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COMPUTER QUT - PIPESD Static and Dynamic Analysis of LACGBWR Main Steam
Piping System.



I. SUMMARY

This report, prepared for Dairyland Power Cooperative, presents the results
of seismic and stress analyses of the main steam piping system for the
LACBWR Nuclear Power Station. The seismic and stress analyses are perform-
ed in accordance with the design requirements for Class 2 piping components
of the ASME Boiler and Pressure Vessel Code, Section 111, Division I,
"“"Nuclear Power Plant Components’, 1974. By providing adequate seismic
restraints (snubbers) at critic-l locations of the main steam system, the
stresses in the piping due tc a seismic event have been reduced to accept-
able values. It is concluded that the stresses due to seismic, dead weight,
pressure and thermal expansion loadings, combined according to the ASME Code
rules for Class 2 components, satisfy the design requirements given in the
Code.



2. INTRODUCTION

In response to AEC/DL's request to review the effects of an earthquake event
on the Lalrosse Boiling Water Reactor, Dairyland Power Cooperative requested
Gulf United Nuclear Fuels Corporation to evaluate the adequacy of the major
structures and equipment to withstand seismic loadings. The seismic

study performed by Gulf United (GU) Nuclear Fuels Corporation (Ref. 1) in-
cluded an analysis of the main steam line which indicated that high stresses
would be generated in the main steam line during a seismic event. It was
also evident from these analyses that the LACBWR piping systems, in general.
were not designed to accomodate horizontal accelerations, the primary earth-
quake induced loading condition. Anticipating the possibility of a seismically
Induced loss of coolant accident, it was , therefore , concluded that analyses
of the major Class | piping systems should be performed to evaluate their
structural integrity.

In order to verify that the seismic stresses are acceptable, it is necessary
to show that the combined stresses in the piping system are within ASME Boiler
and Pressure Vessel Code allowable values. This requires that the seismic
stresses be combined with the stresses due to deadweight, pressure and thermal
loadings in accordance with the ASME Code Section I1i rules(Ref. 2),

The rules for a Class | (Section 111) analysis require that thermal stress
and fatique due to thermal cycling be considered. A review of the available
main steam piping system flexibility and stress analyses indicated that only
thermal expansion was considered together with the pressure and deadweight
loads in the original design. Consequently, it is not possible to perform
a Class | analysis with the existing analytical data. .

The existing analytical data, however,is sufficient to perform a Class 2
(Section I11) analysis. Therefore, in the subject analysis, the adequacy of
themain steam piping system to withstand an earthquake event is evaluated

by combining the stresses due to deadweight, pressure, thermal and seismic
loadings in accordance with ASME Code requirements for the design of Class 2
components. It should be noted that the requirements of the ASME Code,

Section 11!, for the design of Class 2 components are much more rigorous than
the design requirements given in the Power Piping Code, USAS B31.1.0 (The
applicable code for the LACBWR Project). :

Section 3.0 of this report describes the scope of the main steam piping
system considered in the analysis. The loading criteria, design criteria
and analytical methods used in the analyses are given in Sections 4.0, 5.0
and (.0 respectively. The results of the analysis are discussed in
Section 7.0 . The conclusions and recommendations are summarized in

Section §.0.



3. PIPING SYSTEM DESCRIPTION

The main steam piping system within the containment shell carries steam
from the reactor vessel to either the turbine building or the shutdown
condenser. Steam is withdrawn from the reactor vessel through two

8-inch steam lines leading to a single 10-inch line. The steam passes
out of the biological shield and through a rotoport steam isolation

valve in the 10-inch line before leaving the containment shell for the
turbine building. Within the biological shield, the 10-~inch steam line
branches upward and out of the biclogical shield to the main steam safety
valves. The line then continues upward in the form of a 6-inch line to
the shutdown condenser via a redundant system of control valves.

The governing design specification used in the analysis of the main steam
piping system is given in Reference 3. The piping arrangement analyzed
and piping suspension (hangers, etc.) characteristics have been taken
from the drawings listed in Reference 4. Piping properties have been
taken from the information given in Reference 5 and from the piping
specification (Ref.3). This information is summarized in Table A-1 of
Appendix A.

An isometric drawing showing the main steam piping system as analyzed, in-
cluding the suspension system and recommended seismic snubbers, is given
in Figure 3.1,
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h.  LOAD!NG CRITERIA

The load cases which must be considered in performing a Class 2 stress
analysis include: dead loads and sustained mechanical loads, internal
pressure, thermal expansion loading, seismic inertia loads and seismic
anchor movement loading. The static and dynamic load cases are summarized
in Tables A-111 and A-IV of Appendix A,

h.1  Dead Weight and Other Sustained Mechanical Loads (Static Load Case 1)

The dead weight of the piping system is calculated assuming the system to
be insulated and filled with water. The weight of valves, valve operators,
and branch piping are included in the analysis. Valve weights and dimen=
sions are taken from vendor drawings and specifications supplied by DPC and
are given in Table A-1| of Appendix A. Sustained loads imposed on the
piping system by constant load hangers are also considered in the dead
weight analysis. These loads are taken from Ref. 4 drawings.

4.2  Internal Pressure (Static Load Cases 2 and 3)

System normal operating pressure, Load Case 2, and peak pressure, Load
Case 3, used in the analysis are taken from Refs.3and 6. A value of 1300 psia
for operating pressure and 1415 psia for peak pressure are used for most
of the piping system. A peak pressure of 1300 psia is used in the section
between the containment vessel and the rotoport isolation valve (Nodes |
through 3),

k.3 Thermal Loading (Static Load Case 4)

The thermal expansion stresses are based on the thermal loading resulting
from the normal operating temperature of 577 .5°F,

Thermal anchor movements at the nozzle connections to the pressure vessel

are calculated based on the thermal expansion of the pressure vecsel at
the design temperature of 577.50F.

b.h  Seismic Loading

A dynamic aralysis of the piping system is performed using the response
spectrum method of analysis (Section 6.4). Two seismic loading events are
considered: the safe shutdown 2arthquake (SSE), and the operating basis
earthquake (0BE). The established design criteria (Ref.7, Rey.Guide 1,48,
May 1973) for Class 2 analysis considers the ORE (or 1/2 SSE) t- be the
normal and upset condition while the SSE is considered the faulted
condition,



Seismic inertia loading is imposed on the piping system in the form of
seismic acceleration spectra which were derived for the LACBWR plant

(Ref. 1). The horizontal acceleration spectrum used for the main steam
line is that corresponding to the reactor vessel at an elevation of

664.5 feet. The vertical response spectrum for the SSE loading is taken
as 2/3 of the horizontal SSE ground response spectrum assuming no ampli=
fication of vertical response in the structure, For the operating basis
earthquake the vertical piping response spectrum is taken as 1/2 of the
SSE vertical response spectrum. Damping values used are | percent for the
OBE and 2 percent for the SSE.

The horizontal spectra in either the global X- direction (Dynam’s. Load
Cases 8 and 10) or the global 2- direction (Dynamic Load Cases 9 and 11)
are applied simultaneously with the vertical spectra in the global Y-
direction. Load Cases 8 and 9 represent the operating bases earthquake
while 10 and 1] represent the SSE earthquake. The applicable response
spectra used in the analysis for dynamic load cases are shown in Table A-V
of Appendix A,

Seismically induced anchor movements (Static Load Cases 6,7,12, and 13) for
points 7, 14,18, 40, 42, and 48 were estimated by calculating low frequency
displacements from the containment vessel response spectra at the different
anchor point elevations.



5. STRESS ACCEPTANCE CRITERIA

The requirements for acceptability of a Class 2 piping system are given
in AEC regulatory position 8 of Reference 7 and Section NC-3611 of
Reference 2. Calculated stresses resulting from specified load combina~
tions must meet the stress limits of equations 8 through 11 (Section

6.5).

5.1 Normal Operating Conditions

Under normal operating conditions, the combined stresses due to design
pressure, weight, and other sustained loads (load Cases | and 2) must
not exceed the baisc material allowable stress at maximum temperature,
Sh, and the requirements of Equation 8, Section 6.5. Additionally,
either the stress range due to thermal expansion and seismic anchor
movements (Load Cases 4 and 6) as calculated by Equation 10, Section
6.5, must not exceed the allowable expansion stress range Sp (Refer-
ence 2), or the combined stresses due to design pressure, weight,
other sustained loads and the stress range due to thermal expansion
(Load Cases 1, 2, 4 and 6 or 7) must not exceed the sum of Sp and S,
as required by Equation 11, Section 6.5.

5.2 Upset Conditions

The requirements for operation under upset conditions include com-
pliance with the requirements of Equations 8, 10 and )1 as described
above as well as Equation 9, Section 6.5. Equation 9 requires that

the combined stresses produced by peak pressure (Load Case 3), live

and dead loads (Load Case 1), and those produced by occasional loads ==
in this analysis defined as the 0BE earthquake -- (Load Cases 8 and 9),
must not be greater than 1.2 times the allowable stress value Sp.

5.3 Faulted Conditions

During faulted conditions, the requirements of Equation 9 must be

met using a stress limit of 1.8 Sy. For the purpose of satisfying
this criteria, the faulted conditions are specified as peak pressure
loads (Load fase 3). liva and dead loads (Load Case 1), the SSE seis~
mic inertia loadings (Load Cases | and 11) and the seismic anchor
movement loads associated with the SSE (Load Cases 12 and 13).



6. ANALYTICAL METHODS

6.1 Mathematical Model

In order to perform static, dyramic and stress analyses, the continuous
piping system is mathematically modeled as an assembly of elastic structural
elements interconnected at discrete nodal points(Figure 3.1). Nodal points

are located at all points of interest in the piping system such as elbows,
valves,anchorages, hangers, tee interscctions, load points, all structural and

material discontinuivies, etc. This three dimensional multidegree-of -

freedom mode! of the piping system is attached to the "ground" (structure)
by means of rigid hangers, support springs, hydraulic snubbers and anchors.
Stiffness characteristics of structural elements are related to the moment
of inertia and the axial and effective shear area of the pipe cross section.
The stiffness characteristics of the elbows and tee connections are modified

to account for local deformation by using the flexibility factors given in the
ASME Code (Ref. 2).

For the seismic analysis the distributed mass of the piping system is lumped
at the system nodal points. Masses are lumped so that the lumped mass, nulti~
degree -of -freedom model represents the dynamic characteristics of the piping
system. In order to reduce the number of dynamic degrees-of-freedom, only
translational degrees-of-freedom are considered at each mass point (the masses
associated with the rotational degrees-of ~freedom are set to zero). This
assumption has been shown to be completely satisfactory for accurate analysis
of seismic response. Special items such as valves and actuators are modeled

by lumping their masses at an appropriate offset from the center-line of the
piping system.

6.2 Static Load Analysis

+The static load analysis involves the application of the following loading
conditions and their combinations:
. Design Pressure
Gravity Loading (dead weight) and Sustained Mechanical Loags
Support Displacement
Thermal Expansion

For the pressure loadings, the hoop and longitudinal stresses in the affected
piping are calculated using the formulac given in the Code (see Section 6.5)

8-



For the deadweight, support displacement, or thermal expansion loading
conditions the following equations of equilibrium written in matrix form
are solved:

KU = P (m
where:

K = System stiffness matrix

U = Nodal point displacement vector

P = External forces, dead weight or equivalent thermal
load vector.

The system stiffness matrix is obtained from element stiffness matrices
using direct stiffness methods. The unknown nodal displacements U are
obtained as follows:

v o= x°lp (2)

The inversion of the stiffness matrix is performed using the Gauss-Siede!
technique.

From the nodal displacements U, the member internal forces are determined
using the member stiffness matrix. Finally the member internal forces are
used in calculating the stresses.

6.3 Eigenvalue Analysis

The eigenvalues (natural frequencies) and the eigenvectors (mode shapes)for
each of the natural modes of vibration are calculated by solving the following
frequency equation:

o] pe ) o

where:
&, = Natural angular frequency for the nth

mode
M = System mass matrix

th rnode

(pn = Mode shape vector for the n
0 = Null vector

The ecigenvaluc/eigenvector extraction is performed using the Householder-
C‘\ {CC"" "\:U'J .

-9-



6.L  Dynamic (Seismic) Load Analysis

Considering only translational degrees of freedom and assuming viscous
(velocity proportional) form of damping, the equation of motion in matrix
form can be expressed as follows:

MU+U ) « ¢l + ww = 0
t gt t t (4)
where:
"‘ = Relative acceleration time history vector
"gt = Ground acceleration time history vector

C = Damping matrix
Ug = Velocity time history vector
Uy = Relative displacement time history vector
Rearranging equation (4)
Wi, + ¢, + w, = -HUg[ = Pogs (5)
To uncouple equation (5), assume
v o= Qv
where:
q) = C(Characteristic free vibration mode shapes matrix.
Yy = Generalized coordinate displacement time history vector.
Pre-and post-multiplying equation (5) by the transpose of ¢ and by@rcspcctively

and using orthogonality conditions, the following uncoupled equations of motion
are obtained:

. . 2 . *.l e
Yar * 26 A, Yar * Q2 Yo oM Ry U (6)
where:
Ynt = Generalized displacement coordinate time history for
nti‘ {\;g_)\ic

Aww = Damping ratio for the nth mode expressed as percent
of critical damping

n* = Generalized mass for the nth mode

Py | 2
- f (¢t = M.
Pa MOy "n Yin

-10-



The mode shape ¢n is normalized such that Mn* = |

i = Participation factor for the nth mode

n
T =
K MUY RN
| = Column vector whose elements are generally unity

The solution for the differential equation (6) is given by the Duhamel Integral
t
Yoo =R Uy, €2nn (0T) sine (e-T) 4T

nt "
Hn W, 7o

Using the response spectrum method of analysis, the maximum values of the
generalized response for each mode is given by:

Y - n San (7)

where:
e
Y, max = Maximum generalized coordinate acceleration response for
the nth mode.

San = Spectral acccleration value for the nth mode (from the
applicable response spectrum curve)

From the maximum generalized coordinate response, the maximum acceleration

Uﬂmax) and maximum inertia forces (F ) at each mass point are given by:

N max
- L]
Up max = Yn max q}in
-
Froomax = Ma Yo max

The inertia forces (F, ...) for each of the system natural modes are

applied as external static forces, and the piping system response (dis-
placements, member internal forces and stresses) are calculated using

the procedure described in Section 4.2. Total system resoonse is then
obtained by combining the individual modal response values by the square-root
of the sum of the sguares metnod; lower modes having . large contribution to
the response (all modes having natural frequency under 30 cycles per second)
are considere’” and higher modes with negligible participation are neglected.




6.5 Stress Analysis

The design requirements of the ASME Code for Class 2 piping systems are
satisfied when the calculated stresses in the piping system due to thermal
expansion, weight, and other sustained and occasicnal loads are combined
In accordance with and meet the limitations of , equations 8,9,10,and 11 of
Subsection NC-3652 of Reference 8. These requircments are described below:

A, Sustained Loads

The effects of pressure weight and other sustained mechanical loads
must meet the requircments of equation (8).

SSL o ;%f P 0.75iMa o 1.05, (8)
where:

P = Internal design pressure, psi

Do = Qutside diameter of pipe, in.

t, = HNominal wal! thickness, in.

My = Resultant moment loading on cross section due to weight and
other sustained loads, in.(See NC-3652.4, Ref.8)

Z = Section modulus of pipe, in.3 (See NC-3652.4, Ref.8)

i = Stress intensification factor (NC-3673.2 (b), Ref.8)
The product of 0.75i shall never be taken as less than 1.0

Sh = Basic material allowable stress at design temperature

B.  Occasional Loads

The effects of pressure, weight, other sustained loads and occasional
loads including earthquake must meet the requiremsnts of Equation (9).

S Pl o+ 0.751 My o+ M) £1.25, (3)
oL T3 2
n
where:
P = Peak pressure, psi
max
Mg = Resultant moment loading on cross section due to occasional

toads such as earthquake loads

.




L. Thermal Expanslion
The requirements of either Equation (10) or Equation (11) must be met.

I. The effects of thermal expansion must meet the requirements
of Equation (10)

sy;p =M < (10)

Z
where:

M. = Range of resultant moments due to thermal expansion. Also
include moment effects of anchor displacements due to earth-
quake if anchor displacement effects were omitted from
Equation (9)

Sp = Allowable stress range for expansion stresses (NC-3611.2,Ref.8)
2. The effects of pressure, weicht, other sustained loads and thermal
expansion shall meet the requirements of Equation (11)

STe PO, ) 0.75i My e o (5 + Sp) (1)

+
bt z z

The above mentioned static, dynamic and stress analyses are carried out using
the PIPESD computer code. PIPESD was developed by URS/John A. Blume
and Associates, Engineers, San Francisco, California and has been extensively
used in the seismic and stress analysis of piping system for a number of
nuclear power plants. PIPESD is available to Nuclear Energy Services

through the Control Data Corporation CYBERNET Service.



7. DISCUSSION OF RESULTS

A preliminary seismic analysis of the main steam piping system with its
existing support configuration indicated that the stresses due to the
operating basis earthquake would be substantially greater than the
allowable stress values at critical locations (particularly in the
vicinity of nodes 53 and 54). In addition, this preliminary analysis
indicated that, in the relatively long steam line leading to the shutdown
condenser, lateral deflections due to the seismic inertia loads would be of
the order of 5 to 6 inches. In order to reduce the seismic stresces and
deflections to acceptable values four seismic snubbers were located at
critical locations in the piping system as shown in Figure 3.1. The re-
sults presented in this report represent the response of this modified
system configuration.

The natural frequencies for the first 32 modes of vibration of the piping
system are summarized in Table 7-1, from which it may be seen that the
piping system is a fairly flexible (low frequency) system.

The deflections at each node point due to the varicus load case¢s are
summarized in Table B-!, pages B-1 through B-10 of Appendix B. The max-
imum deflection due to the SSE seismic inertia loading (Load Case 10)

is 0.58 inches at node point 31. For a flexible piping system this de-
flection should be acceptable. The maximum deflection due to thermal
expansion (Load Case 4) is 1.8 inches at node 29. Table B-11, pages B-11
through B-14 of Appendix B, summarizes the elastic suppert reaction forces.
The seismic restraints and anchors should be designed (sized) using these
restraint forces. The maximum reaction force intheseismic restraints is
980 pounds (Load Case 11).

The results of the detailed stress analysis in accordance with the re-
quirements of Subarticle NC 3652 of the ASME Code for the Class 2 piping
system are given in Table B-11i, pages B-15 through B-41 of Appendix B.
Figures 7.1 through 7.9 indicate node points with maximum stresses or
stresses exceeding 10.0 ksi for specified Class 2 load conditions. From
these stress results summaries, it may be seen that code alicwable stress
values are not exceeded.

-)ke-



TABLE 7-1

NATURAL FREQUEMNCIES OF VIBRATION

Mode No. Frequency (CPS)
| 3.0511
2 4. 1689
3 4.5762
4 4.8482
5 5.5088
6 6.1582
7 6.5564
8 7.41€9
9 8.9696
10 9.6125
11 10.7147

12 11,3881
13 12. 4584
14 13.2577
15 14.0559
16 14.3915
17 15.0682
18 16.6528
19 17.3994
20 17.5007
21 19.0081
22 21.1871
23 21.9415
24 22.5624
25 23.5551
26 23.7430
27 26.4039
28 27.12585
29 28.5522
30 29.5071
31 31.1632
32 31.3518

-15-
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FIGURE 7.3
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FIGURE 7.4
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FIGURE 7.5

COMPLIANCE WITH ASME CODE EQUATION 10
Hormal Operating and Upset Conditions

Applied Loads

Design Temperature

Thermal Anchor Movenents
Seismic Anchor Movements (Z-direction)

Al lowable Stress, Spa = 19.1 kS|
Maximum Stress at Node ] = 17.3 KSI|

(Stresses Greater Than 10.0 KSI Indicated)

w 3 @D

L




MAIN STEAM LINE TO
CONDENSER

FIGURE 7.6
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FIGURE 7.7
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FIGURE 7.8
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Faulted Conditions

p—

Applied Loads

Peak Pressure

Pecad Weight & Other Sustained Mechanical Loads
X + Y Earthquake (SSE)

Seismic Anchor Movements (X-direction,SSE)

Allowable Stress, 1.3 S, = 27.0 XSI
Maximum Stress at lode 1 = 12,3 KS!

(Stresses Greater Than 10.0 KSI Indicated)

2

o




MAIN STEam Ling 10

CONDENSER
::—r/””’

-
.‘m’ 28 64
q 261 G:orgzu &
64

260 6305
26 ®

COMPLIANCE WITH ASME CODE EQUATION 9
Faulted Conditions

Applied Loads

Peak Pressure |

Dead Weight & Other Sustained Mechanical Load
X + Y Earthquake (SSE)

Seismic Anchor Movements (X-direction, SSE

= 23.6 KSI

Allowcble Stress, 1.8 S
| = ]1.6 KSI

Maximum Stress at HNode

(Stresses Greater Than 10.0 KSI Indicated)

23 24
MAIN STfam '.".t 10
TURBING \ ‘s
14 .
|
L L3
—
b 1) 10 'S '\! 0. C)
e f»:.?)




8. CONCLUSION AND RECOMMENDATIONS

The existing support system of the LACBWR main steam piping system
is not adequate to withstand the sp=cified seismic events.

The results of the subject analysis, which includes the effectsof four
additional seismic restraints, indicate that the deflections of the
main steam piping system, due to dead weight, thermal expansion and
seismic loading are nominal. |In addition, the stresses resulting
from these loadings, as calculated and combined in accordance with
the rules given in Subarticle NC-3652 of Section Il of the ASME Code
(Ref. 2), satisfy the design requirements of Class 2 piping systems.

It is therefore recommended that the main steam piping system be pro-
vided with four seismic restraints at the locations indicated in
Figure 3.1. The seismic restraints and their attachments should be
oriented as shown in Figure 3.1 and designed using the support
reaction forces and node displacements given in Appendix B of this
report.



9. REFERENCES

Gulf United Services Report No.S5S-1162 ""Seismic Evaluation of the
LaCrosse Boiling Water Reactor', dated January 11, 1974,

ASME Boiler and Pressure Vessel Code, Section IIl, Division 1,
1974 Edition, Nuclear Power Plant Components.,

Sargent and Lundy Engineers ''Specification for Piping System-
LaCrosse Boiling Water Reactor' LACBWR No.256.

Sargent and Lundy Engineers ''LACBWR' Project Drawing Nos.41-503374,
503375, 503376.

United Nuclear Corporation '"Review of LACBWR Feedwater Mozzle and
Recirculation Piping Stress Analysis'' Report, dated October 1970.

Allis-Chalmers, '"LaCrosse Boiling Water Reactor Safequards Report
Volume | and 11; LACBWR No.283, dated August 1967.

U.S. Atomic Energy Commission - Regulatory Guide 1.48, May 1973.

~26-



TABLE

A-11
A-111
A-1V

A-V

APPENDIX A

LACBWR FEEDWATER PIPING ANALYSIS

ANALYTICAL INPUT DATA

Pipe Properties
Valve Weights
Static Load Cases
Dynamic Load Cases

Seismic Response Spectra

PAGE

A-1

A-2

A-3 through A-4
A-5

A-6



APPENDIX B

LACEBWR FEEDWATER PIPING ANALYSIS

TABULATED RESULTS

JOINT DISPLACEMENTS
ELASTIC SUPPORT REACTIONS

CLASS 2 PIPING STRESS SUMMARY

0.
=24

PAGE
B-1 through B-10
B-11 through B-14

B-15 through B-32




TABLE A-1 - Pipe Data
™ Run From To 0.D. Wall Mat]. Fluid T Wt.of Pipe[ Wt.of Insul] Design] Design] ETastic
No. Point Point {in.) Thick. (in.) ASTM and Fluid (Ib./in.) Temp. Press. | Modulus
AN | (b.zin) (oF) (psia) | (psi)
N TR x10-6
. 3 21 10.750 0.843 A376 9.76 1.00 577.5 | 1300 25.1
AL 9 60/61 10.750 0.843 A376 9.76 1.00 577.5 | 1300 25.1
*
I 60/61 | 14718 8.625 0.593 A376 Q 5.81 0.85 577.5 | 1300 25.1
<
e ¥ o 28 10.750 0.718 A335 7 8.87 1.00 577.5 | 1300 27.0
2 | 28 47 6.625 0.432 A335 3.32 0.71 577.5 | 1300 27.0
[y | 3 10.750 0.593 A335 v 7.95 1.00 577.5 | 1300 27.4

718 was used in the analysis; see Table B-111.
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Valve

Rotoport
Isolation
Valve

Safety Valve

Safety Valve

Safety Valve

Safety Valve

Gate Valve

Gate Valve

Pneumatic
Control Valve

Pneumatic
Control Valve

TABLE A-11 MAIN STEAM VALVE WEIGHTS

Total Weight, Lbs.

2350

L4o

44o

Lko

440

425

425

850

850

Nodes

62
620
621

63
620
621

26
260
261

64
640
641

L
Lio

55
550

46
Léo
461

51
510
511

Hode Wts, Lbs.

784
784
784

0
315
125

0
315
125

0
315
125

0
315
125

212.5
212.5

212.5
212.5

284
283
283

284
283
283

Eccentricity, in.

Horizontal

0
0
28

NN
v o viwv o w O o o

N~

Vertical

0
30
30

0
30
30

0
30
30

0
30
30

0
30
30



TABLE A-111

1o STATIC | 0AH CASE & | .
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CINGCLE ININT FORFAF ANN MAMENT LOARING
mnmr LOAN _ LoAn L0AD
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A > FoRAF y 2600,0000
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1 128%,0n L +000 +000 NO
2 128%,0n s 00 0000 «000 NO
T 12R5,0N NN «000 «00n NO
€) Vo STATIC (nAn rasF ¢ 9 _
LOAD CASF TITLF MAXTMIIM PRESSIIDE
THFAMALL AND POFSE()RF LOARINGS FOR Al L PIPE RUNS
| TNEAR NONL IVE AR 1t ONG,
NAFSTIGN  TFUOFOATIOR TEMPFRATURE TEWPERATURE PRFSSURE
RN PRFESIOF CHANAE GRANIFNT GRANTIENT STRESS
mn PSY nEG, NFG, DEG.
h T 1400,0n L0 «000 000 NO
2 Van0,0n S NN «000 « 000 NO
1 1285,00 oNn « 000 +00n NO

D) 6y STATIC | "AN raeF 1 4 } _
1NeN CASE TITIF 3 NOEMBL ARFOATING TFMPERATURE [NCL, THE®MAL ANCHOR MOVFMENTS

el iPPAPT l:‘.'gﬂl_ ICFBF*HQ

NN LOAN  NTED ACFUFNT  DISPL AFERFNT
m TyoF DIBFCTION MAGHITUDE
14 TRANE, ¥ JIE10
B 14 TRANE Y 1.,2800
14 TOLNS, ) 0440
10 TPING, X -, 1810
18 TeANS, y 1.2000
1@ TRANE b 4 - 440

TREQUAL AMN DRFCCURF LNANTVAR FAD ALL PIPF FUNS

| INFAR NANL T FAr 1.ONG,
RES Y TreaEQariioe TEeDFQATURE TENREQATIIE PRFSSURFE
D1 s soreciur Fuasar GOANTENT GRADIENT STRFSS
\fa <y rFEe, nen, NFG,
NN ?..w‘e_--\ _.qn,-\ -.ﬂf" v
s 00 647,60 LI L -, 000 )

N 507,50 - 000 -, 007 N




TABLE A-111

£) S, CTATIC |OAN PACF 1 & ' )
|00 CASF TITHF ¢ SEISMIF AMCHOR MOVFMENTS X = DIRECTION (1/2 SSF)

CLIPPADT ATSOL ACFHENTS

nTwT LOAD  NISO ARFVENT  DYSPLACEMENT
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' 18 TRLNS, X 48200
4n TOANS, x 1.3100
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Ao STETIC 1NAR CAcE ¢ 7

d LOMN CASF TITIF 1t SFISMIF ANCHOR MOVFMENTS 2 = DIRECTION (1/2 SSE)
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1a TRANS, 7 1.5700
4n TRANS, 7 2,3R00
41 TOANS ” ?.35800
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Y TRAE, ¥ 1.5700
' ThreE v 1,.574%0
" roree, ¥ 2.3200
&1 "'"'-o X ?.“2"‘(‘,
» Thhnn ¥ 2.3%00
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Load Case Ho.

10

11

TABLE A-1V - DYNAMIC LOAD CASES

Load Description

x + y Earthquake
z + y Earthquake

x + y Earthquake

~N

+ y Earthquake

(¥ SSE)
(3 ssSE)
(SSE)

(ss€)

Spectrum 1DS

Y

W W W w

Z

Spectrum Multipliers

Y
128.8
128.8
257.6
257.6

Z
0
386.4
0
386.4
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41 JNAS300
4n RGTR R K
LR 200110
&é& -.*A‘jﬁ)
at - AN] Y4
& A .«1~1“f
&L .np\~7\
- JNOEAND
A o AR 2
| - E
] - _NA010V1Y

Y

-,000000
- ,NO0R01R
- 015465
-,N0229)
JNNOLAKG
«00Z2074
-, 000009
=, 000114
«,000211]
012724
«N01565
L000201
-, 000013
,000000
021271
.n!ﬁusn
+001519
000000
-, 000202
« 0073309
JN3s48E
«042730
.ﬂbﬁpﬂq
+003704
-.ﬂﬂl??b
«NN1010
0015164
o018 0
« 001720
001749
«N01239
003227
$006ELT
-, N01163
., 001552
-, 001004
- 0005410
e N006LT
_.pnﬁcjf
L000024
TR
fi

Ar AN

14
}
V1 4¢
LTLROR I |
- "7

Wi

).-;--/

2

000000
+000n3%
LA0004KR
N00080
«011419
«1724131
371177
.65209]
«B17043
+B1K749
<JR18490
819508
81945495
20000
Blan74
81916}
»819754
820000
8473711
«A5A6732
+B74739
JATRcER
+BBNNAJ
«BRNNAS]
884700
N ELE A
«90K579
29234189
1. 0A5449
14235447
1.280047
1.2823¢4
1.291)22
1.29428])
1,25608%
1.297087
1.,2979R4
1,301278
1.,302257
1.10*1a0
1,309
1,30%639
1.,305539
\.JnﬂuLS
1,304029
1.308%709
1.,30%a6R0
1.310000
1,300770
!.1' U |
1,367 77
‘.Jﬂs.qg

g4
Sa
5%
ce
€7
an
Sq
6n
&1
ﬁﬂ
63
b
260
261
ln
i
Gln
&RO
LR
cin
=11
§5n
APD
£21
A3n
A1
LR
wl

-, 001770
-, 000565
« 000?762
«NN2124
JNN2KET
o NN344T7
LN02822
-,N0125]
- ,NN19R8
oN1RLYTY
+025373
L 0135562
«N&LNALS
«NA4440
-, 0N3A4
-, 00342%
JNNGLBI]
+NOGNGS
JNN01I8Y
-,N"]182
-, 003390
JNAN320
«NPAATY
sNANNLY
oNI2S47
«N35997
« 03293}
.011ﬁ°°

L012271
.ol3ﬂsﬁ
0135854
J0135860
014109
JN16686D
oN16782
017145
L021762
L025577
L0147
001437
oN0lC10
011428
-.ﬂ,‘LSQ
-, 016579
NGE243
-.OF0174
-000011“
oNN17RY
«001484
14132
L079577
.0?071h
«N1R540
oNINIYE
0014637
«012441

1,304023
1,30kK020
1.30A006
1,301774
] 42994873
1.,291416
1,285570
+B1681E
LA17aR0
RCLLEET
JBBANAM
« 905540
«9152A3
«515¢83]
-.ooﬂ!jﬂ
L ET A
1,303424
1,309410
1.308¢04
1.304AR726
1.3014R73
1,304)08
892528
885112
852130k
REECTY
923506
9271906



TABLE B~1 (e)

JOINT DPISPLACEMENTS (LOAD CASE 8)

X o Y FARTHQUAKFE (1/2 S5F)

TOTAL PESBNNSE FNUALS MODF | THARNUGH 14 RY S0SS SUMMATION

JOINT  /ecacDISPLACEMENTS ( [N, )esaes/

6In X Y
) «0000000 +0000000 «0000000 X Y z
» +1016139  ,00%1002A «N00NS]A

4 «INGLALA  LN0D5IPS) 2000100 T T 42 NLPR14T ,N0NKA2Y 14521239
“ «49PRE0T «0025R 3 «N001211 41 «NI23223 «00035A89 «1771#]18
3 WS14111) «N0N0EAT «NN36355 4o «0RGILRI 0004349 0977050
& $2412720 Ln900330 o04LRI5T T T T 4m o0SC7040  L003883  ,0ROAQ2H
7 NNONNNND «00000010 +0659%0488 4. JNOLBAED «0000SAS «N0314RAR
© .NG71371 JONGOKAA « 0826227 47 «NN)P20A +«00Nn0385 1007488
o NGALTIA 0001269 01626 T 4a «0000A0Y 0000000 ,N000NOD
ir NG1NLLD «0062377 «N123a88 Lo 20051477 «0317201 «NGS53159
1) 041730257 « 0155524 « 0105430 sn WNIBRLAKR L04T2264 «Nl01R8)
17 +N333057 oN156242 «00T10AS T T g, «TGYMLNA 06477524 +N32577A
19 WNNGL290 0013529 _a0l3n4l 52 o0416279 0742326 4312714
14 «NANDADD «0000900 « 0000000 &9 0152117 « 1305234 N A §
1= «NG110KN0 «N206718 1107422 o St NG LDED T s1650P45 «000n0000
1+ «NIT%64Y oN1920Q2 «fNl1S15R se NG3404 « 1450584 «138nAGA
17 NN &AN 20017C2% 0032818 Sr d 18454 TR 1651172 o 16640132
f sNONAAND «O0000GN «NO0RAN0 <y « 2509354 13464817 L 1895104
N NS LTS LTS B «0171092 5% «3777654 W NGAESS T «?9721G7
20 WNABNKD 0116137 «37233193 S0 $GN193072 J10798R) « 3160575
) NLYA P4 s11440R" «N333824 60 0412247 J0NGEDRS J0122ag5
2> N6351N e )28 NY4R Nk DR | 61 NUOF&AQ WNOSEG) R «N1354323
23 «NLNRTLRA «1283712 WN3anoR) 6> «N12785) +N925H49 134006
- JNNTSLOR +N12419) o134n16% A9 J022030 +0SA2287 .0340284
2 JOADDIRY «0NIS228 « 02817108 He HonpNos 1264522 0135107
2% NLLLGLE) NALTL) «NOCANDO 2617 L ALTA 3- 7' «0B4 T4 W N405e5
27 + 0000134 A LU L J0103=5k 261 NR) 734 « 110567, «NGG4k5)
2» 1290273 «1735097 «135614]) Ao 2774135 + 005329 0005501
2° 28NKRND2 1726715 +7BRONTS mn 27741125 «0225521 0961373
e L525597 «1737 125 P T T T 410 «1428720 « 0022543 « 7067141
1 BT12%204 «1737807 e V47511 akn NATNZIE J0N0T737Y SN0&374)
12 WLkERIGY « 1772348 e 1225447 “hk) «0099202 «000737% JN0RTIIG
Kk ebb&NRPAD «1539330 «3103242 T T T gya +041872 0277000 «N3210n88
kA dAT2RD JNRARL1RT7A « 3081728 511 1172158 N277015 + 10581136
3r «JR8IP3 o051 1A o 319244 SSn WNGPAANG e 12%P0D&A «N363730
1« NINTLR LH21%828 1287999 LT ds o08LLOTT  L0928882  [ASA27TY
17 sANGEIAD «NOSEDAs + 11948102 21 «NENTE D 0403710 «16) 7543
N s DRIV DY JNNET04 % e ”T1847H 30 «NEB1RA]Y +NEAI DG oNEDPT
s 21302372 00011460 « 267510 p 6 WNSS3724 R F L 1 «N64L23G
an L2NAYALS N0N4E20 « 2424750 A «0S2E=gn o 12K4c20 «0521%4R
41 elsblnzn «0027%47 2191587 F&) NEISE]N «1524160 0521748



TABLE B-1 (f)

JOINT DISPLACTYNENTS (LOAD CASE 9)

Z o Y EARTHAUAKE (172 SSE)

TOTAL RFSPONSE FOUALS MONDF 1 THPOUGH 34 RY S0SS SU4MATION

JOINT  feweeN]SPLACFMENTS [ TN, )ecess/"

GIn X
3 «NNODNADD
? +O2RP2AR5
1 «NRGTYIGA
L «1370022
! « 1429125
£ oNAATAER
Y «ONADGBOD
L] JN2RRIART
o L N2AKQS]
1n JAPLARG20
11 L023%110
12 LN22170)
17 LONP6ETRY
14 «NNNOOND
1€ +NP2IEASA
14 0206417
17 «ON1A09%NH
B NANKANO
10 LT L]
20 e 0G94
2! oN4910A
22 «N491241
23 JN4GKG2R5
Pa «NNBLTITYA
PE MR
2% 0000000
27 T Ll
28 JN26£38737
2c « 2673754
n sbbtp?28
= dURULPER
3» AR LA
31 AT L
3o s A3INATIA
s 1615115
s e 121 ALTN
37 «AINISGL D
3¢ $ 2811 A
ia 2127569
an «2ARNARY
41 JJE2R4LT
& oNAGARIER

Y
«0NC0000 «N000N000
«N148099 «N0G191S X Y z
«N27548N0 « 1003700
« 014632113 W 10NGA) 4 T a0 «0217RAN  L000373% [ 125R7A7
«000237R 1199244 [ 0521065 «0004L7S4 « 0956952
«N001150 «2H1A9TR 4Lt JNLODPRA L0032724 «NTARALG
0000000 « 36580413 4 JNNGIAT] «00N0SAA 0031054
0001832 . 2458576 47 «NN12SRY +NNN03583 «NN07703
.0003136> +N1894R5 4r JON00N00 «0000000 «0000000
.0335459 LN187512 4n «D0S4TH9 «0310IR4 «N0A4ESS
«009754A «N061522 50 +N1877RA «NGHS24] 0104048
+NOSORAR  ,n038710  S) o040NGT L 04ASS02  L,0319A77
00072391 J1009n94 52 JNEY2N 0731704 «N307745
.onﬂgcon « 1000000 51 «03LG24K o« 1254919 < 12Tk
JNGNSARKD oN0ANAARR €4 NLLLLLT) J13373an .N000N000
«03673€37 .ﬂ0567?9 5% LNLR950] +J1IR7532 «"375733
«NNA1S4> «N017537 Sa 10346426 L138778) . 1640495
20000000 oNN0NN00 57 L P48015]) J12R0178 1879406
0003300 «0331481 55 + 17447572 LNRGFGG) 70961276
N12%237 «(IS2INKA 50 JHNNTEETY J09A5PEY «3144n39
1276397 2NGB2UNG 60 JNPLARS JO0PRAOG0 JN1R2544
«139040R $ 16T76LD7 Al JN2LTTLS «N37R27) .N18419A
«137910) « N45ASQS 62 «N173705 L1001734 ,NG5KEARS
.ﬂl?’l?l o NASAGA 6% JN2ATHLE JN60RNT2 1456517
2 003725649 « 1351493 b4 LO0N00%% «1153%4 L,N183147
0774014 0000000 260 +0G4)4AT) 0774010 1480303
o 13162A4 o N2E2242 241 SNETSAT4 «1022832 «0490103
«15R0197 We146584 n «0770041 «N2TGAT74A «N00AKIRA
e 188148135 « 2753707 11 «N7TINDKY +0315SARA « 026481136
1542694 1649207 &0 1412230 «N020940 «70620R7
.154?ﬁ€7 « 34463476 LAN «NNEARLR? «000~T1Y s10&12R20
« 156R300 013013042 4k «No3nASy JNNNATT JNORLALG
e 1 AURCERY < 109560 510 «N&10939 oN27R140 « 0314087
07834234 s I6RLTY 51 1160125 o027H16S o 1045848
s Q6KT4H13 o 1200727 5Sa W NG2318D «12576R4 «N361501
o 0200127 « 1253328 £.7h LN70708] «1001742 JNANRZIG
o N300 « T19P4 1A ~2Y NRALEST JNEARTLLN +NPRS2234
L -2 ) « " T1HOAT] £7n «NK17162 JNAN=0T74 JNRI288]
N1 2427 e eTAIPGE £ «+OET1IT0A «N12a0737) L TRASAGR
.ﬂ-:.f1v , 2620548 Aln NELI8HA «1153389 0471121
10005190 41641089 el LOSTIAOR (143017 [neTil2)
000 ‘ ® \

—— S —— i — o ——— —— ——— ———, o — —————— e ——— ey wa——



IO INTY

TABLE B-1

PTSPLACEMENTS

Xe Y DBF FARTHOUAXE (SSE)

(g)

TATAHL RFSPANSE FOUALS MODE | THSNUGH 34 BY

TUNIET JeeeeNISPLACEMENTS ( ™,

0

9

X

0000000
«NRATDGY
s PAEAER]
LRLEIR B
GLRATAY
« 210780
«sNNONDN
JNRRAZAN
oNENS147
JN4LRQYIED
AR TS |
«NLET T4
«NNGTNTS
N LLENTT
NGGANY)
«NUE2722
+NNIB0G
fN000NAND
oNSROY1NOT7
«NEATIR2Y
oMEATLYN
o NREILPA
«NA2D2NPR
oN1]1R28A
MLLDELY
«fO0ONND
«NANNISYS
WNE2418)
L2446 197
.Q?l.?:’)(.
o ET4R870
SE1GTRA
«S1174A8RA
o A20ANY 74
3372230
S EEELE |
71X
WPRTAYAT
o P2O=a”AR
e PV TA2=RY
o JTA27Y 5
dNSRFAEE

Y

«0000000
e 0064K2D
0078278
0037014
« 0001004
«ON004ERT
«0000000
«N00Y 134
«N007108
«01015Rn
«N1R294
« 0177524
o001604%
«0Nn000nRN
0285272
JNP2LE2TY
« 00217484
«0000080
«+00N22%94
«N176232
o 1R14R )8
« 1990154
«201R7AN
«N173781
«00EENDG
1507412
« 285745490
«3103350
ojlngfﬂ‘)"
«3107364
.31"7“07
«3077824
$27E5024
s 18728077
JNAAGLLT
W0351422
« 101824
.n]~]'§1(.
«00202n°
sNONT2AS
o ND Vi
.ﬂ")l’hj’

, O-;--/ -

4

«0000n000
«N000R02
«N001142
«NONY14AT
«0051033
«NB)RLLP
« 0950427
2702454
«N193%40
«N1R25g4
«N133767
«10NA”Y72
« 014068
«N00nNNN
«0132109
«0143727
«N0397372
«N00BGNNAD
« 12BN 74
«139323%
«NS4c3n
«NS54014
0552076
« 0551414
P48 4
o:00NNGE
oN31HEAG
«NB27%%4
BG4
5721687
e53420 30
C01K5354
P e P
¢ 3374365
¢ 13800192
0 3423334
e 1321920
o”H13128
« 25791918
.?q97r;g
e T2RAT2)D
18727229

— —— S— it ————" -m—— —
— S ———

SGSS

4N

bLu
4c
L
" d
&n
an
sSa
S
S?
53
LT
e
S&
57
Se
50
én
61

65

b
260
261
3ln
311
41n
ansn
“n)
Sl
S
5
2N
21
30
AT
fan
L

SUMMATION

X

WNE12444
«NAI2G981
JNELIGH)
NARDONAN
«ON1SQRA
«NNONDD
«NOTS28S
JNI2ERTS
PUTLELE B
eNULARRS)
o NACILEY
«NNNONDN
WNRLSLNG,
« 21724730
o PT04L D227
JL1RL3]19
4814419
Na8NE>3
JNGREY LY
oNENNARY
«NIS1705
«+NN00Y10
J10AY1AAT
10682
22422103
623193
18198739
oNORPEDY
«N137764
.Ol.ﬂf\?"i
o 1204A58
eNGLATAZD
s 1nT7ARGR
1721326
s1NNQ29E
«NOK1222
«1n49103
o J0OER] N

(LOAD CASE 10)

Y

+0n050A1
«0005497
o 0062457
«NOD0KSY?
«00004132
0000000
03467218
0515404k
«0515742
« 0905297
o 1623722
20RTR2Y
« 2087730
« 2087764
2NNHPGY
o171367)
« 19323587
2 NN073FRS
JN161242
W 14£2267
«NBAZGRR
«2254016
150745
« 1934374
«00TRRAY
«0212170
+ 0035449
«N0137205
«0013207
«032187%
+021%084
1723724
o l6h2?07
+NGNLITA
e NPAZ5Q1
W NASEG 8
$ 2254528
«PHARALY

z

«13%94n0)
W 108/2320
«N9213750
«N0&AN20
«N010n99
«N000000
«N083309
«N147349)
«N394535
«N3IANIRG
«N362n53
+N00NNGN
20530713
«210273))
«2Thunie
«433116G6R
45641822
20177018
+N18573A80
,055211R
+15520R0
«N22238]
+N7RSSA]
+N7R58R7
«0008243
«NRI942S
2170977
+N0S4NES
«N10114R
«N3R327)
127207
.“5“1?13
+NGAKNAN
« 10405734
1014205
«10R2440
«R14775
«NB1467725



JOINT

TABLE B8-1

NDTITSPLACFEFNMNENTS

(h)

Z « Y DRE EARTHOUAKF (SSE) ¢ Z = ANCHOR MOVFE . (SS5F)

TATAL RFSOONSE FAUALS MODF | THROUGH 34 RY SQSS

1) L §

30

DO~ ND QY-

Rl
MNAP AN D

— —
~ N

"

B R e Bt B Y N
L I L R e

X

«NONONND
«N2ENAGS
«NTE0NK0
01214195
o 128AK240
.OQQI.QOQ
« 00000600
011171
JNIRTLYG
«DR2NLS
N16280A
«N3243
«NNIK1T2
«ONONNNY
+0161515
NEELTE 1
N02RY1NQ
«N00NN0D0
0560113
JNARQTRL
WNAANNLA
«NAGNIR2
WNALAD2YG
«N12RE13
«NONO2S2
«O2N0NNANKD
«NAQNTISD
.-"-“Q?looﬂ
W 4NDABSD
+SB4L1992
.q‘i?“/.?‘y
«SLARI1A8)
«SH17922
JAa23R247
s 1ANLND
s J4S 2247
e N GPING
W 2ARPARTION
e D2275RY
S LS
$14081 32
N S41RQ

/eme=N]SPLACFMENTS ( N,

Y

«00000N00
«0135418
o 027255640
«0129321
« 0002305
«00N01118
«0000000
N001547
0004644
«030FR1%4
o 01651573
01411453
2 0012: 74
«0000000
0405414
oN3E502
«N0N) Fan
+000n00nN
0003447
oD17656%
«1R162581
« 1650701
« 20070737
»03TALTY
oN054178
elunPRgs
« 2394723
«2RR722A
WPRAGADA
« 2RS09Y
« 2RI 217
WPRES1 D2
¢ 25673087
W 146174773
009?73qf
+1337079
sO0UG2ND
.0011hgq
s NAPANS
sANNRTAS
NEART24
«0009750

| LTy

z

«N000N00O
«N001737
« 0003354
« 0004459
«N1B04KS
«?1RENG?
« 1312445
o 2234234
«0222721
«N121R14A3
«01027327
« 062672
011850
.JOOGGﬂO
« 1093504
«0N10459A
.00?9070
2000000
0377723
« 0566415
0615446
«NEL1AATS
NAONEST
+160013]
+N4ANE30
« 0000000
031718
«N591R44
S T 1)
«S459n7n
«30%582135
4797140
+4092%29
+ 3327070
« 1351021
1387241
L 129214943
« 7187229
« 2545126
¢ 265412 §)
¢ 2255811
«1525019

e

——— — ——————. ——— ' —

by

4%

4«

&7

4s
i e
Sn
S
52
3
S
e
ae

57

50
&1
8
6?7
51
LY
260
28
3ln
I
aln
Ghn
46|
LS
€11
5S¢
£2n
A2
&30
A1
ELn
L4

41

(LOAD CASE 11)

SUMMATION
X Y
T W0363472 L0004R5]
08ALDAYL «00052709
«0826063 0041077
ONEREDA +0000A5)
00140472 JONN0&L2T
+N000N00 +NN0N00N
oDNTE242 «0340194
+0P2430R «0505944
D471905 L0506270
ALY YN | JNBASGOD
JNIRELALG e 1749K873
+0NN0N00 1692917
05640027 « 19930410
L2175225 19631730
PTLRTEE 1911724
W4115167 L16165]0
LL4IS5RAA + 1808504
L4216 0261281
«036153) 0382280
JNSPE527 o 1449674
.NI74279 JORG1SAT
nnnn10n? « 209334
«00ORANGY «1602%0)
1020762 1703264
«NAAT1 T2 «NPR5GN
JNARTT2 «N293144n
« 149545 'no1ﬁ7?ﬁ
«NNTARARL «0012285
W0115209°  L00122R%
«NG71059 014424
1763519 «014497
«N4EA540 1671027
<1N724613 e 1469975
¢ 1013244 «091RAGN
JN87700) JORA1SAY
«NAYTAT4] JDARDA4YA
JNEG4AG7 +200AEN
o 101874) «250118%

4

1340802
« 1035466
«NBAYIT4LY
«N04S5171
LN003717
«00000N0
« 00934725
«0137423
.03R3a823
JNk820)
LN345710
2000000
0503005
«2019208
L 2F2%240
4152372
+4359) 38
JN212P9A
20215706
.N60n%27
LNRONG2S
+N2327131
o 0752218
.N752818
.N009749
o N2358R2
02134127
«N0S1A19
LN0GKPE2
2NITIN2G
o 1740 1R4
«9S17777
s 10RN0P44
JV142q08
.110,‘0()”
o 1174506
JNT4540)
JNT65A0]



tnpLe o= \J)

JOINT DISPLAPFMENTS (LOAD CASE 12)

SEISMIC ANCHNR MOVFMFNTS x -~ DIRECTION (SSE)

JOINT  /aeacD[SPLACFMFNTS ( [N, )=ecee/

(GIN) X Y Z

) MLLELT L] «000000 «,000000

2 +N18235 «0007%62 =-.000n03

a +08ARI4N «000K9R -, 000006

o , 05430 000374 «,000008

© 162442 -,000007 =, 000526 :

S '.69"00 - 000004 -,007164 x Y 2

7 JRS1600 =,000000 =,013723

" 1,3N0867 -, 070034 -,0145589

Q 1.860214 -, N0NNK4L =,001694 =~ g5 T 2.,371146 L060732% -, 011492
1n 1.,561762 =,003183 «,001716 Sa 2,36950) L057377 o, 005154
1) 1,8418688  «,n3R6GQ0  «,001779 5% 2,357179 L053484 < 000037
12 1,542394 - 036647 =-.0n1159 Sk 2.358K30 053509 .011078
11 1,5648127  =,003244 « 000288 S? 2,.1564511 032570 0142354
1e 1.570000 -, 000000 «000100 S 2.31081 L066374 N23224
1= 1,561%461 0735040 =,001970 S¢ 2.,1378)18 WN622R2 025909
14 1.562773 «0337%6°%  «,0072273 6r 1,561707 «,0171358 «,0010R%
17 1,560407 +002978  «,000408 6] 1,861229 JANS64> o, 001876
1@ 1.570000 «000090 «, 000000 AP 1.,4720133 $006111 +015823
10 1,5861&5 -, 000077 +00554A 61 1, 626407 038G 015821
20 1,613734 13784 o01n183 Adh 1,A33510 oNBIHTY 026488
21 1,A61397 «NP77Rn 013707 T 260 1,664120 J047084 0493036
2? 1.A)1040 NG414/9 014158 261 1,661017 057684 ,049034
2" 1.41587348 091239 015024 310 +108NG3 «000AGR 000003
2. 1,531157 «N02279 + 015520 M ,1081617 WNGT284 o 020066
2¢c 1,677401 «A00935 «01222n 4ln 2,170042 +000259 «01548]
2 1,43%07 JNGP0SA 023122 ahn 2.380461 -, 000434 =-,002126
27 1,A33411 N34 027567 4h) 2,1000R5  « 00047 o, 004745
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Y 2,3171%) LN05AGA ,024054 £ 1,A50784 «015599 o 0646125
3< 2,338975 «011287 +« 025558 A4 1,A6515] JNA3AN «0518n9
kL 2.,11%an0n JNON224 +025G5A “é) 1.,667119 JOTRER] 051559
37 ?,%46407 -, NN0K25 0025754

3e 2:3571877 -, 000200 JOP1674

1 2.IA2847 -, 0002¢8 JNlac1?
4n F T B L e, 000113 «N1G17R

a) 2, ¥8A720 000K S «0177R2
42 2,37A5%% JNNG203 0117727

L 2,37922 - 00010 «NNQTY2

ba P Lk D10 -, 010024 +00718)

P 2 LI NLAR JONNIAA +0NTI409
A Py ROV AY WNANHT2 «,00173A
47 2,187 JAPNAAG N LT TA

w8 Z.,807A010 JAnnnnAn e, 0NNRAD
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T JeITNTY
SFISHMIC ANCHOR MOVEMFNTS 2 « DIRECTION (SSE)

JONT
(61M)

-1
N DOV AD DV -

x

=, 000000
=, N01511
«, 005293
-, 00913
=,N11450
-, N1541R
- ,N24725
=, 021414
-,N01551]
-, 0N%%R9
- AN46T70
- 003447
-,000130
«NN0ONO
- NN4KDS
- NNGARLS
-, 000459
., 000000
.ﬂﬂﬂ?ﬂﬂ
JNILTRY
JN14779
s 014774
'ﬂ?n?Qq
oNSARTY
L 0A184A
NAIALA
sNE3RLE
-~ "‘]l
o NIRS, S
o0N2740
0082
P A B T
«N0A%EN
+ONTLRD
JNNAG2YG
«0NA7)5
+0NNAGNG
.r1;11’
«N11704
«N1100A
JANRAE
JNN1%KED
JANNNPG
NLLEATY
- AAPAT?
NAN2LA
AANNE L,
ADNADD

ANONDS

- AARETYH
-

AR A e
- ’

-, A0PNTH

]

/=m==N]SPLACFMENTS ( TN,

Y

=,000001
-|01g16’
-, 029617
=, 015KR4
000314
«000152
-, 000000
-, 000221
-, 000411
JNITAKE
«N03337
L00071F
-, 00N004%
000000
+040P7R
035484
+N03041
+0nocon
-, 0007367
«0N709)
072062
+OTROTY
oD744K0
«ONANTE
’006?1’7
000309".
+006LAN
N07031
«NOKI20
«D04&F27
.O(":7QP
+ONGRAR
«0112R2
- . N00221
- 002077
=-,AN12RD
., 000k
-, 001AL4
-, NAN0&L"H
JNNERLE
NNGIR2
Jonnl M
JNNNOLA
JO00010
=, 000727
sNuaNNn
+N0NDON
.ﬂffﬁﬁn
.f"""’”

— — — —— — — —— —

«N}I8GA

NISPLACEWENTS

)-;;--/

/

«000n00

000088

«000130

000171

022261

« 330726

711040
1.25%0823
1.564n6K7
1.553404
1.5675134
1.569077
1,5690G6])
1,570n00
1.56R144
1.560447
1,569%14
1.570n00
1,614045
1,634%563
1.667041
1.,670082
1.6754136
1,575449
1,682724
1.704416
1.72nE5AR
1.7458027
1.,98%037
?.2637007
9.31*174
2:3678
2.351046%
2,350789
7359411
2.35%£67
?,360852
2,529
2. 7082
2.367299
2.,3A0571
?.372£50
2, 37770
2,374186
Pe3742n2
De3TN2GD
Fed727101

«I2NAN0
;.3'?:' RN

?.]7io~’¢hs

81
Sn
5
57
Se

60
6)
6>
61
L

" 26n

261
0
11
L1
L5t
Hin)
€1n
s
550
&2n
A2)
630
LR A
ALn
fh)

X

-,001858
-, 000349
s0N1149
, 004504
s N05650
007044
LLEAR A
-, NN3410
-, NN3IA25
J006K4
WN41579
s N639458
JNETNA2Y
LNET5E0T
-, 00457
-, NNASI4
,00A329
S NNNANAS
+0NN214
°.001°°’
-, A0k
s HN09%)
P NLBALA
JNS14R7
s 065434
+NENARETY
W 046175
+N8ABEN

(LOAD CASE 13)

Y

.023338
o 024652
.oaaoql
JNP6374
+0756658
L026671
«026770
«N32844
061630
,oﬁiﬁjk
033197
JN05RGE
.001Q0h
«022315
- 029617
-.01077&
L000162
-,0002137
-, N00237
00732472
003242
«02%750
« 053535
JN 4G94
«033193
«01778)
005455
«0?8120

2

?2.374135
2.37%r22
2.,373679
?,368026
2,364576
2.,352n3%
?2.3507%08
1.,563208
1.564160
1.,675440
1.675464
1.71577¢0
1.7351%1
1,735151
-,000250

J001£57
2.,363030
7378844
?2.377565
2.3744099
?¢3h4kAN
2.,37317%2
,.69ﬁhﬁ6
1.69%24
1.,6978z3
1.6824880
1.,7647275
1,747075




FLASTIC SuUPPARY “FEACTIONS

(LOAD CASE 1)

NEAD LOAD PLUS SUSTATNFN MFCWANICAL LCADS

SUPPTRY fuweeee==FORCE ( LR, ) a4 MOMENT (IN,=LB,) ==cccnas/
Joier X Y z X Y b4
1 -60,06 74,87 «22 .68 17670.52 101R1,15 «9974,75
7 «00 9578,.8) N0 «00 «N0 «00
T T 1ae -4 546 §74,.,59 25.%1 -11479,03 17.18 776,06
A,54 913,513 =6.14 =-29139.85% 278,15 =17252.12
2< «00 2797,49 N «00 N0 «00
T Ah 67,13 14A81.9) =31./6 «406.40 357.34 -376,86
41 -0, 44 331.57 20,35 -158,00 224,92 -18].64
4r 24,135 1397,.%3 14,40 «-6539.87 =89,01 S060.44
8) (LOAD CASE &)

NNBMAL OPFRATIMNG TFMPERATURFE INCL. THERMAL ANCHOR MOVEMENTS

SUPP( T /emcceccefORCF ( LH, )jewecescccss/ /eccecseMOMENT LN anlBs ) snnonused

_Jorr x Y z X Y 2
! =117.2 §610,7  «1139,7 756253,8  19846,1, 3849,6
i z Oo %A).ﬁ .0 .0 - 00
y 1¢ =21717,3 =2463,5 195,0 134604,2 =118404,8 41797,0
1F 1159,7  =1890,4 1080,? 9977741 1169544,3 3810.7
‘% .O -“ul.’ '0 Oo oo Oo
: 4 «525,3 173,13 4?23, ,4 1836,2 312.7 1°847,1
47 =LnR,5 1101,9 2%2,0 1075.3 40S,8 1913,2
- e 1324,6 «2317,4 -4,0 70344,5 156409,6 =32748,2
©) (LOAD CASE 6)
SFISMIC AMCHOR MOVEMFNTS X « DIRECTION (172 SSE)

SIPPARY feeeweeesFORCE ( 1A,

JnrT

!

X

«174,35
00
Ry 7

Y

11,54
QU A
P"o"
21712
w] VA N8R

-~
-

Mee
-’]~.11

- /-------NG“GNT

2

13,21
o0
bR 1A
71.,9%

oNh

o(_’“(.\ﬂ
elé ,nG

25,27

(THe=LB ) encancacns/

X Y z
=805,35 30403,70 32649,35
«00 N0 +00
«17350,68 36A),08 153,07
13036421 J307.54 EQTS 44k
P N0 «00
56429 7201 132,60
L os19 YA ::.el
5275420 171811 $17.54



IMULE & 1

FEASTIEC SUPPORT PRFACTIONS

(LOAD CaSE 1)

SFISMIC ANCHOR MOVFMENTS 7 = DIRECTION (1/2 SSE)

SUPPORT /emmeeeweFORCE ( LA, ) -/ / ==MOMENT (IN,=LB,)eecccacay

JOIvY X b 2 X Y z

1 13,20 488,01 =264 %4 328613,67 «2814,n2 -858,73

7 . «NO LY «NO «00 «NJ «00

Dt 14 =34,25 «209,67 131,04 3660,62 «1R9,20 5362.95

1R 3f,03 «45%9,58R 82,723 2002R,8] 2825.93 5224.19

e <00 277.8% «NO «V0 «0N0 00

R «15,56 =2he61 18,42 =24450 =44,73 =14.75

4" -.?7 -‘E"‘ 9.“3 -8.55 ‘“l.l' -22.69

4r =1.15 =61,.5) 23,01 2784,26 =RA3,30 676413

(LOAD CASE 12)
SFISYIC ANCHOR MOVFHFEMTS x = DIRFCTION (SSE)

SUDPFQT /---;;---POQCF ( LR. i------;--/ /-------NOUQNT ‘Yu.-LR.,-------./

JOIHT X Y 2 X Y Z

! o R Y- «22.04 264,210 =1483,9]1 S5R422,02 64455,14
7 .00 170,97 N0 00 «N0 « 00
la 167,77 826,25 -143,08 «33004 4,47 7562.16 250.88
10 78,488 -4]? .84 149,41 24617440 hT7h&4,64 15303.03
2% 00 =212,47 oNO «00 N0 «00
4r 4n, Hé 122,92 -b4b,41 $7.73 114,49 223.32
4" 2.3 20 eb4 «23,45 75.96 AB,.11 89,94
4r 44,61 «193,39 40,12 8850.81 ?7873.10 1503.23

(LOAD CASE 113)

SFISMIC ANCHOR MOVFMENTS 2 « NIRECTION (SSF)

SUPPART /mescceeafNBCE ( LR, jececscccs/ /esecacseMOMENT (N oLB,)eonccsas/

Jor 7 X Y 2 . 1 g
! 24,27 835,11 =<07,32 62566462 =S050,09 «1501,17
- 00 12,67 O 00 N0 »00
&4 -fil 21 4N A7 P40 .,%8 T72813,25 =33€,n3 '0229,40
\s £0,7)  <873,]0 183,25 379864931 Sems5.48  9327,1A
Se JOD LI T Y « 00 «N0 «C00
AR Pk A 4R 09 A0, 74 33,60 =20 ,22 =18.03
& -5 =044 15480 =]1,39 =70,91 =Ju,l4

an “,0f  «105,55 36474 4857496  =209,27  1109,55



TABLE B-1)

" FLASTIC SUPPOART ARAFACTIONS

(LOAD CASE 8)

X o Y FARTHNUAXE (172 SSF)

__TOTAL RFSPONSE EQUALS MONF | THROUGH 34 AY SOSS - WMATION

SHUPPART /ommmman=FORCF | LR, i-----;-./ /---o---”O"FN' (!N.-La.,--------/

JOirT X Y b4 X Y b4

1 2549, 202, 3ro, 12710, 3315944, 351358,

 J 1705, 39‘, . . g L

Pt 14 712, 174, 41n, 12707, 34457, 2088,
in 432, 313, 891, 16149, 366585, 7696,

2c i RGO, a . . .

L 2 Eq, ’ 41u, . . .
4n 469, 526, SAR, 820, 1604, 1261,

49 74, (24, Jae, s?8, 1294, 809,

P ~e7. 741, 47¢, 15544, 10259, 26176,

5. RRS, . 509, . - .

(LOAD CASE 9)

7 o Y FARTHOUAXFE (1,72 SSF)

TOTAL RFSPAMSE FOUALS MONF ) THONUGH 34 AY SGSS SUMMATIAN

SHRENT  feecemaenfN3(F | |8, )jeseccces/ /eceaeaMOMENT (11, ,<lB,)ccccccca/
Jore T X Y 4 X Y z

1 214, 927, 1439, 61227, S4698, 10560,
€2a, 1472, ° . . .
14 1% 67, 784, 8327, 2615R, 9195,
]} a 245, R3S, 81a, 37065, 20168, 11229,
i . 739, . . . .
2, ara, . 457, . . .
. Liing L52, SRR, a1, 1568, 17256,
&1 51, &1?. ans, g24, 1298, 2013,
4’ iR 7PN, LS, 18552, 11006, 255%9.,
5 nan, 4 57¢, . . .




J)

K)

JILE B-11

" ZLASYTYL

(LOAD CASE 10)

TATAL RESPOMSE EQUALS MONF | THRAUGH 34 RY

SUPPART
Ny

1

>
|
1r
2=
2&
an
&
ar
Sa

Xe Y DRE FARTHAOUAKF (SSE)

/--------r

X

2729,
1515,
797,
535.
.
865,
827,
126,
N3,
o348,

(LOAD CASE 11

DRCE t LA,
Y

205,
A“?’
208,
“21.
1317,

.
735,
€54,
9%n,

Jwm—————— /-------“OuENT (INy=LB,)ewenanca/

P4
452,

412,
1037,

.
bbb,
612,
337,
SAl,
Bh2,

syPPORT

SNSS SUMMATION

X
18656,

.
14233,
21162,

.
57S.
578,

21336,

Y
294878,

.
3%117.
4434b,

B
1761,
1363

17355,

7 o ¥ NAF FARTHAUAKE (SSE) o 2 = ANCHOR MOVE, (SSK)

TATZL RESRONSE FOUALS MODE 1

PO S S VI
1 » ¢t

ol B I

A

femeceee=F02CE ( LA,
4 Y
Ras, ReD .
4Sh, 1610,
ARG, Sk,
194, f01,
. 1210,
“sn, .
215, T40
AR, €29,
AL, G4,
aen, »

THROUGH 36 RY

| /-------MC“FNT (XN.-LB.)------.O/

z
1388,

.
Tie,
1047,
-
67<,

g
e

324,

:hﬁ.

RS4,

S0SS SUMMATION

=

i J
84028,

I0851.
33159.

N
1737
1354,

16734,

RFACTIONS

z
31114,

.
3166,
9az2,

.
1350.
873,
323940,

Z
10&&4.
3‘09:

12617,

-
W T W

N

Do ™
. . ..



NOTE:

TABLE B-111

COMPLIANCE WITH ASME CODE EQUATIONS 8, 9, 10 and 11

Pages B-15 through B-32

Stresses for members between node points 10 - i4 and 10 - 18
should be increased by a factor of 1.2} to account for the in-
consistency between pipe wall thickness used in the analysis
and the actual wall thickness of the pipe. In view of the

low stresses and low masses of these members, the effect of
this inconsistency ¢n the overall analysis is small. Stresses
for these members, a shown on Figure 7.6 and 7.7, have al-
ready been increased by this factor of 1.21.
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