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Containment Vessel /Cbde Case (s)
Analysis Working Meeting - Summary

.

A working meeting was held on December 8, 1982 to resolve
NRC concerns to the Containment Vessel /ASME' Code Case (s)
Analysis. The presentations and subsequent discussions
responded to NRC concerns in the following areas:

1) The 1974 versus 1980 ASME Code Comparison (NRC
Question 220.25)

2) The Ultimate Capacity of Containment (NRC Question
220.30)

3) The NRC Audit Findings

4) 'rhe Identification of Closed Issues

The presentations highlighted the essential elements of the
Applicants responses to the NRC concerns. From subsequent
discussions of the presentations and the Applicants'
developed responses to the NRC concerns it appeared that the~ ,

Applicants had closed all of the subject issues. However,
'the NRC reviewers indicated that some minor clarifications

would be needed in the information formally transmitted.
See Attachment (1) for a list of closed issues, Attachment
(2) for clarifications of formal responses to NRC concerns,
Attachment (3) for formal responses to NRC concerns,
Attachment (4) for meeting viewgraphs, Attachment (5) for
the meeting agenda and Attachment (6) for meeting attendees.
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! Attachment (1)
CR-783:VF:82-598

Responses to NRC Comments on Previous
Question Responses

-
,

1. NRC Question 220.25

a) What is the justification for assuming that the
'

.

external containment pressure (Pr) is 0 for the
,

assessment of containment buckling according to Code -

Case N-284?

Status: Closed Issue

b) Provide further information on the effect of the
'

equipment access hatch on the margin against
buckling. The N-284 buckling, evaluation provided by
the Applicant as part of the response to NRC
Question 220.25 does not adequately address the
ef f ect of the equipment access hatch. Describe the

,

methodology used in design including consideration
of buckling.,

Status: Will provide additional information at FSAR
stage, closed issue for SER.

.

c) Nozzle piping transition. The comparison included
in the response to NRC Question 220.25 relies on -

engineering judgement. Provide numerical
comparisons for typical piping penetration.

Status: Closed Issue

2. NRC Question 220.30

a) The ultimate capacity prediction for the containment
should be expanded to include the effect of all
discontinuities and the capabilities of all
penetration components including seals, dcors, etc.'

Appropriate thermal effects should be included.

Status: Closed Issue
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3. NRC Audit Findings (May 1982)

a) Finding (l.C.I.A) - In evaluating the equipment and
personnel airlock f or seismic loads, an assumption
was made that it penetrates containment in a radial
direction. To develop the dynamic model for the
airlock, only two degrees of freedom were allowed;
radial and rotation about a horizonal axis. In
addition, with the maximum live load in the extreme
end of the airlock, it is fundamental frequency is
below the peak of the design response spectrum for
that location. To adequately evaluate the airlock
the following needs to be done.

.
-

A three-degree-of-freedom model needs to be
developed that includes the skewed penetration angle
effectn. The additional degree of freedom should be
rotation about the vertical axis.

~

Status: Closed Issue

b) Finding (l .C l .B) - Amounts of live load that allow
the fundamental frequency to f all on the peak of the
design response spectrum should be considered.

~

Status: Closed Issue
'

c) Finding (l.C.2) - The seismic lumped mass model
includes stiffness couplir.g terms to s mulate the
fundamental dome breathing mode. The f regt incy and
mrde shape of this mode needs to be confirmed with a
more refined model.

Status: Cloced Issue

d) Finding (1.D.3) - All significant computer coden
used for structural design need to addrenced in the
PSAR along with verification documentation,

Status: Closed Issue, a brief description
i

will be incorporated in Appendix A of the
PSAR. The detailed verifications are

* included in Attachment (3).

,
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1. Supplement to: Why was Pe = 0 used in the N-284 analysis.

New question: What would be the effect if Pe = .5 psig instead of
Pe - 0.'

Response: The buckling safety factor would be reduced less than 10"
(see below). This information has been supplied as re-
quested; however, there is no requirement for these loading
conditions to be analyzed.

N-284 SAFETY FACTORS

Pe = 0 Pe = .5 psig
,

OBE 2.5* 2.4 **

SSE 1.9* ***

.

.

*See response to 220.25 for calculations
**Same calculations were used for Pe = .5 psig

*** Calculation not performed, however, the percentage change is expected
to be similar to the OBE calculation.

.
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2. Supplement to: 220.25 Equipment Hatch Buckling
.

New question: Evaluate the stress in the shell above the equipment hatch
and the horizontal stiffener.

Response: The stress in the shell above the equipment hatch and the
horizontal stiffener will be analyzed and a qualified
summary will be provided in the FSAR.,

.
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3. The cal culations in Tabl e 3-10 (CRBRP-3, Vol . 2, Rev. O, Page 3-85) were
based on the applicable 1975 ASME Code requirenents. As requested by the
NRC, the ultimate capacity calculations (Question 220.30) were cone in
accordance with a later Code Case N-284, although the design criteria
rer.alns as those of the 1975 ASME Code.

Using the 1975 code and the CRBRP developed interaction equations, it was
detennined that the critical failure mode was shell buckling and not the
hatch cover. Shell buckl ing cal culations were theref ore used to develop'
Tabl e 3-10.

.

The recent (220.30) ultimate capacity calculations were perf ormed to the '

more recent Code Case N-284 and theref ore dif fer slightly. The si gni f icant
dif ference is that the hatch buckling becomes moret criti cal- than the shel l -

due to the aoplication of the mor6 conservative N-284 criteria.
,

Rssults f rem the new (N-284) analysis are quite close to the previous
predictions in Table 3-10; i.e., at 4500F, the N-284 analysis predicts
f ail ure of the hatch at 40 psig and the earlier analysis predicts "ylei ding"
of the shell at 39 psig.

Therefore, the most recent calculations perf ormed in response to Question'

220.30 are reasonably consistent with .the earlier predictions in Table 3-10,
and no change to the PSAR is considered necessary.

,
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Question -

What is the justification for assuming that the external
containment pressure (P ) is 0 for the assessment of containmentE
buckling according to Code Case N2847

Response

! " External pressure" is an expression for a positive pressure
: measured f rom outside the containment vessel to inside the
I containment vessel. There is no known mechanism for actually

generating a positive pressure outside the containment; rather,
the concern is the potential for generating a negative pressure
inside the containment vessel which has 'the effect of creating a~

t

positive differential from outside to inside.
.

P was set equal to zero for the analysis of the criticalE
buckling region (just above the operating floor) using N -284
criteria and PSAR loading combinations for SSE and OBE. This was -

.

done because an external pressure condition is not postulated to
occur in combination with a seismic event for reasons given,

! below. -

The design specification for the CRBRP containment vessel
identifies a negative " design pressure" of 0.5 psig. This

; pressure was conservatively chosen early in the design of the
' plant to assure that there would be no event which could

independently challenge the capability of the vessel to contain a
i negative pressure. This pressure was not mechanistically derived

| but is included in the equipment specification and analyzed as a

: conservative assessment of vessel capability.
3

The only identified scenario which could cause a measurable
negative pressare in the steel containment would be a large'

sodium fire followed by cool down of the containment atmosphere,
without in-leakage of the outside atmosphere. The bounding case

.

of such a scenario is presented as part of the containment
building design evaluation in Section 6.2.1.3 of the PSAR.

,

: The pressure in containment, following the large sodium fire
i i discussed in Section 6.2.1.3, would not become negative until the
i containment atmosphere has cooled down for more than fif ty hours.

The negative internal pressure attained in the steel containment
! is limited by operation of the vacuum breakers. The set point of
: the vacuum breakers is 3.5 inches water gauge (0.13 psig).
j Therefore, once the pressure inside containment has become
j negative, it will remain negative only until the vacuum breaker

set point is reached. When the vacuum breakers open, the
,

pressure differential across the containment will drop until the
| low set point on the vacuum breaker valves (1.75 inches water
i gauge) is reached and the vacuum breakers close. Thus, the set
' point of the vacuum breakers (3.5 inches water gauge) is a
j reasonable upper-bound value of the external containment pressure

following a large sodium fire.

,
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The pressure relief function of the vacuum breakers is assured by
(1) providing redundant separated penetrations with vacuum

'breakers, (2) sizing each vacuum breaker for adequate inlet flow
to ensure that the negative pressure differential in containment
would not exceed 3.5 inches water gauge, (3) sizing each vacuum
breaker penetration to provide adequate inward flow assuming
failure of the vacuum breaker (s) on the other penetration and (4)
designing and qualifying the vacuum breaker " valves" to assure
that they will open at their design set point during or af ter any
design basis sodium fire inside containment.

Analysis has shown that there is a negligible dif ference in loads
that set P E = 0 and loads that set PE = 3.5 inches water gauge
(0.13 psig) as input to the loading combination. Even though the
external pressure was selected to be zero for the analysis of the
critical buckling region, a reasonable upper-bound value of 3.5
inches water gauge for the external pressure would not ,

significantly affect the outcome of the analysis.

Summary
)

An external containment pressure condition is not postulated to
occur in combination with a seismic event. Nonetheless,
selection of a reasonable upper-bound value of 3.5 inches water
gauge for the external pressure would not significantly af fect
the outcome of the critical buckling region analysis using N -284
criteria and PSAR loading combinations for SSE and OBE.

.
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CHICAGO BRIDGE ai IRON COMPANY
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A DISCUSSION OF HATCH OPENING EFFECTS ON VESSEL BUCK 1ING

The hatch opening has a diameter of 44'-6", which is approximately 25% of the
vessel diameter. The opening has been reinforced by area replacement rules
of the ASME Code, Section III, Subsection NE. In addition, a stiffening

system around the opening has been provided to maintain continuity of the
ring stiffeners. (See attached sketch.)

The local area around this large opening is stiffened by the insert plate,
barrel neck and the stiffening system. Unsupported plate areas within the
stiffening system are small enough that local plate buckling is not a
consideration.

For overall shell buckling analysis, it has been assumed that the buckling
strength of the containment vessel is not reduced by the presence of this
large opening. This assumption has been justified by assuring that the
local vessel stiffness, in both directions, is equal to or more than the

,

stiffness required for the unpenetrated shell. The basic principle of the

buckling design of a stiffened shell, such as we have here, is that the-
stiffeners be capable of carrying all loads in case local panels havei

buckled and are not capable of carrying any loads. By maintaining the
i

required stiffness continuity of the ring stiffeners, it is assured that

overall compressive loads, in both directions, can be carried around t,he
opening, without causing buckling. The stiffening system around the ' opening,
in fact, has a much greater stiffness than that required to maintain continuity.
(See Sheets H7.7 and H7.8 of the Design Report)

To assure that stiffening system members do not disproportionately share in
carrying loads causing local failure, a frame analysis has been performed

|

around the opening. The results of this frame analysis indicate that individual !

members of the stiffening system can properly carry their portion of the load.
The proximity of the barrel neck, insert plate and the stiffening system result
in their acting together. This results in quite large bean and column sections

. ..sa, -.o. .. a--e ., - . . a s .. a ."
KM fAM b 4 T21>
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(see Sheets H8.6 and 8.8 of the Design Report), which are more than adequate

to safely carry the loads.

To eliminate the possibility of the vertical stiffeners attracting a dispro-

portionate share of the meridional compressive loads, causing panel buckling
in the plate immediately above these stiffeners, the portion of the ring
stiffener at elevation 856' between the vertical stiffeners is designed as
a beam. This stiff beam and the diagonal stiffeners carry the meridional
leads into the vertical stiffeners, without any significant " bunching" of
the stress lines above the vertical stiffeners.

.

As a further justification for assumption that an opening the size of the

equipment hatch, if properly reinforced, will not deteriorate the buckl,ing
capability of the vessel, we refer to a pacer entitled " Experimental Study '
of the Buckling of Cylindrical Shells With Reinforced Openings". This paper
authored by C. D. Miller was presented at the Second Joint ASME/ANS Nuclear

Engineering Conference, Portland, Oregon, July 25-28, 1982. Figure 2 of
this paper presents the results for Model #1 which had an opening with
r/df of 6.36 which is identical to that of the hatch opening. This figure
indicates that the buckling capability of the cylindrical shell under axial

compression was not reduced by the presence of the opening, when the opening
was rein. forced by area replacement rules. number f othe inves 'qators

ave monst ted test that r cy 'nders nder ax 1 camp ssion a

r nfor d ope ing c id be f fai lar size ithout terior 'ing e

buc ling pabil y of e unp etrat shei Thi is part ularl true

. of fa ricat shel Du to fab icate cylin rs se itivity impei.

.ctior , und axia compre sion, e kno down ctors rom clas ical
b kling values re sig ifican The knock wn fa ors w id allo for

con idera e loca distur nces d stre conc tratio with t causir.

bucki'ng. 5 E.E TNSERT A
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A number of other investigators have demonstrated by tests that for

cylinders under axial compression, a reinforced opening could be of fairly

large size without deteriorating the critical buckling capability of the

shell. This is particularly true for fabricated shells under axial com-

pression where the imperfection knockdowc f actors from classical buckling

values are significant. Effects of the penetration are found to be more

significant than imperfections and test. results including penetrations,are

within the scatter of test results of unpenetrated shells. . The CRBRP

containment shell has been evaluated against ASPE Code Case N-284 which''

uses knockdown factors established from lower bound test data of. fabricated

vessels without penetrations. Test results also indicate these knockdown -

factors will provide lower bound values to test data obtained from vessels *

with penetrations.
.
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tocation

In sumary, we believe that by providing the extensive amount of stiffening
around the hatch opening, local shell buckling is precluded. Also, by
providing stiffness continuity of ring stiffeners and conservatively
checking members locally as beams and columns to carry the loads around
the opening, the buckling capacity of the vessel is not adversely affected.
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CHICAGO BRIDGE & 1RON COMPANY

Oak Brook Engineering%

EQUIPMENT PERSONNEL. AIRLOCK - NONRADIAL STUDY

This study concerns the analysis of the equipment personnel airlock as a
nonradial attactaient in order to demonstrate that the cc,ntainment vessel

shell is adequate for these effects. The analysis of the airlock in CBI's
Design Report demonstrates that the shell is adequate for the 1 cads of the
airlock as analyzed as a radial attachment.

This study demonstrates that the effect of the nonradial analysis of the
airlock has an insignificant effect on the containment vessel. The anelysis
of the stresses in the containment vessel has been performed in the same man-
ner as shown in CBI's Design Report, Section F. The dynamic model, however,
was analyzed using CBI program E1724A (SAP IV) and includes the skewed Effect.

The results of the analysis shows that the accelerations either were reduced
or remained appmximately the same as the radial analysis. The loads applied
to the containment vessel shell in general showed a reduction for the radial
and longitudinal direction and the loads applied in the circumferential di-
rection increased sigjs.antly, A. ,w, f t /. 4, .p h,.fl., fL u e- / e A./fic
...~,.#.
The results of the membrane stress analysis of the nonradial loads show that
the maximum increase in the vessel stress intensity will be approximately 11%.
The maximum stress intensity in the shell will be reduced, however, since the
longitudinal (vertical) moment and the radial load Ame been reduced.

In conclusion, the results of the nonradial analysis shows that the additional
skewed effect of the airlock will produce an insignificant effect on the con-
tainment vessel and it will actually reduce the stress intensities.
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EOUIPMENT PERSOf4NEL AIRLOCK - NONRADIAL STUDY
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EQUIPMENT / PERSONNEL AIRLOCK LIVE LOAD

Section F. " Equipment / Personnel Airlock Effects on the Shell" of the contain-
ment vessel design report develops the frequency and accelerations of the
airlock and the airlock's effects on the shell, moments and forces. The
dynamic ' analysis in Section F considern the full live load (40k) at the end
of the airlock as encompassing the worst condition. During a recent NRC
Design Review, the location and magnitude of the live load became a

concern of the reviewers. The reviewers felt that if the live load was
reduced or relocated away from the end of the airlock, the frequency of the
airlock may increase enough to result in an increased acceleration and an
increased load on the shell. The final result being that the " worst condition"
may not have been used for design.

In response to the stated concerns of the reviewers, the dynamic analysis in
Section F was reexamined and we offer the following explanation to the
reviewers in response to their concern.

kIf the live load magnitude is reduced from 40 and/or the live load is moved
toward the center of the airlock, the following anticipated effects would occur.

1. The center of gravity of the airlock would move toward the center of the

airlock. This would reduce the moment arm distance. With a reduced
moment arm, the circumferential moment and the longitudinal moment would
be reduced significantly whether or not the live load itself was reduced.

2. The frequency of the airlock would increase but would remain approximately
within a 10% range. A higher frequency would result in a slightly higher
first mode spectral acceleration. However, the final airlock accelerations
would only change an insignificant amount. This insignifigant change in
acceleration would not be greater than the significant reduction which
would occur from Item #1.

3. The force or moment on the shell will decrease.
I
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A detailed listing of the anticipated effects are listed on pages- - -

Our examination of the effects of a reduced or relocated live load reveal
that the accelerations will either remain the same or will decrease and the
radial force and moments on the shell will decrease.

l.IVE LOAD IN AIRLOCX

k
Max. LL 40

Assumed at End of Lock

Result
fl = 3.42 cps left of peak spectral accelerationRADIAL -

f2 = 6.96 on the peak spectral acceleration
'

OBE SSE

! Acceleration 1.585 2.083 g

Rotation 0.00897 (Radians) 0.0127 (Radians)
k k

F 277 364
1-k

ML 1633 2317

ft = 3.74 cps left of peakVERT. EQ -

f2 = 126.14

OBE SSE

Acceleration 2.166 g 3.385 g

298 -k 505 1-k1
ML

fl = 2.74 cps left of peakCIRC EO -

f2 = 126.14 .

OBE -SSE
1''07 9 1 74 g6Acceleration

418 -k 730 -k1 1
ML

t
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k
I. Liveload <40 at End of Lock- . _

A. Anticipated Results (Radial)
1. Frequency will increase slightly, still approximately within 10%. ;

Note: a. Response spectra curve is adjusted 10%.
b. CBI uses a 10% adjusted factor frequency 110% to

arrive at maximum spectral acceleration.
c. First mode frequency gives higher spectral acceleration.

However, the second mode frequency will remain on peak.
The second mode frequency has a high participation factor

2. Location of C.G. will change.
3. Acceleration of lock will change insignificantly.
4. Radial force on shell will go down (less mass).
5. Sununary

a. Acceleration unchanged.
b. Load on shell less.

B. Anticipated Results (Long. Eq.)
1. C.G. of lock will be closer to shell.
2. Frequency will go up slightly, approximately within 10% range.

Note: a. Respense Spectra curve is adjusted 10%.
b. CBI uses a 10% adjusted factor f 110% to arrive at

maximum spectral acceleration.
3. First mode spectral acceleration will go up slightly.
4. Acceleration of system changes insignificantly. C.G. closer to shel
5. ML decreases. C.G. closer to shell + less mass.
6. Summary

a. Acceleration changes insignificantly.
b. Moment on shell will decrease.

C. Anticipated Results (Cire Eq.)
1. C.G. of lock will be closer to shell.
2. Frequency will go up slightly, approximately within a 10% range.

Note: a. Response spectra curve is adjusted 10%.
b. CBI uses a 10% adjusted factor f 110% to arrive at a

maximum spectral acceleration.
. .a u .. o c . , c-o n c......"
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3.- First mode spectral acceleration will increase slightly.- - -

4. Acceleration of system changes insignificantly. !
-

5. Mc decreases, C.G. closer to shell + less mass.
6. Summary

, ,

'

a. Accelerations remain the same.
b. Moment on shell decreases.

kII. Liveload = 40 Located Away From End

A.. Anticipated Results (Radial)
,

1. Frequency will increase slightly, still approximately within 10%.
Note: a. Response spectra curve is adjusted 10%.

b. CBI uses a 10% adjusted factor frequency 1,10% to
arrive at maximum spectral acceleration.

c. First mode frequency gives a higher spectral acceleratior
However, the second mode frequency will remain on the
peak. The second mode frequency has a high participatior
factor.

,

2. Acceleration of lock will change only insignificantly.
3. Radial force on shell will decrease slightly.
4. Sunnary

a. Accelerations change insignificantly.
.

b. Load on shell less.

B. Anticipated Results (Long. Eq.)
| 1. C.G. of lock will be closer to shell.e " . .

2. Frequency will go up slightly, approximately within 10% range.
Note: a. Response spectra curve is adjusted 10%.

b. CBI uses a 10% adjusted factor f 1,10% to arrive at
maximum spectral acceleration.

,

'

3. First mode spectral acceleration will go up slightly.
4. Acceleration of system changes insignificant 1y.
5. ML decreases. C.G. closer to shell.
6. Summary

a. Accelerations change insignificantly.
b. Moment on shell will decrease.
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C. Anticipated Results (Cire. Eq.)~-

1. C.G. of lock will be closer to shell.
2. Frequency will go up slightly, approximately within a 10% range.

Note: a. Response spectra curve is adjusted 10%.
b. CBI uses a 10% adjusted factor f +10% to arrive at a

maximum spectral acceleration..

3. First mode spectral acceleration will increase slightly.
4. Acceleration of system changes insignificantly.
5. M decreases, C.G. closer to shell.c
6. Sumary

a. Accelerations remain approximately the same,
b. Moment on shell decreases.
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CHICAGO BRIDGE & IRON COMPANY
.

Location _0ak Brook Engineerino

TOP HEAD STIFFNESS VERIFICATION

To account for the vertical " dome breathing" mode of the steel containment
vessel top head, a stiffness matrix coupling the mass points in the dome
was developed. This stiffness matrix is described in subsection 5 of the
Section E. Seismic, of the Containment Vessel Design Report. The purpose of
this study is to compare the frequency and mode shape of this method with a

more refined model.

A dynamic shells of revolution model was chosen to provide this confinnation.
The shell model used for this comparison is shown on sheet 2.

Subsection 5 of Section E provides a complete stiffness matrix for a vertical

model as shown on sheet EA-5.19 of Section E. The frequency and mode shape

was not provided in subsection 5. Therefore, a lumped mass model analysis

.
with the stiffness matrix shown on Sheet EA-5.19 was developed. .An addi-

tional mass point was added 60 inches above the base to facilitate the
analysis. This additional mass point does not effect the top head stif-
fness matrix.

A comparison of the results of the two methods is shown on sheet 7. The

plotted mode shapes are in very close agreement and the frequencies are
within 10L In conclusion, the dynamic shell of revolution analysis compares
favorably with the vertical " dome breathing" mode provided in the contain-
ment design report.
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R-Qulattensf NRC -

The intent and requirements of Appendix J to 10 CFR Part 50-

) " Primary Reactor Containment Leakage Testing for Water-Cooled Power Reactors",-

will be complied with, as applicable. A listing of exceptions to 10CFR50
Appendix J is provided in Section 6.2.1.4.'

.

3.8.2.2.4 Aoplicable CRBRP General Desion Criteria (GDC)
.

The applicable CRBRP GDC are listed below.

Criterion 1: Quality Standards and Records.

Criterion 2: Design Bases for Protection.
*

Criterion 3: Fire Protection.

Criterion 3.a Protection Against Sodium Reactions. |
|

Criterion'46 Environmental and Missile Design Bases.
Cc rrecrew /4 : Conw,veswr Mae
Criterion'SQ:41 Containment Building Structure Design Bases.

Criterion $l:42 Fracture Prevention of Reactor Containment Boundary

Criterion %45 Capability for Containment Leakage Rate Testing.

[D -Criterion %-M Piping Systems Penetrating Containment.

CriterionM Provisions for Cont'ainment Testing and Inspection.
?

,-

Criterion' MAL Reactor Coolant Bound 2ry Penetrating Containment.

Criterion %:41 Reactor Containment Isol'ation.

Criterion'57:46 Closed Systems Penetrating Containment.
cuaave

Criterion 38,a%: Containment Atmosphere Cor.troh!

canad?
Criterion : Inspecticn of Containment. Atmosphere C;r.trul

Systems. -

-
. Cunn tJP

Criterion 38 g Testing of Containment Atmosphere Cor.t ulet

Systems.

Criterion WGo Monitoring Radioactivity Releases,

i

.

(
3.8-4

|,

.-

Amend. 15
|

Apr.1976

I
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INTRODUCTION

This program is a complete revision of Program 655. Pro-

gram 655 had some deficiencias in the manner of programming.

These are as follows:-

.

1. Only finds displacements and forces on the loaded ring

and the two adjacent rings (3 rings total) . If more

than one ring is loaded erroneous results will be ob-

tained.

2. Has option of using partial structure.

These were changed in the revision to:

1. Displacements and forces are found on all rings, loaded
~

or unloaded.

2. No partial structure is used in the solution.

3. Option: Displacements, forces, and stresses may be

calculated for one portion of consecutive bays.

Additions and limitations are as follows:

1. Ring geometry is read in to obtain the stresses in the

ring and shell. Program has option whether or not to

calculate stresses.

2. Loads are printed out in single table, not at the ring

before the loaded ring.

3. Displacements, forces, and stresses may be printed out

at the points of loading. This is optional.
1

4. Total number of lead points (if printed out) plus number

of increments .must be f14 5. Maximum of 99 for ccch type

of load.
'~

i.[
.

1
|
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Additions and limitations (continued)
.

5. This is a finite element program with very simple

elements. These elements are:

Ring element which only bends in its own plane.a.
.

b. Cylindrical membrane element with constant shear
,

(one element between rings).

Therefore, since there is only one very simple element

between rings, the rings must be close together, etc.

.

|

|

1-3
.
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DISCUSSION OF THEORY

This program is a result of the Technical Note NACA 1219,

" Stress Analysis by Recurrence Formula of Reinforced Circular

Cylinders Under Lateral Loads" by John E. Duberg and Joseph Kempner.,

This paper contains the development of a general recurrence.

1

formula suitable for the stress analysis of cylinders that may ;

be nonuniform in construction, arbitrarily supported at the bound-

aries, and arbitrarily loaded in the planes of the reinforcing

rings. The development is based upon the maintenance of continuity

of deformation between the rings and shell. In any particular

problem the recurrence formula together with appropriate boundary
,

equations are used to obtain sets of simultaneous linear equations

for the corrections to the stresses given by the elementary theory.

In the development of the recurrence femmula that can be used

to obtain the desired stress corrections, several simplifying as-

sumptions are made: that part of the sheet area which is con-

sidered to resist normal stresses is added to the stringer area

and the combination is uniformly distributed about the periphery
of the cylinder. This resulting combination is an effective sheet

thickness that resists normal stresses. The actual sheet area is

considered capable of supporting only shear stresses. It then

follows that within a bay the shear stresses vary in the circum-

ferentici direction but are constant in the longitudinal direction.

Inextensional deformation,of rings :nd sheet is also assumed, and
'

Poisson's ratio is considered to bc ero,
i

The elementary theory of ring analysis used herein is from

" Formulas For Stress and Strain," by Raymond J. Rnark, McGraw Hill 8%
. ,

Book Co., Inc., New York. N.Y., 1954. > -
i

1 -"k Igegy
l

I
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FORM OF EQUA"' IONS

From " Theory of Elastic Stability" by Timoshenko and Gere,

page 279, comes the expression for the differential equation

for the deflection of a ring.
.

-
. .

g.El dW- , w

R _d6 ,

where

M = bending moment
"

E = modulus of elasticity

I = moment of inertia

R = radius

w = radial deflection (positive inward)

( = angular location of point on center line from reference

Furthermore,from the equilibrium equations, compatibility

equations,and constitutive equations the following expressions

are found:

d -w=0

o
dM p , _ dQ

Rd? di

e - k (" + v)d

-f h
EM=

where

v = tangential displacement (positive clockwice)

'
O = shear force

| 8 = rotation 1-D
, .,

F = axial force
' '

ammuse
. .. ...

- . - - -a~.
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I
1

Sign convention

^9 oa

q = shear flow

j ' '

R '

Q[ f 8 \

P

( )

( -
,

:s

}
P = radial load

T = tangential load

M = c neentrated momentc

Therefore, the forces and displacements are as follows:

i.e. the sum of the tangentiali,n = b ,in + bm,inb
t

load and concentrated moment effects.
..

For the shell:

" max . .

q ($) =g + a sin n$ + bg e g in
--n.,

|

.

L- b
. . .-

F #

! W
.

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

For the ring:

" max4

"i (4 " "e + E n(n -1)2
"i,n "i-1,n c s n$~ -

i /
t n=2 .

-b _g,, sin n$b
,3

- y g
,

_

" max
'

.

4
sin n$ +i ')I "Y +

n (n -1)2 *i , n "i-1, n~V 2 2e E
i n=2

cos n$~

i,n 1- 1, n

" max .

'

Mg($) = M, + R cos ne -*i,n "i-1,n
~

n=2 "I"2~1)

~

i,n 1-1,n sin ne

" max .

Sg($) = Q, + R 2
~ *i,n "i-1,n sin n$ -~

n=2 " ~1 \
- -

,

b -b cos n$g, i-1,n
_

" max .

Fg($) = F, + R
1 , i,n "i-1,n cos no -~

nn=2
*

1 )-b(Di,n i-1,n sin nc
.

" max .

"i,n'"i-1,n sin no -6(?) = 0, + E
2( _y)

-b c s noi,n i-1,n
_

The subscript e refers to the elementary solutions.

1-7
-_

, _
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VERIFICATION OF PROGRAM 655

Two studies have been performed to verify the results obtained
,

from Program 655. First, the results of Program 655 were

compared to the results of Program 781, " Shells in Revolution".
Second, to verify that ten harmnics were sufficient, compar-

isions of stress results were made using a varying number of

harmonics.
.

1 -15
The models used for Program 655 are shown on Sheets eds=*rM and

Both models consist of a stiffened shell with the.

top head modeled as an extension of the shell rising to 1/3

the elevation of the head. In Model 1 an ASME Code stiffener -

is modeled at elevation 924.l', while Model 2 is fixed at that

elevation. Results from Model 1 were used in Seccion J of the
Design Report. The model used for Program 781 is shown on

Sheet 6
i-U

To reduce the number of harmonics required for Program 781,

loads were applied over 30* of the circumference. In Program

781, a uniform distributed load was applied over 30' using

InProgram655,21euglconcentrtgloadswereharmonics.
, ,

spread over the 30". Sheets -^ r thru anums::33. show
comparisions of inside and outside hoop stresses due to applied
radial and tangential loads. In the cap of the inside stresses
due to an applied radial load (Sheet gipp49ff ) there is a

significant difference in Programs 655 and 781 results. A

correction factor of 30% will be used to correlate the inside

stresses of Program 655 with those of Program 781. Co^rC t't h

1-14 i-zl,
Sheets mendues- thru temeiih6 show comparisons of Program 655

stress results using a varying number of harmonics. The results

|
show that convergence of the recurrence formula has occured

using ten harmonics. [. g,
. .acr -*o. .. c- o .. ......~o.''

Sc3 RAW 5-4331,

. a.re : <-e
17)./ 7 8 10/78 *~' mto 88' o...
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CB&I's analysis uses the peak values only. Therefore, variation at
other locations need not be addressed. The plots of the inside and'( outside stresses caused by a tangential load (see Pages 1-21 and
1-22) also indicate a significant difference. However, the program
655 analysis predicted higher stress vnlues, so no adjustment was

-required.

.

.

N
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3, PROGRAMS E0781A AND E07815 - KALNIN'S SHELL OF REVOLUTION ANALYSIS

3.1 Comparison of 2/1 Ellicsoidal and Torispherical Heads
. . _

The structure consists of a torispherical and 2/1 Ellipsoidal head
connected with a cylinder. The loading consists,of a uniformly
distributed pressure acting on the inner surface of the struc-

This problem checks the program's ability to generate cyl-ture.

indrical, torisphercal, and ellipsoidal shapes. The results

are compared to show the differences, between the hoop force and
longitudinal bending in the two heads. These results are then
compared with published results.

3.2 Cylindrical Water Tank with Tapered Walls

r The problem considered here is a cylindrical water tank with a,

tapered inner wall. The loading consists of a linear pressure

applied to the inside wall. Thezesults are compared with the

theoretical solution.

3.3 Circular Hole in Plate
. - - - . . - -

The problem consists of a plate with a circular hole subject to
uniform axial tension. This problem illustrates Program E0781S's
capability to evaluate a stress distribution generated by a
harmonic series. The KALNIN's results are compared to the

theoretical solution.j

J3.4 Inclined Cylinder under Hydrostatic Loadine

The problem considered is a inclined cylinder which is fixed'

at one end and free at the other end. The structure is analyzed

for an internal hydrostatic loading. The KALNIN's results are
compared with a published shell solution, g
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3.1 COMPARISON OF 2/1 ELLIPSOIDAL AND TORISPHERICAL HEADS

Introduction

This problem illustrates Program E0781A's ability to generate

cylindical, torispherical, and ellipsoidal shapes.

A comparison is made to an experimental investigation of 2:1

ellipsoidal heads subjected to internal pressure (see reference

3.4).
,

.

Problem Definition

The problem consists of comparing a 2/1 ellipsoidal head to an

equivalent torispherical head subjected to the same uniformly

distributed internal pressure. An equivalent torisphere will

j be defined as one having the same height above the tangent liners
# as the ellipsold and a minimal L/b ratio (thus having the least

possible discontinuity between the torus and the sphere) . For

the geometry shown in Fig. 3.1.1:

(L-b) sia o = A-b (1)
(L-b) cos po = L-B (2)

Minimizing L/b using (1) and (2):

tan Q = B/A = 0.5019o

o = 26.653
*/c -2c2373 , c
2

c = B/A + A/B = 2.494
18 19L= 3 2.5 + V6.22-4.99 = 32.778 inches,

! b = B (B/A-L/A] + A = 9.13 .5019-1.80198 + 18.19 = 6.32 inches

Note: For purpose of calculation-

A = 18.19 ine'esn
from Fig. 3.1.2

B= 9.13 inches-

3-4
.....o ... .. ...;.. . . . . . . .

E0781A PM ,1 " PM
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Fig. 3.1.1

GEO.v.ETRY OF TORISPHERICAL AND ELLIPSOIDAL HEADS

(Fit to correspond to geometry of ellipsoidal head in reference 3.1)'
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Thickness Variation In Cylinder No. 1
(From Ref. 3 - Fig. 4)
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04 8=k E,,.. eri.e )Segment lengths used are: u,,;,-

cylinder - fre yl8.16 (0.31) 2.37= =

torisphere

from 5 to 10 - 4 segments 9 1.25

from 10 to 26.567 - 4 segments t 4.13

from 26.567 to 90 - 6 segments 0'10.57

ellipsoid

from 5 to 10 - 4 segments 9 1.25

from 10 to 30 - 4 segments 9 5

from 30 to 90 - 6 segments 8 10

BOUNDARY CONDITIONS
,

It will be assumed that at 5 from the pole a membrane state of

,,[ stress exists in both the ellipsold and the torisphere:
.

Q M$ 0= =

* "

"2 sin 9
where

distance to,po,ler =
,,

effective transverse shear in 4 direction.Q =

Mc moment resultant in o direction.=

N$ membrane force in & direction.=

Letting p = 680 psi

Then for the torisphere:

N$ = (680/2) (32.778) 11,144.5 lb/in.=

,

If Ne = 11,144.5 lb/in., a preliminary run yields Q = 95.202 lb/in,
so a new value for N4 for the torisphere was calculated:

0
AN =

t, e

Ne = 11,144.5 + AN = 10056.3 lb/in and an appropriato membrane
state was generated. }-j

.....c, .... .. 6 - - r. .. c--.a-.,, pg
E0791A DM

o.,a a.es ., e- e '", 9e '" 6/77 Sa''

. - -



!

CHICAGO BRIDGE Si IRON COMPANY
_

OB ENG. SERVICIS

For the ellipsoid

r = A sin W
R

.

R = /C + (1-C ) sin $ '
3where 1 1

C1= (am = = 0. 2515
R = d2519+. 7481(O. 0871557) 8 = 0.5075 in.

P 18.19(680) 12,185.78 lb/in.N$ = A sine , =

R 2 sin $ 1(0.5075)2

To better compare the heads it seemed desirable to have the
disp 14.coment at the center of the cylinder 0 (u,=0) . So the

problem was run twice, the first run yielding the W required
for 0 displacement at the center (w = 0.0966 inches) .

1. Start W = 0.0966" N$ = 10,056 lb/in M$ = N = 0*

2. End Q = N = M$ = 0 N$ = 12,186 lb/in
-

Results

To check the results, first the answers at the boundaries should
- be examined. It was' assumed that there was a membrane state of

__. stress at the boundaries anEl therefore at-the edges Q and Mc
must be approximately 0.~

Q lib /in) Me (1b-in/in)
Start -0.08636 | 0.0.

End -0.0009252 -0.0001487

Also to satisfy equilibrium in the cylinder, N4:= 0.5pr = 6169 lb/in.
Plots of the hoop force and longitudinal bending from E0781A*

results compare the ellipsoidal and torispherical heads. Even

though the change in radii has been minimized the dis cs - ha u*I/yj

at the junction of the sphere and torus is considerable ,ad
hasbse*. *Aes *kh rum

.
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Comparison to the experimental ellipsoidal head shoie good

i 3
i fon twe*~ w.
I correlation of stress valu6sp See Fig. 3. M through 3.M
i

for plots of T$ and VB on the inside,outside, and meridian of
.

the head. Deviations are caused by the changes in thickness and

the experimental head's variation from a trum 2:1 ellipsoidal head.
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Plot of Stress In The O Direction
0On The Outside Surface (S = 0 )-
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|
! 3.2 CYLINDRICAL WATER TANK WITH TAPERED WALLS
| |

Introduction

|
This problem illustrates Program E0781A's capability to analyze
a pressure load with one fixed boundary condition and one free'

boundary condition.

The problem used for this verification is "Shell of Variable
Thickness" taken from " Stresses in Shells", by W. Flugge,

pp. 289-295 (Reference Number 3.1)

Problem Definition

The problem consists of a tapered shell filled with water. The-s
shell has a radius of 9'-0 and is 12'-0.high. The shell thick-'

ness varies from 11" at the bottom to 3" at the top. See

Fig. 3.2.1 for location of the : axis. The length of a segment

is 18"( 115) .

Boundarv Conditions

displacement normal to surfaceW -

U$ - displacement component in & direction
8; - rotation of reference surface in 9 direction

effective transverse shear in 4 directionO .

membrane force in & directionN) -

Mt - moment resultant in & direction'

1. fixed at start W = U$ = 80 = 0
2. free at end Q = Ne = M0 = 0

.

< - - - - . .
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Loading

Taking the weight of water as 62.5 lb/ft', the pressure at the
bottom of the tank is

8(12 f t) (62.5 lb/f t ) = 5.2083 psip=
8

. 14 4 in".2/f t

The pressure at the top is zero. The pressure varies lineraly

so that only two points are needed in the function generator
,

in order to fully describe the function.
Z Axis

.

1'/[ ,'t'/2."
,

.

_l%
nj

/

.

. .

s.. . _ _

.

*
. . . . . . . .

t ___ _

+
s

' '

r = /0 8_"=

.

v

S Vz" l - -- fS z"
|l

FIG. 3.2.1
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Results

Program E0781A gives maximum hoop force - NS = 346.8 lb/in.

located at 54" from the base. . 1

Theoretical SolutionKalnin,s Program
" Stresses in Shells"

346.8 lb/in.*4160 lb/ft 4180 lb/ft

The program gives a 0.48% diviation from the theoretical

solution.

Program E0781A gives a maximum moment at the base of

M6 = -15 3 9 in . -lb/in .
. Theoretical SolutionKalnin's Program

m " Stresses in Shells"

-1539 in.-lb/in.=-1539 ft-lb/ft -1470 ft-lb/ft

The program gives a 4.69% deviation from the theoretical

| solution. $_

I
-

i

We

;
| M6

, r MS

V '

M$
Q&

<

FIG. 3.2.2
Location of e and 0 axis _g
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Procram E0781A Results " Stresses In
Distance From N0lb/in. M$ in.-lb Shells" Solution ,

Base (inches ) in. At Maximums i

-6
0.0 5.919x10 + -1539.0 Mt=-1470ft-lb/ft

6.0 21.15 -903.9

12.0 71.29 -440.5

18.0 134.0 -124.8

'24.0 194.3 71.47

30.0 253.3 177.1

36.0 297.2 218.3

42.0 327.3 . 217.6

48.0 343.3 192.8

54.0 +346.8 157.1 N 8=4160 lb/ft
60.0 339.6 119.5'
66.0 324.2 85.46.

s** 72.0 303.0 57.80
' 78.0 277.9 36.29

84.0 250.8 23.41

90.0 222.9 . 15.00

96.0 195.1 10.58

102.0 167.8 8.685

~108.0 141.4 8.075

114.0 115.9 7.754

120.0 91.45 7.032

126.0 68.13 5.584

132.0 46.29 3.453

138.0 26.50 1.177

144.0 9.453 -1.481x10-3
^

,

TABLE 3.2.1
Ccmparison of Final Results for NE and M0

$-to
.....c . . . . . . .. .. . . . . . . . . .
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3.3 CIRCULAR HOLE IN PLATE

_

'

Introduction

This problem illustrates Program E0781S's capability to evaluate

a stress distribution generated by a harmonic series.

.

The problem used for this verification is presented in "The
- Effect of Circular Holes on Stress Distribution in Plates"

taken from " Theory of Elasticity" by Timoshenko and Goodier,
pp. 90-97 (Reference Number 3.2).

Problem Definition

The problem consists of a plate with a circular hole, submitted

to a uniform tension of magnitude S in the x direction as shown

in Fig. 3.3.1.

-.

~

/,s - . , y\
.

*
- j

N . ..-

7 .

e / \

I=- ;e N! p q

! <N \
;

LA -n ; j x
\ > e/-

g n' /
/ .s

"

I N /
S

'

(A = I" |
b: lo" l
8=| i

.

Fig. 3.3.1
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Boundary Conditions )

displacement normal to surfacew -
,

N$ - membrane force in $ direction

M4 - moment resultant in 4 direction
effective in plane shearN -

start: w = N4 = M$ = N = 0
(r = 1)

end: N$ = 0.5S N = -0.55

(r = 10) M4 = w = 0

Results

At r = b the stresses are effectively the same as in a plate

without the hole and are given by:
_ ,

' Tr = S(1 + cos 20)
Trs= - S sin 20

at 450 Fr = S

Tr0= - S
'-~

0
~ ~ ~ ~

at r = 10" and 0 = 45 _
_ _

0.5S and Tr0(N shear) = - 0.5S.Program E0781S gives Tr(N$) =

At r = a, the edge of the hole:

From " Theory of Elasticity", by Timoshenko and Goodier
2Tr = (-2A - 6C/r4 - 4D/r ) cos 20

2 2

2
-

Sb+ ( 2 } (1 ~ ,1) 7 (1)b -a r

70 = (2A + 6C/r4 + 12Br ) cos 20.

+( 2)(1 + ) (2)
b -a r

[ Equations (1) and (2) are a result of requirements on
p. 90 (parag.2). The stress distribution within the ring

(ri = 1", ro = 10") is a combination of equations ( 45) , p. 71

.and equations (d), p. 91.) l'ICL'
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using the boundary conditions:

V~r (10",0) = S/2 (1 + cos 20) ; Tr (0,0) =0

Tr0 (10",0) = -S/2 sin 20 ; Tr0 (0,0) =0

The constants are evaluated:

A = 0.520664 (S/2)
B .= 0.00010306 (S/2)'

C = 0.520458 (S/2)
D = 1.041019 (S/2)

From equations (1) and (2):

(70) max occurs at 0 = w/2 (pt.m)

7r = 0 -

70 = 3. 0 9152S
.

7 Program E0781A

N4 (7r) =0
N0 (70) = 3.092S

__

Kalnin's Program ~ Theoretical Solution
E0781A " Theory of Elasticity"

..

,
NO = 3.092 S NO = 3.0915S

1 The program gives a 0.02% deviation from the theoretical solution.

,

e

'

%-B
...... .....4.= . . , , , EI. = . . . . . . .
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4 Jh'7 . . . .gunmusto est r

.

. . . , - . . , _ , , _ , _ , , , ,,,,, .w_ , _ - , . - _ , , , , - _ , . , . . . . - - . . _ _ . , _ . , , . - . _ . . _ , ._ , , . - . - . . , .- - _ - - _



__

I
l
|

:

)
i ,

CHICAGO BRIDGE & 1RON COMPANY

OB ENGINEERING SERVt y,;,s

|

3.4 INCLINED CYLINDER UNDER HYDROSTATIC LOADING
j

Introduction

This problem illustrates Program E0781A's capability to analyze
a pressure load with a free boundary condition and a membrane

,

solution boundary condition.

The problem used for this verification is " Inclined Cylinder"
(3.1.2.3) taken from " Stress''in Shells" by W. F1Egge, pp. 114-118
(Reference Number 3.1) .
Problem Definition

The problem consists of an inclined cylinder. partially filled
-s with water. The uniform cylinder has a radius of 100", length

. , ' of 300", and a thickness of 5/16" (see Fig. 3.4.1). The length

of a segment is approximately 1 ilE., using 36 segments.

.. _ _ _

- Boundary Conditions . . .. . _ _ ,
*

.

~

'. . .
-- . . . . . . . .

ef fective transverse shear in $ direction--

g
-

.

NC - membrane force in $ direction
Mc - moments resultant in c direction

effective in plane shearN -

ue - displacement component in o direction
us - displacement component in e direction

l. membrane conditions at start Q=uc=Mc=ue=0'

2. free at end Q=Nc=M4=N=0

Loadina

The loading in the loaded region is given as:
p = -Y (x cos% + r sin oc cosa)

3"Dh
-.:. .. c.... . . . . . . . . .. . . . . - ''

E0781A FM .

'" If/D [, , .. w' co ns
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Using Kalnin's notation with maximum pressure at 1800

Y= density = 641b/ft3 = 0.037037 lb/in.3
angle of inclination = 450oc =

r= radius = 100"

x= distance along the meridian from a point 150"

from the base to the point at which the pressure
.

is being calculated

Therefore:
~

p(x,0) = -3.70370 42 (x/r + cose)
T

This function was expanded into a Fourier series at

x/r=0, t0.2, 0.4, 10.6, io.8, -1.0,.-l.5

for a total of 11 series. The amplitudes at +1.0 and +1.5 are

?\. zero. Letting:
./

Ci = xi/r
-

x = x at the ith elevation
~~ ~ ~

*

el = one half the angle over which the pressure is appligd
'--

at the ith elevation -

-

Then the amplitudes of the nth harmonic at the ith elevation are:

alc=C[-sie'+ sin 0L
a. , =C[2(i sin 0L-sin 01cos01-Ol]

=Ch2 sine;-0*)
,- ,

aln = C ( 2 sin nef + sin (n-1) el + sin (n+1) Si ,n>l
n n-1 n+1 s

,

,

where:

C = 3.7037 47 = 0.83362
| n 7

OL = are cos El
,

1-z5 I

.....m ... .. . . . = . . ;_.....
,,
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0
.C
D

q Fig. 3.4.1

, J , .

.

. p
J

Results -

... ...

From Flugge's " Stresses in Shells", p.115, come the following

equations: - _ _ _ - - -- -.-

(1) NO = Ya (xcosa-a sino< cose)
. ._

2 2 2(2) N = Y/2 ,x cose-2a x tan * (cos 0-sin 0)
2 2 2 2

a tan m(cos 0-2 sin 0)cose] sinar.+

(3) Noe = Ta (a tan a cos0-x) sinor. sine

'

These equatiens yield the results shown for the theoreticalf

solution in Table 3.4.1.

Maximum pressure occurs at 0=0c in Flugge's work and 0= 1800
in Kalnin's (Program E0781A).-

.
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. ..

| 0 = 180 , ( = -1 (S = 50") 0 = 1800, ( = O (S = 150")
|

0

Theoretical Program % Theoretical Program 4
~~

l
Solution E0781A Deviation Solution E0781A Deviation !

.

lb |

N$ {g) -523.8 -513.7 1.92 -130.9 -125.9 3.8

N0 ($) 523.8 523.7 0.01 261.89 261.4 0.19
;

00 = 240 , ( = -1(S = 50"),

,i N$0(N) 340.2 340.3 0.03
in

| 0 = 2250, ( = 0(S = 50")

N$0(h) 130.9 | 129.7 0.92
,

_ . .
,

.

-
.

'

(s Table'3.4.1,
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a.e C en 6=. s.es ., s, a e m s - .e a=. e. .a a .a-.. --w .c. -F
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-
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COMBINED STRESS IN1'ENSITY - S
D

1) When T / 0, S = 1arcest absolute maanitude of either

$ + 4r2]or /(Ox - 04)2 + 47S = 1/2 [a, + 0 1 /(O 2U)~

g x ,
,

2) When T = 0, S = largest absolute magnitude of either

S = O , og or (0, - Og) .g

N./(Ms/R.*A) no deternuned by (Cs) fresa Table 4.s case.a.m.n et stre==
8 (see para. 4.3). 4.3.1 Srma.asas Rasut,Truc ruou RADIA1. MAD,

4.2.2.5.2: When considering h=nnitng moment P.
(M.): A = KstsAs where Ks is given in Table 4.3.1.1 Circum /cminalSousans (<,):
8- Step 1. Using the applicable values of 4 and y
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| CCMBINED STRESS INTDISITY - S #Gj, "% *(LT) }5y) 'g. g 4g] g q.,

(

1) W en T / 0, S = larcest absolute maanitude of either

S = 1/2 [0, + c 1 /(e ~U) + 4r2]or /(ox - 0432 + 472,g x $,

2) W en T = 0, S = largest absolute magnitude of either

S=c'U$ ** IO ~UI*$x x
. _

N./(M /R.'s) so determined by (Cs) from Table 4.3 cale ieties w sir.e=S

8 (see para. 4.3). 4.3.1 Sransess RusuLTosc ruou RADIA!. LOAD,
4.2.2.5.2: When di.:og bending mornent P.

(M.): # = Kafs,s,s where Ks is given in Table 4.3.1.1 Circum /creirial Strecaer (a.):8. Step 1. Using the applicable values of 3 and T
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COMBINED STRESS INTI'NSITY - S V'gg gg |}Q g g}5 g g= z.

1) When T 78 0, S = larcest absolute maanitude of either

- 0 ) 2 + 4T2]or/(Ox - op)- + 4T3 1/2 [c +cp ! /(O 2
4x x ,

2) When T = 0, S = largest absolute stagnitude of either I

S = c , c4 or (c, - og) .x

N./(3(t/R 's) so determined by (C ) from Table 4 2 o*8*= Iso == *e simt
& (see para. 4.3). 4.3.1 Smasers Resuttfuc raou RADIAt. LOAD,

4.2.2.5.2: When considering bending moment P.
(Af.): 3 - Kafd,3,e where K,. is given in Table 4.1 f.1 Cirewnterenna! Saesses (<.).
8. Step 1. Using the applicable values of d and r
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COMBINED STRESS INTDISITY . S #g g {g }g g pg g y.
,

1) When T / 0, S = 1aroest absolute maanitude of either

- 0 )2 + 4T2]or/(cx - CQ) ,472,S * 1/2 [a, + c I /(c 4g x

2) When T = 0, S = largest absolute magnitude of eitheri

!
S=c'U$ or (o, - 0 )x 9 .

N./(Ms/R.'s) so detemmed by (C,.) freen Table u ceaenessen et sarmen
8 (see para. 4.3). 4.3.1 Srazasts Rastn.mc raou RADIAL LOAD.

4.2.2.5.2: When M-. g bending moment P.
(M ): A - Kds,4,3 where K is given in Table 4.3.1.1 Circum,erentialStresses 9.):t

3- Step 1. UJing the applicable values of , and y
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PEOG E1027A,ftEV JAN 82 (tRC-107 REV MAR 79 )
_. STR ESS INTEN S!1fE S AT LCADED ATTACHME HTS IN CYLTNCERS AND SPHERES

*
. INPLT.

, _.
ATTCHNT5 VESSEL LCADIhG ANALYS!$

1 1=CYL - 1= F I X E C 2D

KN KB RM T LOC C

1.00 1.00 100.000 1.C00 0.5000 1.65

RO Ti TP h-

5 .3 75 0 .0 0.500 8.000

P VL VC MC WL MT
-

5000.00 -6500.00 5800.00 -15000 .00 14000.00 10CCC.00

th!T! AL STRESSES NEXT TC ATTCHMNT
SXtAU) SG(AU) SX(CU) S c (CU) SX(AM) S C ( AM ) SX(CM) SO (CM )
9000. 9000. 9CCC. 90 0 C. 90C0. 900C. 9000. 9000.

INI TI AL STRESSES AT LCC*SCPT(R* T)
SXtAU) SO ( AU ) SX(CU) SO( C U ) SXfAM) SO(AM) SX(CM) SC(CM)
9030. 9000. 9000. 9000. 9000. 9000. 900C. 9C00.

IN IT I AL STRESS ES AT EDGE OF REINF.

SX(AU) SC(AU) SXtCU) SO(CU) SXtAM) S O( AM) SXtCM) SD(CM)
9CCC. 9000. SC00. 9000. 9000. 9000. 9000. 9000.

CLTFUT
v

2 IJLA ARD CCEF ICIENTS v v
NEXT TC ATTCHPhi AT LCC*S CRT (R*T ) AT EDGE OF REINF
A CB C CD A C8 CE D A & B CEO

NX/P 18.416 17.866 12.922 15.743 10.297 14.482
M X /P C.182 0.137 0.116 0.078 0.076 0.044

, NX/MC ?.039 5.947 7.249
) MX/MC 0.061 0.C51 C.039

NX/ML 2.246 3.679 4.036
MX/ML 0.093 0.C64 C.039

I NC/P 17.866 18.416 15.743 12.922 14.482 10.257
MG/P C.137 0.1E2 C.078 0.116 0.044 0.076
A0/wC 2.317 3.716 4.036
M C/MC C.105 0.093 0.078
N0/Mt 7.825 1C.979 10.791
40/WL 0.058 0.C42 0.028

'

,

l

!
54331 GLN 11- 2-82

! V HAi4 u/sL |
'

ROUND A TTCHM T Ch A CYL INDRIC AL V ES S EL j

6-10

1
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CUTPUT EXCLUCIhG Ih(TI AL STRESSES
SURFACE STRESS INTENSI TIE S NE XT TC ATTCHMNT ( UnCUTS); ( L= I NS ) ;

RC= 5.375; '
(AU) (AL) (BU) (BL) (CU) ( CL 1 ( CU ) (DL)-* *-

,

v" SX -4453. 3136. -258E. 1449. - 21 C 1. 1 03:4. -3470. 2150.
6- 50 -3490. 1988. -2081. 1200. -2394. 1265. -4646. 332C.~

w" TAU 266. 266. - 192. -192. 293. 293. -220.. -220. ,

- SI 4521. 3194. 2652. 1554. 2576. 1466. 4686. 336C.

SURF ACE STRESS INTEN SI TIE S A T LOC *SQRT(R*T) ( U= CUTS ); ( L= I NS )
RC= 10.3 75 ; .c.

'

(AU) (ALI (80) (BL) ( CU ) ( CL ) (DU) ( Ct. ) s

>" SX -2649. 1712. - 154 C. 1154. -1438. 52 C. -2106. 92e. ,

6, SC -2093. 818. -1452. 628. -1763. 994. -2826. 1883. '

v TAU 128. 129. -1CS. -109.. 143. 14 3 . -123. -123. }

v' SI 2678. 1730. 1563. 1176. 1817. L C2 4. 2847. 1899.

SLR F ACE STRE SS INTENSI TIES AT ECGE OF REINF ( U= CU TS ) ; ( L= I NS )
RC= 13.375;

(AU) (AL) (eu) ( 9L 1 (CU) (CL1 (DU) ( DL 1

>- SX -3127. 2CC1. -2488. 1555. -1643. 381. -2432. 798 .

w- SC -2364. 658. -1711. 521. -2159. 1233. -3456. 2322.
w' TAU 147. 147 -129. -129. 164. 164 -146. -146.
w' S1 3155. 2017. 25CS. 157C. 22C7. 1263. 3476. 2336.

O LTP UT I NC LUD I hG T NI TI AL STRESSES
SUR F ACE STRESS IN1'ENSITIE S NEXT TO ATTCHMNT ( U=0U T S); ( L=1 NS)
RC= 5.375;

(AU) (AL) (BU) (BL) (CUl (CL) ( CU ) (CL)
SX 6'4547. 12136. 6412. 1C449. 6899. 10 C3 9. 5530. 1115C.
50 be5510. IC988. 6919. 10200. 6606. 10265. 4354. 12320.
TAU 266. 266. -192. -192. 293. 293. -220. -220.

SI "'5579. 12194. 6984. 10554. 7C81. 10466. 5570. 1236C.

SURF ACE STR ESS INTENSITIE S A T L CC * S CR T ( R* T) (U= CUTS);(L=tNS)
RC= 10.375;

(AU) (AL) (BU) (BL) ( CU ) ( CL ) ( 00 ) ( OL )

SX w-6351. 1C712. 7C6C. 10154. 7562. 9 52 C. 6804. 9926.

50 w-6907. 9818. 7548. 9628. 7237. 9984. 6174. 10883.
TAU 128. 128. -109. -109. 143. 143. -123. -123.
SI 76935. IC730. 7571. 10176. _ 7,Qf. 10C24. 6914. IC899.

SUR FACE STRE S S I hTE hSI TIE S AT ECG? N 5IliF (U= CUTS 1;(L=INSI

RC= 13.375; _ , , , _

(AU) (AL) (EU) s 31 1 1 01 ) ( CL ) (0U) (DL)
SX b'5873. 11CC1. 6512. 10155. ijf7. 9381. 6568. 9798.

SC *-6636. 9658. 7299. 9521. 6841. 1023?. 5544. 11322.

TAU 147. 147. -129 -129. 164. 16 4 . -146. - 146 .
SI v 6o63. 11017. 731C. 1057C. 74C5. 10263. 6588. 11336.

,
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' \ OLTPUT E XC LUD IPG ! NI TI AL STRESSES
CTRLINE ST RESS INT ENSIT IES NEXT TO A TTCHMNT (*= CTRL)-

. - RC= 5.375;
*

(AMI (BMI (CMI (04).' ,

SX 'w'-659. - 569. -531. -660.
50 - w"-75l. -440. - 56 5. -663.

'

* TAU 266. - 192. 293. -220.
__ 51 w' 974 709. e42. 882.

'

CTRL IN E STR E S S IN TEN SIT IE S AT LCC * SCR T (R* T) (*= CTRL)
R C = 10.3 75 ;

(AM) (EM) (CM) (CM)
SX N > -469. - 393. -459. -590.
SC w -638. -412. - 39 0. -472.
TAU 128. -109 143. -123.

,

5i b- 707. 512. 571. 668..

CTRLINE $1RESS INTEN SITIE S AT E9GE CF REINF ( *=CT RL )
RC= 13.375;

(AM) (8M1 ( CM ) (DM)
SX v"-563. -467. -631. -817.
SC' w'-853. -595. - 44 3. -567.
TAU 147. -129. 16 4 . -146.
SI >" 915. 675. 731. 884.

OLTPUT INC L UDi bG I NI TI A L STRESSES
CTRLthE STRESS INT ENSIT IES NEXT TO A T TCHMN T ( M=C TRL)
RC= 5.375;

(AM) (BMI (CM) (DM)
SX w"8342. 8431. 8465. 8340.
50 6-8249. 8560. 8435. 8337.
TAU 266. -192. 293. -220.
51 >"8565. 8698. 874e. 8558.

CTRL INE STRESS INTENSITIES AT L OC * SCR T ( R* T ) (M= CTRL)
RC= 1 C .375 ;

(AMI (BMI (CM) (CMI
SX be 2531. 8607. 8541. 8410.
SC W" 2362. 8588. 8610. 2528.
TAU 128. -109. 14 3. -123.
S! w" 8601. 8707. 8722. E6C6.,

CTRLINE STRESS INTENSI TIE S AT EDGE CF REINF ( M=CT RL )
RC= 13.3 75 ;

(AM) (8M) ( CM ) (OM)
SX v'E437 8533. 8369. 8183.

'

SC W"R147. 8405. 8537. 8433. |

TA U 147. -129. 16 4 . -146.
SI w'8498. 8613. 8637. 8500.

,

54 331| G LN
11-2-22

' Rkn Wsv
RCUhD STTCHPT ON A CYLINORICAL VE S SE L

|
| *

u-Il

.

-- -



_ _ _ _ _ _

- - - - - l Ocation

ai s3,.. .

Th pgram altdde k. mimum dres mbdj hi n 4.nhpe.d

amo$
anni pnis d mvetgdan amud an u l u nallz b i d

c3mJnol yea. h1docknk en a A irst pA. m a

aml m k m ateadanc.t 4 &g k:ank bl hkim 4. m
z

L a t- @ .

% anl e" ndrj md art. 4w. SQme. a 4me. uzd m cal

hyam tou.

L 414, for a 79 4 penddons kbz pA3
h xd .

Md=4 A

'b

R.S

(

= my
n. i

_ b. O N8 *j ~~
kb . .v o

. _ _ . . . _.

%) ~

Q~me' o asa
q

*a-t t. ni

ph d md ab "
:g

LV
Nek

4kik,: Rb kn sJ'

hM b : IdB Mad b
L&w 5 * 1 * L,s

'#" h ' 'E %A 4. ph *c veal aus

b luItt h A (Q m hp > |

U j I/O O e | SHT OF

GO 4 4 8tEV 4.F 3 '



/-

g toc.c.on

| Bg ypditm , k dr m d a pit lat. % kth en

an dockwat art ddd io ik dre m 5 ik se Pd let

i b k on an d gott4 oj o d wed .

fu emmpk :

b d M.A d b ke d 0 =

de:e d M. A 6. k M = hhkmed 0 +

h d M.h dat. in b k on & dmed a

bok kk'sm .

k k. Q pbb = W hm. El Sotkmed 0.n

In addden 3 0 Rh kt-Kb- n. Tit * , 3 sn *t.-in n.it',
Imk = .b kad h i b '.gn k 1L= -m b ; lah en Albeksi b

'

3

'A.= -b2 6 s1t= m b ; lack aa M ad L: E. 92 6 Al.' M m b;3

Imk en AbthwA h : ML= B E m-k Itt = - E000 in-b MT.im iw-b.3 3

k mnT 4 JN \ \0 1 Iki Ov

akkmd 0 a.4 Wwaa Ahk*nt 6 ad Ahi A. E ebd4.

meldmb mdial
ddl sceik ahr ad mner sub sb mb. die

3

% maione. de m b h a , ad k me e ane d mhirAm m&
. wtd du b il M B ior 2 kdith. Gnpe all aa!6nd
'

wik w 9 r va k .h.

|

|

|

Csyks kam iff" 'YU' ' Tiff
" * * ' *

,,

Ik U }{ l O e SHT OF
-
,

'GO44IEEV s.73



_

_. _ _ -- - _ - - - -_

- '

'

... ._|
r.m. v . m an.m sw t a se a. c o en.w sm s.r

wA h ddwA 0 tw 4e4 dd=4 e-

n .,-

, . ., m . . , . ,_. .v o "*
~.4 - ' ,~-..kl. -- v N.M,e , . _

- m - y,ia ,M. . -
_ , , ,ma e, : g 4og, . , = " " " ' '

L an m6 r =m
g4 ' , , - - - - n e ^--

.

4td '~* ' ' ' '

@T h<*' rhSl
- ---

-t r .

r.k '~ I #"' I~ a. ''
e. a[. a'5 - . .' - - -v..

2. . .
vm, m wa .ac. -- - CYLINDMICAL SHELLV

. med c .n a s.n .e atae na6 ..s .. . . . - ,
{M& t A, b .. . .. ~ m c. << , m

"(n) $ "SIE -% -3 -* -% -E -E -E -Eti.m s.nl ."'*" -c

.2 .% * L*." iPt a (~) 6 = 761| 600 -W +7E1 - El +E -@ + SD -@ &@-
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%.Tn II.ta '!c" r't = ~ (it) 6 ntl R -R -m -R -l'R. -3 -3 -3 -4
a (') 5 = up E -p +a - 606 - 90 -W +751 -7R +U.m .GP '* ?e F =.

7o- -( /. .,i) & -41 'R pyc ni RQ + 41 +4% i 41 i416
-

~
a . , - al ,'.o) 7. -% MA Ms Bus yg+p $ 4g a 53 +si.v0

3.6% . ' - . , - -(~' i) a - 11 11 -11 + 11 + 13 DQRt%1%1- -
.,

.07 0 = . ' ., a a L-t) & - 40 - 40 + 40 + 40 - 40 PFC M113S2 h1Te
~ _ ,. '; nlv "-

.
.

''~7:"# "
r. - r. N' L +L +t .t- L v. L +. 7 r7 &7 +- L,4 . .

% :" " n 3.?v. W + t1 +51 -M -% N M M N
t e- r + - e-(,5 P =3 mW us us s 65 & 65
. r. n!, - -

i1 .

COMBIMED STRESS INTZ2tSITY - S g --- ;,

1) When T 78 0, S = laroest absolute mannitude of either

S=1/2(0,+0 1 /(c, - 0 )2 + 4T2]or/(o - 04)2 + 4T2,g 4 g

2) When T = 0, S = largest absolute magnitude of either
5 = 0,, og or (0, - Og) .

|

N./(Ms/R.'A) so determined by (Cs) ansa Table u e se sir
8 (see para. 4.3). 4.3.1 Srmanese RueULTuvo ruou RADIA1. IAAD,

4.2.2.5.2: When - ' '4 handing moment P..

(M.): 4 - Km.#4,s,' where Ks is given in Table 4.3.1.1 Cinum/e.vnnal Sovesse (,.):
8- Step 1. Usmg the applicable valu.e of a and y

* {,em h SE* I., im t $b
, '

* 6 y,g .t 1. inbl d 'I.C. -|. g| 7 3"'"' ''' 8"'

i
.

|

|
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DOCG 10~4 6 : ST9KSS fNTENS!TYES fN Jt;W9 C fNSERT DL ATc5s
CSLCS C NCTATICN PER WPC 1C7 REV 2/75 PROG R EV 12/79

I AP t. T O A T A
DVS LO # CF LD CUTPUT

Kh K2 RM C CCOE CASES C CDE

1.C00 1.0C0 1CC.000 1.650 -1 1 ?

DIST ANCES FRO * CENTR AL ATTCFMT TO PTS OF IN VE S T IGAf tnN
RC RA AR RC RD

5.?75 13.??? 13.?75 13.375 13.375

DISTANCE RETWEEN ATTCHFTS
SA Sa SC SD

26.75C 26.750 26.750 26.750

INS ERT Co S FELL OL A T E TlK AT DT OF INVE STIG A TI CN
TC la Te TC 10

1.5CCC 1.CCCC 1.0C00 1.0007 1.0000

LCACS AT STTCHPTS FCR LC AC C AS E = 1

PT P VL NC NL "C NT

C 5000. -6509. SACC. 140CC. -15C00. 10000.
A SCCC. -65CC. C. O. O. O.

'

B 0. -65CC. 59CC. C. O. C.
C 0. O. 5800. 140 C0. 1. C.
D 0. C. O. 14000. -15000. 10000.

_
TNITIAL STocSS ES IN INSERT ST STTCFMT

ON OLTS OF SHELL OR I NSE RT CN CTRLA CF SHELL CR INSEPT
PT A 8 C 0 A B C D
SX 90CC. 90CC. 9000. 9000. 4000. 9000. CCCC. 4000.
50 9CCC. 9CCC. 9CCC. 90CC. 90C0. 9CCC. 9000. 0000.

INI TI A L ST9 ESSES IN TASERT AT OTS OTWN AT TC EMT S
ON OLTS OF SHELL OR INSFRT ON C TR L A CF SFELL CR INSERT

DT A e C C A B C D
SX CCCC. 90CC. c000. 4000. 0000. 0000. 9000. 4000.
SC 90CC. 9CCC. SCCC. SCCC. 9CCC. 9 C C C. 9CCC. 9CCC.

54331 CLN 11-5-A2
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AOCC 1036 CUTCLTs

BfJLA$20 CCE5FICIENTS
4

AT ATT C F wT C V #

FCR CTR iTTACFvENT FCR ACJ ATT ACHM ENT,

4 o C 0 A e C C
NX/p 19.416 19.416 17.A66 17.A66 5.771 5.771 11.519 11.519
M * /P C.1E2 0.182 C.137 0.137 0.045 0.C45 0.020* 0.020*
NY/MC 3.039 3.03C 3.C39 3.C39 9. 996 R.996 9.996 8.996

i "Y/*C 0.061 0.061 0.061 0.061 0.027 C.C27 C.027 C.C27
NX/ML 2.246 2.246 2.246 2.246 3.656 3.656 3.656 3.656
"X/WL C.C93 0.C93 C.C93 C.Cc3 C.C2C C.C2C C.C2C C.C20

NO /P 17.E66 17.866 19.416 18.416 11.519 11.519 5.771 5.771
MC/ P 0.137 0.137 C.182 C.162 C.C2C C.C2C C.0458 C.C45W
AC/wC 2.317 2.317 2.317 2.317 3.60R 3.609 3.6CF 3.6Ce;

M G /M C C.105 C.1C! C.105 C.105 0.060 0.06C 0.06 C 0.060
AC/PL 7.825 7.925 7.825 7.825 7.967 7.967 7.967 7.967

<

M0/ut C.C5E C.C5a 0.059 0.059 0.015 S.015 3.919 0.015

STWN ATTCHM T V V
F00 CTR ATT ACEMEN T F Co. ADJ ATTACHMENT

j 4 a r 0 4 g C o_

NX/P 1C.297 10.297 14.482 14.482 10.297 LC.297 14.492 14.482
FX/P 0.076 0.076 0.044 0.044 C.C76 C.C76 C.044 C.C44
N X / MC 7.24C 7.24C 7.249 7.24C 7.?49 7.249 7.240 7.249
FX/wC 0.039 0.C39 C.C?9 C.C35 0.C39 C. C3 9 0.034 C.C39
AX/*L 4.036 4.036 4.036 4.036 4.0 36 4.036 4.C36 4.C36
Mv/wt c.c's C.c's c.c39 c. cl e 0. 039 9.S38 0.019 0.018,

.

NC/P 14.492 14.482 10.297 LO.297 14.482 14.492 1C.297 1C.297
40/P 0.c44 C. f 4 4 C.C76 0. 076 3.044 0.044 0.076 0.076
AC/MC 4.036 4.036 4.036 4.C?6 4.C36 4.C16 4.C36 4.036
M0/MC C.C7E C.C78 0.078 0.078 0.079 0.C78 0.078 0.078
NE/ML 13.791 10.791 10.791 10.791 10.791 10.791 1 0.791 10.791
.C/*L 0.028 0.023 0.029 C.C2E C.C29 C.C29 0.C2P C.C2A
*

* CDCA Fonu C T P, 'C- t TN9Teaq nc 2c
j # CCEF FCCP FIG IC-1 thSTEAC OF IC

i
j '

i

|
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* SL9 FACE S1PF SSE S FCR PTS. ST ATTCHWT C( ( U) =0LT S; ( L) =I h5 1
-

.

S TRE SSES QUE TO A TTCH"T LC A95 C ALY
A(U ) A(L) ?(U) B(L I C( U) C( L) D(U) C(L)

SX -5240." 3539.V -?598. 1449 -2101. 1019. -3365. 2141.

SC -4142.- 1972.V -2CSI. 1200. -2394 12.65. -4498. 3211.
TAU 266.* 266.v -135. - 135. 293. 293. - 218. -218.
St 5101. ' 3580." 2621. 1538. ?576. 1466. 45?9 3%

ST O ES S ES CUE TO ATTCFMT LOA 05 + INITIAL S TR ES SE S
Atul A( L) 9(U) etL) C(U) C(L) C(U) 9(L)

Sx 3769.7 12519." 6412. IC449. 6999. ICO39. 5635. 1L141.
SC 4958.' 10872.* 6919 10220. 66C6. 10265. 45C2. 12211.
TAU 266.v 266.V -135. -115. 2 93 . 293. -218. -218.
SI 4919." 12580.7 6953. IC5CE. 7081. IC466. 5675. L 22 53.

SUFFACE STR ESS ES FCR PTS. B T WN ATTCHMT( ( U l=O UT S ; (L)=tNS 1

STR ES SES OUE Tn A T1CHW1 LCADS ChlY
a(U) A(L) 2 (U ) 2 (L 1 C(UI C(L) O(C) D(L)

SX -5935.7 3779." -2488. 1555. -1643. 38 L. -2038. 599.
50 -4402.- 1247.* -1711. 521. - 2159. 1231. -2007. 1778.
TAU 147.- 147.V, 9. 9. 164. 164. -137. -137.
SI 'i949. 7 ?797." 24E9. 1555. 2207. 1263. 2A31. 1793.

STPESSES CUE TO ATICF'T LCADS + Ih!T ! AL STRES SES
A(U) A( L ) 9(U) B(L) C(U) C(L) C(U) C(L )

,
SX 3065 * 12779." 6512. 10555. 7357 9301, 6962. 9989.
SC 4598.7 10247." 7289 9521. 6841. 10233. 6193. 10778.
Tau L47.V 147.* 9. 9. 164. 164. -137. -137.
5I 4612.- 12797.7 7299 10555. 74C5. 1026?. 6996. IC793.

.

i

|
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COMPUTER PROGRAM FOR
'

f'g, THREE DIMENSIONAL FRAME
AND TRUSS ANALYSISJ - >

-A O|
. .

. . - . . - - - -

Program E1690A checks and plots the input data for
program E1691A. Input is tne same as input data for
program E1691 A. Program E1690A uses less core and

i

computer time than program E1691 A. If theinput data* '

|
Is out of order or is insufficient, error messages will be
printed. The plot will reveel any incorrect coordinates.

Q.1 Scope: This standard describes tne use of program Program does not check if the problem was modeled
~~ ~

E1691 A and documents' linderont limitations and re- correctly. Output is the same as program E1691 A except

strictions. no forces or deflections are printed. All input data for
the first run of any significant size for program E1691 A

O.2 Introducties: The program analyzes two or three should be debugged on this program to eliminate errors

dimensional frames or trusses for member end forces, end and reduce the number of runs required of program

rnoments, joint deflections andi rotations 4. t.n analy-j E1691A. Ttw input data sneet for E1691 A may be used

sis can be rnede on structures with rigid, hinged or| free for E1690A,

aspport conditions, rigid O or hinged member and
conditions. and any number of loading conditions. 0.4 Limitations: Program E1691A is similar to the!
Included in the program is a provision to use rectangular STRESS program developed at Massachusetts enstitute'

or cylindrical coordinates to describe the structure and a of Tecnnology, but is not as versatile. Program E1691 A!

plotting option for a geometry check. The program can does not have the facility to change structural properties
combine isveral loading conditions and can analyze the during a given run. ,| *

|
structure for member deadloads when the unit weight;of
tne material has been input. Limitations on parameters for program E1691 A are listed!'

below:
Section 1.0 describes the format of the program with
particular emonesis on rquired input and interpretation 420| structural members
of output. A brief summaryof tnemodeof analysisand 320 joints
a collection of notes to aid the uaer follow in section 1250 degrees of freedom
2.0. 140 half band widtn

50 member types
0.3 Related Progsaw: Computer program E1689A is
aho available for targe struccures whien cannot be As described under section 1.0 the displacement stiffness
handled by L1691 A. Since E1689A is just an extended method is the mode of analysis incorporated into the
version of E1691 A which requires more computer time program. Due to tne banded nature of the structural,
and memory, the subsequent details will generally be stiffness matrix, a Gaussian forward elimination and ;

'applicable to it as well. See section 2.0 for noted direct back substitution on tne matrix performs that
differences in the two prograrrs. Program E1638A is t necessary mathematics. The capability of the program 3
available w check and plot input data for E1689A. lf it however, is directly limited by the half-band width of'
is necessary to use these two prog, sms, contact Oak the structural stiffness matrix. See Fig.1.1a for details a
Brook Development Engineering and Technical Consult * estimating the halfband width of a particular structure.I

'Ing (OZE).

1.0 DESCRIPTION OF PROGRAM

Tne program utilizes the displacement stiffness method
to mathematically describe the structure and a Gauss
forward elimination and back substitution for tne
solution.The method of solution entails:

@ Rivi is defsned as e iomt capable ef carrying mornerit.

IM.
. ,.

_

_ - .

.

_ _ - - - . _ _ _ _ _ . - - - - . _ _ _ -
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_

1 Assembling a siffness matria for the structure from
individual member and joint information. Z e2*

.

! h J '

2 Assembling a loading vector for the structure from
individual merr) Der and joint loading information. s f

/s/
%

as
3 Solving the resulting matrix equation for structure 's '

+

7[joint deflections and rotations. i

l
I4 Substituting back for Individual member end forces | \/y

*and moments. | .

1-

Figs.1.1a and 1.1b illustrate input data snects describing . !
ine typical arrangement of input information. The first i Fig.1.Ge Righthanded System

,

!portion of input data described in Fig.1.1a is concerned
primarily with parameters of structural geometry,| 2

member properties and other existing conditions. These | o

items are input once and remain uncnanged for each job;f 3
while loading condition parameters (Fig.1.1b) may be j '!
Input several times to correspond with the number of ; [p y
loading conditions. This feature is quite economical ,

when analyring a structure for different loading condi. -

*
tions. -

*Prior to setting up data for Fig.1.1a. It is advantageous
to rougn out a sketch of tne structure te be analyzed its Fig.1.0b Right Hand Rule g
order to establish a global coordinate system.

For furtner information on Axis System set Appe xA
There are two eds systems used by the program. The in program folder for E169tA. |
two systems ate (a) an overall global system tnat applies ; I

to the complete structure, and (b) a member local axis ; E1691A is equipped to handte input for cartesian or '
system. Eacn coordinate system is a right nand ortho *i cylindrical coordinate system. Each joint should then be .
gonal X, Y, Z system. This is emplained as follows:

I assigned a set of coordinates. Eacn member should be
assigned an identification number beginning with one (1) '

Ri ht Handed Coordinate Systems Tne program assumes |2 and increasing in consecutive order. jthat all coordinate positions, angles and rotations arei

specified according to a rignt handed system of cartesian { The joints should likewise be numbered, attempting to|coordinates with orthogonal axes, as illustrated in Fig.i minimits tne difference in joint numbers for every.
1.0a. | member. This will minimize the nalf-band width and'

computer time required to analyre the structure. !

HOLD tne RIGHT HAND so that the thumb and first |

two fingers are orthogonal to one another see Fig.1.0b. Note that many structures are symmetrical, and only a
The sequence of thumb, forefinger and next finger point - , portion of the structure might need be analyzed, if so,!
in the positive directions of tne X, Y.,and 2 ; ames of a- .botn computer time and the user's time can be reduced,
rignt nanded coordinate system. I

Fig.1.1a and 1.1b are to be used only as guides in coding i
Imagine grasceng a coordmate axis by the right hand,i the input data. Form CO 1077 (pages 1 to B) are avail.
with tne thumb pointing along tne amis in its positive ^ able for coding input data card by card following the
direction. See Fig.1.0a The cositive sense of an angle. or ' format outlined by Figs.1.la and 1.1b. Program EIG90A
an angular rotation. will be given the direction in which should be used to check input riata te program E1691 A.
the fingers curl around tnis axis. A negative sign for an gt will flag any ir:Dut errors and plot the structu e for a
angle will specif y a rotation in tne opcosete direction. | visual geometry check. I I

,

11 - 3
- -

:=--- ? z
_.

.
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COMPUTER PROGR AM FOR
. THREE DIMENSIONAL FRAME3 ,

s
'

g { AND TRUSS ANALYSIS

PROGRAM E1691 A Input Data for Three Dimensional Frame and Truss Program

gt; ;;r Joe. O.sa.te.n - Date

,,,, Ii

(Limit total number of cherectors to 80)

NTRY IREV NJ NMC NMTYPE NCOL@ NCOR E UNU ALPS NCOM8
Total Data Total Total ' Total no. Half banal Coordinses Modulus Poisson's Average Number

Card ; nuinber of sheet nurnbar number of of member width system of ratso thermal of loading

2 I loadmg revision of joints memoors types estimate 0 = Rect. *Wstacity expanseen comthne.
I conditions numcor (320 ma al (420 man) 150 men) (140 maal 1 = Cylin. (km) coefficient tions

%nn . 'F
Z

NPLOT NYMPX Q) Ari'aufn end elevation fee orientstion of clotfst (2) 8
Number of Plot siae AZtl) EL(1) AZ(2) E L(2) AZL3) E Lt3) AZ(4) EL(4)

g,,,
pints 0 = 12 in.

3 (4 maal 1 = 30 in.
Olf NJEC17 (deel fdeo) (doet fdes) .fdeel iden) fdeal f901

*

i
NC Loading conditions to be combiaod in tNs combination and rault'roHorilal
Nurnber of a 2 3 4 o 6 7 8 9

O'' loading conditions
4 in this conesnetson ICO M ICO M ICO M ICO M ICO M ICO M ICO M ICO M ICO M

' (9 mas)

IJ Joent doyees of froodom: 1 = restrenned,@ Jomt coordineses trectangular or cylindricelll
Joint 0 = unrestrained. -1 = initist translaten or rotation fuse riant bar d system)

_

Cards numtaer Tr eauat=on kotition

5 IXT 6YT 62T 4XR IV R tZR X or R Y or 8 2 or H
fftl fft or dee) (ff)

,

i

NIJ Initialicint translations and rotations teiobal coordinatest @
Nurneer Transsation uncrw Retstion trafinristgg
of X .deacteon : Y carecison; Z . deaction About X - sans e About Y asse Atsout Z amis:

6 duplaced or or or or or about or
joint radiat direction 64rection feedlani H direction i shout rsdel esis taneentist emis about H - esis

MTYPE AREA Moments of inertia ASY ASZ MWT
Member CrosHectionsi IX eY IZ Sheer ares in Sheer area in Member
type eres Polar inerttal Inertial inertiel moment v a derection 2. direction weightg

moment about moment about about2*asls kips /ft
7

7 , .j,i2 y . . ;,
-

(In 6 On i tin 41 un ) Un2s on?, @4

IMEM IL 1R IT GAM MT TT KODMK
Member Laft Right End conditions Roll about Member tyce ' increase in Member flag code

Cards number joint lom: 0 = rigid <igid local a exis of this memer temoerature -1 = no comores.
numDer number 1 * henged-rigid of thismornber siong 1 = rigid hmged i = no tension

7 = h nae +Nmed (degl 69 0 = ao finai

i

NOTE: Cards 4,5. 6,7 and 8 must incluos one card fa. rach goodne cornbenation, joint. inittaHy displaced joint, member type, and
member respectively. Place all 24 cards together, then all 4 cards, then all *|5 cards, then all W cards and finsHy all 23 cards,

h NCOt. = 6 (|J K| + 1) where J and K are member joint numbers and |J-K| is the largest atisolute difference for any member in the
structure.

Enter aero if NPLOT = 0. Alt locations un card 3 must be 0 if not yied.
See Figure (1) on neat sneet.

, ,

Loadang condition are ioentified as LTRY ore card 10. (See sheet 2) If no con binations are neessaary omit card 4
M Une card 6 for a joent only if the gomt has an initial disotacement as inrficated on card 5 by e -1. i
h Input value for member types for whech dead load is to be independent of memoet area arma unit wesght (SG on Card 101. ,

Otherwise input as -1.
|

.

bFig.1.1a Form 1076, Arrangement of input (for codir'g use form GO 1077, pages 1 8)
- . ; -e

u u

.

_ _ _ _ _ _ _ _ _ _ _ _ - _ _ _-_---2 - - _ - - - - - $ - - -
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1

PROGR AM E1691 A Input Data for Three Dimemoonal Frame and Truss Pfograan
;

Title sard for each soading condeten

Card
9 .

(Limet totas number of cherectors to 80)

LTRY NOLJS NOLDS SG@
Leading Necenbar of Number of Unet weight of

Card condesaan jo6nts ;ooded members loaded meterial f or
10 number dead Iced hios/ff3

IJX Joe =t ioeos en poosa coo, denotes f or eye rusrecas coordenaresi
Nurnber of F X tlJXI FY tlJXI FZ (4J X) MX llJX) MY llJXI MI{lJXIg.,,,g g )
loaded joint (FR tlJX)) [ F0 (lJX) ) ( F H I!JX) | | MR (fJX! ] { MS (IJX) ] [fAH (IJX) ]gg

hios h ee hios ft-h oos ft hios ft-king ,

IMEX IXXI IPL@ A82@ A83@ AS4 @ A81 |-

Number of 0 = last or only Loaderg plane Distanes from Distance from Angle f rom Iced Lo*d (8f A82 =
#a

loaded member load onIME X 0 = lead in seese lef e end to lett end to dwecteon toCadfs) ,p
1 = another load a .a paene load end of load member normed load intensity

12 for IME X t a loed in local ft it dog lef A 83 > A 821
* folinwe e .y otene kios/*

I

<
..

i n

\)'

Elevation mesoured
in X . Z plane .

Idag) 483 *434
* V| - P (IPL = 1)

- AS4
Too Aalmuth meesured K

,,,,,, e' y on. idegi %
J f ~

,
ea a

" i ^

.' /
+ AB4 ,8,,

I | -0 - As4
tiPL = Of_, | ,

Fig.1 Plot Orientation i, Fig. 2 Sign Conv=ntion for Member Loads

Notes: For each loadeng condetson the followong soouence should be repeated. Placs card 9, then card to, then all joint' load cards
(ceros I1I and than est memnw seed cards teards 121. *

@ If the structure's dead load is not to be encluded in a loading condsteon enter aero; To 6nclude dead load. Stobal coordinate amis a
#must be vertical and potateve upward

@ see Fig. 2. .

h if load as not in e - 3 or a . y plane. resolve the load e to thees two planes.a

.

.

-n
t. - DFig.1.1b Artangement af lopua ifor coding use form GO 1077 page: 1 8) I

,
_

i
^ e_

.. .

_ _ . _ _ _ _ _ _ _ _ - _ _
-
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1.1 input Date: Following is an explanation of input ' Two times NCOL must always be less than the nun.ber

items for Figs.1.1a and 1.1b. of degrees of freedom. Adding extra intermediate points
will usually increase the degrees of freedom witnout t

Card 1 increasing NCOL if the user pays attention to number-
Ing.

.

Eignty spaces are available for a contract number, lob;
description, name and date. Coordinate System (NCOR): This parameter defines the

coordinate system in whien the joint locations are
Card 2 defined by the user.The user may specify

Card 2 specifies the boundary marameters for tne job and - O for rectangular coordinates

the material property constants.
1 for cylindrical coordinates

l Total Numbar of Loading Conditions (NTRY): The .

l number of loading conditions shouki be equal to the| Modulus of Elasticity (E), Poisson's Ration (UNU), and
I Average Coefficient of Thermal Expansion (ALPS): Theinumber of times cards 9 througn 12 appeer.

program cannot handle material property variationsf
Data Sheet Revision Number: The program will accept from member to member; therefore, the material cort-.

only the latest data sneet or format of input data. stants are input only once. Units for the modulus of|
elasticity are kips /inen2. Units for coef ficient of thermal

Total Number of Joints (NJ): The maximum number of. expansion are in incnes/inen<tegree fahrenneit. |
joints which the structure may have nas been limited to';

l 320. Number of Loading Combinations (NCOMS): The pro- |
gram will cambine up to nine loading conditions. This |
parameter indicates now many combinations of loading 'Total Number of Members (NMC): Tne maximum ,
conditions are to be made, and the number of number 4 fInumber of members whien the structure may have is .

420. cards required.

Card 3Total Number of Member Types (NMTYPE): The !
number of members in the structure with differentI
cross sectional properties is limited to 50. { The program retains an option whereby a line diagram of ,

tne structure with numbered joints may be plotted. Card.

Half Band Width Estimate (NCOL): This is an estimate 3 specifies the user's need concerning the plot (s) of the |

of the half band widtn of the structural stiffness matrix. structure.
This nalf band widtn is dependent upon the manner in a
which the structure's joints are numbered by the user. ! Number of Plots (NPLOT): In order to have a structure !
The estimate may be made by tne following relation.I plotted, it must have more tnan twelve (12) joints. If no !

snip: ! plot is desired. zero (0) is specified for all the parameters f
on card 3. Tim user may specify up to four'(4) plots of !*

6 ( | J-K| + 1 ) | | the structure all of wnien may very in line of signt orNCOL =

^ orientation.
Where 6 represents the number of degrees of freedom of i

e joint and J and K are joint numbers of a member | , Plot Size (NYMPX): Twelve (12) inen and tnirty (30)
Since the largest half band widtn estimate is required, icen paper is available for plotting. The plotting routine |
|J K| must be the largest absolute dffference for any automatically scales the structure to the specified size of '*

I paper. Use - .member in the structure. Program memory requirements
' '

limit E1691 A to a maximum half band width of 140. It .

is essential tnat tne user numbers tne joints of the NY.'.iPX = 0 for 12'* plet

structure so as to minimize (J Kl. Note, if a joint is NYMPX = 1 for 30" plot i

completely restrained against rotation and deflection, it
does not affeet band width and can be ignored in

*

calculatm2 NCOL. For small structures (less tnan 12,
memberst make NCOL zero.

I |7 -6
. ,

NN

. , . . e* , .

. _ . , _ _ _ _ _ _ _ _ _ -_
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Asimuth and Elevetson for Orientation of Plot (AZ, t Joint Degrees of Freedom (IXT, LYT, IZT, IXR, IYR '
\

EL): For esen desired ptot the user must indicate the ' IZR): These parameters describe the conditions of each

azimuth and elevation which is desired. The plot is of the joint's six (6) degreesof freedom,l.m., translation
viewed from this direction Fig.1 in Fig.1.1b illustrates in the X,Y, and Z directions and rotation about the X,Y,1

the orietation measurements required. If less than four)!
and Z axes of the joint as defined by the structure'

plots are requesh, remaining azirnuth ni elevation coordinate (gioball system. The codes are defined *

parameters must be set to zero. Some typical azimuth below:
! )iand elevuions are:

1 = transtamn or eodn of the joint is mt owmitte JView Azimuth Elevation

Toward -X 0 O. 0 = translation or rotation of thejoint la permitted
|Toward +X 180. O.

Toward -Y 90. O. 1 = an inislas dispiacement or rotation has been im.e

Toward +Y -90. O. posed. (Any initial displacement or rotation will- ,

Toward -2 -90. 90. be described on card 6). |
Toward +Z -90. -90.

I
Isometric -45. 35. Joint Coordinates (X or R, Y or THETA, Z or H): The

joint coordinates are input in the corresponding coordi-|
Card (s) 4 nate system specified on card 2. For the rectangulari

.

coordinates use X (ft), Y (ft), and Z (ft); for the
The program's option to combine loading conditions is cylindrical system use R (ft),e (degrees),and H (ft),

regulated by card (s) 4. There enould be one card 4 for
eacn combination (specified on card 2). Card (s) 6

Number of Leading Conditions',In This Combination Card (s) 6 is used to input initial displacements or
(NC): Enter the nuinbar of loadings to be ecmbined. rotations for only those joints having a .1 specified forg
The maximum number of loadings in any mmbination is degree of freedom code on card 5. If no joints have
nine. initial displacements, card 6 is ignored.

Loading conditions to be combined (ICO) and Multiplier Number of the Displaced Joint: Only numbers of joints

(M): For ICO enter the number of each loadmg (LTRY whien are subjected to an initial displacement.

on card 10) to be combined.The number of entries here

initial Joint Translations and Rotations (DX, OY. DZ.!snould correspond to the first parameter (NC) on this,
card. M is a multiplier for the particular loading ! # x, oy, Oz): Initial displacements must be entered in tne

condition. For example, if only 50% of a particular . global coordinate system. For rectangular coordinatas,!

loading condition is required. that condition can be input X, Y, and Z translations in inches and rotations '

input under ICO with a .5 Muttiolier (*A). A negative e x, o y, and 82 in radians. For cylindrical global;
corrbmation is valid and nos the effect of applying a coordinates input R and H displacements in inenes.and i

load in tne opposite direction. other displacements in radians. Initial displacements may |
be input only once for eacn run and are incorporated

Cards 5 into the first loading condition only.

There snould be one card 5 for each joint in the, Cardts) 7,

structure. This card describes tne joint's location.andi ,

characteristic degrees of freedom. Since tnere are several Cardis) 7 describes the section properties of the various,
number 5 cards (the same is true for cards 6. 7,8) the different types of members in the structure. There
user may with to lay out grid stieets for tabulation of snould be as many number 6 Cards as number of member |

'
multipte card input or use forms GO 1077 (pages I to 8).1 types specified on card 2. ;

I j-
'

Jomt Number (lJ): This is tne number of the joint Member Type (MTYPE): A number identifying the'

whose coordinates are defined on this card. The user nas member type is assigned in ascending order beginningI
an arbitrary choice when numbering the joints excepti with one. A maumum of 50 different types 6f merroers

that the joint number of differences for a given member' may be used. I

snould be minimal for of ficiency. Joints must be input in j"~
;

ascending order..

__ _

| .- . .
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Area of Section (AREA): The cross sectional area of IT = 0 denotes a rigid rigid condition
each member type snould be input on ese card (s) 7 int

( units of (in.23. Input values must be greater than 0 ' IT = -1 denotes a hinged rigid condition
=

i

| Moments of inertia (IX, lY,12): Input the member cross IT = 1 denotes a rigid . hinged condition
sectional polar moment of inertia (IX) and the cross
sectional moments of inertia (lY,12) of the area about- IT = 2 denotes a hinged hinged conditiong

the locel Y and Z coordinata axes in units of Inches 4
See Fig.1.1b for details for local member coordinates. Roll About Local X Axis (GAM): Input the rotation of f
For closed members IX = lY + IZ, for open members IX the cross section about the positive local x.exis in units f
= Ibt%3 or see property J in AISC manual of steel of degrees. This eliminates transforming the member a
construction, 7th edition, properties fnr designing, J is cross sectional properties by hand. |*

given for individual shapes. Input values of IX, lY,12
must be greater than aero. l The position of a member in space is determined by the

global coordinates of its points. However, unless the
Sheer Arcos (ASY, A5Z): Input the member type cross member is axially symmetric, there is one unspecified
sectional ares (in.2) which is available for sheer in local degree of freedom, that is, the rotation of the principal
Y and Z directions. If sheer deflection is to be neglected, axes of the member from the global axes. This additional
""''''''' quantity is called the angle GAMMA (T) see Fig.1.1e

Member Weight MWT: In deed load celculations the user For differentiation, call X, Y, Z a global coordinate
may wish, for modeling purposes, to input a member system and x, y, z a rnamber system. Let A be a plane
weight (kips /ft) which is independent of member eres. containing the member x axis and a line parallel to the
if, however, member dead loads are to be a function of global Y axis (therefore perpendicular to the X.Z plane).
member area and material density (as indicated with Let y' be a coordinate in this plane and perpendicular to
S.G. on card 10) Input a value of .1 for MWT, When the x axis. The direction of y' must be taken so that the
using MWT,5G (on card 10) must be greater snan zero. projection of y' on the Y axis is in the positive Y
When SG is set equal to aero, deed load will be neglected direction. Then 7 the angle from y' to y, positive by the
irregardless of the value Input for MWT. For dummy right. hand rule around x.This definition is not sufficient '

mornbers, set MWT = 0 when dead food option (SG card if the x axis is parallel to the Y axis, in which case the
10) is used. Otherwise, dummy member weights will be plane A is indeterminate. Then 7 is the angle from the
included. -X axis to the y axis if the x axis is in the same'

Cards 8 direction as the Y axis and from the +X axis if not.

Card 8 describes for each member in the structure its For p;ane structures, the definition is taken that when 7
and joint numbers, the end conditions and other . O, the member r axis is parallel to and in the same
properties peculiar to each single member.There should direction as tne Z axis. For plane structures,7 mu.t be
be one card 8 'for each member in the,' structure as either zero or a multhfe of 90*; 7 s given in decimal' i
specifsed on card 2. degrees.

,

V'ly
Member Number (IMEM): Identification number of

|
member described on this card is assigned by the user. 7
The member should be numbered consecutively and a Y Plane A

member number may neither exceed the total number of
afmembers (as specified on card 2) nor the maximum '

number of 420 members whien E1691 A can handle. -

twem q,
Joint Numbers (IL, IR): Input the individual member's

' |
i left end joint number (IL) and rignt end joint number -

(lft). Left and right ends may be assigned arbitrarily but k[ _ 7 x#|'

Igp '*
.,j|

caution snould be taken to adhere to the initially
'

| Vestablished convention.,

! End Condition Code (IT): This code indicates the Q-3
support condition for each member. End fixity ref ers to .

the lef t joint and right joint respectively (i.e. rigid- p p ,
hinged means eigid left joint, hmged right joint). Four ,_

conditions are possible: , , .
,

. ._ . . . . . - . .-. _. . .. _-
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Member Type (MTYPE): Enter the number of ttw Card (s) 11
member type which corresponds to this member.

For each loaded joint caro 11 gives the number of that
increase in Temperature (TT): If tnermal stresses are to joint (IJX), the three components (global coordinates)
be considered, enter the desired increase (decrease is of force on that joint (FX, FY, FZ) in units of klos, and
negative) in temperature which the member will undergo the three components of moment on that joint (MX,
in degrees | Fahrenheit. Joint displacements and member MY, MZ) in units of foot kips. -

forces will be correspondingly adjusted. Enter zero if !
'

thermal stresses are not to be considered. Program can Card (s) 12

handle only one thermal case per run and will incorpon
ratettherma[ effects into only the first load case in a The purpose of card 12 is to describe a member load.'
particular run.The temperature of fact can be included in Program E1691A is capable of processing concentrated
other cases by using the load combinetion option. loads or distributed loads anywhere along the length of

the member applied in either the local x.y plane or x z -
Member Flag Code (IFLAG): The member flag code is plane. A load may be inclined at an angle measured from .
used to indicate when member propertiesor character. tim normal to the mornber. One card 12 is necessery for
istics dictate its use es a tension or compression member cach load on each enember. {

'

only. No internal changes are made to eliminate or i
change flagged members. The code is defined as follows: Number of Loaded Member (IMEX): The number;of the

member upon whicts the load acts must correspond with ,,

IFLAG = -1 Tension member only the IMEM system previously established. t

IFLAG = 1 Compression member only Multiple Load Code (IXXI): All loads pertaining to a
$ particular member must be input sequentia!!y. The.

ELAG.- 0 Member may take tension or compression rnultiple load code indicates whether or not another load
,

* follows for the particular member being loaded. The
The following comments form an explanation of input code is defined below: .

*
Items corresponding to Fig.1.1b which deels entirely
with loading condition information. The cards included IXXI = 0 Indicates that this load card is the last (or'
on Fig.1.1b are repeated in sequence for each loading only) load to be read in for the specified
condition. member (IMEXI. :

!

IXXI= 1 Indicates that more member loads follow for '
Card 9 this rnamber. :

Card 9 is simply a title card with eighty (80) spaces Load Plane Code (ITL): The plane in which the load acts
ava;lable to describe or name each loading condition. Is specified as follows: |

Card 10 IPL = 0 When loads are in local x.z plane'

Card 10 inputs the number of tne loading condition IPL = 1 Wnen toads are in locai x y plane
I(LTRY) and the number of loaded joints (NOLJS) and

members (NOLDS) for purposes of readir g in cards 11 O! stance from left end to load (AB*). distance from left ' j
and 12. An automatic dead load option is available so end to end of load (AB3), ar gte from load direction to !

that the user need not load each member with its own member normal (AB4) are self4xplanatory and are best
weight. If the dead load of all the members is desired the efescribed in Fig. 2 on Fig.1.1b. |

*

unit weight of the material (SG) should be input. If dead

toad is not to be added set SG = 0. Sign convention is| ,

very important; when using this option, global coordinatei
|a mis Z must be vertical and positive upward. t

.

' Il-3
_a-

..
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(
Where (P) represents the initial out of balance membar 'For distributed loads where AB3 equals tne member.

length, AB3 may be input as any value greeter than or| forces translated to joint displacement components. (K) '

equal to the actual member length. The program will use; represents the structural stiffness matrix containing the{

the member length as calculated from the joint coordi. assembled member stiffness coefficients and (u) re ;

nates and run t,he load to the end of the menter.| presents the unknown joint displacements (one for each '

Therofore, if e zact member lengths are unknown and the; degree of freedom) of the structure due to the given ;

destributed load runs to the end of the member, AB3! loading condition. Stiffnese coefficients for structural'

may be input longer than the member actually is.) |
members may be defined more fully as the telation
denoting joint force components resulting from corre-

Lead or Load Intensity (AB1): if the load is concentra] sponding individual unit displacements.

too (AB2 = AB3) the load is input in units of kips;if the'
The matrix equation is simply a system of linearload is dntributed the input units are kips por foot.
simultaneous equations with joint displacement com-

1.2 Output Data: Figs.1.2a thru 1.2g' illustrate output, ponents as the unknowns. Once the joint displacements .

from a sample run of Ele 91 A. Although the output data { are known the enemeer end forces are easily obtained,

is relatively clear and self emplanatory, the following.
comments may serve as a guide to the familiar user. |

The following notes and comments have been compiled ,
to aid the user in the usage of programs E169tA and

Several pages of output should be generated with each E1689A.

job. The output includes an ** echo'* of the input data .
. with minor additions such as rnember ter gths and angles 1) Litmtations on parameters for program E1689A are

of orientation with respect to global coordinates. Orien- listed below: ,

tation consists of a Z Y X rotation (See (6) in 2.0). For
memberseach loading condition the printed output includes (1) a

listing of joint loads and member loeds, (2) computed
global joint displacements (in.) and rotations (radians) joints

for oedi joint, (3) member end forces (kips) and 3 00
moments (f t-kips) in local coordinates and finally (4) the degrees of freedom

reactions at the restained joints. 250 half band width
1

Loading combination output is self empienatory.
member types

Various messages of warning and diagnostic notes will be

printed when faulty input warrants the attention of the 2) Very large structures will recuire a considerable!
amount of time irregardless of the version (ElG91Ajuser.
or E1689A) used. |

2.0 THEORETICAL SUMMARY AND NOTES 3) When using cylindrical coordinates the programs will*

| not accept radius entries of zero. Any zeroentry for

The topic of displacement solution of frames and trusses; radius made by the user will be automatirnity
known as the stif fness method is thosoughly covered in) changed to 0.01 feet. The user rnust correct headings,

i
many touts concerned with matrix methodsof structurall on the printout when cylindrical coordinates are used

analysis. Since this standard Is limited in length, the{ , (i.e. X to R. Y to 0, and Z to H).| This applies to all'

reader who desires a greater depth or background in the, global output. i.

topic is encouraged to consult other tvailable literature-
for a full understandmg. A very brief survey of the 4) Economy of computer resources and the user's time

stif f ness (or displacement) method follows. and elfort is always important;only a portion of a {
symmetrical structure in many cases rnay be neces-i

The stiffness method empresses internal mr w forces sary for a complete analysis.

and moments in terms of the joint components or
displacement. These expressions are substituted into a
structure couilibrium matrix couation of the form.

'I
(P) + [Kl (u) = 0 ,

_ .

I 4

_ _ _ _ _ _ _ . _ _ _ _ _ . _ _
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5) Choosing stobal coordinates for a structure can be;
very important. In particular, if member loads are8
present, care must be taken to avoid reversing the
local coordinate system as !!!ustrated in Figs 2.0a and :
2.0b below It is recommended planar problems be !
located in the X Y global system, For normal usage,
the X.Y gobal plane should be chosen for the

- horizontal plane in three dimensional problems.
.. ..

2 Z 4 Y

A :"

m
|4 |

y a Y *
,13 .

Y 3
,

m a
, ,

Y
I , s "m Y

A y ga y y '
2y

, y
"'* x, y

2-

Fig. 2.0b Frame Located in Global X-Z Plane I
Fig. 2.0a Frame Located in Global X-Y Planei Note Reversad Direction of Local y on Member 3-4

.

6) in order to determine local axis orientation of al
member, begin with member in global system and
rotate tnrough angles listed with member properties.

8

Y
If #a = -1.025 Radians y| Y!

d = .6519 Radiansy
, ,

v

/ v''
.

o v-

''
/ i ,/ g

,

x,

\t) Neg. rotationt N i

z 's s ,., '_.-_._../i
,,,

2,

a

Final Member Coordinate System Orientation |
,

. V |
. n

, ;

g f'OUTPUT GIVEN 'Y'

!
| | % v== |f.iemtier Jt Fx Fy F: f.1x My Mr

( - - - -'
'

: ..I'

|1 -163.2 .85 439 1.73 -5.2 -13.2 . u,: / }
~'

3i 1 E3.2 .85 .439 -1.73 -3.85 - 14.2G / ;
.+

;

!

R-li.-.

Local Coordinate Force Sign Convention ,
, ,,

,

' '-,-
.. e
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| 2. Axis Systems

There are two axis systems used by the program.

The two systems are (a) an overall global system

that applies to the complete structure, and (b)

a member local axis system. Each coordinate system

is a right hand orthogonal X, Y, Z system. This

is explained as follows:-

Right-Handed Coordinate Systems 2
*

The program assumes that all ".
,

coordinate positions, angles and
-

rotations are specified according f)
to a right-handed system of car-

,;,, ,

tesian ccordinates with ortho-
' gonal axes, as illustrated in the.

,

figure on this page.-
-

HOLD the RIGHT HAND so that the
thumb and first two fingers are
orthogonal to one another. The
sequence of thumb, forefinger
and next finger point in the
positive directions of the X , Y-
and Z-axes of a right-handed co-
ordinate system.

z X,Y.or Z Imagine grasping a co-
ordinate axis by the righta o

hand, with the thumb pointing
along the axis in its posi-

N ,N ,.'' - tivo direction. The positivo
'

j '?'(
. sense of an angle, or an.. ..'

angular rotation, will be
given by the direction ine

| y \ r which the fingers curl aroundx
; this axis. A negative sign,

for an angle will specify a*
,

! rotation in the opposite )
| direction. '

The two major axis nystems used by the program are
discussed in the following sections.

I "j| E - R.t

.- ..

e - o
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a. Overall Global Axis System

The overall global axis system, applies to the-

*
complete structure and is used for locating"

joints of the structure. The coordinate values

given on the joint data cards refer to this

system. The overall axis system may also be

used to specify load directions, such as dead

loads or wind loads. The overall axis systim
,

has one origin and its location is input by

the user. It is usually placed to take ad-,

vantage of symmetry on the structure if it

exists. This greatly reduces the problem 'of

generating the coordinate location of joints.
~

In t'he overall axis system 'the X-Y p1'ane usually'

represents the horizontal plane of the structure,-

and the overall'Z is drthogonal to the plane
'

and in a direction opposite to gravity. This

generally agrees with normal conventions used

in structural analysis. See Figure 1 of the
,

main report.
9

b. Member Local Axis System

The member local axis system is used for des-

cribing the physical properties of each member.
Each member in the structure has an axis system.
The axes are labeled x, y, z using lower case

letters to differentiate them from the overall
global system. The x direction is always along

the axial direction of the member and y-= plane
is orthogonal to the x. The y-= plane contains

the member's cross-section. Two examples follow:

I g

Y - !

Q y y-

r ,; y,
,

11L-13
- -.

.

: a'.. Rt
-

[
-

~

~ .. -. ~

'
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c. Relationship Between Overall Global Axis and
,

Member Local Axis Systems

The particular arrangement of the y, z axis

with respect to the cross-sectional geometry

of the "I" beam depends on the particular

structure, and how the member may be rotated.

There is a set relationship between the overall

axin system and the member axis system so that
*

the program can associate each member's pro-
,

perties to the complete structure. This set-

relationship of x, y, z has nothing to do with,

#
the strongest direction of a cross-section of,.

" a member nor with the axis shown in the Steel,

Construction fianual. The set relationship.

between x, y, z and X, Y, is shown on the
,

following page.

The figure on the following page refers to the

relationship between the overall axis system
and the member axis system. The general case

' is the beam, brace, or diagonal member while a
puro column, with it's axial direction exactly
agrooing with overall Z, is treated as a special

case. For the following, it is annumed that

the members are not rotated about its local
axial axis (y = 0) .

Rules for the general caso member:*

(1) The x axis is always along the axial di-

rection of the member no matter how it is

used in the structuro. The positive direc-

tion of x is assumed to be from the left

joint to the right joint. R, 'A
.' .Q' *

__ _ , __ _- _ _ _ _ _ _ _
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i (2) The : axis of the member is generally made
I to agree with the direction of overall Z.-

,

(3) The member y axis is generally made parallel

to the overall X-Y horizontal plane.

(4) The x, y, z axis system is a right-hand

system and is orthogonal.

Note: For y = 0, all vertical loads on
the structure will cause bending
moments about each general case
member's y axis.-

Consider the general member, and notico the

|direction of the z axis as the member is rotated

about its y axis: the z axis is approaching

the horizontal position. At the same time, the

member x axis is agreeing more .and more with the-

overall Z. When the member becomes absolutely
,

vertical, we have the special case of a pure

colunn.

E Rules for pure columns: (y n 0)

(1) As in the general case, the x axis is always |
'along the axial direction of the member

(positive lef t to right) .

(2) The x axis always agrees exactly'in direction
with'overall Z.

(3) The member y axis always agrees exactly in

direction with overall Y.

(4) The member y axis is parallel to the overall

X-Y plane.
,

(5) The member z axis always agrees exactly in

direction with overall X.

(6) The member = axis is parallel to the overall

X-Y plane.

Note: All horizontal loads in the overall
X direction will cause bending moments
about the y axis in pure columns.- -

''
All horizontal loads in the overall
X direction will cause bending moments
about the : axis in pure columns.

k_~ \b. . ,
-

I '

o

_ _ . . _



dn the axis system illustration the type of,

1. raembers shown is unimportant, and how they are
plaged within their own axis system in un-
important. However, the relationship between

the member local axis system and the overall

global axis system is important. As members
.

are placed in the structure, knowledge of axis

system relationships enables one to determine

values for the moments of inertia about the y
,

and z axes. These examples explain this:
,

Example #1: If an "I beam" is to be used as a
column (pure column) and it is
desired that the web be parallel
with the Z-X plane of the structure,

Iz and Iy can be determined from
y

-

A
Y y=0.

,

~'
'

e __ ,
.

. , ,

Z Amis-

-
toward reader -

Example 82: For the previous column, if the
webbing of the "I beam" were to be
perpendicular to the Z-X plane of
the structure, the cross-section
would appear as follows:

y y

A y=0 .

h + z 4x

Z Axis
toward reader

y
The relationship between the member local axis

system and the overall global system has not

changed -- just the placing of the member within

the system.
|

TL-|7
-

p 't

._ _. - - _
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. Example f3: If a beam or angle brace of a
structure is to be an "I beam"
with its webbing vertical to the

f horizontal X-Y plane, its cross-
/ / section would appear this way:

.

y40
Y ' Y

.

.,
X-Y PLANE=-g,

.

Example #4: If the beam of Example 93 were to
have its web parallel to the X-Y
plane, it would appear as follows.
(If the "I beam" were a diagonal,
the web in the cross-sectional view
would be parallel to the X-Y plane).

. a *

- -

/
.y-o

.,

Y # y

- X -Y PLANEX . I

Note: When plane frames are analyzed, a vertical'

plane of the relationship just discussed
is used -- either the Z-X plane or the :-Y
plane. In plane frame analysis some,

'

moments of inertia are not needed if all
loads act in the plane.

3. Rotated Member Axis (y # 0)
!

,

In some cases a structure is built where a rotated
axis system'is needed for some members. In the case
of " pure columns" one might have a circular structure

i where the member's principal cross-sectional axis*

may lie on the radius of the circle and, therefore,
the member's y and = axes will not be parallel to
the overall X and Y respec'tively. For the " general

case member" (e.g. beams, braces, diagonals) the
.

R.-ii
.t i e

g . 5
-

I

.
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i~
member's y axis may be so pla' ced that it is not'
parallel to the overall X-Y horizontal plane. In

I
either case, the member's' eross-section has been,

rotated through an angle 'r. The member axis may
be rotated for geometrical reasons'or for analysis

-

output reasons. If a pipe (circular cross-section) +

is used in a structure and the desired forces and
moments are needed in a direction other than the
normal output direction, the axis may be rotated
in some desired direction to agree with an oblique
joint or another member's axis system. In either
the " pure column" or the " general member" case,
the rotated aitgle y is' measured from the normal

,

position of the y axis to the rotated position of
the y axis. The positive sense is determined from -.

the right hand rule and the direction of the me. der's
x axis. This angle y is given in degrees on the

-

member property type card (Card 12, Table 1) . y has
a range from -180.0* to +180.0* (-180.0*1 1100.0*).y

Two examples are given to clarify the discussion of
Y.

.

.

Y
4 Y

/> '

L J
-

y
y + y *

4 y

l (rtermol)
T

t2 y ( rotated)

>X >X
Z Axis

toward reader Z Axis
toward reader

Example 1: Normal Example 2: Rotated Pure
.

Relationship;

Columny||X,:||Y

R- li,

-

. . -

I

'
t
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In the second example the y angle shown is from
the normal-f relationship to the rotated y. To

,

,J determine the sense of the angle, note the direction,

of the member x axis and use the right hand rule.'
!~

In the previous example, i_f, the x was out of thef

paper, the counter clockwise direction would be'
positive and the value of y would be negative.

In the " general member" case the member's y axis
' '| may not be parallel to the overall X-Y plane af ter
-

it has been rotated. The normal' relationship for
re this member is to have its y axis parallel to X-Y,

'
plane. Therefore, measure y from the normal y axis
position to its new rotated y position. This angle

.,

,' is measured in the member's y-z plane, and its sense
is determined from the right hand rule applied to

-

"

the member x axis.,
.

.

5
-

2 2
|-o,

I * Left
> '- - y (rotated)

Y .T,

|
y - ' y ( normal)

$, p y
! <

x -

Right
Joint,

i

. NORMAL ROTATEDI

If this member had been labeled 2 5 on the MEMDI:R .i

card, the x axis would be positive from' g f,t to right';
.

as shown and the y angle shown would be positive.

...

R-10,

^

^

.- -- - }

|
:

___ . .. . . _ . . ._.
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Note:

1) For rotated members the plane of the cross-
( section does not change -- just the orientation

,, of the principal axis in the plane. The angle
y is always measured in this plane from the
normal y position to the new rotated y position.~

'

2) A member does not have a pcsitive x direction
*

until it has been entered on the MEMBER card,
*

. Positive x being from lef t joint to right jolnt.
.
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o?C?
Eic414--5.o.11 0 FL 3C TION CHECK w/MEMEER WT CPTIGN--

3,4,3,1,0,0.33000,.3,0,0,
. 0,0,0,0,0,0,0,0,

,,0,1,1.C,3,0,0,0,0,
! 2 .0.1.1. C ,0,0, 4 0,0,0,

9,0,1 -1,0,0,0,00,0,0,
4.1.1,1,1,1,1,130,0,0,
3.0,0,-1,0,0,0,
1,0.70.I,0,100,15724,550,0,0. 2405,4*0,
1,1,2,0,C,1,0,0,
2,2,3,0,0,1,0,0, -

3,3,4,0,0,1,0,0,

. LCAO CONO 1 . D E F L EC T I ON O.N. LY. . - . . - . _ _

LCAD COND 2 - MEMRER 'a i CNLY
1,0.3,1,
c800
E1691A--5.P.82 DEFL ECTION CHECK -- W/5 HEAR DEFLECTION

_0,3,4,3,1,0,0.30000,.3.0.0,
, . __ . , , , ,_ _ _. . _ . . . . . . . _ . . _ _ .

10*0,
1,0,1,1,0,0,0,0,0,0,
2.0.1.1.3*0,40,0,0,
3,0,1.-1,3*0,90,0,0,

*4,6*1,130,0,0,
3 C,0,-1,3*0,

- 170, 7 0. 7,0,10 3,~15 72 4,9 50,2* 3 5. 3.- 1,4* 0,
1,1,2,3,0,1 C,0,
' 2.3,0,0,1,C,0,

4 ,0 ,0",1 ,0 ,0 ,
JD

E 16 914-- S . P . 93 24 1 EMBER FRAME MULTIPLE LCADING
4,3,16,24,1,0,0,30000,.3,0,0,
1,0,30,3C,6*0,
1,1,1,1,1,0,1,0,10,0,
2,1,1,1,1 C,1,C,0,0,
3.1,L,1,1,0,1,5,0,0,
4,1,1,1,1,0,1,5,10,0,

- - ~ ~ ~ '-

5,C,C,0,C,3,0,0,10,5,
6,0,0,0,0,0,0,0,0,5,
7.0,0,0,0,3,0,5,0.5,
d,0,0,0,0,0,0.5,10,5,
9,0,0,0,0,0,0,0,10,10,
1C,0,C,C,0,0,0,0,0,10.

"11,0,0,C,0,0,3,5,0,10,
-- ~~ " ~ ' "

12,0,C,0,0,0,0.5,10,10,
13,C C.C,0,0,0,0,10,15,
14,0,C,C,0,0,0,0,0,15,
15,:1,0,0.7,0,0,5,0,15,
16,0,0,C,0,0,0.5,10,15,
1,0,1. ,0. 16e e t 7. 0 9 313 3 0 8 3 3 3 3,1. ,0, - 1,4 * 0,

1,1,5,0,0,1,3,3,
2,9,:,0,0,1,2,3,
3 2,4,) C,1,1,0, cap) J,gt op
4,3 , 7,0, C ,1,0. 3,

, 3,0, C ,1, 3 0, $2mp,te paTA
'

,$,3,4,1,2,3,

. 5.J,0,0,1,*,0,
i , t , 7 ,1, 0 ,1,1, 0 ,

9 , 7 , 9 , 0., 0 ,1, 0, 0 , [[-22,



,

1

13,9,11,C,J.1.0.0,
'',6,10,0,1,1,0,0,

!
,7,11,0,9 1,0,0,

,J,3,12,0,1,1,0,0,
14,9,10,0,0,1,0,0,
15,9,12 C,0,1,0,0,
16,10,14,0. C,1,0,0,
11,11.15,0,C,1,0,0,
19,12,16,0,0,1,0,0,
19,10,11,0,0,1,0,0,
20,11,12,0,0,1,0,0,
21,13,14,0,C,1,0,0,
22,14,15,0,0,1,0,0,
23,15,1e,0,0,1,0,0,

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

24,16,13,0,0,1,0,0,
LCA0!NG NO 1
1,2,0,0,

' 9,1. ,0,0,0,0,0,
'

i 10,1.,0,0,0,0,0, '

: LCADfhG NC 2
_ _ _ _ _ - . _ _ . . . . . _ --

~~ ,2,0,0.;2

' 9,2.,0,0,0,0,0,

| 10,2. 0,0,C,0,0,
~~'

LCAJING NO 3;
*

; 3.0 1 0,
14,1,1,0,0,0,1.,

~T4,0,1,10,10,0,1.,
_ _ . , _ _ . . . _ _ . . _ , . .__

1CA0!NG NO 4,

9,0 49,
CD '

E14914--5.P.84 3 BAR FRAME THERMAL DEFLECT!Ch CNLY
0,3,4,3,1,0,0,29000. 3..C01,0,
C,0,0,0,0,0,C,0,0,0,
1,1,1,1,1,1,1.-5,0,0,
2 . 0. 0,1,1,1, 0,- 5,10,0,
3,0,0,1,1,1,0.5,10,0,
4,1,1,1,1,1,1,5,0,0,
1.0.2.1.2.1,1,0,0,-1,4*0,

. _ _ , . , _ _ _ ,_

1,1,2,0,0,1,10,0,
2,2,3,0,1,1,10,0,
3,3,4,0,0,1,10,0,
cBCD
E 16 91 A-- 5. P . 4 5 30 T9055 NO STRESS CALCULATICNS
1,3,13. 2 C ,4,0,0,2 9000, . 3,0 0,
4. 0,- 13 5,30,18 0,0,-9 0, C -90. 90,
401,4*J,15,0,
2,3*1.t*C,
3,e*0,0.7.5,10,
4,6*0,1,19,10,
5 ,( * C ,1, 0 ,10,

6 A * 1,2 9, s), 5.

7,o*3.5,0,12.9
6,6*1,10,],15,
c,e*),17,j,t],
' " . e * C ,1 * , 0,12 . 5 ,.

. 5 * ) ,2 3 .),1') ,

...n*0,19,1,10,
,

| 13,e*1,20,0.C.

| 1 0.t.2C,0.0. 2103.107.0.10.9,".C.il.3,-1,4.95.4.v5.2.875,2.875
7. 0 1. 91. 3. 0. 19 3 0,10. 5 0,3. 3 + , C . G ' . 3. - 1, 2. 0 0. 2.10 1. 9' C . L . 9 ' O Q.[$

_



i !

9,0,2.23,3.5,6.040,3.124,1.02,C.0,0.0,-1,0.00,0.00,0.00C.C.000
co u ,4. 5 t ,0. 0. 1110,3 0.10,9. 6 7,0. 0. 0.0, -1,3. 0C ,3. 00,3. 00 0, 3. 00 0

's,4 ,0 ,0 ,1 ,0 , ),

,5,0,C,1,0,0,
2,13,6,0,0,1,0,0,
4,6,11,0,0,1,0,0,
5,3,5,0,C,3,0,0,
e,5,G,0,C,3,0,0,

. . , _ _ _ _ _ _ _ _ _ _, . .

7,0,12,0,0,3,0,0,
8,12,11,0,0,3,0,0,
o ,4, 3,0,0, 3,0,0,
1C,5,7,C,0,2,0,0,
11,7,8,C,0,2,0,0,
12,8,10,0.9,2,0,0,

. . . . . __ _ ..., _ _ _.. _ _

13,11,11,0,Ce2,0,0.
16,7,9,2,0.4,0,0,
19,8,9,2,0,4,0,0,
IL,1C,9,2,0,4,0,0,
17,2,3,0,0,3,0,0,
18,3,1,0,0,3,0,0,

_ _. . .. ._ _ . . . _ . . _ . _ _ _ . _ . .

19 , 5 ,6, C ,0, 3,0, 0,

20,4,8,0,0,3,0,0,
D IS TA !B'JTE0 ANO CONCENTR ATED LCADS
1,3,1,0,
5,0,15,4*0,

'

6,t,5*0,
12 ,0 ,0, - 5, 3 * 0,

,

12,3*0,5.59,26.56,-2,
=403

71A--S.D.Sc 30 TDUSS STRESS CALCULATICNS-TCTALS
,,13,2C,4,0,0,29000,.3,0,0,

4. 0,- 115,30,19 0,0,-9 0, C -9 0,90,
- -~~~

401,4*0,15,0,
2,3*1,6*C,
3,6*0,0,7.5.10,
4,6*0,0, 15,10,
5,6*C,0,0,10,
e,t*0,20,0,5,

, _ ___ __

7,c*C,5,0,12.5,
0.6*0,10,0,15,
9,t*C,10,0,10,
10.6*0,15,0,12.5,
11,e*0,20,0,10,
12,6*0,15,0,10,

_.

13,6*1,20,0,0.
1,2,6.2 C ,0. 0. 2100,10 7. 0.10. 9,0. 0. 0. 0,- 1,4. 9 5,4. 9 5,2. 9 7 5,2. 8 7 5

i

| 2,2, 3. A 1,0. 0, .14 00,10. 50, 3. 3 6,0. 0,0. 0,- 1,2. 00,2. 0 C .1. 9 7 C ,1. 9 7 0
' ',1,2.23,3.5 c.040,1.020,3.02,C.0,0.0,-1,0.0C,0.00,0.000,0.000

4,2,4.56.0.0. 1110,30.10,9.67,0.0.0.0,-1,3.00,3.00,3.000,3.000
1,1,4,0,0,1,n,3,

i 2 . 2 , 5, 3, 0,1,0,0,

3,13,6,0,0,1,0,0,
4.e,11,3,1,1,0,0,
5,3,9,1,C,3,0,0,
6.59,1,1,1,0,0,
* ' ,12,0.J,3,0,0,

' ,1 1,0. ) , 3 ,0,0.

..,,1,0,0,3.0,0,
10,c,7,0,0,2,0,0,

,

11,7,8.C,0,2,3,0,

. .

- ____
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h. s

( . * y
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s .s
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<

( 1.! , h'
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x y .~

12 M,1",C .*,?,1,0, <
, ,,

13,10,11,0,0,2,0,0,
_

,

'4,7,9,2,0,4,0,0,
.

, ' ,
'

'
,8,9,2,0.4.0.0, '

'S '

* ' ' '
.

-so,10,9,2,0,4,0,0,
,

--

17,2,3,0,0,3,0,0,
.

' '

1d,3,1,0,0,3,0,0, -

19,5,6,0,0,3,0,0,
-

' 20,478,0,0,3,0,0,
_,

'

OISTRIBUTED Ar.0 CONCENTRATED LOADS -
-

1, 3 ,1, 0 ,
.

5,0,15,4*0,
_

-

6,6,5*0,
12,0,0,-5,3*0,

~12,3*0,5.59,26.56.-2, ' -'~-~ ~ " ' - '
-

,

eBC3
E16914--5.P.47 30 TRUSS LOA 0 CCMBINATION STRESS CALCS-BREAK 0CHN
2,3,13,2 C ,4,0,0,29 000, . 3,0,-1,
4,0,-135,10 190,0,-90,C,-90,90,

_

1
2.1,.5 2 5,

' ~ - - ~ ' " "- ~ ^ ~ ' ~ ~ ~
.i

l401,4*0,15,0,
2.3*1,6*0,
3,6*C,0.7.5.10,
4,6*0,0,15,10,
5 ,e * C ,0,0,10,

6,6*0,20,0.5,
~ ~ " ' - "7,6*0,5,0,12.5,

8,t=C,10,0,LS, .

-4,6*0,10,0,10, '

' ,6*0,15,0,12.5, 'e '

4,680,20,0,10,
.

12,6*0,15,0,10,
'

~

13,t*1,20,0,0,
1 -2,6.20,0.0. 2100,107.0.10.9.0.0.0.0 -1,4.95,4.95,2.875.2.875 -

2,-2,3.91,0.0,.1900,10.50,3.36,0.0.0.0,-1,2.00,2.00,1.970,1.970
1,-1,2.23.3.5,6.040,3.020,3.02.c.0.0.0,-L,0.00,0.00,0.000,0.000
4,- 2, *. 5 6,0. 0, .1110, 30.10,9. 6 7,0. C ,0. 0,- 1, 3. 0 0,3. 0 C ,3. 0 0 0,3. 0 00

1,1,4,0,0,1,0,0,
2. 2 . 5,0, 3,1,0, 0,

_

3,13,6,0,0,1,0,0,
4. c .11,0,0,1,0,0,
5,3,5,0,C,3,0,0,
6. 5 ,9 ) ,0,3,0,0,
' ,9,12,0,0,3,0,0,
8.12,11,0,0,3,0,0,
'9,6,3,0,0.3,0,0,

,

10, 3, 1,0,0,2,0,0,
11,7,8,0,0,2,3,0,
12,9,10,0,1,2,0,0,
13,10,11,0,0,2,0,0, ,

14,7,9,2,0.4,0,0,
15.d,4,2,1,4,0,0,
16.11,1,2,3,4,0,0, '

It.2 3,0,0,T,0,0,
13,3,1,3,4,3,J,0,
1.5.6.C,0,3,G,0,

4 . ,i , C , 0 . 3 , 0 . 9 ,
. A 4 C ". *1 C 1'

1,3,1,0,
Ib D5, t) .15,4 * 0,

- !
.



I, : |
"

'

l.

<t g , .

'

5 ,

*.t.ie),
t2 a.a -5,3e . Ic

' ''41 * 0, 5'. f 9, 2 5. 5 6 - 2,
l

0 53 C C'O 2 < ;'
* ' I2.3.1 0',*

5,0,15,s*0,.f
_,

. 6 , 6 ,* 4 * 0,
. ,

'

;_12ed,0,*S,370,
,_

- f 2, 3 *0, 5. 59,2 6. 56,-2,_,
, __

cBOD <-

1169 L A--S. P.- # S 30 TRJSS LCAC CCM8!NATICA STRESS C ALCS-TCTALS
2, 3,13,2 C ,4,0,0,29000, . 3,0,1,
4,0, - L 3 5, 30,18 0,0,-9 0, C ,-9 0,90,

- 4b.4*0Lk6,
2.3*let*0,
3,6*0,0,7~5,10,.

4,6=0.0,15.LO,
5,6*0,0,0,10,

,,6,4*0 20,0,5,
,_ _, _. _.

-

7,eec,5,0,12.5,
9,6*0.10,0,15,
9.6*C,10,0,10,
10,o*0,15,0,12.5,
11,6*0,20,0,10,

''-- 12,6*0,15,0,10,
~ ~" '

" 13 6*1,2C,0,'0,
L ,2, 6. 2 0,0. 0, .2100,10 7. 0,10. 8,0. 0. 0.0,-1,4.9 5,4. 9 5,2. 8 7 5,2. 87 5
L 2,3. 91,0. 0, .1900,10. 50,3. 36 ,0.0. 0.0,-1,2. 00,2.0 0,1. 97 0,1. 97 0

. 2. 2 3, 3. 5,6. 0 40,3. 02 0, 3. 02, C. 0,0. 0,- 1,0. 0 0,0. 00,0. 00 0,0. 00 0

J ,4. 56,0. 0, .1110,3 0.10,9.6 7, C . 0,0.0,-1,3.00,3. 0 0,3. 00 0,3. 00 0

, 1,Le4,0,0,1,0,0,
., _ _ , _ _ _ ,,

-

2,2,9,0,0,1,0,0,
3,134tio,0,1,0,0,
4,6,15,0,0,1,0,0,
5,1,5,0,C,3,0,0,
d ,5 ,9 ,0 ,0 ,'3 ,0 ,0 ,

7,9,12,0,0,3,0,0,
9,12,11,0,0,3,0,0,
c,4,3,3,9,1,0,0,
10,5,1,0,0,2,0,0,;

11,7,8,C,0,2,0,0,
12,3,19,0,0,2,0,0,

j 13,10,11,0,0,2,0,0,
, , _

LC,7,9,2,3,4,3,0,
|

l 'a , 9 ,9, 2 ,0 , 4,0,0 ,'

16,10,7,2,3,4,0,0,
1/.2.3,0,0,3,0,0,

.

14,V.1,],0.3,3,0,
.

19. 5 , c , C , 0, 3,3,0 7 |

; 20,4,3,0,1,3,1,0,
-LC AO C OV1 1

11,3,1,0,m

*,0,LSe.*4,r
1

': et,5*0.
' . .J.-5,3*1,
1=r,5.51,26.56.-2,e

'

L C ' .9 C~ (
- 2,r r..,,

'O

g-g
5.0,13.4*),

,

* - |
1

i

' _ _ . - ,

<_* _u _
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BIRMINGHAM DESIGNm.
.

. _ . .
,

.

BARRD. DESIGli
~

The lock. barrel is 1/2" thick for fabrication reasons.
The thickness is checked as a cylindricti shell in accordance with ASME
rules usng the design pressure loads.

The design interna * pressure will be external pressure on that portion of
the lock barmi that extends inside the containment vessel. The maximum
length that the barrel may project inside the containment vessel is
determined based on this pressure. For 1/2" barrel and 60 psi, this.

length is 38". .

-

; The matsum length that the barrel may project from the containment wall
and remain dynamically rigid is determined. For 1/2" barrel, tMs

! length is limited to 27'-5". The addit.ional length is added between bulkheads.
For the 27'-5" barrel length, the bulkhead to bulkhead length is limited to'

! 23'-11". This length is checked for the ' design external pressure.
The stress due to Dead Load and acceleration load will be determined based
on,the projections as determined above. -

.

Desip is based on barrel for 4'-0 x 6'-8 door size.
.

The barrel is analyzed using unit load. The resulting stresses are-
smitiplied by the appropriate factor and tabulated on the stress summary
for the barrel. Stresses art reported only at points of interest. -

.

Loads: Design Temperature = 400 *F.

fo psig1) P! Design Internal Pressure= =

2) PE 5 psigDesign External Pressure= =

3) D = 50000 lb.Dead Lead= .

Acceleration (horizontal.(i) Ahz =

/.s galong Z axis) =

~

Acceleration (horizontal5) Ahx =

/, f galong X axis) =

Acceleration (Vertical)6) Av /,0 g= =

Load Case 18: PI + D + Ahz + Ahx + Av

Load Case 23: P.E + 0 + Ahz + Ahx + Av

,--

f6-L
sumacy won av cuo av s, c m ace no. I
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g .. . .._ . _ _ BIRMINGHAM DESIGN

,

.

.

BARREL LOADS

D /= 173.2 (Based on length required
for 1/2" thick barrel to

',0 0' remain dynamically rigid)e

'

: : ,

i

! (D)(1) = Moment due to Dead Load = 50000(173.2) = 8.660 x 10 in-1b.
!

Horiz. Force due to Accel on D
! A =g

/.S (50000) =.754*e Ib.=
.

Horiz. Force Due to Accel on (D)(1)A =
, HX

/.F (8.660 x 10 ) = 12.% x/o' in-lb.: =
*

.

Vertical Force Due to Accel. on (D)(I)Ay =

/, o 8.660 x 105 = ?.Me puo' in-lb.

.

.

s
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BIRMINGHAM DESIGN
~

g .. .

- ,
, ,

Cy y
A A

Vertical-Axis of Lock -

k
.

. _

Horizontal Axis of Lock
. z

Longitudinal Axis of Lock -

,

HINGE FREE 80DY X-Y PLANEAIRL,0CK COORDINATE SYSTEM

*

In the X-Y plane the hinge is modeled as a cantilever frame supported at~

the upper hinge support bracket.and lower hinge support bracket.
.

U
b '

y .

5
, VIEW A-A

-

_ _ _

>

In the X-Z plane the hinge is modeled as a simply supported frame supported
by the upper and Iower hinge bracket at one end and by the latch bar assembly

-

at the other end.

The hinge will be designed for the following load case: ..

_

Case 1 - Seismic Acceleration acting vertical downward,
Horizontally outward (along Z axis tending to unseat
door) and horizontally across face of door (along X axis)
in combination with the dead load, pressure load,
and gasket seating load.

-

Loads: Design Temperature - 400*F. .

1) 0 - Dead Load
2) Pe - Design External Pressure = _g_.(PSIGreq'd to maintain 1/8"3) Pg - Gasket Seating Load - 25'lb/in compression)
4 Ahz - Seismic Acceleration (horizontal along Z axis) = /.5'_ g
5 Ahx - Seismic Acceleration (horizontal along X axis) = g g
6) Av - Seismic Acceleration (vertical) = h g.

Load Case 1 = 0 + Pe + Pg + Ahz + Ahx + Av
,.

r5-5
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BIRMINGHAM DESIGN-

_. ,

1
-

An analysis is performed utilizing a unit load. The resulting .
stresses. are multiplied by the appropriate factor and combined in-
accordance with Case 1. These stresses,are tabulated o' then . . . , **

stress susunary for the hinge. Stresses are reported only at points
of interest.

Hinge design is based on dimensions and loads required for a 4'-Ox6'-8
~

door,
,

.

' *
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BIRMINGHAM DESIGN
. Location

.

\
'

HINGE DESIGN
' ;

HINGE LOADS ! .g.....
.

'
1 .

Pressure Load due to L PSI acting over area of doorPe a

(4050) 1 = 2025e= .

Loadduetogasketseating(25f/in) 'Pg = -

.,

Door perimeter x 25=(250)(25)=6250f=
|

-
|

*

Dj Couple produced by Dead Weight of door being cantilevered from=

Joints 3 and 11 -

g

%1 OI%

Dj = W(4414) = 2670(14)
'

o oog.
- % .= 1850f

.

w q ,
44 .

'' p, .

UC *

.

D Wt of door =-2670#=
2 ,

D3 Wt of Main Hinge Pin = -350#=

Wt of Hinge Arm + CTr. Hinge Pin - -1400 + -480 = -1900D =
4

05 Wt of Roller Assy. =-100f=

AHZ1 = Horiz. Force due to ac'cel on Dj. Although resultant force is
horizontal, the cause is vertical. Use vertical Accel. Factor.

= /.O (850) = t BSO

AHZ2 = Horiz. Force Due to Accel on D2
*

/.7 (2670) = 4000=

|

| AHX2 = Horiz. Force Due to Accel on D2
t

= /.6 (2670) = 4800

AHZ3 = Horiz Force Due to Accel on D3 +

#
= / 1 (350) = S 2 5'

AHX3 *[0[i k!'fYd5 " 3 6-3'

SUBJECT MADEeV CHKD ev 3, CHARGE NO.
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BIRMINGHAM DESIGNLocatice

A

AHZ4 = Horiz. Force due to Accel. on 04 | ; [, ,
, ,

15_(1900) = 2$0 *= -

AHX4 = Horiz Force Due to Accel On D4
d(1900 ) = 286*.4=

AHZ5 = Horiz Force Due to Accel On DS !

d(100) = /6*O
,

=

AHXS = Horiz. Force Due to Accel on DS

/.5_(100)=/f_o=

A Vertical Force Due to Accel on D=
V2 2

= -j2670) = -Z670 -

Vertical Force'Due to Accel on 0 '

Ay3 = '3 .

'

-I.a 050 ) = '5fo=
.

,

C A Vertical Force Due to Accel. on D4=
y4 -ho 0900 ) = "/ Pap .

-

A Vertical Force Due to Accel on D
V5 5

-/.o (100) = -/oa=

.

.

.. .

.

r
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E N P
S F: Applied Forces from Load Case*

y 1 c::- ilo
,

-

.

-
.

,T HINGE MODEL"
,

,

.

~~

LOAD CASE 1
-

, , ,

Fx Fg Fz
y

~

1
.

2 MAHX3) 0 1/2(ANZ3)

h IbX3) IAHZ3)0 1/28

#A9 0 3 v3 0

hAHX2) 9+b2,hPE4G)-D-Ag7) + ( Ag7f
'

3 j

4 1/2(AHX4) 0 +A 1 1/2 (AHZ4)4 y4

1/2(AHX4) 04+Av4 l 1/2 (AHZ4)
'

10

PE4S)+0 +AHZ1 AHZ2||AHX?) 0 1
11

0+Av5 1/2(AHZ5)5- 1/2(AHX5) 5

| 12 1/2(AHX5) 0 1/2(A
HZ5
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_ BIRMINGHAM DESIGNg _
,

-

I,

BULKHEAD DESIGN

The bulkhead consists of a stiffened flat plate. The thickness is
determined based on the largest panel using flat plate design. The

*

prim.ary. and secondary stiffeners are designed as simple beams. The
reactions from the hinge and latch are taken out at the primary stiffeners, j

A porticn. of the bulkhead plate is assumed to act with the stiffener.

The bulkhead is designed for two load cases:
,

Case 1A - Seismic acceleration acting horizontal (along longitudinal axis
of lock) in combination with specified design internal pressure

, and reactions from hinge and latch. .

Case 2A - Seismic acceleration acting horizontal (along longitudinal axis .
-

of lock) in combination with specified design external pressure -

and reactions from hinge and latch.

Loads: Design Temperature = 400*F .

'

.1 ) P! = Specified Design Internal Pressure - d* PSIG.
2) Pe = Specified Design External Pressure - f PSIG

*3) PEQ= Equivalent Pressure Due to Seismic Acceleration
(Horiz. along longitudinal axis of lock) = .74 Ahz = .74 S)

4) Rz7= Reaction from late'h -

5) Rx1= Reaction at Joint 1 main hinge pin
6) Rz1= deaction at Joint 1 main hinge pin
7) Rx9= Reaction at Joint 9 mata hinge pin
8) Ry9= Reaction at Joint 9 main hinge pin
9) RzS= Reaction at Joint 9 main hinge pin |

* Note: PEQ is derived by unifonnly distributing the bulkhead stiffeners
and door stiffeners to arrive at an equivalent thickness.
Equivalent thickness of bulkhead and door are assumed equal.

The bulkhead and stiffeners are analyzed using unit imds. The resulting -

stresses are,multip?ied by the appropriate factor and combined in
accordance with Case 1A and Case 2A. These stresses are tabulated on -

the stress surrnary for the bulkhead. Stresses are reported only at points
of interest.

Load Case 1A: P! + PEQ + Rz7 + Rx9 + Ry9 + Rz9

Load Case 2A: Pe & PEQ + Rz7 + Rx9 + Ry9 + Rz9

-
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_ BIRMINGHAM DESIGN
~

-

DOOR DESIGN

The door consists of a stiffened flat plate. The thickness
is determined based on the larg.est panel using a flat

plate design. The stiffeners are designed as a simple beam

with a uniform load'. A portion of the door is assumed to
act with the stiffener.

The worst pressure load on the ' door is the design internal

pressure. An equivalent pressure due to horizontal acceleration
acting over the area of door is combined with the design
internal pressure. Stresses due to vertical acceleration is zero.

0 !
'

Loads: Design Temperature = 400 F
b-

1) PI = Design Internal Pressure = $0 peig

2) PEQ = Equivalent pressure due to acceleration
(horizontal along longitudinal axis of-

lock) = .74 Ahz ".74 I /*6) psi (See bulkhead
*

design for PEQ) .

analyzed using unit load.The door plate and stiffeners are
- The resulting stresses are multiplia.d by the appropriate factor

and tabulated on the stress summary for the door. Stresses
are reported only at points of interest. .

This design covers three different size doors 4'-0x6'-8,
3'-6x6'-8 and 2'-6x6'-8. All three doors utilize the same plate
thickness, stiffener sections, and stiffened arrangement.

- The only dimensional difference between the door sizes is the
width. The largest width occurs on the 4'-Ox6'-8 door. Therefore, the

design is based on the 4'-Ox6'-8 door. Y
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.

,

.

CONTAINMENT VESSEL

SUMMARY OF PRESENTATION
.

.

* RESOLVE ALL QUESTIONS - RE: 197tl VS. 1980 ASME CODE (220.25).

* RESOLVE ALL_ QUESTIONS - RE: ULTIMATE CAPACITY (220.30).
'

:

.

* RESOLVE ALL NRC AUDIT (MAY 1982) QUESTIONS.

* RESOLVE ALL OUTSTANDING PSAR QUESTIONS.

C

' CONCLUDE THAT ALL SAFETY EVALUATION REPORT ISSUES HAVE BEEN SATISFACTORILY
RESOLVED.

-

.

:

.

.



CONTAINMENT VESSEL

OUTSTANDING ISSUES

RESOLVE COMMENTS ON PREVIOUS RESPONSES:

* 220.25 - WHY WAS 1974 ASME CODE USED (ALSO AUDIT CONCERN II.2).

- WHY WAS P = 0 USED IN N-284 ANALYSIS.g

- DEMONSTRATE THAT THE SHELL DOES NOT BUCKLE IN THE VICINITY OF THE

EQUIPMENTllATCil. .

- PROVIDE NUMERICAL COMPARIS0NS FOR TYPICAL PIPING PENETRATIONS.

* 220.30 - EXPAND THE ULTIMATE CAPACITY PREDICTION (ALSO AUDIT FINDING I.B.I).

NRC AUDIT FINDINGS (MAY 1982)

e RE-EVALUATE THE SKEWED AIRLOCK EFFECTS.

* RE-EVALUATE THE LIVE-LOAD EFFECTS ON THE AIRLOCK FREQUENCY RESPONSE.
'

* CONFIRM THE FUNDAMENTAL DOME BREATHING MODE.

* VERIFY Alt. SIGNIFICANT COMPUTER CODES.

MISCELLANE0US

: * CRITERIONS ARE NOT CURRENT IN PSAR 3.8.2.2.4

'

.

i



.

P =0g ,

QUESTION: WHAT IS THE JUSTIFICATION FOR ASSUMING THAT THE EXTERNAL CON-

(220.25) TAINMENT PRESSURE (P ) B 0 M M EMW 0F EMMUg

BUCKLING ACCORDING TO CODE CASE N-284?

RESPONSE: * CONTAINMENT BUCKLING WAS EVALUATED FOR BOTH EXTERNAL PRESSURE

AND EARTil0VAKE.

e THESE LOADS RESULT FROM TOTALLY INDEPENDENT ACCIDENT SCENARIOS

AND THEREFORE ARE NOT COMBINED.

* EXTERNAL PRESSURE IS AN AFTER EFFECT OF A NA FIRE (C.V.<

ATMOSPHERE C00LDOWN).

- MAXIMUM P = .B M M8 M EE MM9.g

- PROBABILITY IS EXTREMELY REMOTE.

- PERIOD IS VERY BRIEF.

- OCCURS VERY LATE INTO THE SCENARIO.
'

- (.V. WAS CONSERVATIVELY DESIGNED FOR .5 PSIG USING ASME ;

RULES (N-284 DID h0T OIANGE). i

e EARTHQUAKE LOADS GOVERN THE DESIGN BY A SIGNIFICANT MARGIN.

- f10 KNOWN SCENARIO CONNEC1ED TO EXTERNAL PRESSURE

- EFFECT OF COMBINING EXTERNAL PRESSURE WOULD BE INSIGNIFICANT.

* THEREFORE, P = 0 WAS APPROPRIATE FOR THE N-284 ANALYSIS.g



_ _ -

.

EQUIPMENT HATCH BUCKLING

QUESTION: PROVIDE FURTHER INFORMATION ON THE EFFECT OF THE EQUIPMENT ACCESS

(220.25) HATCH ON THE MARGIN AGAINST BUCKLING. THE N-284 BUCKLING EVALUATION

PROVIDED BY THE APPLICANT AS PART OF THE RESPONSE TO QUESTION 220.25

DOES NOT ADEQUATELY ADDRESS THE EFFECT OF THE EQUIPMENT ACCESS HATCH.

DESCRIBE METHODOLOGY USED IN DESIGN INCLUDING CONSIDERATION OF BUCKLING.

RESPONSE: *OPENiNGHASBEENREINFORCEDBYASMEAREAREPLACEMENTVALUES.

* ADDITIONAL STIFFENING SYSTEM PROVIDED TO MAINTAIN CONTINUITY

OF RING STIFFNESS.

- ANALYZED AS A STRUCTURAL FRAME UTILIZING STANDARD DESIGN

PRACTICES FOR BEAMS AND COLUMNS.

- STIFFNESS EQUAL TO OR GREATER THAN UNPENETRATED SHELL.

- ALL LOADS CARRIED BY STIFFENING SYSTEM.

* STIFFENING SYSTEM CARRIES ALL LOADS IN THE REGION AND, THEREFORE,

THE SHELL CANNOT BUCKLE.

e ANALYSIS SUPPORTED BY EXPERIMENTAL STUDY - REFERENCE: -

" EXPERIMENTAL STUDY OF THE BUCKLING 0F CYLINDRICAL SHELLS WITH

REINFORCED OPENINGS", C. D. MILLER - JULY 25-28, 1982.

* LARGE EQUIPMENT HATCH OPENING DOES NOT AFFECT THE MARGIN AGAINST

BUCKLING. .

.



).

PENETRATIONS

QUESTION: N0ZZLE PIPING TRANSITION. THE COMPARIS0N INCLUDED IN THE

(220.25) RESPONSE TO QUESTION 220.25 RELIES ON ENGINEERING JUDGEMENT.

PROVIDE NUMERICAL COMPARISONS FOR TYPICAL PIP 1NG PENETRATIONS.

RESPONSE: * ALL' DESIGN-LOADS ARE STATED CONSERVATIVELY.

* FOUR OF THE HIGHEST STRESS'0 PENETRATIONS WERE SELECTED FOR -

ANALYSIS.

* MEMBRANE AND SURFACE STRESS WERE EVALUATED AT CRITICAL LOCATIONS.

* ALL STRESSES SATISFY THE 1980 CODE REQUIREMENTS.

* IT IS CONCLUDED THAT THE CURRENT ''ENETRATION DESIGN PROVIDES A

LEVEL OF SAFETY EQUIVALENT TO THAT WHICH WOULD RESULT FROM

FULL IMPLEMENTATION OF THE 1980 ASME CODE.
,

i

|

1

1

4

!

l
l-

l



.

,

A
ULTIMATE CAPACITY

.

QUESTION: THE ULTIMATE CAPACITY PREDICTION FOR THE CONTAINMENT

(220.30) SHOULD BE EXPANDED TO INCLUDE THE EFFECT OF ALL DIS-

CONTINUITIES AND THE CAPABILITIES OF ALL PENETRATION

COMPONENTS INCLUDING SEALS, DOORS, ETC. APPROPRIATE

THERMAL EFFECTS SHOULD BE INCLUDED.

RESPONSE: BUCKLING OF THE EQUIPMENT HATCH IS CALCULATED TO OCCUR

AT 43 PSIG AND 70 F. PENETRATIONS, D0 ORS, DISCONTINUITIES,

SEALS, ETC. ARE NOT CONTROLLING.,

BUCKLING OF THE EQUIPMENT HATCH IS ALSO CALCULATED TO

OCCUR AT 40 PSIG AND 450 F. PENETRATIONS, D0 ORS,

DISCONTINUITIES, SEALS, ETC. ARE NOT CONTROLLING.

.

O

__



_ - _ ._ .. _. - -

,

SKEWED AIRLOCK

QUESTION: IN EVALUATING THE EQUIPMENT AND PERSONNEL AIRLOCK FOR SEISMICi

i (1.C.I.A) LOADS, AN ASSUMPTION WAS MADE THAT IT PENETRATES CONTAINMENT

IN A RADIAL DIRECTION. TO DEVELOP THE DYNAMIC MODEL FOR THE

AIRLOCK, ONLY TWO DEGREES OF FREEDOM WHERE ALLOWEDi RADIAL

AND ROTATION ABOUT A HORIZONTAL AXIS. IN ADDITION, WITH THE

MAXIMUM LIVE LOAD IN THE EXTREME END OF THE AIRLOCK, ITS

FUNDAMENTAL FREQUENCY IS BELOW THE PEAK OF THE DESIGN RESPONSE

SPECTRUM FOR THIS LOCATION. TO ADE0VATELY EVALUATE THE AIRLOCK,

THE FOLLOWING NEED TO BE DONE.

A. A THREE-DEGREE-0F-FREEDOM MODEL NEEDS TO BE DEVELOPED THAT

INCLUDES THE SKEWED PENETRATION ANGLE EFFECTS. Tile

ADDITIONAL DEGREE OF FREEDOM SHOULD BE ROTATION ABOUT THE4

VERTICAL AXIS.

O S ND 0 NT W SKEW D PE TRAT

e THE RESULTANT ACCELERATIONS INCREASED LESS THAN 3.2%.

e NON-CONTROLLING STRESSES INCREASED UP TO 11%.

e CONTROLLING STRESSES WERE REDUCED BY 4%.

e THE ASSUMPTIONS IN Tile DESIGN REPORT REGARDING THE SKEWED

AIRLOCK ARE CONSIDERED VALID.

:

'
._ _ ._ _ _ _ ._ _ _ - _ _ - - - - - - - _ - -
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.
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LIVE LOAD IN AIRLOCK

QUESTION: B. AMOUNTS OF LIVE LOAD THAT ALLOW THE FUNDAMENTAL FREQUENCY

(1.C.1.B) TO FALL ON THE PEAK 0F THE DESIGN RESPONSE SPECTRUM SHOULD

BE CONSIDERED.
,

RESPONSE: * MULTIPLE SCOPING CALCULATIONS WERE PERFORMED.

- LOAD VALUE AND LOCATION WAS VARIED.

- MAXIMUM FREQUENCY RESULTED FROM CENTERED LOAD.

- MAXIMUM FREQUENCY SHIFT WAS 13%.

* DESIGN CALCULATION CONSIDERED 10% FREQUENCY SHIFT.

* SINCE THE SPECTRAL ACCELERATIONS ARE MAXIMUM AT THE MINIMUM M0 MENT

ARM, THE EFFECT OF THE 3% FREQUENCY SHIFT IS NEGLIGIBLE.

e THE FREQUENCY IS ALWAYS ON THE LEFT SIDE OF THE PEAK FOR THE

VERTICAL AND CIRCUMFERENTIAL RESPONSE.

e THEREFORE, THE DESIGN CALCULATIONS ARE ACCEPTABLE.
.

-



i

. s

|
| DOME BREATHING MODE
.

h

QUESTION: THE SEISMIC LUMPED MASS MODEL INCLUDES STIFFNESS COUPLING TERMS

(1.C.2) TO SIMULATE THE FUNDAMENTAL DOME BREATHING MODE. THE FREQUENCY

AND MODE SHAPE OF THIS MODE NEEDS TO BE CONFIRMED WITH A MORE

REFINED MODEL.

RESPONSE: e CRBRP USED COMPUTER PROGRAM N0. 1017 TO ANALYZE SHELL.

e DYNAMIC SHELL OF REVOLUTION C0MPUTER PROGRAM NO.1374 WAS USED
'

,

T0. CONFIRM RESULTS.

* MODE SHAPES ARE IN CLOSE AGREEMENT.

* FREQUENCIES ARE WITHIN 10%. . .

! * THEREFORE, THE DESIGN CALCULATIONS ARE CONFIRMED.

!

i ?

)
.

_ - -
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'

,

VERIFY COMPUTER CODES

QUESTION: ALL SIGNIFICANT COMPUTER CODES USED FOR STRUCTURAL DESIGN NEED

(1.D.3) TO BE ADDRESSED IN THE PSAR ALONG WITH VERIFICATION DOCUMENTATION.

~
'

RESPONSE: * ALL COMPUTER CODES USED IN THE CONTAINMENT VESSEL DESIGN HAVE

BEEN VERIFIED (N0'S 655, 772, 781, 907, 1017, 1027, 1036,

13711, 1392, 1671, 1691, 1823).

i

* THESE VERIFICATIONS WILL BE ADDED TO APPENDIX A 0F Tiit PSAR.

,

i

e

4

<

1

a

_ - - - _ - _ - _ - . _ _ _ - . _ _ -
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1

PSAR 3.8.2.2.4 I

QUESTION: CRITERIONS ARE NOT NUMBERED CORRECTLY AND #14 IS MISSING.
.

.

_

RESPONSE: CRITERION 14 HAS BEEN ADDED.

CRITERION 4, 50-58 AND 64 HAVE BEEN RENUMBERED.
.

e

f

6

et
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Enclosure (5)
CR-7 83 :VF : 82-598

MEETING NOTICE

SUBJECT: CONTAINMENT VESSEL / CODE CASE (S) ANALYSIS

LOCATION: WLLCO, Landow Building, Room 1111
7910 Woodmond Avenue
Bethesda, MD

TIME: 8:30 AM

9 ATE: December 8, 1982

PURPOSE: To resolve the odtstanding containment
vessel / code case (s) issues.

SCOPE: This meeting will address:

a) The 1974 versus 1980 ASME Code Comparison
(NRC Question 220.25).

b) The Ultimate Capacity (NRC Question 220.3 0) ,
c) The NRC Audit Questions.
d) The Identification of Closed Issues.

Containment Vessel / Code Case (s) Analysis Working
Meeting Agenda

I. Introduction DOE /PO

II. Responses to NRC Questions
[ on the 1974 versus 1980 ASME

Code Comparison W-LRM

III. Responses to NRC Questions on
the Ultimate Capacity Analysis W-LRM

IV. The NRC Audit Questions W-LRM

V. Discussion and Resolution DOE /PO
W-LRM

VI. Identification of Closed
Issues DOE /PO

W-LRM
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Attachment (6)
CR-7 83 :VF : 82-598

ATTENDANCE

Name Organization Phone

Tom Butler Los Alamos (505) 667-5171
D. Jensen Los Alamos (505) 667-9208
Rick Whipple CBI (312) 654-7170
Richard Orr Westinghouse (904) 724-7700
Richard E. Gale Westinghouse (615) 576-1613
P. R. Washer CRBRP-PO (615) 576-6179
Vincent Fayne CRBRP/PO (615) 576-6394
Chen P. Tan NRC/SEB (301) 492-8424
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