683

1355

1520

565

122

853

1503

2715

1318

1362

19080

135

139

146

154(Anchor)

r

Reactor Clean Up System 6 I I

6"

6"

6"

5672

13165

5809

10764

1006

7717

1069

629

5746

10462

5900

10773

1080

4113

1160

641

173 Reactor Drain

178

180

2 I I

2
II

2 II

18259

6589

5903

11969

3091

2539

12172

7370

6776

5882

3872

3412
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TABLE 1 (CONTINUED)

NODE

SYSTEM
NAME

ISO
NO.

LINE
SIZE

ORIGINAL
TOTAL
PEPSI ORIGINAL

SEISMIC
PEPSI NEW

TOTAL
~PS I

NEW

SEISMIC
PEPSI

ALLOWABLE

MODEL 3-EMERGENCY CONDENSER RETURN, REACTOR WATER CLEAN UP SUCTION AND REACTOR DRAIN
(CONTINUED)

182

184

Reactor Drain C-26843-C
Sheet 3

2 II

2 II

4512

4705

1229

1378

5099

4813

1816

1486

19080

MODEL 5-REACTOR FEEDWATER SYSTEM

5(Anchor) Reactor Feedwater System C-18117-C
C-18118-C
C-18119-C

10

45

100

105

170(Anchor)

200

230

240(Anchor)

18"

18"

18"

1 8ll

] 8ll

] 8ll

18"

18"

] 8ll

9339

9544

9819

13963

6359

10984

11637

10334

10629

1295

1857

1335

1028

963

1302

923

1100

1128

9862

10328

10545

13943

6652

11171

12773

11121

11063

1818

2903

2061

1008

1256

1489

2059

2150

1562

18000
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TABLE 1 (CONTINUED)

NODE

SYSTEM
NAME

ISO
NO.

LINE
SIZE

ORIGINAL
TOTAL

~PS I

ORIGINAL
SEISMIC
~PSI

II

NEW

TOTAL
PEPSI NEW

SEISMIC
PEPSI

ALLOWABLE

MODEL 6-CONTROL ROD DRIVE SYSTEM

1(Anchor) Control Rod Drive

20

85

100

105

120(Anchor)

C-26849-C 3 I I

3 I I

3 I I

3 II

3
I I

3
II

5700

12674

7671

12134

18134

9502

1643

4000

4286

2215

4949

2657

5637

11858

7442

11757

17436

9130

1559

3184

3981

1712

4251

2285

21840
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thin shell elements along the thirty-nine degree meridian. The curves

drawn in Fig. 10 are plots of moridian (4) and circumferential (9)

direction surface stresses predicted by the SAP program at the element

centroids.

The solution of this problem is given in the text by Timoshenko [ 27],

where the stress distribution of Fig. 10 may be found for comparison.

It should be noted that program SAP calculates membrane. stresses (force
1

per unit area) and bending resultants (moment per unit length) from

which the surface stresses in the figure have been
evaluated.'.

Frequency and Mode Shape Analysis of plane Frame

The lowest three frequencies and corresponding mode shapes of the

plane frame shown in Fig. 11 are calculated. The results can be

compared with the solutions published in references [4] [53. Note that

depending on the high speed storage available either a determinant

search or a subspace iteration solution may be performed. The three

lowest vibration periods of'he frame are given in Table 6.

4. Response Spectrum Analysis of Pipe Network

A response spectrum .analysis of the pipe assemblage shown in Fig. 12

is carried out. This is example 1 in the User's Manual for the PIPDYN

computer. program [36). Good correspondence between the SAP and PIPDYN

solutions is obtained. Table 7 compares local z-direction member end

moments calculated by the two programs. In the analysis the lowest

five modes are considered. Both, horizontal and vertical (proportional)

spectra are simultaneously specified.





TABLE 7 COhlPQRISON OF htOMENT PREDICTIONS

(SAP ANALYSIS OF PIPDYN EXAMPLE 1)

ELEAN T

NUhSER
SAP PI PDYN

h10hIENT hIZ (Kip 1n) IN ELEhENT LOCAL
COORDINATES (at element ends 1, see
Ref. 29 p . 54)

1
2
3
4
5
6
7
8
9

10
11
12
13

376.9
30.67

152.9
100.6

83, 27
46.17

1.081
21.59

7.052
7.537

160.3
78.07
26.08

377.0
30.68

152.9
100.6
83.27
46,19

1.082
21.81

7.038
7.571

160.4
78.09
25.80
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FIGURE l2: SAP MODEL OF PIPDYN EXAMPLE 1,

RESPONSE SPECTRUM ANALYSIS
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THRPIPE, ANALYSIS EX ~ 1 PIPOYN~ "A"UAL EIGENVALUE KXTRACTIQN

QP

BA

SH

ANCHOR

RESTRAINT

INERTIA

ANCHOR

RESTRAINT

JUNCTION

ANCHOR

RESTRAINT

ANCHOR

RESTRAINT

SECTION

RUN

SECTION

PIPE

RUN

SECTION

PIPE

RUN

SECTION

PIPE

RUN

SECTION

0

10

10

14

28

28.

0 0

28 42

28 3

4

0 0

8
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0
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Q;0000
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0,0000
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o,oooo
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7000,0000

0,0000

Q,oooo
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OVERLAY (SSAP s 1 l s 0)
PROGRAM DYNSPE

DYNAMIC SPECTRU+ ANALYSIS

CALL RESPEC

RETURN
END
SUBROUTINE RFSPEC

COMMON /SOL/ NBLOCK<NEOB LLiNF
COMMON /JUNK/ XXX(A)iNDYN,JUK(200)
COHHON /ELPAR/ NPAR(14)pNUHNPiHBANDiNELTYPiNliN2iN3tNOiN5eHTOT<NE
COMMON /EXTRA/ MODES NTB
DIHENS ION T (a)
COMHON A(i)
LEVEL 2iA

NRI TE (6e i 010)

OVL15
DYNSPE
DYNSPE
DYNSPE
DYNSPE
DYNSPE
DYNSPE
DYNSPE
DYNSPE
RESPEC
RFSPEC
RESPEC
RESPEC
RESPEC
RESPEC
RFSPEC
RFSPEC
RESPEC
RESPEC
RFSPEC
RESPEC
RESPEC

2
.2

3

5
6

7

9
2
3

5
6
7

~ 8

10
11
12
13
14



L
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10

0



XXX(I{)-"0.
CALL SECOND fT(1))
IF (HODEX,EQ. 1) GO TO 100
N?"-Ni t 6ANUHNP
CALL EMIDR (A (Ni ) g A (N2) g NUMNP I NEQB)

100

C

C

C

200

10

C

1000 FORHAT (27HiR. H. S, T I H E L C G i /
1 SX/37HCONPUTE NAXIHUH NODAL DISPLACEHENTS
2 Sxr37HOUTPUT NAXINUH NODAL DISPLACEHENTS
3 SX 37HCONPUTE ELEMENT STRESSES I

Sxi37HTOTAL FOR SPECTRUM ANALYSIS
1010 FORMAT (1Hls//34H R E S P 0 N S E S P E C T

15HA N A L Y S I Si // 1X)
END
SUBROUTINE ENID" (ID i MASS, NUHNP ] NEGB)
DIMENSIO" ID(NUHNPib) iPASS(NEQB)
LEVEL 2, ID,NASS

RENIND 3
REBIND 8
READ (8) ID

FB ~ 2 /
F8.2 /
F8.2 //
F8 ' )
R U Hg 3Xg

N2-"NitNEQB~NF
N3=N2tNF~3
N4"-N3tNEQB
NS=NQtNF
N6=N5tNEQB
N7=NbtNF
NH=N7~MTOT
IF (MN.GT,O) CALL ERROR (H")

SpECTR (A(N1)g A(N2)eA(N3).A(N").4(NS)iNEQBiNF~NBLOC"<""6

MODE SHAPE NG IS R.H.S. DISPLACEHEl'T

CA( L SECOND (T(2))
IF (HODEX.EQ.i) GO TO 200
N2=N1 t 6~NUNNP
NG=NFti
N3"N2tbANG
N4-"N3tNEQB4NG
NH=Nq-HTOT
IF (MH.GT,O) CALL ERROR (HH)
MT=2
CALL PRINTO(A(N1) 4(N2) 4(N3)eNEQB NUHNP NGpNBLOCK NEQ NT 3)

COMPUTE STRESSES

CALL SECOND(T(3))
NSB=NBLOCK+NEQB
N2-"Nit12>NF
N3=N2tNSB~NF
N4"-N3t12
MH=NEI~MTOT
IF (NH.GT,O) CALL ERRROlt(l"H)

CALL STRESR (A(N1) A(N2) A(N3)<NF(h'SB NKQB NBLOCK)
CALL SECOND (T(4))

TT=0.
DO 10 I=1,3-
T(I)=T(Iti)-T(I)
TT=TTtT(I)
T(O)=TT
HRITE (br 1000) (T(I) e I» i. t 4)
RETURN

RESPEC
RESPEC
RESPEC
RESPEC
RESPEC
RESPEC
REspEC
RESPFC
RESPEC
RESPKC
RESPKC
RESPKC
RESPKC
RESPFC
RESPEC
RESPKC
RESPEC
RFSPKC
RESPEC
RESPEC
RESPEC
RESPEC
RES< KC
RESPEC
RESPEC
RESPEC
RESPEC
RESPKC
RESPEC
REspKc
RESPEC
RESPEC
RESPEC
RESPEC
RESPEC
RKSPEC
RESPEC
RESPEC
RESPEC
RESPKC
RFSPEC
RESPEC
RESPEC
RESPFC
RESPKC
RESPEC
RESPKC
RESPEC
RESPEC
RFSPKC
RESPEC
RESPEC
RESPEC
RESPEC
RESPEC
RESPEC
RKsPEc
RESPKC
RESPEC
EHIDR
EHIDR
EHIDR
EMIDR
EHIDR
EMIDR
EMIDR

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

35
36
37
38
39
00

4I2
IJ3
4$
e5
ob
P7
08
A9
50

53
S4
55
Sb
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

2
3

5
6
7
8
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90
100
200

300
310

C

c
c

L=. 1

Do 200 N™liNUHNP
DO 100 I=i.6
IF(ID(NiI) «LF. 0? GQ TQ 100
If(L.LE,NEQB) GQ TO 75
WRITE (3) HASS
L-"1
MASS(L)"0
If (I«gT«3) GQ TQ 90
HASS(L)-I
L-"L41
CONTINUE
CONTINUE
IF (L,GT.NEQR) GQ TO 310
DO 300 I.LFNEQB
MASS(I)-0
WRITE (3) MASS

RETURN
ENO
SUBROUTINE SPECTR (F,PX XH " "ASS NEQB NF NBLQCK
COHHON /EXTRAS H09EXFNT8
DIMENSION PX(Nfg3),F(NEQB,NF)iXH(NEGS),H(NF)AMASS(NEQB)
LE~EL 2I f /PX ~ XHe, WFHASS 2 TM
DIMENSION DIRN(3)

COMPUTES MODAL ANO R ~ H.S ~ OISPL RESPONSE TO EARTHQUAKE

c
c
c
270

COMPUTE "ODAL AHPLITUOES ( IN N) FRQH SPfCTRUH AND PX

READ (K I g 1000) DIRN, INO
'HRI TE (62 200n nm<.

K I-"12
IF (HQDEx«EQ.1) GQ TQ 270
TPI=6,2831853
DO 100 I= 1 «NF
DO 100, J 123

100 PX(I«Ji=o,
c

FQRM MQDAL PARTICIPATION FACTORS PX(IR IORN)
2 - 1«RN=1 2 (3,, FGRM t Y IIt 0IR~NARIRRUAKR 7
C

REWIND 9
REWIND 3
OQ 200 N"-..1RNRLQCK
BACKSPACE
READ (7? F
BACKSPACE 7
READ (3) MASS
READ (9)

c
DO 250 I"-1 EQ
J"MASS(I)
IF (J.LE.O) GO TQ 250

po0 200 L=i2&=
2gohPX(LF J)-PX(L«J)ff (IFL)AXH(I)

50 IONTINUE————-
200 CONTINUE

dEAD FREQUENCI'ES h OFF TAPE 7-

BACKSPACE 7
READ (7) 'h

REWIND 2
WRITE (2) V

EHIDR
EMIDR
EMIOR
EMIOR
EMIoR
EHIDR
EHIDR
Et IOR
EMInR
EHIoR
EMIOR
EMIOR
EHIOR
EMIOR
EHIoR
EHIoR
EMIDR
EHI,DR
EMIDR
EHIOR
sPEcTR
spECTR
SPECTR
sPEcTR
SPECTR
spEcTR
sPEcTR .

SPECTR
spacTR
spEcTR
SPEcTR
spEcTR
SPECTR
sPFcTR
SPEcTR
spEcTR
SPEcTR
SPECTR
sPEcTR
SPECTR
spEcTR
spEcTR
Sr ECTR
SPECTR
spEcTR
SPECTR
spEcTR
sPEcTR
SPECTR
SPEcTR
sPECTR
SPECTR
SPECTR
spEcTR
SPECTR
SPECTR
SPECTR
sPEcTR
SPECTR
sPEcTR
spgcTR
SPECTR
SPECTR
SPECTR
SPECTR
SPECTR

9
10
>1
12
13

15
16
17
18
19
20
21
22
23

25
26
27
28

2
3

5
6
7
8
9

10

12
13
14
15
$ 6
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
3P
35
36
37
38

ao

Q2
03

n5
46
07
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WRITE (6 t 2010), INDIf (MODEX.EG.i) W(i)=SD(i)
IF (HODEX EG. 1) RETURN
WRITE (6t2Q20)

(DQ 280 I"ltNF
280 {){RITE (6 F 2040) I 0 (PX(I J)

Da 300 I=).NF
NN=TPI ik(I)
NR=O.

(DD 200 E= 3~
290 HR"-~R t ABS(PX(IPK))4{)IRN(K)

WR"WR*SD(WW)
IF (IND ~ EQ ~ 1) WR-WR/(W(I)xW(I) )

3oo (I)"-wR
CC, WRITE MQDA~DISPLS F AND R.M,S Q{)l TAPF 2~

REWIND 7 0
(v'EAD

(7)
0 350 {I)"itNBLOCK

READ (7) F
D 310 J"-.1 'NF~

ANP=~(J. ~O {,/~0 31Q I"-1t(QEQH> P
31, F (IF J) =F (I 0 J )>YNP

C Y
0 320 I"-itNFGB 4

NN=O. A,d +~)(
(DO 33Q J= it NF 0

350 WRITE (2) F t XH-

RETURN
1000 FORMAT (3F10.Q IS)
2000 FORMAT (20H DIRECTION FACTORS /

1 iQX,3HX "-Fio.O,OX 3HY = Fi0 0 4Xt 3HZ " F10 ~ { //)
2010 FORMAT (56HOINDICATOR FOR DISPLACEMENT Q" ACCELERATICN SPECTRUM

1 IS //
2 20H EG."0 nlepLACEMENT
3 20H EG.1 ACCELERATION ///)

2020 FORMAT (28H MODAL PARTICIPATION FACTORS // SH MODE 3X
1 1 1HXR'DIRECTIQNt3Xt 1 iHY DIRECTIQNt 3Xt 1, 1HZoRDIRECTIQNt / iX)

2000 FORMAT (1H t l{{r3E10~ ~ / 1X)
END
FUNCTION SD(TT)

COHHON / JUNK / MMtgtKPNTAGtNDYNtT(90) ts(90) tHED(12) t ItWisst SIt TI
COMMON /EXTRA/ MQDEXtNT8
KI=12-
IF (NTAG ~ EG,i) GO TQ 50Q
NTAG=i

READ SPECTRUM (HAX DISPL AS FUNCTIQh'F PERIOD)

READ (KI t 1000) HED
wRITE (6.2ooo) HED
READ (KI t 10)0) NP TS 0 SF TR,
IF (ABS(SFTR).Lt.i.E 12) SFTR:"10
WRITE (6t 2010) NPTSt SFTR
READ(Klt1020) (T(I) tS(l) tI=itNPTS)
WRITE (6t 2020) (ItT(I) i S(l) t I"-lt NPTS)
IF (HODEX,EG.i) RETURN

500 CONTINUE

K=O

SPECTR
SPECTR
SPECTR
SPECTR
SPFCTR
SPEcTR
sPEcTR
SPECTR
SPECTR
sPEcTR
sPEcTR
sPEcTR
SPEcTR
sPEcTR
sPEcTR
sPEcTR
SPECTR
sPEcTR
SPEcTR

= SPECTR
SPECTR
SPECTR
sPEctR
sPEcTR
SPECTR
SPECTR
sPEcTR
SPECTR
sPECTR
SPECTR
SPECTR
sPEcTR
sPEctR
sPEcTR
SPECTR
sPEcTR
SPECTR
SPECTR
SPECTR
SPECTR
SPECTR
SPECTR
SPEcTR
sPECTR
SPECTR
SD
SD
SD
SD
SD
SD
SD
SD
SD

SD
SD
SD
SD
SD

SD
SD
sn
SD
SD
SD
SD

d8
i]9
50
51
52
53

55
56
57
58
59
bo
61
62

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
ee
87
88

90
91
92

2
3

5
6
7
8

10

12
13

15
ib
17
18
19
20
21
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OO 600 I=1ENPTS
K=K%1
IF (TT.LT,T(I)) GO TO 700

NQQ CONTINUE
700 TK»"T(K)~T(K~1)

SK S(Ki~S(K~ii
SS"«S (K+ 1 ) t SKa (TT» T (K~ 1 ) ) /TK
SD"-SFTRASS

1000 FORHAT (12A6)
1010 FORMAT ( I5 F f Q,'0)
1020 FORMAT (2F10.0)

C

2000 FORMAT (//17H SPECTRUM TABLE (E12AbiiH) i/
201Q FORMAT (5XilRHNUHBER OF POINTS «c

1 5XS iRHSCALE FACTOR F E14 ~ 5 / 1 X )
2020 FORMAT (6H INPUTR20XPRHSPECTRUHi / 6H POINTE8XP6HPERIODE9Xi

1 5HVALUE< I ( Ib E 2E14,04) )

RETURN
E

SUBROUTINE STRESR (SF,FI SRH NF NSB NEQB NBLOCK)
C

.C
C

DATA HI / 1 H I / HC I 1 HC/i.HJ /1HJ/
ASSEMBLE HOOESHAPES IN CORE

IF(HODEX ~ EG,i) RETURN
REHINO 2
READ (2)
NE=NSB
NS=NEti~NEQB
DO 100 I ltNRLGCK
READ (2) ((FI (JEK) g J»NSPNE) iK, 1iNF)
NS-NS~NEGB

100 NE=NE NEQB
110. CONTINUE

C

IF(NOPRNT,LT.2.OR,NELTYP,GT,i) hRITE(bs2000)
RE HIND 1

RESINO 14
RENIND 15
REMIND '17~00 500 N= 1 ~ NFLTYP
READ (1) NPAR
NUHE-"NPAR(2)

C

C CONSIDER EACH ELEMENT OF THIS TYPE (NPAR(i) )
C

IF (NPAR (1), EQ. 12) N12=NUHE
OO 000 M=1 NIIME

COMPUTE ANO PRINT RMS STRESSES

DIMENSION SF(12ENF) EFI(NSBPNF) ESRH(1?)iSFG()8g iOQ) ESRHCS()2) g

1 SRHGCS(18) ESRHLCS(18) PSRSSCS(18) gSRSLCS(18) iSRHLF(18(100)
LEVEL 2gSF PFIESRH
COMMON /EH/ NDRNSELH(b))ESA(42g63)E IS(13)
COHHON IELPA"I NPAR(14)ENUHNPIHBANCENELTYPPNiEN2EN3(N4EN5EHTOTi"EQ
COHHON./EXTRA/ HOOEXPNTR
COMMON/NODARY/NODE(999) q IANCH(500) g VANCHE IJUNC (500) g NBRP

1 NAHEL(999)EKPLOTPNOPRhlT
COMMON/P TI TLE/7 IT! A (12)
COMMON/HOOF RQ/F REQ ( 100 ) P PC
DIMENSION PIP(8) s DISP(6) iOC(3t 3) ESRHG(18) RDG(by 2) s SRHL(18)
DIMENSION SG(12). SRSS(iai, SRMLS { is i > SRSL(18i

SD

SO
SD
SD
SO

SD
SD

SD
SO
SD
SO

SD
SD
SO

SD
SD
SD

SO
SO-.

SD
SD
STRESR
STRESR
STRESR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRESR
STRESR
HOD4
HOD4
STRF'SR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
S,TRESR
STRESR
STRESR
STRZSR
STRESR
STRFSR
STRESR
HOD4
STRESR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRFS"

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

2
3

5
6
7
8
9

10il
326
327

15
16
17
18
19
20
21
22
23

25
26
27
28
29
30
31
32
33

328
35
36
37
38
39
40

42
43
44
45
46
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NSETa] (TANGp'NT),

DO 133 I 1 i 18
DO 133 K fr f00
SFG ( I i K) -"0. 0
SRHLF(I>K)=0.0

33 CONTINUE
NSET -" (NS~ f ) /12 4 1~DO 390 K3 tiNSET
Ki ~ (K3 1) a12 4 i
K2 = Kfkff
IF(K2,GT ~ NS) K2 NS
L = 0
DO 132 K"-Ki)K2
L -" L41

132 Is(L) = K

Is(L<f) = 0
L~O

vsET=2 (eEND)

COMPUTE "ODAL STRESSES

DO 300 I"-fif2.
IF(IS(I).EG,Q) GO TO 350II =. Is(I).
L " L<i
DO 200 K= it NF

Ss = 0.0
DO 150 J=liNDJJ"»LH(J),
IF (J J ILEI0) GO TO 150
SS " SS 0 SA(II<J)A F (JJr~<

15Q C INUE
200 F K) =. SS
300 CONTI — P
350 .DO 330 K»".1 gNF

IF(NSETIEGa2) GO TO 3?0
DO 305 I"-KfgK2

305 SFG(I K)"-SF(I,K)'O

TO 330
320 DO 325 I=.Kf<K2

J"- I
IF(K3 ~ EGe2) J, ?~1.2

325 SFG(lrK)""SF(JiK)
330 CONTINuE

'I +

DO 220 I=liL (v<
SRH(I) =0e 0
DO 220 K-. ftNF

220 SRH(I)=SRH(I) 'SF(liK)xSF(IiK)

NODAL S"HHATION FOR CLOSELY SPACED MODES
NRC REGULATORY GUIDE f,92 Col,2 '

NFi=NF 1

DO 222 I=itL
SRHC S ( I ) "-0, 0
DO 222 K=iiNFi
J=K+1
TENP"(FREG(J)~FREG(K))iFREG(K)
IF(TENP,GT.PC) GO TO 222
SRHCS(I)-"SRHCS(I) i ABS(SF (I tK) *SF (I i J) )

222 CONTINUE

NEL = v
READ (1) NDgNse (LH(I)r I ]AND) I ((SA(Ig J) g I»1gNS) p J 1 HAND)

STRFSR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRESR
STRE8R
STRESR
STRESR
STRESR
STRPSR
STRESR
STRFSR
STRFSR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRE'SR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
sTRESR
STRES"
STRESR
STRESR
STRESR
STRESR
STRES"
STRESR
STRES"
STRESR
STRESR
STRESR
STRESR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRESR
STRES"
STRESP
STRESR
STRES"
STRESR.

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

iQO
101
1Q2
103
104
105
f06
107
108
109
110llf
112
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C

C

C

210

230

240
241

250
251

260
265
267

268
269

212
C

DO. 210 l"-1 iL
SRNCS(I) =SQRT(SRN(I) 42.<SRNCS(I) )
SRN(l)=SQRT(SRN(I))

IF(NSET,EQ.2.ANO.K3.EQ.2) GQ TO 267

IF(NPAR(i).NE,12) GQ TC 267

GET DIRECTION COSINES FOR THIS NERVIER

READ(15) ((DC(IiJ) J=f 3) I-"ft3)

PIPE ELENENT ~ FIND CORRESPONDING SAP/TNR NODES

READ(17) NANE 1 > NANE2. NANE3 i I i g I2 i P IP i NUNNATi NSEC 7
IF(EQF(17)) 390i225
CO~TI~UE
Jl=Il .

J2-"I2
DO 230 L 1'- f c NUMNP
IF ( I 1 ~ EQ ~ L 1 ) J 1 - NODE (Lf )
IF ( I2 ~ EQ ~ L 1 ) Jz=NOOE (L 1 )
CONTINUE

GET NODE DISPLACENENTS FOR END I 1 END J

REWIND 13
lEND»-0
JEND=O
OQ 260 L 1 f g NUNNP
IF(IEND ~ EQ 1 AND ~ JEND ~ FQs 1 ) GO TO 265
READ(13) NNiLzi (OISP(I) iI=1,b)
IF(NN,EQIIi) GO TO 240
IF(NN,EQ.I2) GO TO 25o
GO TO 260
00 241, I=.1.6
DG(l i 1 )-".DISP (I)
I END-"1
GO TO 260
DO 251,IFitb
DG(I 2) "OISPCI)
JEN0=1
CONTINUE
CONTINUE
CONTINUE

IF(NOPRYT,LT.2$ GO TQ 268
IF(NELTYP GT.i.AND.N,Eg.i) GO TG 268
GO TQ 269
CALL ELOUTR CNEL, ISiL,NPAR(1)iNS)
CONTINUE
IF (NPAR (1),NF. ~ 12) GO TC 2 1 7

00 TRANSFORNATION FRON LOCAL TO GL'COAL OF FORCES AND NQNENTS
AT EACH NODE ANO OQ NOt}AL SUNNATIOh

00 212 I"ii fe
SRSS(II=.O.O
SRSL(I) =0,0
CONTINUE

DO 612 JF=1 g NF
IF(NSET ~ EQ ~ 2.AND.K3 ~ EQ.1) GQ TO 281

STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRESR
sTRESR
STRFSR
STRESR
STRESR
STRESR
$ 7RESR
STRESR
sTRESR
STRESR
STRFSR
STRESR
STRESR
STRFSR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
sTRESR
STRESR
STRESR
STRESR
STRESR
NOO4
N004
NOD4
N004
NO04
STRESR
sTREsR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRFSR
STRESR
sTREsR
STRESR
STRESR

113
114
115
lib
117
118
119
120 =

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
f39
140
141
142
143
144
145
146
147
148
f49
150
151
152
153

'55

156
157
158
15'9
329
330
331
332
333
161
162
f63
164
165
166
167
168
169
170
171
172
173
f74
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275
280
281

611

613
612

620

216
C

DO 280 IR-".ii 16r 3
IRS=IR
DO '275 Hl"1 t3
J=IRst t<1
SRHL(J)=o,o
DO 27< I"-it3

KN=IR>[ 1

SRHL(J) "SR)'L(J) + DC(H1 t I)+SFG(KNt JF)
SRHLF (Jt JF)»SRHL(J)

GET SUH OF SQUARES

SRSS(JbSRSS(JI ~ SRHL(J)*SRHI.(J)
SRSL(J)"-SRSL(J) 0 SFG(JtJF)*SFG(JtJF)
CONTINUE
CONTINUE
CONTINUE

PRINT HODAL STRESS COHPONFNTS IF REQUESTED
4

IF(NOPRNT GE.1) GO TO 613
DO 611 l=itL
SG(I)"-.Sf(ltJF)
WRITE(6t2030) (SG(I) tl itL)
CONTINUE
CONTINUE

HPDAL SUHHATION FOR CLOSELY PACED HODES
NRC REGULATORY GUIDE 1 92 Cy1 2 2

DO 62Q I-lti8
SRSSCS( I ) =.. 0,0
SRSLCS(I)"-0,0
DO 620 K"itNFi
J=K+1
TENP=(FREQ(J)~FREG(K))/FRIGG(K)
IF(TENP ~ GT.PC) GO TO 620
SRSSCS ( I )"»SRSSCS ( I ) 0 ABS (SRHLF ( I t K ) > SRHLF ( I t J ) )
SRSLCS(I) SRSLCS(I) WABS(SFG(lt K) wsFG(lt J) )
CONTINUE
WRITE(6 2035)

TAKE SG ~ ROOT SUH OF SQUARES

DO 216 1~1 t 18
SRHG(I) SQRT(SRSS(I) )
SRHL ( I ) -SQRT f SRSL ( I ) )
SRHGCS(I)-SQRT(SRSS(I)t2,*SRSSCS(I))
SRHLCS (I ) «"SQRT (SRSL ( I )+2,*SRSLCS ( I) )
CONTINUE

IF (NSET, EQ,2. AND.K3,EG. 1) GO TO 610

SAVE GLOBAL FORCES/HOHENTS/DISPLACEHENTS ON FILE 19

WRITE(14) NS
IF (NS ~ EQ a 18) GQ TO 600

TANGENT ELEHFNT

WRITE(14) HtLt I itJi t (SRHLCS(I) tI, 1t6) t (SRHGCS(I) tI it6) t
1(DG(l t 1 ) t l=l ~ 3) t I2t J2r (SRHLCS(I) t I"-7t 12) t
2(SRHGCS (I ) I 7t 12) 't (DG (I 2) t I 1 3)

Go To 610

BFND ELEHENT

STRESR
STRESR
STRFSR
STRESR
STRFSR
STRESR
STRESR
STRESR
S7RFSR
STRESR
STRESR
s'rRESR
STRESR
STRESR
STREsR
STRESR
STRESR
sTRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRPSR
STRESR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
sTRESR
STRESR
STRESR
.sTRESR
STRFSR
STRESR
STRESR
STRESR
STRESR
STRFSR
STRESR
STREsR
STRESR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR

175
176
177

'178
179
180
181
182
183
184
185
186

189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
2l 1

212
213
214
215
216
?17
218
219
2?0
221
222
223
224
225

227
228
229
230
231
232
233
234
235
236
237
238
239
2ao
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600 HRITE(14) Hgl t I } p J} g (gRHLCS(I) t I=}AD }2) s (SRHGCS(I) i I=}p }2) g

}(DG(Ir}) i I=,i 3) l2 J?z (SRHLCS(I) i I"-}3ile) i
2(SRHGCS(I) i I"}3r }8) i (DG(li2) r I=}i3)

C

5}0
217

CONTINUE
CONTINUE
IF(NQPRNT,LT,2) GQ T() 219,
IF(NELTYP,GT.1.AND.'N.E0.1) GO TC 219
GO TO?18
CONTINUE
WRITE(6e2040).
"RITE (6t2030i(SRH(Zi,r=. },L)
NRITE(6,205oj
WRITE(6g2030) (SRHCS(I) I"-1 L)
NRITE (6~2035)
CONTINUE218

C

C

C

C

C

C

IF RE~UESTEDi P"NCH PIPE EI,EHENT (SPAR(}),EQe}2) HEHBER END FQ"CES
AND HQHENTS AT POINTS (IiJ) FOR A TANGENT AND (CiJ) FOR 'A BEND
A VALUE .QF QNE (1) PQR NPAR(13) ACTIVATES THE PUNCH OPTION
NPAR(}4) IS A 5 DIGIT IDENTIFIER PLNCHED IN CC 76"80 OF ALL CQRDS

IF (NPAR(i) .NF., 12) GQ TC'- 333
IF (NPAR (13) ~ NE. 1) GQ TQ 333
IF (H. Eg. 1) hR ITE (11 g 6300) TITLA
IF (NS ~ EG 18) GQ TQ 328

TANGENT ELEHENT

CONVERT FORCES/HOHENTS FRQH LBS TC KIPS

DO 615 I=}i}2
SRHGCS ( I ) =SRHGCS (I ) /1000 s

HERGE NODE DISPLACEHENTS ViITH ELEHE4T FORCES/HQHENTS

HRITE(ili5000) HiHIgJ}i (SRHGCS(I) ~I }>6) t (DG(li })pl }p3)
WRITE(1}(5000j HtHJg J2) (SRHGCS(I) gZ 7p}2) I (DG(I(2) I l«it3)
GO TQ

BEND ELEHENT

lf(K3 EGA}) GQ Tn 333328

CONVERT FORCES/HOHENTS FROH LBS TC KIPS

DO 616 I"-}i 18
6}6 SRMGCS(I)-"SRHGCS(I)/}000;

'tIRITE(f }F5000) HnHIg Jie (SRHGCS(I)

gled}g6)

t (DG(Ill)gI".}g3)
HRITE ( } } i 5100) Hi HC g (SRHGCS ( I ) i I"7 I } 2)

329 IF(K3oEGs2)
}WRITE ( } } t 5000 j Hi HJ i J2i (SRHGCS (I) t I"-}3 < }8) I (DG(l z 2) i I= } i 3)

333 CONTINUE .

C

390 CONTINUE
400 CONTINUE

C

500 CONTINUE
NRITE(}}g6400)

C

C PRINT FQRCES/HQHENTS/DISPLACFHENTS IN GLOBAL
C

REMIND
NRITE(6@ 6000)

STRESR
STRESR
STRESR
'STRESR
STRESR
STRESR
STRESR
HQD4
MOD4
HOD4
HOD4
STRESR
STRFSR
sTRFSR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRFSR
STPESR
STRESR
STRESR
sTREsR
STRESR
STRFSR
STRESR

. STRFSR
STRESR
STRESR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRESR
STRESR
sTREsR
STRFSR
STRESR

241
242
243
244
?45
246
247
334
335
336
337
249
250
251
252
253
254
255
256
257
258
?.59
260
261
262
263
264
265
266
267
268
?69
220
271
272
273
274
275
276
277
?78
279
280
281
282
283
284
285
286
287
2ee
289
290
291
292
293
?94
295
296
297
298
?99
300
301
302
303
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C

C

C

IF (P'j~cQ ~ Q 1) 4'" IT (br 5800)
NRITE(eg 5900)
LINE-.5
Pa 70<. l5 y glg 1$

READ(14) NS
IF(NS.EG.18) GO Ta 650

TANGENT ELEMENT

READ(14) H

$ (DG(I r 1) s

$ (DG(li2) i
sRITE(6,6]

$ (SRHG{1)<
L INE=LINK
GO TQ 700

i L i I 1 I J 1 i (SRML (I) i I»"1 t 6) i (SRHG (I ) g
I"1 g 6) i

I«1 e 3) i 12'2n (SRML ( I ) I I 7 I 12) I (SRHG ( I ) i I=7 e 12) r

Ia1,3)
QO) MtIitJf {SRHG(I)II 1)6)g(DG(Ipl)eI i(3)gI2)J2g
I»"7 12),(DG(1,2)<I=lz3)

3

c
C

C

C

C

0 c

BEND Et.EHFNT

650 READ(14) H eL i I 1 g J 1 r (SPt L(I) t I=.i t i2) I (SRHG(I ) P I= 1! 12) n

$ (DG{ I i }) p I 1 g3) i 12'2i (SRML (I) I I 13 g 18) P (SRHG(I) i I"-13> 18) >

$ (DG(I,2)<I=1<3)
WRITE(eg6200) HgI1 i Jl {SRHG(I) t I=1 pe) p(DG(Iil)iI 1 t3) z

$ (SRHG{ I) g I»7g 12) p I2e J2t (SRHG(I) i I".13 '8) g (DG(I g2) t I 1 e3)
L INE=LINE

700 CONTINUE

COMPUTE HEHPER STRESSES

CALL STRESS(0,0<0.0,0.0, l,i, lid,o,t 12, 14)
C

C

2000 FORHAT (lHii47HR E 5 P 0 N S E S P E C T R UH S T R E S,S~
1 3X~f9HC Q tI P a N E N T St // 23H SQUARK RGQT OF TH) SUMAC

2 37H OF THE SQUARES CF THE MODAL STRESSES/ /
3 19H (FOR Al L ELEMENTS)g /// iX)

2030 FORMAT (12E11 ~ 4)
2035 FORMAT (1HO)
2040 FQRHAT{ixp30HSQUARP ROOT sUH 0F THE sQUAREs)
2050 FORMAT(ix36HcLCSELY SpACED MODE SUt'HATION HETHOD)

C

5000 FORMAT(I3g Air I4]3F8 ~ 2 3F9 2g3F7 ~ 3)
5100 FORMAT { I3~ A 1 r 4xg3F8 2i 3F9.2i3F7 a3)
60oo FORHAT{1Hli4oX.60HPIPE FaRCES/I,OMEt Ts/DISPLACE)<ENTS HEHBER GLQBA

$ L DIREC T IQNS)
5800 FQRHAT{43xi55HcLasEI Y SPAcED HQDE sUHHATIQN UsED Is 10 PERcENT MET

$ HOD)
5900-FORMAT(//,iXi2HELEH, ELEH.,13X4HNCDE,/,2X,3HNO.,4X4HTYPE,

$ 2X7HSTRT ION e

$ 2X3HSAP.g2X3HT'HRi9X2HFXr9X2HFYg9X2HFZi9X2HHXp9XPHHYt9X2HHZg
$ 4X2HDX,7X2HDY~7X2}{DZs/)

6100 FORMAT(lxF14 1X7HTANGEKT 4XSHEND I 2I5 6Fii, 1 3F9 4 /
$ 17X5HEND~Jg2I5geFii.i,p3F9 ~ 4g/)

6200 FQRMAT(lX I4 4X4HBEND,OX5HEND I 2I'5 6Fil. 1 3F9.4 /
$ 16X6HCENTER 10X 6Fil.] /,17X5HEND Ji2I5 6Ffi,iz3F9,ttg/)

6300 FORMAT(12A6)
6400 FORHAT{3H ~])

C

RETURN
END
SUBROUTINE ELQUTR {NELiIsrLeIELTiNS)

C

C NEL = ELEHENT NUBBER
C IS ELEMENT COMPONENT hUMBERS
C NUMBER OF ELFMENT COMPONENT NUMBERS PER LINE QF
C OUTPUT ( f? MAXIMUM)

STRFSR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
SVRPSR
sTRzsR
sTREsR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRESR
STRE.SR
STRFSR
STRESR
STRESR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRFSR
STRESR
STRESR
STRESR
STRESR
sTRESR
STRE'SR
STRESR
STRESR
STRESR
STRFSR
sTRESR
STRESR
STRESR
STRESR
sTRESR
STRESR
STRE'SR
STRESR
STRESR
STRFSR
STRESR
ELOUTR
ELOUTR
ELOUTR
ELOUTR
ELQUTR
ELOUTR

304
305
3o6
307
308
3Q9
310
311
312
313
314
315
316
317
318
319
320
321
322

324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342

344
345
34e
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361

- 362
363

2
3

5
6

7
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THRP IPF ANALYSIS EX ~
'1 P IPPYNE HA IGENVA<lJE EX TRACTION

RUN

RUN

10

10

12

12

0,0000

6 8333

0,0000

0,0000

- 0,000{}

0.0000

0,0000

0,0000

0,0000

0,0000

Og0000

0,0000
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THRPIPE ANAL.YSIS EX ~ 1 PIPDYNE MANUAL, EIGENVALUE EXTRACTION

P'I PE

RUN

ELBOW

SECTION

PIPE

RUN

SECTION

PIPE

RUN

SECTION

RUN

SECTION

SECTION

RUN

SECTION

PIPE

SECTION

PIPE

RUN

SECTION

62

88

Se 112

88

11 112

112

13

10

10

0," OOQ0

;8787

0,000Q

1,2427

0,0000

0,0000

4.1666

Q,OQOQ

0,0000

4,1667

0,0000

12 '500
0 ~ 0000

0,0000

0 ~ 0000

0,0000

0,0000

~1,5010

0,0000

0,0000

~5,8320

0,0000

0 ~ 0000

05",8333

0,0000

2400000

40lbb7

0 ~ 0000

0,0000

~,8787

Q,QQOO

O,OQOQ

0,0000

0,0000

0,0000

0,0000

0,0000

000QQO

0,0000

,4060

0,0000

0,0000

0,0000

0,0000

0,0000

O,DQQO

0,0000

0,0000

0,0000

0,0000

0,0000

0,0000

0,0000

,6870

0,0000

0,0000

0.0000 000000

Q,OOOO 36 QOOO

0,0000 0,0000

0,0000 0,0000

0,0000

0,0000

000QQO

000000

0,0000 0,0000

0,'0000

0,0000

0000PQ

0,0000

0,0000 000QOO

0,0000 000000

$ .8320 0 ~ QOQO

0,0000

O,QQOO

000000

000000

105010 00QOOQ

0,0000 18,0000

D;0000 0 ~ 0000

0,0000 0,0000

0,0000 000000

0,0000 000QQQ

0.0000 Q,DODO

Q,QOQQ

0.0000

0,0000

0,0000

0.0000

0,0000

000000

0,0000

000000

O,OOOQ

0 ~ 0000

0 ~ 0000

0.0000 000000 Q,OOOO

0 ~ 0000

000000

0 ~ 0000

000000

000000

0,0000

000000

0,0000

0,0000

000000

0,0000

0,0000

000000

0,0000

0,0000

000000

000000

0 ~ 0000

0,0000

0,0000

000000

0,0000

000000

000000

0 ~ 0000

0 ~ 0000

0 ~ 0000

D,OOOO

000000

000000

0,0000

0,0000

0,0000

O,ODOO

000000

000000

000000

0,0000

8,5000

000000

0,0000

0,0000

000000

O,QQDO

0,0000

0,0000

000000

0 ~ 0000

0,0000

0 ~ 0000

0,0000

000000

28,7500

000000

Q,OOOO
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GENERATED NODAL DATA

,

NODE
NUHBE

1

2
3

5
6
7
8
9

10ll
12
13
14
15
16
17
18
19
20

BOUNDARY
R X Y

1

0 0
O 0

0 0
Q 0
0 0

0 Q

0 0

0 - 0
0 0
0 1

o 0

0 0
0 0
0 0
Q 0
0 0
0
0
0 0

CONDITION
Z XX

1

0 0

0 0

p 0

0 0
0 0

0
'

0 0

Q 0

0 0
0 0

0 0

0 0

0 0
o 0
0 0
0 0

0 0
0 0
0 0

CODES
YY ZZ

1

Q Q

0 0
0 0
0 0
o 0
0 0
0 0
0 0
0 0
Q 0
0 0
0 0
0, 0
0 0
0 0
0 0
0 0
0 - 0
0 0

NODAL
X

Oeooo
99.996

199e992
199~996
225e452
225,452
300g452
300e453
325.909
325,913
375.917
425 921
425,921
425,921
407y921
407e909
337o925
267a929
475,925
557,921

POINT COORDINATES
Y

0,000
0,000
00000
0,000

"10,544
«10,544

85.544
85 '45
~96,089

96 '89
&96 ~ 089

96,o89
&96,089
-«96,089
«96 '89
«96,089
«96,089
«96,089
«96,089
«96,089

Z
Q,QQO
0,00O
o,ooo
0,000
0,000
0,000
o,ooo
0,000
0,000
0,000
0,000
0 ~ 000

69,984
69o996
87I996
87y996
87~996
87,996

0,000
0,000

T
O,OQO
O.opo
o,ooo
Q,QQQ
Q,QQO
0,000
0,000
0,000
o.ooo
0,000
0,000
0,000
0,000
0 000
0,000
O,OQO
0,000
o,ooo
0,000
0,000

ORIGINAL LABELING
~~ I INAL LABELING

BANDWIDTH
BANDHIDTH

PROFILE
PROFILE

25
22
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TMRP IPE ANALYSIS EX ~ 1 P IPDYNE MANUAI. EIGENVALUE FXTRACT ION

CONTROL INFORM AT
NUMBER OF NODAL POINTS .

NUMBER OF ELEMENT T'YPES
NUMBER OF I,OAD GASES
NUMBER OF FREQUENCIES
ANAI.YSIS CODE (NDYN)

EQ ~ 0 g STATIC
EQ I 1 t MODAL EXTRACTION
EQ.2, FORCED RESPONSE
EQ,3g RESPONSE SPECTRUM
EQI 4g DIRECT INTEGRATION

SOLUTION MODE (MODEX)
EQ ~ 0 s EXECUTION
EQ,l DATA CHECK

'UMBEROF SUBSPACE
ITERATION VECTORS (NAD)
EQUATIONS PER BLOCK
TAPE10 SAVE FI,AG (N1QSV)

0 N

2Q
1

0
5
1

NOoAL POINT INPUT DATA

NODQS
SAP TMR

1 19
2, 13

112
11

5 12
6 9
7 10
8 88

10 7..

11 62
12 6
13 5

qe
15 42
16
17 3
18 28
19 2.
20 1

BOUNDARY
X Y

0 1

0 0
0

'

0 0
0 0
0 0
0 1

0 0
0 0
0 1

0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0
Q- 0

1

Z XX
0 0-
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

Q 0
0 0
0 0
0 o

0. 0
0 0
0 0
1

zz
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0

YY
0
0
0
0
0
Q

0
0

0
0
0

0
0
0
0
0
Q

0
0
1

CONDITION CODES N

X
267 '
337,925
407 '09
407,921
557.921
425,921
475,925
425,921
425,921
$ 75,917
325 '13
$ 25 ~ 909
300,453
300.452
225,452
225,452
199 '96
199,992

99 '96
0 ~ OQO

ORDINATES
z

87~996
s7,996
87I996
87,996

0 ~ 000
69 I996

0,000
69.984
0,000
0,000
0,000
0,000
0,000
0,000
Oeooo
0,000
0,000
0,000
O,QOQ
0,000

ODAL POINT CO
Y

>96g089
~961089
<96,089
>96.089

96.o89
~96 '89

96,OS9
96.os9

<961089
96,OS9

~96,089
~96",089

85.545
85,544
10,544

~10,544
Q,OOO
0 F 000
OIQOQ.
0,000—

Q

0

0

0

0

0

0

0

0

0

0
0

Q

0

0,
0
0

0
0

0

T
0,000
o',oao
0 ~ 000
0,000
oeooo
OQQOO
0 ~ 000
0 ~ 000
0,000
0,000
0,000
0,000
0 ~ 000
0,000
0,000
0,000
0,000
ooooo
0 ~ 000
Q F 000

GENERATED NODAL DATA

NODES
SAP TMR

1

2 '3
3 112ii
5 12

9
7 10
8 88
9 8

BOUNDARY
X Y

0 1

0 0
0 0
0 0
0 0
0 0

0 1

0 0
0 0

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 -0

zz
0
0

0
0
0

0

0

0
0

CONDITION CODES NODAL POINT COORDINATES
X - Y

z267,929 ~96 '89 87 996337 '25 96 '89
7407,921 96I089 87 99655?,921 96,089

425 921 96~089 - 69
'75,925-96,089

425,921 96,oe9
425,921 96;O89,

I

T
Q,QQQ
0,000
0,000
0, 000.
0,000
0,000
0,000
0,000
0 F 000
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BANDHlDTH MlNIMIZATlONPHASE

NODAL POINT iNPUT DATA

NODE
NUMBER

1

2
3

6
7
8

10
11
12
13
14
15-
1e
17
18
19
20

BDVNDARY
X 'Y

0 0
0 0
0 0
0 0
0 0

0 0
0 0
0 Q

0 0
0
0 0

Q 0
0 0
0 0
0 0
Q 0
0 1

0
0 0

CQNOI7 loN
Z XX

0 0

0 0

0 0

0 0

0 0

0 0

0 0

o 0
o
0 0
0 0

0 0

0 0
0 0

0 0

o 0
0 0

o 0
Q 0

CDDES
YY ZZ

1

0 0
0 0
0 0
0 0

Q 0
0 0
0 0
0 0
Q 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

NODAL
X

o,ooo
99,99e

199,992
199~996
225 452
225,452
300.452
300g453
325,9o9
325I913
>751917
425.921
425,921
425I921
407 '21
407e909
337g925
267,929
475,925
557 I921

POINT COQRDlNATES
Y

oeooo
oiooo
Oaooo
0 ~ 000

«io,544
.«10,544

85,544
«85 ~ 545
96,089

«96,089
-96.O89
«96,089
+96 '89
96,o89

"96,089
«96,089
%96,089
096,089
«96,089
«96,089

Q,ooo 0

Q,QOO 0

o.ooo 0

O,OOO 0

o,ooo
o.ooo 0

0,000 0

O,OOO 0

O,OOO 0

o,ooo 0

O,OOO 0

0,000 0

e9,984 0

69 '96 0

87,996 0

87,996 0

87,996 0
87,996 O

0 F 000 0
0,000 0

T

0,000
Q,OOO
o,ooo
0,000
0,000
0,000
0,000
o',oao
Q,OOQ
0 ~ 000
Q F 000
0 ~ 000
Oiooo
O,OOQ
Q,OOO
0 ~ 000
0,000
0 ~ 000
0,000
0,000
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0
Oz
IM

X
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RESUl,TS Ol: NOOE RKNUNBERlNGI

Ql.O NKH NEH Ol.D
NOPE NQOE NQOE NOOK

1 20 18
2 19 2 1 I

18 3 16
17 15

5 16 20
6 15 1 lf
7 19 7 19
8 13 8
9 12 9 12

10 11 10 1 1

11 10 11 1o
12 9 12

8 13 8
14 6 7
15 4 15
ie 3 ie 5
17 2 17
18 1 18
19 7 19
20 5 20



0 i

W; 'I I f

Qt
I

/

0
IP
X

lO
ll
O
O

=: ~
X

/
I

0



TV T
11 62 0
12 6 0

5 0
14 48 0
15 42 0

16 4 0
17 3 0

18 28 0
19 2 0
20 1 1

0 0
0 Q

0 0
0 0
0 0
0 0

0 0

o 0
0 0
1 1

V V V

0 0 0
0 0 0

0 0
0 0
0 0
0 0
0 0
0 0
0 0
1 1

4 f '5
~ 917

325 '13 .

325,909
300,453
300 452
225,452
225,452
199,996
199,99?
99 '96

0,000

"~eiVO>
~96~089
~96,089
~85,545
~85,544

io,544
»lo,544

Q F 000
0,000
Q F 000
0,000

V ~ VVO
0 ~ 000
0,000
o',ooa
oiooo
0~000
o,ooo
0,000
oeooo
oe000
0.000

o~e

o,ooo
0,000
0,000
0,000
o,ooo
o,ooo
o.ooo
0,000
0,000
o,OQQ

KQUAT

1

2
3

5
e
7
8

10
11
12

14
15
16
17
18
19
20

IaN NUMBERS
Y Z

'1 0 2
6 7 8

12 13
18 19 20
24 25 26
3o 31 32
36 0 37
41 42 43
47. 48 49
53 0 54
58 59 eo
64 e5
'7o 71 72
76 77 78
82 83 84
88 89 90
94 95 96

1OO 101 1O2
106 10? 108

Q a 0 Q

XX
3
9

15
21
27
33 .

38

50
55
61
67
73
79
85
91
97

YY

10
16
2P
28

39
45
51
56
62
68
74
80
86
92
98

103 104
109 ilo

0 0

ZZ
5il

17
23
29
35
4o
46
52
57
63
69
75
81
87
93
99

105iii
0
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P IPEELKHFNT INPUT DATA

QNTROL INFORMATION

NUMBER QF PIPE KLEHKNTS-

NUHBKR OF HATERIAL.SETS

HAXIHUH NUHBKR OF MATERIAL
TEMPERATURE INPUT POlNTS

NUHBKR OF SECTION PROPERTY SETS

NUHBER OF BRANCH POINT NODKS

HAXIHUH NUMBER OF TANGENTS
COHHON TO A BRANCH POINT

FLAG FOR NEGLECTING AXIAL
DEFQRHATIQNS IN BEND ELE"ENTS
(KQa1) NEGLECT)

H A T K R l A L P R O P K R T Y T A B L E S

MATERIAL NVHBKR q
NUHBER Of
TEMPERATURE PQINTS
IDENTIFICATION

POINT
NUHBKR TEMPERATURE

1 e,oo

( 1)

1)
(.

YOUNG*S
HODULVS

2900000010

THERMAL
F XPANS ION

g300 0 ~

POISSON~S
RATIO
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( ~

t
V

f
~

r" 'yg p j. s<
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Qv" V < Xl,w p', ~

x
O

I ~ 0n

0:„*
Xn
Z

L C I

v 'I

f a gj - .Xjj-

I

J 't

t J -'4 "ag l 4 ~ I

M

l ~'";' g1 ic ) 'po

j Q t

~ ) 1
g

~4
C

t ~



S E C T I 0 N P R 0 P E R T Y T A 9 t. E

SECTION OUTSIDE MALL SHAPE FACTOR WEIGHT/
NUMBER DIAMETER THICKNESS FOR SHEAR UNIT LENGTH

1 24,000 ,b870 Oo0000 e2875F>02
12 '50 s4060 0 F 0000 Q8500E401
24,000 ,6870 0,0000 ~ 2875Ew02

H ASSI
""IT LENGTH 0 E S C R I P T I ON

o7440E~Oi
o2200E~Oi
e7440E~01

Et EVENT I.OA DC AS EXULT I PL I ERS

X+DI RE C T IQhl GRAVITY
Y~DIRECTION GRAVITY
Z~DIRECTIOI4 GRAVITY
THERMAL DISTORTION
PRESSURE DISTORTION

CASE C

00000
Oq000
0 ~ QOO

Oa000
0~000

CASK D

0,000
0,000
0,000
0,000,
0,000
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P I P E E L E H E N T I N P U T D A T A

KLKHKNT ELEHKNT NODE NODE HATI e SKCTION
NUHBKR TYPE ~I aJ NUHBER NUHBER

RKFKRENCE INTERNAL
TEHPKRATURK PRESSURE

(BEND (THIRD
RADIUS) . POINT)

D I R E C T I 0 N C 0 S I N E S NODE INPUT
A(YX) A(YY) A(YZ) INCREHENT TAG

(X3a (Y3» (7,3e (HALL
ORDINATE) ORDINATE) ORDINATE) FRACTION)

1 TANGENT 1

2 TANGENT 2 28
3 TANGENT 28

BEND 3

5 TANGENT 4 42
6 TANGFNT 42 48
7 TANGENT 08 5
8 BEND 5 6

OiOQ
0 F 00
Oa00
Oa00

( 36e000)

Oa00
Og00
0 F 00
Oo00

( 36e000)

0,00
O,OO
0,00
0.00

(TI) (

0,00
O,OQ
0,00
0,00

(Tl) (

0~0000
0 ~ 0000
0,0000

O,OOQO
0,0000
0,0000

Oe0000
0,0000
0,0000

0,0000
0,0000
0,0000

0 F 0000
O,OOOQ
0,0000

0,0000
0,0000
0,0000

310 J997) ( 96 ~ 089) ( 0 ~ 000) ( ~ 1000)

214.908) ( 0,000) ( 0.000) ( .1000)

IIII
II
IC

II
IIII
IC

9 TANGENT
10 TANGENTii TANGKNT
12 TANGENT
13 TANGENT

BEND

62
62 7

7 8
8 88

88 9
9

1

2
2
2

0,00
Oi00
O,QO
0,00
Oa00
Oa00

( 18 000)

0,00
0,00
Q,QQ
0,00
0,00
0,00

(TI) (

0~0000
Qe0000
0 F 0000
0%0000
0,0000

0,0000
0,0000
O,OOOO
0,0000
O,OOOQ

0,0000
0,0000
0,0000
Oa0000
0,0000

1

1

1

] c

1

425,921)( - +96 089)( 87.996) ( .1000)

II
II
II
IIII
IC

15 TANGENT- 11 112
16 TANGKNT 112
17 TANGENT 13 14
18 TANGENT 8 10
19 TANGENT 10 12

0,00
OJQO
0 F 00
0,00
0 F 00

0.00
0,00
0,00
0,00
0,00

0,0000
0,0000
0,0000
0,0000
0 ~ 0 Q 00

0,0000
Q,OOQO
O,OOOQ
0,0000
Q,OOOO

0,0000
0,0000
0 ~ QOQO

0,0000
0,0000

II
II
II
IIII

NUHBKR OF EQUATIONS PER BLOCK»"111 FOR 5 HODES, HTOT=. 130999

"0 ~ OF HODES FOR THIS DYNAHIC ANALYSIS IS 5 HODES
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E Q U A T I O N P A R A H E T E R S

TOTAL NUHBER OF EQUATIONS " iii
BANDMI0TH i8
NUMBER OF EQUATIONS IN A BLOCK = i i i
NUMBER OF BlOCKS i
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N 0 D A L L, 0 A 0 S (S T A T I C) 0 R H A S S E S (D Y N 4 H I C)

0
NODE LOAD

SAP THR CASE
X+AXIS

FORCE

$ 9 2 0 . 18100E402

Y~AXIS
F.ORCE

,18100E402

X~AX?S
FORCE

,18100K%02 0 i

X~AXIS
HOHENT

0 ~

Y AXIS
HOHENT

0,

X~AXIS
HOHENT

STRUCTURE

~ LOAD CASE
El EHENT LOAD HUI,TIPI IERS

A 8 C D

0 QQQ 0~000 QIQQQ 0~000
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K I G E N V A L U E A N 4 L Y S I S

DETERHINANT SEARCH 5DLUTIDN I5 CARRIED DUT

CONTROI INFORHATION

FLAG FOR ADDITIONAL PRINTlNG -
0

EQ, 0, SUPPRPSS
EQ. 1 i PRINT

STURH SEQUENCE CHECK FLAG (~) "- 0
EQR 0 y PERFQRH CHECK
EQ ~ 1 s PASS

HAXIHUH ITERAT IQN CYCLES (<) .«, 1 6

CONVERGENCE TQLFRANCE (*)
CUT~OFF FREQUENCY (CPS)

5 1 OOOE<04

, 1 OOOE+09

NUHBKR OF STARTING ITERATION
VECTORS TO BE READ FROH
TAPK10 (+) 0

(*) APPLICABLE TO SUBSPACK
ITERATION SOLUTIONS ONLY

SOLUTIQN IS SOUGHT FOR FOLLOWING E I GENPROBLFH

NUHBKR OF EQUAT IONS

HALF BANDWIDTH OF 8 TIFFNESS HATRIX

NUHBER OF EQUATION BLOCKS

NUHBER OF EQUAT IONS PFR BLOCK

NUHBER QF E I GENVALUES REQUIRED

1 8

WE SOLVED FOR THE FOLLOWING EI GKNVALUES

,834 1 05423892K%02 7678880600 1 OEt03 252450034657EO04,42 1 925653 1 69Et 04 ~ 554695 158029E404

THE FOLLOHING:ARE PHYSICAL ERROR BOUNDS ON THE EIGENPAIRS

~ 298024442345K~04, 1 7 1 2960692 1 6Ei05 5 1 35749892439EE 05 g 2325792 1 0383Ee05 5 1 8869686 1 270Ee05
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PRINT GF FREQUENCIES

HODE CIRCULAR
NUHBER FREQUENCY FREQUENCY

(RADAR SEC) (e YCLES/SEC)
PERIOD
(SEC)

,9133E+01 , 1454EWOi~ ,6880EWOO

o 2771E%02 g 4410EW0 l~ ~ 2267Et00

,5024Et02 ,7997E+Oi , 1251E~OO

g6496EI02 ~ 1034EW02~,9673E~O1

,7448E<02 ,1 l85Et02~ ,8436E~Ol

PRINT OF EIGENYECTQRS
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NODE P I

NODE E IGEN«
NUNBKR VECTOR
SAP THR

A C E H

X«
TRANSLATION

KNT SERO

Y»
TRANSL'ATION

TA T IONS
p«

TRANSLATION
XI

ROTATION
p«

ROTATION
Z»

ROTATION

i?0

19 2

18 28

16

15

14 '8

13 5

12 6

1

5

0,
0 ~

0,
Q.

0,'15676K
05

«",34476K»04
18361K«03

.11782K«02
~ 21342E«03

,31349E-O5
« ~ 689p7E"04

,36641E O3
;23477K«02
.42476K«03

".31350K oS
«.68908K«04

.36642K 0$
+25477K»02
.42477K 03

,'96442K«05
«.22546K 03
«", 13184K«02

,96849E«02
,20605K«02

,96445E«05
«,22546E«03

.13184K 02
;96852K«02
:aoeouK-oa

".11289K»03
, 26149K 02

«, 16096K«0 1

«12565E400
~ 27205K«01

. 1 i289K 03
26149K 02

«",16096K«oi
«12565K>00
,27203K«01

.12334E 03
«,28479K«oa
««17604K«01

,13807E400
:P9872E«Ol

0«
0,
0,
0 ~

0,

« ~ 50471K«04
«11464K«02
«77666K«02

«, 66914E«01
«e 14943K«01

«13122K 03
~ 29154K«Q2
, 19018K«01

««15772Etpo
« ~ 33924K«01

«e 13123K«03
~ 29154K«02
« 19018K«01

««15772K%00
«,33925K«01

«,12558K«03
,27645K«02
, 18094E«01

««15053K<00
««32175K«01

«e 12558K«03
~ 27644K«02
,18094K«01

»«150S3EWOO
« ~ 32175K«01

««2468QE«04
«42489K«03
«35637K«02
~ 35974K«01

" ~ 72474K«02

"«?4680K«04
~ 42489K»03
,35636E«02

«,35974K«pl
««72473K«02

«,62716K«OS
,26014K«04
,83601E»03

«
~ 12P92E»01

««21445K«02

0,
0 ~

0,
0;
0 ~

«j88623K«oi?
«.60632K«02
«,50461E«p 1

«,22693K«01
~ 57926K«pf

«,32025K»01
« ~ 16636K«01
««13862K%op
««59665K«01

~ 15363K%00

«e 3?OP6E«01
«,16636K«01
«,13862K%00
-.59ebbE 01

,15364K%Op

,43812K«0 1

« ~ 20057E«01
« ~ 1586SEWQO

'.623ouK«ol
e 14453Etoo

«,43812K«01
«,20057K«01
««15865K%00
«,62304K«01

e luus3E400

««10044K%00
«,35010K«01
«,20577Etpo
« ~ 34347K«01
««77147K«01

««10044K%00
«.35010K«01
«,20577Etoo
»«34347K«01

.77147K«oi

«, 11931K%00
«a30829K«01
« ~ 1906SEWOO
« ~ 24140K«01
««10560K%00

Qe
Qe
0«
Oe
0 ~

«491>1K«04
,98884K«04
«27663K«03

« ~ 822)bE«04
.10319K Oa

«98262K«04
ei9777K«03
.55326K O3

««16447K«03
«20658K«02

«98264K«04
e 19777K«03
.55327K O3
.16448K o3
«20639K«02

~ 18880K«03
«20748K«0$
,47298E 03

««30451K«03
F 27"43K«02

«18880K«03
«20748K«0$
«47298K«0$
«30451K O3
«27443K«02

19887K o3
«26887K«03
,64929K«03

««>5942K O3
,35195K Oa

,19887K»03
,26887K 03
,64929K«o3
,35942K o3
,35195K«02

,23524K«03
«17551K 03
«29111K«0>

«,46105K«03
«36969K« OR

0«
0«
0 ~

Oe
0 ~

,16615K«03
~ 96243K«04
~ 79187K«03
,34333K O3

««87229K«03

«28646K«03
.93035K-Ou
«8317SE»03
,34407K«O3

"«95193E 03

«28647K»03
«93033K«04
e 83177K«03
~ 34406Ke 03
,95193K 03

~ 51158K«03
e 11830K«04
«30423K«03
~ 34503E«04
,16855K o3

,51158K 03
.1183oE ou
~ 30422K«03
«34502K«04
,16855K-p3

«59553K«03
««11849K"03
« ~ 24959K«03
««10$ 6RE«03
«,34265K«03

«59553K«03
«e 11849K«03
« ~ 24959K«03
« ~ 10362K«03
««34265K«03

.70472K O3
,42017K 03

» e 13669K»02
««33703K»0$
»«57327K«03

0 ~

0«
0,
0«
0«

««78154K«P6
~ 17457K 04
«11442K«03

««9'5373K«03
«,20665K«03

-,60826K-06
,12989K«04
«81669K«04

««65035K«0$
,1314?K 03

«,60823K«06
~ 12988K«04
«81665K ou

««65032K«03
«, 13141K 03

. 11657K»os
~,27241K«04
««16789K«03

«13124K«02
~ 28659K«03

e 1 lbg7E«05
««~7241K«04
«, 16789K«03

, 13124K«02
«28659K«03

,13p70E«05
««29992K«04
««18804K«03

e 1498RK«OP„
,32457K 03

, 13070K«05
,29992K Qu

«, 18804K«0$
e 1498RE«QP.
,32457K«03

e R1513F«06
««R872SE«05
««31369K«04

,)6243K 03
~ 70730K«04

1 1 bP. .12334K O3
«,28479K«02
«.17604E«p 1

«. 62708K«05 ««11931KIP 0

~ 26005K«04 «,30827K«ol
«83589K«03 ««19065K%00

«23524K«03
«17551K«03
,29111K«03

«70472K»03 «21511K«06
««4201SE«03 ««28721K«05
»« 13670K«02 ««81367K«04
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~ ?9872K»Q1
~ p VWT,PIT3 7&1)T ~ 4N V»K 03

« ~ 2144PE«02 « ~ 10560Ktpp »369e9E«02
« ~ I «3
«»57328K«03

, 4~4 l c.

,70725K«04

10 7

& 88

7 10

5 12

3 112

2 13

1 14

?

5

1

2
3
4
5

2
3

5

,12412E 03
28645E"02

«,17683E«01
,13850Etpo

'29933K«pi

. 12490K«03
,28808K 02

« ~ 17757K«01
,]38BSKtop
.29972K Ol

, 51132K«01
88414K" 01

« ~ 13594Ktpp
.]547]Ktpp

«. 3172PE«01

.12490K«03
«,P8814E«02
« ~ 17769K«01

~ ]390]Ktpo
30018K»80]

.51]41E«0 1

'",88435K"01

«;"]3595Etpp
'.1547]KtOO

«".317 32K«01

.]2490K«03
«,28818K«Q2
«, 17777K«01

, 1391]Ktop
.30046K«o]

",63680E«01
« ~ ]4430Ktpp
«e 14225Ktpp

, 15965Etpo
«,3829]K"0]

,63680K«01
«,]4430Etpp
«,14225Etoo

. 1596SEtpo
«,'3829]E«01

,63682K«p]
«,]4434Etpp
« ~ 14237Et 00

, 15989K t QO

« ~ 38367K«01

','63683K«oi
«.]443SKtpo
«,14?42Etpp

,]5997Etoo
«,38392K«o]

0,
0 ~

0 ~

0 ~

0,

»6393PK«05
«e 53845K» 05
«, 19506K«03

.26176K 02
«,87153K«03

«,15820E«01
«» 12345K«01
-,2344oE-01

»45843K«01
«,39152Etoo

0,
0 ~

0,
0,
0,

«,15823E«oi
«,12347E» Oi
«»23444K«0]

,45851K«01
«»39160Etop

«»88532K«05
»11047K«04
~ 349P4K«03

«,47449K«02
,16542K«02

«, 182Q7K«01
«»14318E 01
«,27712E«01

~ 54789K«01
,48108Et 00

«, 18206E«0 1

«,14317K«01
«»277]OK«o]

,54786K«01
«»4S106Etpp

«
~ 96414K«02

«
~ 76558K«02

r» 15195K«01
~ 30798E«01

« ~ 27566Etpp

0 ~

0,
Q,
0»
0 ~

«,15512Ktop
,79394K«02

« ~ 11594Etoo
«ib3153K«02
« ~ 73424K«0]

«,19163EtOQ
.19403K«pi

« ~ 30736K«o]
, 11820K«o 1

«,33716K«01

«, 19164Et 00
, 19242E«01

»»30609K«pl
,11781K«01

«,33718K»0]

«,22851Etoo
.49807K«01
,61175K«01
,31005K«01
, 11912K«01

, ]9164Et 00
, 19242K«p 1

«,30609K«01
. 11781E»01

, «»33718E«01

«»28927Ktpp
»10059Ktoo
~ 21&48Etpo
,65793E«01
,9P862E«pl

~ ,17943Ktpp
«,53466K«0]
=«,2]694K«pi

~ 1223 lE«01
«»33782K«oi

«,17943Etpp
«;535?9E«oi
«,21675K«pl

, 12230K«01
«,33776K«01

«.13395Ktop
.44126Etoo
»i]405Ktpo

« ~ 22604K«ol
, 11732K«01

~ 88788K«01
«, 85190Etpp

.27327K»00
66842K «01

.69517K"Ol

»23389K«p)
»17566E«03
»29739K«03
,4e493E o3
.39839K 02

»23253K«03
e 17561K«03
»30367K«03

«,508SlE«03
e 42710K«02

22245K 03
.]76>0K 03
,34640K«03

-reb7323E«03
»62570E«02

»23253K«03
.]7%8]E-03
e30367E«03
,50881E 03
»427]QK«02

e22245E«Q3
, 17630K«03
.34640K«03

»»67324K«03
»6257]K«02

»23253K«03
.]758]E«03

0367K«0
re5088]E«03

e 42710K«02

»]88]4K«0$
.]5]eeE p3
.31065E«03

«»625]4E«03
»6002?K«02

, 18S14E„p3
e]S]68K«03
,3106sE o3
!62514E-03
,60027K p2

»18814g«03
» 15168E„Q3
»3]06SE«03

«e b2514E„03
~ eo 27E«Q2

e]8&]4E p3
e]5]eeE 03
~ 31065K«{}3

«»625]4E„03
»60027K p2

~ 72334E«03
«e 50190K«Q3
«e1600SE» 02
«»36046E«03
«» 71S97F«03

»73392K«03
« ~ 5981OE«03
»e]774]E»02

,34836E 03
.85/34E-O3

,72]1>E«03
»e17939E«02

,14181K-02
»45280K«03

«,79956E«03

~ 73906K«03
«ee]3]VF«0$
« ~ ]8744K«02
- 40212K O3
«»94616E«03

»72]13K«03
«e 17941 E» OP.

«e 14179K«02
»45279K«03

«e7995]E«03

» 74156K«03
«,62115K«03
«»19314K» 02
«»43081K«03
,e99940E«03

~ 65598K»03
«»S]945K«02

»15960K«Q2
«,36421K«03

»48769K«03

»65598K«03
«,51946K 02

e 15961K«02
«»36426K 03

~ 48776K«03

»64633K«03
»»57664K«02

»21691K«02
«»5888]E»»03

e/6649K«03

»64472K«03
«»5908]E«02

»23]BSE«02
«e64990E«{}3

.85002K«03

e]4105K«06
«»2439]E«06

,]0008K o4
,]4739K«03
,117esE o4

«»50221K"Oe
«

~ 37670K»06
,50630K-oe

«,12602K 05
«»10023K«04

-,44427K-04
«»33639K«04

,58476K 04
10]42E«03

,6 1s20E 03

«»]079]E«06
e 13405E«06
,4]ee9K«QS
,56270K-04
,]9442K 04

«»44435K«04
«e)3645K«04
«eh&486K«04

, 1oi44E o3
.8]534K 03

»,10799K«06
,i>492K oe
,42800K as
;56339K 04
,2039]E«04

«,lo942K«03
re&4235K«04

,15377K 03
»28547K 03

«»23812E«02

-,10943E 03
-,84240K O4
«el5378K«03

»28549K«03
r»23814K 02

re]3227K«03
«, ]0409K«03
«e>Q]83E«03

»39979E«03
,bs]49K-02

-,140O]K O3
«, ]1156K«03
«,22339K«03

»45666K«03
e41]35K«PP.
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OVFRALLT I ME LOG

NODAL POINT INPUT
ELEHENT STIFFNESS FORMAT ION
NODAL LOAD INPUT
TOTAL STIFFNESS FORMATION
STATtt'. ANAlYStS
EIGENVALUE EXTRACTION
FORCED RESPONSE ANALYSIS
RESPONSE SPECTRUM ANALYSTS
STEP BY"STEP INTEGRATION

TOTAL SOLUTIO~ TIME

3 7
g19
,Ol
,03

0,00
F 40

0,00
0,00
0 F 00
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THRPlPE ANALYSlS KXANPLE 1 PlPDYN HANUAI. XeY SHOCK

SAVE

DlRECT ION

FREQUENCY

FREQUENCY

FREQUENCY

6 X

G X

9 X

KNOJOB

13

12

15

0',0000

1 F 0000

.3333

1,4290

5,5550

,0560

,2857

.5375

0,'0000

,6667

~ 5000

1,7860

10,0000

~ 0919

,3<78

;3856

0,0000

0.0000

,5555

3,3330

50,'0000

, 1029

~ 5274

, 1199

0.0000

0 F 0000

.7143

3,8060

Oe0000

.1369

I5045

0.0000

Oi 0000

0,0000

~8333

4,5450

Oe0000

g1629

~ 5505

0~0000

Oi0000

0,0000

1.1110

F 0000

0.0000

~ 2228

,5076

0,0000
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THRPIPE ANALYSIS EXAMPLE 1 PIPDYN HANUAL X~Y SHOCK

CONTROL INFORMATION
NUMBER OF NODAL POINTS
NUHBER OF ELEMENT TYPES
NUMBER OF LOAD CASES
NUMBER OF FREQUENCIES
ANALYSIS COPE (NDYN)

EQ,Oe STATIC
EQ ~ 1 t MODAL EXTRACTION
EQ Q 2y FORCED RESPONSE
EGA 3 RESPONSE SPECTRUH
EQ ~ 4i DIRECT INTEGRATION

SOLUTION HODE (HODEX)
EQ,O i EXECUTION
EGA 1z DATA CHECK

NUMBER OF SUBSPACE
ITERATION VECTORS (NAD)
EQUATIONS PER BLOCK
TAPE10 SAVE FLAG (NlOSV)

20
1

0
5

e3
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RESPONSE SPECTRUM ANALYS IS
DIRECTION FACTORS

X
—

1 F 0000 Y ,6670 Z -"0 0000

/

~ INDICATOR FOR DISPLACEMENT OR ACCELERATION SPKCTRUH

EQ,O DISPLACEMENT
EQ,f ACCELERATION

HQDAL PARTICIPATION FACTORS

~ MQDK X«DIRECTION

1 ,2742K~00

2 « ~ 6552EIOO

«
~ 1061K~Of

,4075K<Of

5 ,5614K~00

«~543fE«01

,1861K-01

,3213K>00

«,3276K%.01

«,2113EIOf

«,5565EWOf

«,i363E~Qi

«,3600K%Of

«,1095EWOf

,2158K~Of

Y«DIRECTION Z«DIRECTION

SPKCTRUH TABLE (TMRPIPK ANALYSIS EXAMPLE 1 PIPDYN MANUAL Xe Y SHOCK

NUMBER OF POINTS =. 15
SCALE FACTOR - ,fOOOOEWOf

INPUT
POINT

1

2

5

7
8

10li
12
13
14
15

PERIOD
,2000K Ol
,fOOOE>00
,1800K+00
,2000K~00
.2200K~00
,2600KWOO
,3000K+00
,5600K~00
.7000E~OO
,9000K<00
~ 1200K%Of
,fOQOE>oi
,1800EWOf
Q 2000K+0 1

,3000K+Of

SPECTRUM
YALUE

,4633K>02
gf490E403
y2077E<0$
e2ff6E>03
,2127K>03
.2104E~03
g2038E>03
,134<E~03
gffOQE403
,8609K%02
,6295E402
g5290E<02
t3976E>02
j3551E402
)2160K>02
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NODEQ.I SP

NODE HQDK
NUHBFR NUMBER
SAP THR

LACEHK
X«

TRANSLATION

NTSgROT
Y»»

TRANSLATION

ATIQNS
7«

TRANSLATION
C

X«

ROTATION
Y«

ROTATION
Z«

ROTATION

20 1

HAXIHUH VALUE'
ABSOLUTK SUH
SQRT»SUH OF SQ

CLSLY SP MODES

19 2 1

2
3

5-

HAXIHUH VALUE
ABSOLUTE SUH
SQRT,SUH QP SQ
CLSLY SP HODES

la 28 1

2

5

MAXIMUM VAI,UK
ABSQI.UTK SUH
SQRT,SUH PF SQ

~ CLSLY SP HODKS

0.
0,
0 ~

0",

0 ~

0 ~

O.
0 ~

0 ~

".'6S613K-Ob
«.63638F«05
« ~ 15529K«04

,25312K«o3
.97774K«05

, 25312K«0'$
-.28544K«03
.25386K 03
,25386K«03

.13122K OS
«".12719E«04
«,30989K"04

;50436E«p3
".19460K 04

'.50436K«03
,56884K«03
~ 50585K«03
,50585K«03

0,
0 ~

0 ~

0,',

0»
0,
0»
0 ~

«,21125K«04
~ 21161K«03
,65686K«03

«,14375K«ol
« ~ 68457K«03

~ 14375K«01
, 15950K«0 1

,144oaE Ol
» 14408K«01

~ 54926K 04
»53612K«03
,16084E«02

«,33884E«01
15542F»»02

»33884K«01
,37639K«01
~ 33962K«01
»33962E»01

Q,
0,
0,
0 ~

0,

0,
0 ~

0,
0 ~

,37095K«02
«, 11192K«02
« ~ 42677K«02
-»58753K p2

»26538K«02

,48753K«02
e 16625K«01
,80023K"02
,80023K«02

», 13405K«o 1

»30707K"02
« ~ 11724K" 0 1

«» 12818K«0 1

~ 70384K«02

,13405K«01
,48055K»oi
,23246K«oi
,23246K«01

Oe
Oe
Oe
Oe
0 ~

0»
0 ~

Oe
Q ~

20565K«04
»18252K«04
»23596K«04

«»17667$ » 04
e47275K«04

,47275K«04
e 1 2716K«03
,62OS2K O4
,62052K«04

,41129K«O4
,36505K 04
.46792K o4
35334K 04

.94551K O4

e 94551K«04
,25431K. 03
~ 12410E» 03
»12410K O3

Oe
0,
0 ~

Oe
0 ~

Oe

Oe
0 ~

Oe

»69545E«04
~ 17765K«04
»66972E»04
»73758K«04

«»39962E«04

»73758K«04
~ 26800K«03
,12913E 03

12913K o3

e 11990E»03
» 17173K«04
»70348K» 04
»73917K«04

«e 43611E«04

e 11990E» 03
»32495K«03
, 16428K«03
»16428E»03

0 ~

Oe
0»
Oe

Oe

0,
Oe
Oe

Oe

,32715K 06
~ 32222K 05
,96769K«05

~ »20489K»03
«»94671K«05

,80489K«03
e22759E«03
,20536K«03
»20536K«03

-,25460K-. Oe
,2397SE 05
,69071K 05
e 13972K«03

-«,60209K«OS

, 13972K«03
,15530K«03
, 14OO4E-03
»14004K«03

17 3 1

2

5

.13128K«05
«.12719K 04
«;30990K»04

",50437K«03
;19460K«04

«»54928K»04
~ 53814K»03
»16084E«02

«,33884E«ol
« ~ 1554?E«02

«,13405K«01
«,30706K«02
»»11724K«oi
«» 12818Evo 1

»70386K«02

.41130F o4
»36505K«04
»46793K„P4

«»35335K«04
.94553K«04

» 11991K«03
»17172Ee 04
y70347K«04
»73916K«04
.43611K o4

«»25459K«06
»23974K»05
»69068E«05

«e 13971K«03
«,60206K«05

HAXIHUH VALUE
ABSOLUTE SUH
SQRT»SUH OF
CLSI.Y SP MODES

16 4 1

2
3

5

MAXIHUH VAI.UK
ABSOI UTE SUM
SQRT»SUH QF SQ

CI.SLY SP HODKS

",'50437K«03
;56885K«03
,50586K«03
~ 50586E«03

,40368K«05
;41615K 04

«»11150K 03
,20806K«02
,9439QK«04

~ 20806K«02
.23322K"02
.20862K«02
~ 20862E"02

~ 33884K«ol
,3764OE Ol
,33962K«01
»33962E«01

»,52565K«04
51027K«03

» 15303E«02
~ ~ 32339K»ol
« ~ 1 f7 {0K«Q2

,32339K«01
»35907K«01
,32413K«0 1

,324 13E«0 1

, 13405K«01
,48057K«01
,23247E«ol
,23247K«QS

«,18338K«ol
«»37022K«02
«» 13418K«0 1

«, 13385E«01
~ 66212K«02

~ 18338K"Ol
,55464K«01
~ 27441K»ol
,27441K"01

,94553K„p4
25432K 03

»1»i iK O3
.12411K-03

»79024K P4
e>6298K«04
,40002K«p4

«»6)419K«04
»12573K«0$

» 12~73K«Q3
~ 34847K
»17146K 03
»17146K 03

e 11991K«03
»32495K«05
, 16428E 03
~ 16428K«03

»21413K«03
»21837K«05
»25730K«04
»74123K«05

«»77218K»05

»21413K«0"
e 25718E«03
»21595K«0)
»21595K«03

, 1397 l K«03
,15529K«03
»l4003E 03
.i4003K 03

,48791K Ob
«,50283K«05

,14199E«04
»28195K«03
,1313oK«04

~ 28195E«03
»31479K»03
~ g8265K«03
»28265K«Q3

15 42 l
2

.40369K 05
»» 41616K«04

«»52565K«04
~ 51027K«03

«,18338K«ol »79024E
-,-37022K 02 '-- ,38298K o4

,21413K o3
»21637K«05

,48791K«06
«,S0283K«05
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4
5

~ MAXIMUM VALUE
ABSOLUTE SUN
SQRT«SUM QF SQ
CI,SL,Y SP MODES

14 48 1

0
'MAXIMUM VAI.IJE
ABSOlUTE SUM

SQRT CSUN OF SQ
,CLSL.Y SP NODES

MAXIMUM VALUE
ABSOLUTE SUN
SQRT«SUM OF SQ

CLSLY SP ~ODES

12 6 1

2

5

MAXIMUM VAI.UE
ABSOI.UTK SUN
SQRT,SUN OF SQ

CLSI„Y SP NODES

11 62 1

2

5

MAXIMUM VALUE
ABSQI.UTK SUN
SQRT«SUM QF SQ

CLSI.Y SP MODES

10 7 1

2

5

NAXINUH VALUK
ABSOL,UTK SUM
SQRT«SUN OF SQ

cl.sL,Y SP MoDEs

9 8 1

2

»,111514»OS
,20807K 0?
,94393E"04

,20807K"02
",23323K»02
.20862K+02
,20862E 02

",4725 iK»04'
~ 48267K"03

»,f36f3E»02
",26994K»pi
,12463K»02

26994K»pi
,30131E Oi
,27061K»pi
,27061K»pi

;4725iE»04
.48267K«03

») 13613K02
,26994K Of
.12463K»02

,26994K»pf
.,30131K»pf
.27061K»pf
,27061K-Ol

,51625K»04
~",52567K»0>
» 14888K02

.29663K»pf
",13685K»02

",29663E»pi
:33097K»Pi
,29736K»pf
.29736E pi

.51625K»04
»",52567K»03
»,14888E 02

,29663K»pf-
,13685K»02

.29663K»pf
:33097K~Of
;29736K"Of
,29736K»pi

.51952K»04
«,52874K+03
«.14955K+02

.29754K>pf
;13713E»02

.29754K»pf

.33202K-01
,29828K»pf
,29828E»pi-

;52278K F 04
».53175K 03

~ 15>p>h»Vd
»)32339K»pf
»)14740K»02

)32339E»pf
~ 35907K»pf
~ 32413K»pf
,32413K»pi

««10330K»04
,78428K»04
)30140K»03
)77284K»02

«)33203E»03

,77284K»02
,84506K»OR
,77418K»02
,77418K»02

»)10330E»04
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SQUARE ROOT OF THE SUH OF THE SQUARES OF THK MODAL STRESSES
(FOR ALL KLKHKNTS)

KI.EHENT TYPE (3/O P I P K

PX ( I ) VY ( I ) VZ {I )
a9574E+0 1 e e3988Ktp 1 a e f943Kt03

ea a 9286Kt02 a 4223Kt02 ~ a 1 931 Kt03
,2266Kt03 144?Et 03 ~ 7686Et03
e 3694Kt04 < e 3454Et04 ~ a 9930Et03
~ 1 427Et03 ~ a 1766Kt03 a 5463Kt03

TX{I)
, 1 570EtQS
, 1393EtPS
, 1 786Kt 05

~ ~ 1348Et05
,3608EtOS

MY ( I )
. 7872Et PS

a 2? 28 Et 05
. 1 049Ktpb
, 1228Et06

„670?Et05

HZ(I) PX(J)
,5240Et03,9574K+0 1

,5309EPQ4 +-,9286Kt02
. 1684Kt05 .,2266Et03

~,3760Kt06,3694Kt04
r, 1 62?Et05, 1 427Kt03

) / / / KLKHKNT NU"BKR ( 1 )

VY(J) VZ(J)
< e$ 988Ktp f e ~ 1943Et03

, 4223Et02 e
e 1 93 1 gt03

a 1447Kt03 ~
~ 7686Et03

~ a 3454Et04 e 9930Kt03
-. 1 766Et03,5483Et03

TX(J)
, 15?QKt05
a 1 393EtOS
~ 1 786gtQS

~
a 1 348Et05
, 360 8Kt 05

HY(J)
, 5929Et 05
, 797 1 Et 04
,2802EtQS
, 2354 Kt05

~, f224Et05

MZ{J)
~a 1252Et03

, 1086Kt04
a 2$ 68Kt04

a a 3059Kt05
«e 5625K t03

SQUARK ROOT SUH OF THE SQUARES
,3704Et04,3462Kt04 ~ 1397Kt04 ~ 4736FtQS, 1937Kt06 a 3759K't06

J
a3704Kt04,3462Kt04 e 139?Kt04 ',4736Et05,71 19Et05

CLOSELY SPACED MODE SUHHAT ION METHOD
,3704KtQ4 3462Kt04, 1597Kt04 4736Ktp5, 1937Ktp6,3769Kt06,3704Et04,3462E+04, 139?Kt04 ~ 4736Kt05,71 19EtQS

, 3070K+05

, 3070Et05

EI.KHKNT TYPE (3/D P I P E ) / / / ELEMENT NUMBER ( 2)

PX(I) VY(I) . YZ(I)
a 9573Et0 f e 3943Et 0 f «, 1 864Kt 03

e,9?74Kt02 3808Kt02 . 17 1 2Et03
, 2?56Et03 1 023Ktp3 .. 4935K«03
a 3666Kt04 ~ a i905Kt04 ~ 4676Et03
e 1413Kt03 ~a?964Et02 ~ 1723Et03

TX ( I )
a f 5?QKtpS
«1 393Et QS

, 1786Et05
"a 1348Et05

. 3608Et OS

MY ( I )
,5929Kt05
~ 797 1 Et 04
,2802Et05
. 2354K+ 05

~
~ f224Ktp5

HZ ( I )
~

~ 1 252Kt 03
, i Q86Kt04
, ?368Et 04

~ . 3059Et05
~

~ 56PSEt03

PX{J)
. 9573E t0 1

~a9274Et02
s ~ 2256Et 03

, 3666Et04
, 1413Kt03

YY(J) VZ(J)
~e3943Ktpf ~e 1864Et03

a3808Kt02 «e f?12Kt03
, 1023Et03,4935Kt03
~ 1905Ktp I ~

~ 4676Kt03
~a7964Kt02, 1723Et03

TX(J)
a 15?QKtpS
a f393Kt05
, 1 7S6Et 05

e
e 1348Kt05
a 3608Kt 05

HY(J)
, 4 065K+05
, 9 1 46Et 04

~
a 2 |3REt 05

~,2$ 22Et05
, 4996 Et 0 4

HZ(J)
, 269 1 Kt03

«a2722Et04
e, 7864 Et 04

e 1599Et06
,7401Kt04

SQUARK ROOT SUM OF THE SQUARES
= ~ 3677Et04 a 1910K+04 ~ 7456Kt03 a I736KtpS ~ 71 19Etp> .'a>0?OKt0% I e 367?Et04 a 1910Kt04 ~ 7456Kt03 a I?36Et05
CLOSELY SPACED HODE SUHHATIQN METHOD

~ e $ 67?Et04 a 1910Kt04 e?456Kt03 e4736Kt05,71 19Kt05,3070Et05 a3677Kt04 a 1910K 04 e?456Kt03 a4736EtQ5

a5249Kt05 e 1603Et06

, 5249Kt 05 1 603Et06

KI.EHKNT TYPE (3/D P I P ) / / / KI.K MENT NUMBKR ( 3)

~ PX(I) YY(i) VZ(I)
a9573Etp f er 3926Etp 1 r, f 822Et03
~ 9270Et02 a3654Et02 +' 16? IEt03

w e2253Et03 e 6722Et02 ~ ~ 3633Et 03
~ 3658Kt04 ~ '1373Et04 ~ ~ 2664Kt03
~ 1 409Kt03 a e4757Kt02 ' 27 1 OKt02

TX(I)
1 57 OF+ 05

a 1 393Et 05
e 1786Kt05

~ a f348Et 05
, 3606Et05

HY { I )

, 4065EtOS
, 9 1 46Et 04
, 21 32Kt05
, 2322EtpS
, 4996 Et 04

HZ ( I )
,269 1 Ktp3

~
a 2722Kt04

~,7864Et04
. 1599Ktpb
, 740 1Kt04

PX( J)
,9573Etp f

"a9270Et02
,,2253Et03

, 3658K«4
, 1 409K t03

YY(J) VZ(J)
«a3926Etpf ~e i822Kt03

,3654Ktp?. < ~ 1 624Kt 03
, 8722Kt02 ~ e 3833Kt03

~e f373Kt04 ~e2664Kt03
, 4 757 Kt02, 27 1 OF t02

TX(J)
. 1570Et05
, 1393Kt05
, 1786Ktp5

~; f 348Et05
a 3 6 0 8 Et 05

HY ( J)
, 4065Et05

e e 9 1 46 Et 04
, 2 132Et05

> a 2322Kt 05
, 4997Et04

HZ( J)
,2691Et03

e e 2722Kt 04
, 78 65K t 0 4

, 1599Kt06
,7402Et04

SQUARE ROOT SUH OF'HE SQUARES~,3669Kt04, 137?Et04,5275Et03,4736KtOS ~ SP49Et05 ~ j,603Et06 3669Et04
CLOSE~. SPACED MODE SUHHAT IQN METHOD

~ 3869Kt 04, 1 377K+04 ~ 527SKt 03 4736Et05, 5249Et 05; 1 603Kt06 -3669Kt04

, 1 377Kt04, 5275Kt03, 4736Kt05,5?49Et05, 1603Kt06

~ 1377Et04 e52?5K+03 a4736Et05 ~ 5249Kt05, 1603Et06

~ KLKHFNT TYPE (3/D

PX ( I ) VY ( I ) VZ ( I )
e9572Etpf e3921Ktpl,iSfiKt03

t ~ 9269Ft02 «e361 1K+02 ~ 1599Et03

) / / / KI.KHENT NUMBER (

TX(I) HY(I) MZ(I) PX{C) VY(C) YZ(C) TX(C) MY(C) HZ(C)
~ 1570Et05 ~

~ 4065Et05 a 269 1 Ktp>
1 034K a 4044K~0 1 a 181 1Kt03 a 5579Kt0$ ~ a 4 1 07Et05 ~ e2969Et03

, 1393Kt05,9146Et04,2722Kt04 '9945Kt02 21 1 1EtQl, 1599Et03, 168 fEt05,5322Et04,2966Kt04
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« ~ 4t I > t
,3656Et04 ,1223gt04 ,2Q95Et03

1408Et03 3850EtP2 ,1398Et02

0 I 2
« ~ 1348Kt 0'5

~ 2322Et 05
~ 3608EtpS « ~ 4997Et04

~
'

«,1599Etpb
«,7402Et04

« ~
'Et ~ ~ t ~ ~O
38 lbEt04 «

~ 2693Kt03 j2095Et03 « ~ 2997Kt04 ~ 29SOEtQS « ~ 1668Et06
~ 1448Et03«1830Et02q1398Et02 ~ 3 f 46Et05«,1823EtQS« ~ 7546Kt04

SQUARE ROOT SUH OF THK SQUARES
,3667Et04 ,1227Et04 ,4759Et03 ,4736Et05 ,5249KtOS

CLGSEI.Y SPACED HODE SUMMATION METHOD
,3667Kt04 1227Et04 ~ 4759Et03 ,4736Et05 ,5249Kt05

,1603Etpb

,f603Kt06

,385VEt04,2701Et03

.3857Et04 .2701Et03

,4759Et03

,4759Kt03

,'4403Et05 ,5684EtOS ,1672Et06

i4403Et05 ,5684Et05 ,1672gtpb

ELEMENT TYPE (3/D P I P E / / EI.KHENT NUMBER (

PX( J)
,9541Etpi

«,9107Et02
« I2179Et03

,3450Kt04
~ 1268Et03

VY(J)
~q3996Ktpf
-|4001Et02
,1006Et03

«ef721Et04
«17232Ea 02

VZ{J)
,1811Etp3
,1599Et03
.3522Et03
,2095Ft03
, 1398K t02

TX(J)
~,f573Et05

, 1800Kt05
,3142Kt05
a909SEt04
a2213Et05

HY(J) .

«
~ 3523Et05
~ 6878Et03
. 1142Et05
,3129EtpS

« ~ 2869Et05

HZ(J)
«,2680Kt03

,2664Et04
,7602Etp4

«, 1525Kt06
«

~ 6897Et04

SQUARE ROOT SUM OF THE SQUARES
,3460Kt04 ,1725KtP4 ,4759Et03 ,4617Et05 ,5634Et05

CLOSELY SPACED HODE SUHHATION HETHOD
i3460Kt04 if72SKt04 o4759Etp'S s4617Et05 ~ 5634Kt05

,'' 1 529+tpb

~ 1529Kt06

EI.EHENT TYPE (3/D P I / / ELEMENT NUHBER (

PX(I) YY(I) VZ(I)
I9538Etpf -e3999Ktpf «, 1795Et03

«.19076Et02 «~4028Et02 «$ 1569Et03
« ~ 2148Et03 «11033E+03 « ~ 3166Et03

~ 3342Et04 g 1 8 15EtP4 « ~ 150 1 Et 03
~ 1 203Et03 '7801Kt02 «g5261Et02

TX (I)
,1573Kt05
.1800Et05
,3142Et05
,909SKtp4
i?213EtpS

HY(I)
.3523Kt05

« ~ 6878Et03
1142EtOS

«,3129EtOS
~ 2869Kt05

HZ{I)
,2680Et03

«
~ 2664Et04

«
~ 7602Et04
, 1SZSEt06
~ 6897Et04

PX{J)
.9538Ktpl

«,9076Kt02
«,2148Kt03

,3342Et04
~ 1203Et03

YY(J) VZ(J)
g3999Ktpf «If79SKtp3
e4028Kt02 «of569Kt03

o,f033Et03 «)3166Kt03
,1815Et04 «ifSpfKt03
,7801Kt02 '«i5261Kt02

TX{J)
« I f 573Et05

,1800Etp5
,3142Et05
,909SKt04
I22$ 3EtpS

HY(J) HZ(J)
,35?3Kt05 ,2680Et03
,6879Et03 ,?664Etp4
,1 142EtQS ,7601Kt04
,3129EtpS .152SKt06
e2869Et05 f6897Et04

SQUARE ROOT SUH OF THE SQUARES
I3352Et04 ef821Kt04 ,4270Et03 e4617Et05 ,5634EtQS

CLOSELY SPACED HODE SUMMATION METHOD
13352Et04 ~ 1821Kt04 N4270Et03 y4617Et05 ~ 5634Kt05

.1529Ktp6

,f529Etpb

,3352K t04 ~ 1821Et 04 ~ 4270Et03,46 1 7Et05,5634K t 05 ~ 1529Et06

~ 3352Et0 I ~ 1821Et04 ~ 427PEt03 ~ 4617EtOS ~ 5634EtpS i 1529Et06

PX(I)
,9525EtOf

ei8958Et02
« ~ 2033Kt03

y2937Et04
,9602Kt02

VY {I) YZ( I)
,401OKtpf .1734Et03
4128Et02 « ~ 1457Et03

,1133Et03 -,1829Et03
«2172Kt04 e7275Kt02
,9936Et02 «,1975Et03

ELEMENT TYPE (3/D P I P E

TX(I)
~ ~ 1573KtpS

,18pOKt05
.3142KtQS
,9095Et04
,2213Kt05

HY(I)
,3523EtOS

« ~ 6879Et03
«,ff42KtQS
«e3129Kt05

,2869EtQS

HZ(I)
,2680Et03
',2664Et04
,7601Et04

1525Etpb
,6897Kt04

/ / ELEMENT NUMBER (

PX{J)
,9525Etpi

«,8958Et02
«,2033Et03

e2937Etp I

,9602Et02

VY(J)
,4010Ktp 1

4f28Ktp?
I,1133Et03

,2172Kt04
~ 9936Kt02

YZ(J)
1734Kt03

«gf457Kt03
«,1829Kt03

,7275Etp2
~ 1975Et03

TX(J)
,1573EtpS
,1800Kt05
,gf42Kt05
19095Kt04
~ 2213Et QS

HY(J) HZ(J)
,1684KtpS «,1573Kt03

«,1614Et05,1714Kt04
',3082Kt05 4412Et04

«,2357Et05 «,7783Kt05
,7740Et04 ~ ,h642Etp4

SQUARE ROOT SUH OF THK SQUARES
,2947Et04 ,2177Et04

CI.OSELY SPACED HOOK SUMMATION METHOD
12947Ktp4 2177Et04 3593Et03 .4617Ktp5 ,5634Et05

1529Etpb

,1529Eepb

~ 2947Kt04 j2i77EtQ I f3593Et03 a4617Et05 I l593Et05 ~ 7806Kt05

,2947Et04 ,2177Et04 ,3593Kt03 ,4617KtpS ,4593Kt05 ,7806Kt05

KI.EHKNT TYPE (3/D P I P E ) / / / EI EMKNT NUMBER (

PX(I) YY(I) VZ(I) TX(I) HY(I) HZ(I) Px{J) YY(J) YZ(J) TX(J) - MY(J) HZ(J)
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e tp
«68$ VEt02
~ 1916Kto3
,2S28Et04
.7159Kt O2

0 Eto
««4041Kt02 .1261Et03
»eiosaEto3 »,9557Etpl

«1945Et04 .1956Et03
«8521Kt02 . 1?O2Et03

«e '

«1800Et05
~ 3142Etos
~ 909'SEt04
«2213Ktos

«ie 4Et
»,1614Eto5

,3082Et05
»«2357Etos

~ 7740Et04

"~ '

~ 1714Kt04
,4412Et04
.7763Etos

»«3642Kt04

«5 Et e 0
ee«8837Et02 »«4041Kt02
~.,1916Et03 ,1058Ftp3

,2526Kt04 .1945Kt04
,7159Et02 8521Kt02

.1261Et03
<«9557Etpf

«1956Et03
> ~ i202Kt03

"
~ Etp
efappEtos
,3142Kt05
«909SKt04
2213Etps

Et 0
.1614Etps ,17f4Kt04

««3062Kt05 ,4412Kt04
,2357Ktos «,7783Ktps
~ 7739Ktp4 ««3642Kt04

SQUARE ROOT SUH OF THE SQUARES
2538Etp4 1950Eto4 3069E+03 4617K+05

CLOSELY SPACED MODE SUHHATION HETHOD
,2538Kt04 ,1950Kt04 ,3069K+03 ,4617E+05

~ 4593Etos

~ 4S93EtPS

,7806K+05

,7806Kto5

~ 2538K+04 «l950E+04 «3069Et03 ~ 4617K+05 «-459$ Ktps

~ 2')38K+04 «1950K+04 ~ 3069K+03 «46fvgtoS «459$ Ktos

,7806E+05

«7806Kt05

FLKHKNT TYPE (3/D P I P E / / ELEMENT NUHBKR ( 8)

~ PX(I) VY(I,) YZ(I)
«9508Etol «3999K+Of » 1559Et03
~ 8805Et02 ~ 4018K+02 1209Kt03

»«1884Kt03 « ~ 1038Etp3 «3666Eto2
,2419Et04 ,1884Et04 ,2283Et03
,6508EtO2 ,8144Et02 ,9955Ktp2

TX(l)
» «1573Kt05

e 1800EtoS
«3142EtoS
«9095Eto4
«2213Et05

MY(I)
~ 1684EtoS

«
~ fb14Kto5

»,3p82EtpS
« ~ 2$ 57Etps

,7739Ktp4

HZ(l)
».1573Kt03

,1V14Et04
,44f2Ktp4

-«7783EtpS
~ 3642Et04

px(c)
,1031Kt02

».9673Et02
ee«2138Et03

.2956Eto4
,9129K t02

YY(C)
,5639K«of

««3428Ktpf
» ~ 2379Et02

,8152Eto3
«5034Et02

vz(c)
e«ef559Kto3
".ef209Et03

f3666Eto2
e?283Et03

««995SEt02

TX(C) HY(C) HZ(C)
»«8520Et04 «194$ EtOS ««1864Kt03

,fO12Kto5 .2347KtOS ,2O27Et04
,1733Etps ,3999EtpS ,53?6Kt04
«7286Etpl »«2211Etp5 »«9717Et05
~ 2313Kt05 » ~ 2690Et04 »,4586Kto4

SQUARE ROOT SUH OF THK SQUARES
,?429EtO4 ef669Etp4 ,3199Et03 .4617Et05

CLOSELY SPACED HODE SUHMATlON METHOD
,2429Et04 1889K+04 3199Et03 ,4617Et05

,4593EtoS ,7806KtoS

,4593EtoS ;7806KtoS

« 2967Eto4,8 1 7 1 Kto3 ~ 3 1 99Et03 ~ 3 1 79Et05 «'5499EtP5,9744Etos

«2967Kto4 ~ 8 17 1Etp3«3199Et03 ~ 3 179Kt 05«5499Kt05«9744Et05

KLEHKNT TYPE (3/D P I P E

PX(J) VY(J) VZ(J)
«9551Ktof «3695Ktpf « 1559Kt03
,9068Et02 3385Et02 1209Kt03
,2066Et03 ,5984gt02 ,3666Eto2
f3043Et04 »e>vafKt03 ,2283Eto3
~ 1036Eto3 e 1 157Et 02 «e 9955Et 02

Tx(J)
"«8640Kto3

4088Et02
~ 8100K+03

«««7830Kto4
«2007EtQ5

MY(J)
-,1906Etps
-.2722EtPS
««4308EtoS
»,1729KtoS
"«1271KtpS

HZ(J)
»«1589Et03

,1809Kt04
,soeaKto4

«,1003Ktpb
«5029Kt04

ELEMENT NUMBER ( 8)

SQUARE ROOT SUH OP THE SQUARES
«3053K+04 ~ 3845Kto'3 «3199Kto3 ~ 2158KtOS

CLOSELY SPACED HODK SUHHATlON HKTHOD
,3053Et04 ,384SEt03 3199Et03 ,2158Et05

,5848Kt05 ,1006Et06

.5848Kto5 ,lOO6Et06

ELEMENT TYPE (3/D P I P K ) / / / ELEMENT NUHBKR ( 9)

PX(I) YY(I) VZ(I)
,9547Ktol 3895Ktof ~ isfsKt03

~ «902SEt02 ~38SEt02 ~ 1 163Etop
» e 2 0?. 7 E t 0 3 ~ 5 9 6 5 E t 0 ? ~ 7 9 4 8 E t 0 2

,2911K t 04 «e 3663K>03,2514Et 03

~ e 956? Et 02 e 1214 Et 02 7132Et 02

TX(I)
»«8643Kt03

,4133Kt02
~ SfQ7Kt03

««7829Et04
«2OQ7Ktos

HY(l)
, 1906Et 05

e «2722EtOS
»«4308KtpS
««1729Etps
»«1271EtPS

HZ(I)
.1S89Kt03
, 1809Etp4
,soeaEtou

-,loo3Ktoe
«,S029Eto4

Px(J)
,9547Ktol

~,9025Et02
« 2p27EtQ3

,29ffKto4
,9562Kt02

YY(J)
»«3895Ktol

~ 338SKt02
,5965Et02

«
~ 3663Et03
~ 1214Et02

YZ(J)
»«1515Kto3

,1163Et03
«7948Et02
e 2514Eto3

»,7132Kt02

TX(J) HY(J) HZ(J)
»

~ 6643Et03 e 1906EtpS» ~ 1589Et03
e 4 f 33Kt02» ~ 2722Ktps ~ 1 609Kt04
8107Eto3 ,4$ 07EtOS ,5067Et04

»,78?9Kt04 » ~ 1728E+05 »« lOQ3Et06
e 2007Kt 05 ««1 27 1 Et ps > e '5029Et04

SQUARK ROOT SUH OF THE SQUARES
«292fEt04 «3729Kt03 ~ 3>33Et03 ~ 2158Kt05

CLOSELY SPACED HODK SUHHATION HETHOD

~ e2921Eto4 «3729Kt03 ~ 3333Eto3 «2158Etos

,5848Et05

.5648Ktos

.loo6Ktpb

.loobEtoe

,?921Ktp4 «3729Et03 «3333Kt03 «2fSSEt05

,29?.lEt04 «$ 729Et03 «3333Et03 ,2158Ktps

5846Etos 1006Ktob

,5648Etos « 1006Et06

ELEHENT TYPE (3/D P I P E / / ELEMENT NUMBER ( fo)
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PX(l}
«9539Etof

«,8950Kt02
«., 1957Et 03

~ 2678Ktou
815 QEt02

VY(I)
«q3894Ktof

g3384Kt02
g5932Et02

"e3456Kt03
11316Etp2

VZ(I)
"of438Kt03
«,1082Et03

~ 1552Kt 03
,2921Et03
.2139Kt02

TX(I)
,8643Et03
,4133Et02
,efo?Kt03

«I?829Et 04
e200?Etps

My(l)
,19ObEtps
~ 2?22Etos
,4307EtoS

«,1728Etos
~,f??fEtoS

HZ(I) - Px(J)
-.1589Kto> ,9539Ktof

.laO9Etou ~,8950Kt02
,SO67EtO4 «,1957Et03
, 1003Et06 ,2678F+04

~'o5029Etpu IafSQEt02

VY(J)
« I3894Ktp 1

,3384KtoP.

VZ(J)
,f438Kt03
,io82Kt03

~5932Kt02- ,1552Kt03
<y3456Kt03 y2921Kt03

g 131 6Et02 «q2139Et02

TX(J) HY(J)
«>8643Kt03 >ffa?Etos

,4133Kt02 ,326>Etos
,afo?Kt03 ,353f,Etos
',7829Ktou -',2680Etou
,?007Et05 «,13?BKtos

HZ(J)
,>586Eto2
, 1 fbSKt03
I2fpfKtou

«,8302Et05
«,568?Etou

SQUARE ROOT SUH OF THE SQUARES
' f 2688Etoff ~ 3525Et03 ~ 3771Kt032158Ktps

CLOSELY SPACED HODE SUHHATION METHOD
y2688Etoff g3525Et03 ,3?71Ft03 ,2fsaKtps

~ 5848Et05

,5848KtpS

,1006Et06 ,26SSKtou

,1006Kt06 I2688Ktou

~ 3525Et03

,3525K«03

I 3771Kt03

~ 3771Et03

,2158Ft05,5148Ftp5

,2158EtQ5 ,S148Etos

8324Kt05

,8324K+05

ELKHKNT TYPE (3/D P I P E ) / / / ELEMENT NUMBER (

Px(I)
~ 9522Ktof

«, 8799Et 02
«~f81?Kt03

~ 2211Etou
5320Kt02

VY(I)
,2?SQKtp2
I6606Ktpl
g2026Et02

«g7860Et03
«Ifff82Kt03

VZ(I)
«,1236Kto3
w,f04QEt03

,?473Et03
~ 3134Et03
,4803Et02

Tx(I}
«,8643Eto3

,4133Kt02
,8107Kt03
,7829Etpff
,2007Ktps

HY(l)
,1187Ktps
.3263Etps

«,3531Ktps
«,268pEt04
«if3?SKt05

MZ(l) PX(J)
358bEto2 ,9522Etof

,ffbSEt03 «,8799Ktp2
,2101Ktoff «,fef7Kt03

«I8302Et05,22 f 1Etoff
-,sbazKtou, ',532oEto2

vY(J)
I2280Kt02
,66Q6KtQl
e2026Kt02

«
~ 7860Et03
~ 1482Kt03

VZ(J)
,f236Kt03

«yfpuOEt03
,24?3Et03
,3134Eto3
14803Kt02

TX(J} HY(J)
,8643Kt03 ,-5691Etoff
-,41$ 3Et02 »,378$ Ktos
I 8 f p7Et03, P29SEt Q5

«<7829Kt04 ,1299Etps
~200?KtpS «,ff38Etps

HZ(J)
«e1104Ktoff
«,2138Kt03

~ 1088Etou
«~4371EtoS

,1722Et04

SQUARK ROOT-SUH OF THE SQUARES
I2221Ktoff I8005Kt03 ~ 4333Et03 ~ 2158Ktos

CLOSELY SPACED MODE SUHMATION METHOD
2 P 2 1 Kt Q4, 8 0 0 5 E t p3, 4 3 3 3 E t 03, 2 1 5 8 E t Q 5

,5148KtoS

,siuaKtos

—, ~ 832ilE4 05$ ,2221Ei 04

,8324KtO5 ,2221KtO4

~ 8005Et03

,8005Et03 ,4333KtQ3

,2158Etos ~ 4784Et 05

,215eEtO5 ,4784Eto5

,4377Et05

,4377Ktos

KI.KHKNT TYPE (3/D P I P K ) / / / KI„KHENT NUMBER ( 12)

PX(I}
«y2359Kt02
«gf945Kt03

,7034Eto?
«~5466Kto2
+,350?Etoo

VY(I)
I9700Ktof

«,8568Etpo
> ~ 1032Kt02

9817K+02
~a2501Kt03

VZ(l} TX(I)
,946BKtpf- 1759Kt04
ea291Kt02 «

~ 58?SKt03
~ D44Kt03 « ~ 4692Kt03
6428Kt03 2ifiKt04

.4176Et02 «.3530Etpff

HY(I)
«~3342Ktok
« ~ 3036Etos
+,9574Et03

,4390Ktps
«,fi32Ktpu

HZ(l) PX(J)
,8643Kt03 N,2359Eto2

+Ifff33Kt02 '«ef94'bKt
~ 8 1 0 7 Kt0 3 ~ 7 Q 3 4 Kt 0 2
~ 7829Kt04 «,5466Kt02

«.200?Etos «,350?Ktoo

VY(J)
I97QQEtol

«,8568Etpo
«,1032Kt02

~ 98f7Kt02
«I250fEt03

YZ(J) TX(J) HY(J)
~ 9468Ktpl ~ 1759Etoff ~ 9968Kt03
Iei?91Et02- 58?sEt03 2456Et05
,1$ 44Et03. «,4692Et03 ,8450Etoff

«~6428Et03 f2flfEtpu «
~ fpefKtou

.4176KtQ2 -.3530Etpff ,179OEtoff

HZ(J)
, 1855Et03
i 1863Et OP.

«,8846KtQ2
~9592$ t03

«,2568Etpff

SQUARK ROOT SUH OF tHE SQU~~ES
,2152EtO3 ,2690KtO3 ,6633KtO3 ,4536Kt04, ,5340Ktos

CI OSKLY SPACED HODE SUMMATION METHOD
,2152Kt03 ,2690Et03 ,6633Et03 ,4536Kt04 ,5340Ktps

; ~ RtSBEi05+,2152E<0$

,21SBKtps ,2152Kt0$

,269QKt03

q2690Kt03

g6633Eto3

~6633Et03

,4536Etoff ,2607Etos

,45$ 6Kt04 ,260?Etos

,2749Ktpff

.2749Etou

EI.KHENT TYPE (5/D P

PX(I) VY(l)
«,fauffKto2 fof3Kt02
«

~ 1966Kt03 e4903Ktop
,7537Eto2 .6467K+of

«,6288Et02 —.6618Kt02
6246Kt01 -11735Et03

I PK

VZ(I)
«,8094Ktof

,7326Et02
,iipiKt03
,5348Et03
,355Sgt02

TX(l)
,1759Ktoff

«~58?SKt'03
«s4692Kt03

,? 1 1 1Ktpu
«e3530Etpff

HY(l)
,9968Et03

«;2456Ktps
,ausoEtpff
,1081Ft04
,f?9QKtoff

HZ(I) PX(J)
,fBSSKt03 «,faffffEt02
I1863Kt02 ~,f966Kto3
,BS46Et02 ,7537Kt02
~ 9592Et03 «,6288Kt02
,2568Ktoff ,6246Ktoi

EL'EHKNT NUMBER ( 13)

VY(J)
gfpf3Et02
,4903Ktoo

«,6467Etol
,6618Et02

«,1735Etob

YZ(J)
«I8094Ktof

I7326EtOP.
I1121Et03
,S>48Kt03
y3555Kt02

TX(J) HY(J) HZ(J}
,f?59Kt04 ,9969Kt03 ,1854Ktp3
«,5875Kt03 ,2456EtOS gf863Et02

.4692Etok ,8451Kt04 — ,8838Kt02
g '21 1 1 Ktpu ~ 1 088KtQ4 9584Ftp3

«e3530Ktou 1791Etoff « ~ 2566Ktpu

SQUARE ROOT SUH OP THE SQUARES
2206EtQ3 febfKt03 5525Kt03 4536Ktou

CI.OSEI.Y SPACED MODE SUMMATION METHOD
,2206Kt03 , 1861Et03 ,SS2SKt03 ,4536Kt04

,26O?Kto5

i260?Etps

.2749Etpff 2206Kt03

,2749Kto4 ,2206EP03

. 1861Kt 03

, 1861Et03

,5525Kt03

e552SKt03

,4536Ktpu ,260?Ktpg

.4536Etou ,260?Etos

I274?Ktpu

.2747Ktpu
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ElEHKNT TYPE (3/D P I P E ) / / / KLKMKNT NUHBER ( 14)

PX(I)
«»1636Kt02
«»1975Kt03

g?741Etp2
»»»6620Kt02

,s913Etol

VY(I)
«»7538Etof

»6936Kt02
» 1030Kt03
4912Et03

»3304Et02

YZ(I) TX(I)
. 1030Et02 «»f?59Etpff

«,1032Ktoi «»5873Et03
~ 4910Ktol «»4693Kt03

«»5$ 25Kt02 »2111Etpff
, 1425Ft03 ,3530Ktoff

HY(I)
,185'3Ktp3
,1835Et02

«»8829Et02
,9584Et03

«,2566Et04

HZ(I) PX(C)
~ 9969Et03 ~ ~ 1690Et 02
,2456Ktos ,9o5eEto2
,8451Kt04 ,1276Kt03
~ 1 QBSKt 04 «»394 1 Kt 0 3

«,1791Etoff ,296?Kt02

vY(c)
»623?Etpf
,1887Et03

1813Kt02
«»>445Et03

,1706Et02

VZ(C) TX(C)
«,1030Eto2 ,1167Etpff

,1032Ktoi ,4077KtO3
,4910gtoi «»$ 684Kt0$

«
~ 5)25K%02 »1890Kto4
, 1425Kt03 ,3559Ktoff

HY(c)
,1244Kt04
.4151EtO3
.3319Eto3
,f493E 04
~ 2496Ktpff

HZ(C)
~ 1Q07Kto4
,2263Etp5
»9>55Eto4
» 6991Kt 04

«»P.fbffKt04

SQUARE ROOT SUH OP THE SQ"ARES
»223QKtp3 »5078Ktp3 ,1526Etp3 ,4536Kto I

CLOSKI.Y- SpACKD HooK SUMMATION METHOD
,22yOKtp3 ,5078Kt03 ,1526Kt03 ,4536Etoff

747Etoff

~ 2747Etoff

;,2607K~t05,,4254Kt03 ,3558Et03 1526Kt03 4231Etoff

,26{)7KtQS ,425ffEt03 ,3558Kt03 » l526Kt03 ~ 42>fKt04

,>20BEtpff ,q558Kt05

,32QBEt04 ,2558Kt05

ELEMENT TYPE (3/O P I P K ) / / / EL,KMENT NUMBKR ( 14)

PX(J)
«»75$ 8Ktof

.6936EtO2
~ 1030Ktp3

«»4912Ktp3
.,3304Et02

YY(J)
,1636Kt02
»1975Kt03

«»7741Kt02
»66?OEt02
,8913Etpf

VZ(J)
«»f030Et02

,1032Kt 01
,49ioKtof

«»5325Ktp2
,1425Kt03

TX(J)
«»2680K«pf
«»2258Ktpp

»9283K«oi
«»6298K«pf
«»4300K«pf

HY(J)
,15?4KtQ4
»568?Kt03
,557bEtQ3

«,3069Ktoff
,6095Et44

HZ(J)
,8382Kto3-
,1975Etp5
:e913Ktoff
,8738Etoff

«,2225Ktoff

SQUARK ROOT SUH OF THK SQUARES
~ 5078Kt03 ~ 2230K+03 »1526Et03 «2572Ktop »7049Ktpff

CI.OSKL,Y SPACED HOOE SUMMATION "KTHOD

~ » 50?BEt 03» 2230K+03» 1526Et 03» 2572Et 00,7049Kt 04

,2349Et05

~ 2349Et05

KI.EHKNT TYPE (3/D P I P K ) / / / KL.KMKNT NOIIBKR ( 15)

PX(I} YY(I) YZ(I)
« ~ 6846Ktpf » 10'50EtQ2» 1441Et02

,6300E+02 ,f666EtPl .,195fKt0$
»93'59Et02 <»3069Etof « ~ 7885Et02

.,44e2Kto3 ,3779Kt02 ,6966Etog
3QpiEt02 1045Etp3 «,ffSBKt02

0»
0 ~

0 ~

0»
0»

TX(I) HY(l)
.« ~ 8381Kt03
«,1975Kt05

,89f>Ktoff
« as?38Et04

~ 2225Et04

HZ(I)
,f574Ktpff
,5689Et03
,5575Et03
.3ob9Ktpff
,6095Ktoff

PX(J)
«,6846Ktpf

,6300Kto2
,9359Et02

«»4462Kt03
,3001Et02

YY(J)
, 1050Ktp2
»1666Ktoi

«»3069Etpf
,3779KtQ2

«»1045Kt03

VZ(J)
»1441Eto2 0»
,1951Kt03 0,

«»7885Et02 0,
»6966Et42 0»

«y 1158Et02 0»

TX(J) HY(J) HZ(J)
.8384Et03 ,1574Etoff

«»1975Et05 ~ 5689Kt03
,891RKtpff ,55?eEtO3

«»8737Etp4 «»307QKtoff
,2225Etpff ,6097Ktoff

SQUARE ROOT SUH OF THK SQUARES
»4613Et03 »fff?Et03 ,2224Ktp3 0,

CLOSEL.Y SPACKO HOOK SUHHATION HETHOO
,4613Et03 ,1117Kt03 ,2224Kto3 0,

,2349Kt05

»2349Et05

,7049Eto4 I 4613Et03 1117Kto3 ~ 2224Ft03 0

»?049Kto I 4613Etp3 » ilf?Ktp> »2224Kt03 0»

,234BEtO5 ,?050Ktoff

,2348EtpS ,?QSQEtoff

ELEMENT TYPE (3/D P I P E ) / / / EI.KHKNT NUMBER (

PX(I)
~» ~ 5135Kt0 1

,4725Kt02
? 021Et02

«»3348Kt03
2252Etp2

YY(I)
»1098Ft02
,3229Etof
»1486Ktpi

«,4379Ktoo
«»f038Kto2

VZ(I)
,958?gtof
,1893Kt03

«
~ 824 f Et02
.7819Kto2

«»fef9Kt02

0»
0»-
0,
0»
0,

TX(I) MY(I)
«»8380Et03

- «»1975Eto5
,8912Etpff
~ 8737EtQ4
2225KtOff

HZ(I) PX(J)
, 1574Etoff <,5135Etof
,5689Kto3 ,4725Et02

76KtO3 702fKt02
,3O?OEtO4 .,3348Kto>
~ 649?Etoff 2252Et02

VY(J)
, 1098Kt02
,3229Etoi
, 1486Ktp 1

»»»4379Etop
« ~ 1038Kt02

YZ(J)
9587E+Oi 0,

,1893K+03 Q,
« ~ 824fKt02 0»

»7819Kt02 0»
»»afef9Kto2 0»

TX(J) HY(J) HZ(J)
«»1670Et03 ,8051K+03
« ~ 650?Etpff »>429Et03

.>144Etpff ,4536Et03
«,326SKt04 «»5039Etpff

,952PKt03 ,6823Ktoff

SQUARK ROOT SUH OF THE SQUARES

~ 3461Kt03 » 1553Kt02 »22i?Et43 0»
CL.OSKLY SPACED HODK SUHHATION METHOD

»34bfKt03 »1553Et02 »221?Et03 0,

.234SKtO5

~ 2348Kt 05

',?QQOEtpff
)

34bfEtoW » 5$ Kt02 »22f?Eton'»

» 7050Kt04 346 fKt03, 1 553Kt02 22 1 7Et03 Q,

,7989E+04

»7989Etpff

»7534Kt04

,7534Etoff



~ I g ~ tvL g p, ~

~ ~ 't v L 4 ~

~A I ~

see t ry
Iv

,,V*lF
cry l*'J

P f ~

SL f ~ ef)
+ ~

JL vAPk
~ r 0 V A

b 4
b L

0 It «» ~

I ~ I

,Jg il

0 e j P go+ J ~ l4 C,„g' *

4 P

ar

0
e

4 'I e c L„rr ~ ' «vv ~ ~ P
*

L

C 'f I ~ ) O

+

) r II t Itt ~ ')

'V I ~

) I
o

On

0:.*
Kn

'

vent

f Il V

LA
D,

~ r it, n ~ L
V

~ r
e 4>v) pe.y 1

It «„

I l ~ w
e

', ~ y
I

r I r r- I 'L J r ~

VV r

~I

D Pr li j ' ~ L L

Vt" L

I U

'Ii ~ 'I
I P „~ I" 'L J I'I

4 f L L ~

0 r n f ep

P IV

I'

e ~



EI.ENKNT TYPE {3/D P I P E ) / / / KI,KNKNT NUNBKR ( 17)

PX(I) VY(l)
,1712Etp f 1150K%02
,]575Et02 ,4899Etol
,234]Et02 ,6480Etpf

«, lf]6K+03 «>4342Kt02
~ ,75]]Eto] <9748Kt02

YZ{I)
,2387Etoi 0,
,9296Et02 0,

«,4492Et02 0,
,4665Et02 Oi
.136OKt02 O.

TX(I) NY(I) NZ(I) PX(J)
, 1 670Et 00,805 1 Et 03, 1712Etp 1

«.6507Kt04,3429Et03, ]575Et 02
,3144Et04 ,4536EP03 ,2341Et02
.3265Et04 .3039Kt04 » ilibEtO3
~ 9520Et03 ,6823Kt04 ,75]iEtpi

VY(J) , VZ(J) TX(J)
a]]50Et02 52387Etpi 0,
~ "899Etoi 09296Et02 0 ~

56480$ tof «g4492Kt02 Og-
«,4342Etp2 ,4665Et02 0,

~ 9748Etp2 «g136QEt02 0$

NY(J) NZ(J)
«,4]9]E«08 « ~ 349?E«09

0 93 13K«08 « ~ 2328K«09
,]863K o8 ,]455K»09
,4657K«09 56985K«09

-», l]64E 09 ,93]3K 09

~ SQUARE ROOT SUN OF THE SQUARES

~ ]]54Kt03 ,]076gt03 ,1 14fEt03 0,
CI,OSKI.Y SPACED NODE SUNNATION NKTHOD

~ ,]154Et03 ,]Q76EtQ3 ,]14]Kt03 p,

~ 79892904 '„75342904 '

1154Ee03 ,10765403 ,11412+03 0 ~

,7989Et04 ~ 7534Et04 ,1154E+03 ~ 1076Kt03 f]4]Et03 0 ~

, lo39E o7,1246E 08

, ] 039K+ 07, 1246K«08

ELKNKNT TYPE (3/D P I P E ) / / / EI-KNENT NUNBER ( ]8)

Px(I)
03472K»0]

».3252Etoi
«g302]Et02

,]003Et04
,6075Eto?

VY(l)
y13]QEt02
07466Etp]
e>077Et02
8949Kt03

,1029Et03

YZ(I)
« ~ 6998Et02

078.]6Kt02
0?064Et03
,3199Et03
,'868SKt02

TX(I)
0]863K«08
82328K«09
,6985K«09

«0]863K«08
03725K«08

MY (I)
,6026Et04
,7474Et04

«02]99Etps
«,309]Ktos

,1025Et05

NZ(I)
.6550Et03
,3737Et03
,1557Et04
,4S62rtos
~ 5252Et04

PX(J)
,3472K«of

«03252Etpl
»0302fEt02

,1OO3Et04
,607SEt02

VY(J) YZ(J)
g]3]OEt02 «,6998Et02
I7466Etoi y78]6Et02
,3077Et02 12064Et03

«88949$ t03 53]99Eto3
a]029Eto3 e8685Eto2

TX(J) NY(J)
,1863K 08 ,2526Et04
02328K«09 «,3566Et04
6985K«09 , 1167Ktos

« ~ 1863K«08 «, ]492Etps
,37gSK«08 ,590$ Et04

NZ(J)
«5773]E090]

039]6Etoo
,1865Kt02
,']076Et04
, los]Kto3

SQUARE ROOT SUN OF THE SQUARES
~ 1006Et04 ~ 90142<03 ~ 4044Et03 ,4622K 08 ~ 40452405 ~I46155905

'

10065904 ~ 90142<03
CI.OSKI.Y SPACED NODE SUNNATION NETHOD

,1006Kt04 9014Kt03 4044Kt03 ~ 4622K 08 ~ 4045KtoS ~ 46]SE+05,1006Et04,90 f 4Et03

e4044Kt03 04622K 08 0803]Etps o l06] Et04

,4044Kt03,4622K 08,203]Eto5 ~ 108]KtQ4

KI.KNKNT TYPE ('3/D P I P E ) / / / El.ENENT NUNBER (

PX(I) VY(l)
,133oE ol,94?9E o3
, 1246EtO] ,4776K-O2

«,]]58Eto2 2275Ktop
~ <3847Et03 «<]3]2Eto2

,2329KtO?. 8]282Etpf

YZ(I)
«

~ 308fEt02 0 ~

,4349Et02 0,
~ ]$23Kt03 0,
.18]9Et03 0,
,7199Kto2 0,

Tx(I) NV(I)
02526Et04

»,3566Et04
«,i]67Etos
«.1492Etps
"05903EP04

PX(J)
,1330K«01

..1246Etoi
«,f]56Kt02

,3847Et03
.2329Kt02

NZ(I)
«,773]E»0]

03916Etpo
,186SKtp?.

«,i076Kt04
a]05]Kt03

VY(J) VZ(J)
«a9 l29K«03 »0306]Et02 0,

04776K«02 ,4349KtQ2
.2~75K«0 >]423Et03 O,
0]3f2Et02, 18f9KtQ3 p.

0 1282Etpf ,7]99Ktp? p

TX(J) NY(J)
03725E«07

00
,3725K«08
,:]863K«08

0",

NZ(J)
y]8]9K«ff

01
«17276K« f 1

02326K«09
05

SQUARK ROOT SUN OF THK SQUARES
e3855Et03 I]3]8Eto2 ~ 2477Etp3 00

~ CI„OSKLY SPACED NODE SUNNATION "KTHQD
3655Et03 13]8Et02 ,2477EtQ3 0,

~ 203 1 Et ps, 1 08 1 Kt04 ', 3855Et 03 8 1 3 1 8Kt02 ~ 2477 Et 03 0

,203]EtoS ,108]EtQ4 ,3855Et03 ,1316Kt02 ?477Et03 0 ~

e3?49E«07 52330K«09

05749K«07 >2330K«09



4

4 ~ c.

4 I wc r ~
"

~ wow

0
4

»

a

'w E

4

T

~
g

W

»

Il
I

~4

»4

w cw> ID „4 t crr, (wc 4 »4 w c c»»J$
O

4
4 c'

4
r W

„ i I

l

~ ~ '\

~
I t

~ ' » 4

„' I

I '4

» J

O

O
On
Cxc
X

I .'I ~ * ~ t »' I 4 w>'or c ".) ~ ~ ~I) W g - ~ . '-., ~r + n

w~,.J „~ w ~

4 Pw*». Iw +
4 »I' 'W t I-4 ' II W ~

~ r W

T - ~ 4

»

t t ~ ".r 4

4 w:

»(:i
~, w

~ f I

I J >pl

I I,D I

J J r ~ If, P, .' ~

~
'

I

'

'

4 J err ~ I Jci 4 I 4-, ~
~

4'»t w w»I D
J ~

"
~ r

YC Jkc t DW»5 t < a. W,.»,

4>w t D + j I $ > 4 Q A'l r r " 'E '4'k Wr »D O +c4 . ~ I
44gg»

~4 ., IJ

I

»"

+

4

4

»
CI

I

r c'»
w

'I ~

»'c . 4V

c I

0



PIPE FORCES/MOMKNTSlDISPLACEMEHTS MEMBER GLOBAL DIRECTiONS
CL,OSKLY SPACED MODE SUMMATION USED IS lo PERCENT METHQD

ELEMt
TYPE

1 TAHGEHT

2 TANGENT

TANGENT

STATION

KHO»I
ENO»J

FHO»I
EHD»J

END» I
EHD»J

19
16

18
17

2
28

NODE
SAP TMR

2o 1 3704,4
3?ougu

367?il
367?I1

3669tl
3669ef

346211
3462if

19foeo
1910 e 0

1377<4
13??.ff

1397 I3
1397.~

745 F 6
145,6

527,5
527 A %

47360,8
47360,8

47360,8
47360,8

473eo,B
47360'&

193?i4ib
?ff&bg4

?if&cpu
52485I3

52485o3
524&boo

MZ DX

0,0000
,Q003

,000$
,0005

,0005
F 0005

$ 76856,2
30?04,5

30704,5
f60310,f

lb03fo,f
160316 F 1

0,0000
~0144

e0144
~ 0340

,0340
~ 0340

0 ~ 0000
coo&0

,OOSO
~ 0232

~ 0232
, 0?.32

BEND END» I
CENTER

KND»J

f7

16

3666,9
3657,$
3460,4

1226,9
2?o, 1

1725

47S,9
475 '
475.9

4736o,&
44025,3
46165.>

524&e.o
56&ffue&
56340gf

16o316,1
167165 F 2
f5267?gf

,0005

yooP-f

~ 0)40

,0524

I0232

so2?ff

5 TANGENT

6 TANGENT

7 TANGENT

8 BEND

9 TANGENT

lo .TANGENT

11 TANGENT

12 TANGENT

13 TANGENT

14 BKNO

ENO»I
END»J

KHO-I
KNO»J

KNO» I
END»J

END»I
CENTER

KHO»J

KND»I
KHO»J

ENO»I
KND»J

ENO»I
KHD»J

KND»I
END»J

END»I
END»J

KNa I
CENTER

KNO»J

16
15

15
14

13

12il
11
10

10

4
42

48
5

6
62

62
7

8
68

88
9

3e57.6
3657.6

3623 I 0
3623 '
3173IO
3173,0

305311
2674,6
f869,4

292113
2921,3

?.6&S, 4
2688,4

2221,2
222fe2

663,3
663,'3

552,5
552,5

50718
355,8
223 I 0

fo&3e3
1083 ~ 3

545,6
545e&

41&I>
uf&I3

152114
242&e9

372I9
3?2 9

352o5
352g5

'800,5
600.5

269go
269,0

i &be f
f&byf

152,6
152,6
152,e

427~0
427,0

359 '
359,5

30619
306,9

319g9
319i9
319o9

333 Q 3
333 ~ 3

37?gf
377if

433I3
433,3

?15,2
215 ~ 2

220,e
220,6

223,0
425,4
S07,8

45580,9
4558o,9

45580,9
23523,7

?3523,7
23523,7

568}3e&
56813I9

5661319
60722g9

60722I9
6072219

15287?sf
152876 F 6

15?676 F 6
76062,4

7&ob?.,4
78063~0

2352307
29300
42079,7

21575,8
21575,6

56483I4
56482y9

100567 2
i00565.6

21575 AS 58482)9
21575,8 51478,5

100565sb
83237~3

215?5,8
2f575 ~ 8

21575,6
2748o7

2748,7
2746,5

274beS
320?; S

?048,9

5147&IS
47839if

S340oiS
2607318

26073,s
26073e7

26o73,1
255?9I9
23487eb

&323?s3
43773ef

4536 '
4536,?.

4536.2
4536,2

4536,2
4230,8

,5

60122 I 9 78063 I 0

56355,7 97441,4
45990eff 10056? ~ 2

,Oo21
.oO21

~ 0021
a0271

e02?f
.0271

,02?f

,0?9?

,0297
i0297

10297
,029S

,0?98
~0299

~ 0299
,0443

,0443-
~ 0443

so443

eos24

,0324
~ 0324

,Q324
,0077

,0077
,o077

,0077

',0026

,0026
,0026

,0026
o,oooo

0,0000
,oOO6

eooob
,0217

~ 0217
, 0?.17

i021?

,0264

,0274
,0274

,Q274
,0467

,0467
, oue1

~ 0467

,0533

I0533
,0533

,0533
,O658

,0658
,0804

,0804
,0804

~0&off
,0804

10&04

,075S

15 TANGENT

16 TANGENT

17 TANGENT

0
18 TANGENT

ENO» I
EHD»J

END» I
KNO»J

KHO-I
KHD»J

KNO»I
EHO»J 7-

f12

112
f3

13
14

8

10

ffbfI3
461~3

34bef
346 F 1

115gu
115eu

f00517
1005y?

lffi7
iffy?

15 AS
15,5

101,6
107',6

9oi,u
901,4

222,4
222,4

221 g?
22fe?

1fugl
11411

404,4
404,4

0,0
0 ~ 0

0,0
O,Q

o,o
0,0

,0
,0

23487 6
23484 I9

23484g9
7988 ~ 8

798'
eo

40452I4
2031f.9

1048,9
1050,2

7050,2
Q

7534eo
,0

46154,6
1081,1

i0524
,0524

i 0524
,0524

I 0'524
,0524

10299
so299

,0264
,Q264

,0264
~ 0149

,0149
O,OQOO

~0006
0 ~ 0000

,0758
,0?58

Io?58
,0995

>0995
,1639

,0804
,0965
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S T R E S S S U H N A R Y

ELEH KLKH, NODE
NO TYPE STATION SAP THR

wte*e BENDING
IN»PLANE

TORSION OUT«PI ANK COHBINED PRESSURE
INTKNS?F I CAT ION

F'AC'f OR

1 TANGENT

3 TANGENT

BEND

S TANGENT

6 TANGFNT

7 TANGENT

8 BKNO

9 TANGENT

END«I
END J

ENowI
END«J

END»I
END«J

KND«I
CENTER

END«J

END«i
END«J

END«I
END«J

END«I
END«J

END«I
CKNTER

END»J

END«I
KND«J

20
f 9

19
18

18
17

1?

16

15
14

14
13

12lf

48
5

6
62

83e 1

83ei

8$ ei
-83e 1

83,1
83ef

83el
77 j2
8leo

81eo
81ea

81 '
81,0

8leo
81 eo

81ea
55,8
37 '
37e8
37,8

f486e2
271e9

27le9
591e7

591e7
591e7

1658 0
f735
1601e3

571es
571e5

57les
317e7

317e7
317 e7

89ae2
1099e7
ff43e4

408,0
408eo

f495,5

>18ee
ei4.5

614e5
614eS

1722ei
1788,S
1664e4

594
594 '
594eo
356e6

356,6
356,6

999,2
1143 e 2
f168.9

415 '
415 0

Oeo
o,o

Qeo
0 ~ 0

0,0
0,0

Qea
0,0
oeo

peo
Oeo

Oeo
oeo

0,0
O,Q

0,0
Qeo
0 ~ 0

o,o
0,0

lepoa
1,000

1.00O
1,000

I

l,oao
1,000

2,80?
2,802
2,802

l,pao
1,000

i,poo
l,oop

1,00O-
1 coop

2,802
2,802
2e80

1,000
1,00O

RU
Ru

Ru
RU

RU
RU

KL
KL
KL

RU
RV

RU
RU

10 TANGENT END«I
END J

— 10
37,8
37,8

'408. 0

343e3
415.0
35le5

Oeo
0,0

1 ~ OQO

1,000
RU
RU

11 TANGENT

12 TANGENT
'C

13 TANGENT

15 TANGENT

H 16 TANGENT

17 TANGENT

END«I
END J

ENO«I
KND«J

END«I
END«J

ENDe I
CKNTER

KND»J

END«I
KND«J

KNO»I
END J

KND«I
.END J

10

e

3
2

2
1

8
88

88
9

fi
112

112
13

14

37e8
37,8

48e2
48e2

48e2
48 e?.

48,2
44e9

eo

0,0
oeo

0 ~ 0
0,0

Oeo
Oep

343e3
227e4

1223ep
SS6.8

556,8
55'6 e 7

1506.4
1481e2
14a9,o

52Qe7
520e7

52Qe7
233 '
233e2

eo

351.5
239e7

1226 8
565ep

565,o
565eo

1528e8
1501,0
1409eo

520,7
52oe7

520e7
233 '
233e2

ea

0 ~ 0
Q ~ 0

0 ~ 0

0,0

0,0
Qeo

0,0
o,o
o,o

Q,Q
0,0

0,0
0,0

0,0
0,0

i,ooa
ieppp

1 eooo
1 epoo

leooa
i,ooo

2e706
2e706
2e706

1,000
l,aao

1,QOO
1,000

l.oao
iepoa

RU
RU

RU
RV

RU
RU

RU
RU

RU
RU

RU
Ru
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0
ELEH ELEH, NODE

NQ« TYPE STATION SAP TNR

S T R E S S S U H H A R Y

*pp*x BENDING gepaa
IN~PLANE

TORSION GUT«PlANK COBB/NED PRESSURE
INTENSIF ICATION

FACTOR

18 TANGENT. END~I 9 8
END~a 7 10

19 TANGENT END« I 7 10
.END~3 5 12

«0
«0

0,0
0,0

215,3
71«3

71«3
«0

215«3
71«3

71«3
«0

Q', 0
0 , 0

0«0
0,0

1,000 RU
1,QOO RV

1,000 RU

1,000 RV
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RE MD S, T I N E I. Q 6
COMPUTE MAX>NUN NODAI. DISPI ACEHENTS
OUTPUT MAXIMUM NODAI DLSPI ACENENTS
COMPUTE EI.KNENT STRESSES

TOTAl. FOR SPECTRUM ANAlYS?S

002
a07
~29
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0 OVER�)LLTI HE LOG
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