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SU”H:{RY

This report, prepared for Dairyland Powzr Cooperativaz, presents the results of
seismic and stress analysis of the recirculation piping system for the LACBWR
Nuclear Power Station. The scismic and stress analyses have been parformed
in accordance with the design requirements for Class 2 piping components of
the ASME Boiler and Pressure Vessel Code, Section 11, Division 1, ""Nuclear
Power Plunt Components, 1974. By providing adeguate seismic restraints
(snubbers) at critical locations of the recirculation system, the stresses

in the piping due to a seismic event can be reduced to acceptable values.
That is, the stresses due to seismic, deadweight, pressure and thermal expan-
sion loadings, combined according to the ASME Code rules for Class 2 compo-
nents, would satisfy design requirements given in the Code with the addition
of seismic restraints.




1. SUMMARY

This report, prepared for Dairyland Powar Cooperativs, presents the results of
seismic and stress analysis of the recirculation piping system for the LACBWR
Nuclear Power Station. The scismic and stress analyses have been parformed
in accordance with the design requirements for Class 2 piping components of
the ASME Boiler and Pressure Vessel Code, Section 111, Division |, '"“luclear
Power Plant Components, 1974. By providing adequate seismic restraints
(snubbers) at critical locitions of the recirculation system, the stresses

in the piping due to a seismic event can be reduced to acceptable values.
That is, the stresses due to seismic, deadweight, pressure and thermal expan-
sion loadings, combined according to the ASME Code rules for Class 2 compo-
nents, would satisfy design requirements given in the Code with the addition
of seismic restraints.




2. INTRODUCTION

In response to AEC/DL's request to review the effects of an earthquake event
on the LaCrosse Boiiing Water Reactor, Dairyland Powar 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 a seismic event.

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

The rules for a Class 1 (Section 111) analysis require that thermal

stress and fatique due to thermal cycling be considered. A review of the
available recirculation 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 111) analysis. Therefore, in the subject analysis, the adequacy of
the recirculation 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 II!, for the design of Class 2 components are much more rigorous than
the design requirements given in the Power Piping Code, USAS 83!.1.0 (the
applicable code for the LACBWR Project).

Section 3.0 of this report describes the scope of the recirculation 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 6.0 respectiveiy. The results of the analysis are discussed in
Section 7.0. The conclusions are summarized in Section 8.0.




3. DISCRIPTION OF PIPING SYSTEM

The recirculation piping system provides forced-circulation of water through
the reactor core. Referring to Figure 3.1, the water frcm the reactor vessel
flows to the 16-inch diamater forced-circuiation suction manifold (upper ring)
through four 16-inch diameter nozzles. From the manifold, the water flows
through two 20-inch suction lines to th2 tuo variable speed forced circulation
pumps A and B. The 20-inch diameter pump discharge lines return the water to
the 16-inch diameter forced-circulation discharge manifold (lower ring).

From the discharge manifold, the water flows to tha reactor vessel through
four equally-spaced 16-inch reactor inlet nozzles.

The governing design specification used in the analysis of the recirculation
piping system is given in Peference 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 Referance 5 and from the piping specification (Ref. 3).
This information is summarized in Table A-1 of Appendix A.
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k. LCADING CRITERIA

The load cases which must Le 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 novement loading.

4.1 Load Case |

Load Case | is the combinaticn of the d2ad weigh® of the piping system
and the sustained mechanical loads (e.q. valve weights, hanger loads etc.
The dead weight of the piping system is calculated considaring the piping
system to be insulated and filled with water. The weight of valvas,
valve operators, pumps, pump motors and branch piping as well as the
effects of constant weight hangers etc. are included in the analysis.The
valve weights and pump/motor weights ware taken from vendor instruction
manuals (Ref. 6 and 7) and are summarized in Table A-11. The uniform
vertical loads applied by the constant weight hangers were taken from
LACBWR drawing no. 41-503370 (Ref. &) and are applied at the appropriate
node points.

L.2 Load Cases 2 and 3

Load Cases 2 and 3 sre the seismic inertia loadings on tha piping system
which are imposed in the form of seismic response spectra. Load Case

2 is the simultaneous application of the horizontal spectra in glodal X
direction and the vertical spectra in the global Y direction. Loa? Case

3 is the simultaneocus application of the horizontal :pectra in the global 2
direction and the vertical spectra in the global Y direction. The appli-
cable horizontal and vertical response spectra were taken from the report

on seismic evaluation of the LACBWR (Ref. 1) and are summarized in Table A-11]
of Appendix A. The response spectrum values for the safe shutdown
earthquake (SSE, Figure G.34 of Pef. 1) are only 20% greater than the re-
sponse spectrum for the operating basis earthquake (0BE Figure G.36 of Ref.1).
However, the allowable stress values for the SSE are 50% greater than the allow=
able stress values for the 0BE. Therefore, only 0BE inertia loadings were
considered in the subject analysis.



4.3 Load Case L

Load Case 4 is defined as the thermal loading for normal operation which is
produced by the overall tharmal expansion of the piping system and the
therma! movement of the piping/reactor vesse! anchors. The overall thar-

mal expansion of the piping system is that vhich results from the plant
heating up from ambient temparature nf 707F to the normal piant operating trn=
perature of 57/9F (Reference 8). The thermal movement of the piping/reactor
vessel anchors are taken from Reference 5 and are summarized in Table A-1V of

Appendix A,

4.4 Load Cases 5 and 6

Load Cases 5 and € are the loads imposed on the piping system resulting
from the relative displacerents between the piping/reactor vessel anchor
points and the recirculation pumps support points which are produced by
the seismic event. The s2ismic anchor movement (or displacement) arc
estimated using data given in Reference 1. Lozad Case § is a 0.5 inch
displacemant in the X direction of the recirculation pumps support points
relative to the piping/reactor vesse! anchor points. Load Case 6 is a
0.5 inch displacement in the Z direction of the recirculation pumps
support points relacive to the pining/reactor vessel anchor points.

4.5 Load Cases 7 and 8

Load Cases 7 and B are the internal pressure loads imposed on the piping
system by the normal operating pressure of 1300 psi and the peak plant
pressure respectively. The peak plant pressure is conservatively taken
as the recirculation piping design presiure of 1450 psi from Reference 3.



STRESS ACCEPTANCE CRITERIA

The stress acceptance criteria used in this analysis are the ASME Section i,

Class 2 component stress design rules which define the stress limits for various

load combinations under normal opsrating, upset and faulted conditions as inter-

preted by the AEC in Regulatory Guide 1.43, Refarenze 9. |

5.1 Normal Operating Conditions

A, Combined stresses for Load Cases | and 7 should be less than Sh as
calculated by equation 8§ of Section 111, ASME Code (see Section 6.5
of this report).

B. Combined stresses for Load Cuses 4 and § (or 4 and ) should be less
than SA as calculated by equation 10 of Subsection NC-3650 nf the
ASME Code or the combined stresses for Load Cases !, 4, 7, and 5 or 6
should be less than the sum of 5A anid Sh as calculated by equation 11
of Subsection NC-3650 of the ASME Code (see “ection 6.5 of this report).

5.2 Upset Conditions

A. Combined stresses due to Load ".,es 1, 2 and 3 (or 1, 3 and 8) should
bz less than 1.2 *h as colculated by equation 9 of Subsection HC-3650
of the ASME Code (see Szction 6.5 of this report)

lHote: For the normal and upset conditions the ssismic ioadings (Load Cases 2,
3, 5 and 6) correspond to the operating Lasis earthquake (08%).

5.3 Faulted Conditions

Combined stresses due to the safe shutdown earthguaka (SSE), peak pressure,
dead weight and other sustained mechanical loads as calculated by eguation 9
of subsection NC-3650 of the ASME Code should be less than 1.8 Sh. This
requirement will be met if the requirements of 5.2 above are met since the
SSE magnitude is only 20% greater than the 0BE while the allowable faulted
stress is 50% greater than the allowable upset stress.



6. ANALYTICAL IETHODS

6.1 Mathematica! Model

In order to perform static, dynanic and stress analyses, the continious
piping system is mathenatlcally modeled as an assembly of elastic structural
elements interconnected at discrete nudal pucnts(F!gure 3.1). Hodal points
are locatad at all points of interest in the piping system such as ¢lbows,
valves ,anchorages ,hangers,tee intersections, load points, all structural and
material discontinuities, etc. This thiee dirensional rultidegree of
frecedom model of the piping system is attached to the "ground” (structure)
by means of rigid hangars, support springs, hydraulic snubbers and anchors.
Stiffness characteristics of structural cierents are related to the moment
of inertla and the axial and effective chear arca of the pipe cross section.
The stiffness characteristics of the ¢lboxss and tee connections are modified
to account for local deformation by using the flexibility factors given in the
ASME Codz (Ref. 2).

For the seismic analysis the distributed mass of the piping system is lumped
at the cysten nodal points. Masses are lurmped so that the lumped mass. multi=
degree of freedon model represents the dynanic 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 degree: of froedom are set to zero). This
assumption has bcan showr to be completely satisfactory for accurate analysis
of seismic responte. Special items such as valves and actuators are nodeled
by lunping their masses at an appropriate offset from Lhe center-line of the
piping system.

6.2 Static Load Analysis

The static load analysis involves the applvcatlon of the following locading
conditions and their combinations:

. Design Pressure

. Gravity Loading (dead weight) and Sustained Mechanical Loads
. Suppert Displacement

. Thermal Expansion

For the pressurc loadirgs, the hoop and lonyituedinal stresses in the affected
piping are caleulated using the foriwlae given in the Code (see Scction 6.5).

8-



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

KU = P (i)
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 cbtained from element stiffness matrices
using direct stiffness methods. The unknown nodal displacements U are
obtainaed as follows:
v = Kl (2)

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

From the nodal displacemants U, the member internal forces are determined
using the member stifrness 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)fer
each of the natural modes of vibration arc calculated by solving the following
frequency equation:

f e bl b o

where:
&, = Natural angular frequency for the nth mode
M = System mass matrix
(Dn = MNode shape vector for the nth node

0 = Null vector

The eigenvalue/cigenvector extraction is performed using the Houscholder-
QR techniqua.

..9..



6.4 Dynamic (Seismic) Load Analysis

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

M(U+U ) + c0 « ®u = 0
t gt t $ (“)
vhere:

"t = Relative acceleration time history vector

ﬁgt = Ground acceleration tine history vector

C = Damping matrix

Uy = Velocity time history vector

Ug = Relative displacement time history vector
Rearranging equation (h)

i, + €U, + Ky, = -n'dgr = Pofs (5)
To uncouple equation (5), assume

u = b,
where:

¢) = Characteristic free vibration mode shapes matrix.

Y¢ = Gencralized coordinate displaccment time history vector.
Pre-and post-multiplying equation (5) by the transpose of (¢ and by d respectively

and using orthogonality conditions, the follicuwing uncoupled equations of motion
are obtainad:

- . 2 _ ;.,_l . .
Yor * 2@ A, Yo +€p2 Y, =M Ryl (6)
where:
Ynt = Generalized displacement coordinate time history for
nth mode

An = Damping ratio for the nth rod» ecxpressed as percent
of critical danping

Hn* = Generalizcd nass for the ath nolde
' 2
- (Dnr"'brb " “i(t\’iﬂ

=1 0=



R

The mode shape d)n is normalized such that Mnﬁ = |

n = Participation factor for the nth mode

n
T ,,E .
e q)n H - & in

| = Column vector whose elements are generally unity

The solution for the differential equaticn (6) is given by the Duhamel Integral
t
Y. =R 5 eAnn (t-T) gined (t-T) 4T
nt e gt n
'ﬂvoan o

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

. R s
Yo max = -27-32 (7)
M
where:
LR
Y, max = Maximun generalized coordinate acceleration response for

the nth fade.

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

From the maximun aeneralized coordinate response, the maximum acceleration

(Uﬂmax) and maximum inertia forces (F, max) at cach mass point are given by:

Up max = Yn max ¢in

Fomax = M, Un max

The inertia forces (F, . ) for each of the system natura! 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 response ic then
obtained by combining the individual modal response values by the squdre-root
of the sum of the squares wetnou; lover modes having large contribution to
the response (all modes having natural frequency under 30 cycles per second)
are considered ard higher modas with negligible participation are neglected.

-]l



6.5 Stress Analysis

The design requiruments of the ASME Cude for Class 2 piping systems are
satisficd when the calculited stresses in the piping system due to thermai
expansion, weight, ond other sustained and occasional loads are combined
in accordunce with and maet the limitations of, equations 8,9,10,and 11 of
_ Subsection NC-3652 of Refercnce B, These requirements are described below:

A. Sustained Loads

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

SSL - ;%s i .g;;sinn = 1:05, (8)
where:

P = |nternal design pressure, psi

Do = Qutside diameter of pipe, in,

O Nominal wall thickness, in.

Mp = Resultant moment loading on cross section due to ‘.eight and
other sustain=d loxds, in.(Sce NC-3652.4, Ref.D)

Z = Section modulus of pipe, in.3 (Sce HC-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

Sy, = Basic material allowable stress at design temperature

3. (Qccasional Loads

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

S JPualo o 0.750 (M) + M) £1.25, (9)
oL tn 2
where:
Pmax = Pealk pressure, psi
Ma = Resultant moment looding on cross section due to occasional

loads such as carthquake loads

-10-



e Thermal Expansion

The requirements of either Cquation (10) or Equation (11) must be met.

1. The effects of thermal expansion must meet the requirements
of Cquation {(10)

-

.
e =« 18 & S (10)
vhere:
M. = Pange cof resultant voments duz to thermal expansion. Also
include moment effects of anchar displacement: due to earth-

| quake if anchor displacement effects were omitted from

| Equation (9)

5, = Allouable stress range for expansion stresses (NC-3611.2,Ref.8)

2. The effects of pressure, weight, other sustained loads and thermal
expansion shall meet the requirements of Equation (11)

Ste . POy | TSI . iMc & (5 *+ Sp) (1)
bt z Z

The above wentioned 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 pover plants. PIPESD is available to Huclear Energy Services

through the Control Data Corporation CYBERMET Scrvice.

-‘3-



7. DISCUSSION OF RESULTS

A review of the existing support system for the recirculation pump/motor indicated
that any small lateral inertia forces acting on the pump/motor due to an earth-
quake could make the system unstible and cause high stresses in the recirclation
piping system. Thurefore, eleven seismic restraints (hydraulic snubbers) as shown
on Figure 3.1 were required to reduce the stresses in the recirculation piping
system within the ASME Code allowable stress values. The results presented

in this report are for the piping system with the required seismic restraints,

The frequencies for the first forty-six modes of vibration of the piping system
are summarized in Table 7.1, from which it can be seen that the piping system

is a fairly flexible (low frequency) system. The deflections at each node points
due to the various load cases are summarized in Table B-1 of Appendix B. The
maximum deflection due to seismic inertia load (Load Case 3) is 0.80 inches at
node point 47. For a flexible piping system this deflection is acceptable. The
maximum deflection due to thermal expansion load (Load Case 4) is 1.0 inches at
Node Point 52.

Table B~11 of Appendix B summarizes the e¢lastic support reaction forces. The
seismic restraints, anchors and other support system should be designed (sized)
using these restraint forces. The maximum reaction force in the seismic re-
straints is due to Y + Z earthquake (Load Case 3) and is of the order of 34
Kips.

The resu!ts of the detail stress analysis in accordance with the requirements
of subart cle NC3652 of ASHE Code for the Class 2 piping system are given in
Table B-111. Figure 7.1 through 7.7 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 allowable stress values
are not exceeded for operating, upset and faulted (see Section 5.3) conditions
when recommended seismic restraints are included in the analysis.



Mode
No.

w0 NS

10
1
12
13
14
15
16
17
18
19
20
21
22

23

Frequency
(cP5.)

2.

wow W W

& W

=

YW W O N NN O YO0

o o

NATURAL FREQUENCIES OF VIBRATION

.6550

5409

.5852
L3346
.5541
.6409
.6739
L8407
L1661
. 5406
.0h72
2017
.3582
.7287
.6820
31
.8942
.0915
. 0668
Wiz
. 5506
L9844

. 3485

TABLE 7.1

Mode Frequency

Ho. (CPS.)
24 11.9651
25 13.3819
26 14.1885
27 15.1285
28 15.8165
29 16.6418
30 18.4211
3! 19.0631
32 19.3376
33 20.8685
34 20.9838
35 21.9899
36 22.4076
37 23.3592
38 23.7424
39 25.6333
40 26.0691
i 26.5835
42 27.9324
43 28.7675
Ly 28,9584
Le 30.0403
L5 30.1992
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FIGURE 7.2
COMPLIANCE WITH ASME CODE EQUATION 9
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FICURE 7.6
COMPLIANCE WITH ASME CODE ENUATICON ll
Normal Operating and Upset Condit'ons

Applied Loads

Dasign Pressure & Temperature
Dead Veight & Other Systained Machanical Loads
Thermal Anchor Hovenments

Seismic Anchor Movements (x-direction)

Allowable Stress, A + Sh = 43.2 kS|

Maxinum Stress at Node 28 = 19.8 kS|

(Stressas Greater Than 10.0 K51 Indicated)
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FIGURE 7.7
COMPLIANCE WITH ASME CODC EQUATION 11
tormal Operating and Upset Conditions

Aoplied Loads

Design Pressure & Temperature
Dead Weight & Other Systained Mechanical Loads
Thermal Anchor Movements

Seismic Anchor Movements (z-direction)

Allowable Stress, SA + Sh = 43.2 KSI

Maximum Stress at Node 28 = 19.8 KSI

QeD Stresses Greater Than 10.0 KS| Indicated)
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8. CONCLUSIONS

By providing adequate seismic restraints (hydraulic snubhbers) at the locations
shown in Figure 3.1 the deflections and stresses in the piping due to a seis-
mic event can be reduced to acceptable values.

The results of the recirculation piping system stress analysis indicate that
deflections of the recirculations piping system due to dead weight, thermal
expansion and seismic loadings are nominal. The stresses in the piping system
due to dead weight, pressure, thermal expansion and seismic loads as calculated
and combined in accordance with the rules given in Subarticle NC 3652 of Sec-
tion 1il of the ASME Code, satisfy the design requirements for Class 2 piping
wiren the effects of seismic restraints are included in the analysis.

The seismic restraints and their attachments should be designed using the sup-
port reaction forces summarized in Appendix B of the subject report.



APPENDIX A
LACBWR RECIRCULATION PIPING ANALYSIS

ANALYTICAL INPUT DATA

A=) Pipe Data A-1
A-11 Concentrated Weight A-2
A-111 Seismic Rasponse Spectra A-3

A-1V Thermal Anchor Movements A-4






COMPONENT

Pump and Motor A

Pump and Motor B

Valve

Valve

Valve

Valve

Feedwater

Piping

Effective Weight

TABLE A-1|

CONCENTRATED WEIGHTS

TOTAL WEIGHT

CONCENTRATED NODE WEIGHTS

(L85
28,000

28,000

8,935

8,935

8,935

8,935

NODE HO.

54
62

74
83

34
59

48
61

97
60

106
67

3
11
17
27

WEIGHT (LBS)

19,000
9,000

19,000
9,000

8,000
935

8,000
935

8,000
935

8,000
935

225
480
480
225



Spectrum
R

0BE Hori-
zontal
Spectra
for Mass
Point 25
1% Damping

2

OBE Verti-
cal Spectra

for 17 Damp-

ing

Reference |

TABLE A-111

SEISHIC RESPONSE SPECTRA

Frequency

CPS

40.000
15.000
10.000
.000
.000
.000
.500
.000
.Loo
.000
.800
.600
.h00
.200
.000
.500

- e s e NN W BN

40,000
33.000
20.000
15.000
10.000
.000
.250
.650
.000
.800
.4oo
.200

— N PO

Period

Sec.

.025
067
. 100
143
. 200
.250
.286
.333
47
.500
.556
625
71k
13
1.000
2.000

.025
.030
.050
067
. 100
HEL
R
606
1.000
1.250
2.500
5.000

Acceleration
G's.

.16000
. 16000
. 18000
.27000
.24000
.57000
.45000
.24000
.35000
.70000
1.70000
1.70000
.63000
.55000
. 30000
.09000

.04100
.04100
.07500
. 10600
.10300
.20000
.2k000
17100
.10300
.09100
.04400
.01870



TABLE A-iv

THERMAL ANCHOR MOVEMENTS

Joint Load Displacement Displacement

§.D. Type Direction Magnitude
1 TRANS. X ~.25%0
1 TRANS. Y .2290
I TRANS . 2 .1070
13 TRANS. X .1070
13 TRANS .~ Y .2290
13 TRANS . 2 .2590
19 TRANS . X .2590
19 TRANS. Y .2290
19 TRANS . 2 -.1070
23 TRANS. X -.1070
29 TRANS. Y .2290
29 TRANS. b4 -.2590
14 TRANS. ¥ -.0300
114 TRANS. Y L0410
14 TRANS. z .2180
124 TRANS. X .2180
124 TRANS, Y .04i0
124 TRANS. 2 .0910
129 TRANS. X .0300
129 TRANS. Y .0410
129 TRANS. Z -.2180
138 TRANS X -.2180
138 TRANS. Y .0h10
138 TRANS, Z -.0900



TABLE
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APPENDIX B
LACBWR RECIRCULATION PIPING

TABULATED RESULTS

JOINT DISPLACEMENTS
ELASTIC SUPPORT REACTIONS

CLASS 2 PIPING STRESS SUMMARY

ANALYSIS

PAGE
B-1 through B-6
B-7 through B-12

B-13 through B-40
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