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UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20548

pEC 2 7 1657

N REPLY REFER TO:

Docket No. 50-267

Public Service Company of Colorado
Public Service Company Building
550 Fifteenth Street

Denver, Colorado 80202

Attention: Mr, L. R. Patterson
Senior Vice President
Electric Department

Gentlemen:

As & result of the ACRS Subcounittee meeting on December 6, 1967,
the ACRS has requested the additional infomation indicated in the
enclosure in order to enable completing its review of your pro-
posed Fort St. Vrain Nuclear Generating Station,

Please submit your reply in an original eand two copies signed under
oath or effirmation together with seventy (70) edditional copies.

Sincerely yours,

Peter A./ rris, Director

Pivieion of Reactor Licensing

’ ,

' o, / e
$628020065 860729 , %ﬁ ///m//// Eefors
P PDR o

CC: A, L. Habugh
Gulf CGeneral Atomics
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Additional Information Required Relative
Lo the
Fort St, Vrain Nuclear Generating Station

December 15, 1967

Outline any changes that would be required in the plant design {f the
tendon ducts were to be filled with a suitable grease in order to
inhibit tendon corrosfon. How would such a design change influence
the surveillance program to assure adequate corrosion control?

Evaluate the potential consequences of an accident in which all forced
circulation cooling of the core is lost and the PCRV liner is sub-
sequently assumed to fail in such a manner that it offers no re.istance
to leakage of gas from the PCRV. Assuming no helium buoyancy effect,
what off-site doses would result from PCRV internal pressures of 2 and
5 psig?

What {s the equilibrium xenon plus krypton STP volume? What would be
the pressure rise in the PCRV due to the Xe and Kr released during
the core-heat-up accident?

Submit the results of a quantitative analysis which determines the
permissible number of tendons that may fail before a definite hazard
would exist. The failure of both adjacent and parallel tendons as
well as adjacent but non-parallel tendons should be considered.

Submit preliminary acceptance standards or rcasonably definitive
eriteria for the proof testing of the PCRV in sufficient detafl to
permit establishing the adequacy of this test program.

Expand the analyeis cubmitted of the accident fnvolving the loss of
forced ~irculation gas cooling of the core so as to investigate the
long term consequences of such an a:scident and the procedures for
recovering from such an accident,

Outline the extent to which either PSC or its agents will perform an
independent audit of eritical stages of construction and testing.
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Submit the results of en analysis wvhich investigates the possibllity
of the PCRV liner feiling during a loss-of-cooling sccident. The
analysis should ‘nclude consideration of the possibility and con-
sequences of deterioration of the liner during plant lifetime.

Assuming the opening of a crack in the PCRV sufficiently large to
cause rapid depressurization, is there & possibility that the crack
vill not ¢lose coupletely so that air ingress becomes a problem?
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The information below is submitted in response to Question
No. D.3. enclosed in the letter {rom Peter A, Morris dated
December 27, 1967.

D.3. Question: Submit the results of a quantitative analysis which de-
termines the permissible number of tendons which may fail before a definite
hazard would exist. The failure of both adjacent and parallel tendons as
well as adjacent but nonparallel tendons should be considered.

Answer: A quantitative analysis has been performed to establish the ap~-
proximate number of tendons which could fail during operation of the reactor
before a hazardous condition would exist. The results of this work are
presented.

Vertical Tendons. By analyzing the prestress forces on a horizontal
section through the vessel, it is shown that at least six adjacent vertical
tendons can be lost during vessel operation before the design condition of
zero average stress across the wall is violated. This analysis was per-
formed by removing individual adjacent tendons on one side of the cross-
section until the centroid of the vertical prestressing shifted sufficiently
to produce tension halfway through the wall thickness. This includes the
assumption that vertical prestress losses are twice the predicted values.

Even if all vertical prestress forces were lost, the PCRV walls which
are very heavily reinforced with continuous high strength bonded reinforce~
ment still tie the two heads together. 1In order to assess various safery

margins, the following information is submitted to show the cavity pressures
which the PCRV could resist with only the rebars acting.

A f
2 2 =
f. [kip/in, “] A. [in¥] A.f‘ [kip] | p 3ix 2/4 " 37{:: [psig)
0.9 f.y = 67.5 1640 110,500 1020
l-y = 75 1640 123,000 1135
f. = 100 1640 164,000 « 1515

The amount of reinforcement in the haunch areas and in the wall sec-
tions adjacent to the heads is considerably larger than the reinforcement
at vessel midheight for which the analysis was performed, Concrete cracks
and their effect on liner strains are still small even at 845 psi since
the reinforcing steel has not ylelded. 75% of the vertical reinforcement
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consists of ‘' #18S and #11 bars which are spliced by mechanical means to de-
velop the minimum guaranteed tensile strength of the bars. The bars are
all anchored within the heads where the concrete will be in compression
and the #18S bars have anchor plates attached to their ends.

Circumferential Tendons. The loss of one "complete ring" of circum-
ferential tendons which consists of 3 sets of six tendons each spaced over
a wall height of about 5'-0" has been analyzed without taking advantage of
load redistribution to adjacent complete rings. The number of tendons
that can be lost at any cross-section of the ring is given below in rela-
tion to the internal pressure required to produce failure. Of the total
of 18 tendons, a minimum number of 12 pass any cross-section. Reinforcing
steel is taken into account.

Internal Required No. of No. of Tendons
Pressure Tendons Passing Allowed to Fail
[psig) Any 5' Cross-Section at Any 5' Cross-Section | Safety Factor

1690 2.0
1475 1.75
1265 1.50

1055 1.25
845 1.00

The results of this single evaluation indicate hat all adjacent circum=
ferential tendons can fail (i.e., all tendons anchored on one face of one
pilaster, including head region) without reducing the safety factor against
fatlure at 845 psi below 2.0, Liner strains are still compressive,

Of 236 circumferential tendons, about 30 tendons uniformly distributed
could be lost before net tensile stresses would occur across the wfll sec-
tion at B45 psig assuming the predicted prestress losses of about 12% have
occurred. On this same basis, of the B4 circumferential tendons in the
heads, about 6 from each head could be lost.

Crogshead Tendons. A!' adjacent crosshead tendons on onesface of the
vessel represent 331 of the total crosshead prestress, or 16 out of 48
tendons, loss of these adjacent tendons does not unbalance the remaining
prestressing forces that help to counteract the cavity pressure applied to
the heads because of the 120 degree orientation of the tendons. The large
head depth also allows the unbalanced forces, caused by loss of adjacent
tendons, to redistribute and still provide an almost uniform prestress force
on the inside face of the vessel head.
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The overall effect of the crosshead tendons has been demonstrated by
overpressure tests on a 1/13 scale model of the PSC-PCRV bottom head. Test
pressures of 2400 psi could not cause failure of the heads. Since the
crosshead tendons were tensioned to resist only approximately 600 psi of
the internal pressure, the complete loss of all of these tendons would not
reduce the head capacity below 1800 psig, which is approximately 2.1 times
Reference Pressure. Liner strains are still compressive.

These tests are being continued with various combinations of presiress
removed in order to establish failure levels in relation to applied
prestress.

The above analyses have not taken credit for the restraint provided
by adjacent concrete mass or transverse prestress. It has been shown that
the loss of a certain number of tendons in each type of adjacent tendons
would not cause a hazard with respect to the reduction in the vessel safety
factor or the loss of net compression across a section under operating
conditions. The number of adjacent nonparallel tendons that could be lost
{s at least the same as the number of those determined for each individual
group. For example, the lost adjacent vertical tendors and the lost circum=
ferential tendons on one pilaster face or in one complete ring do not de-
pend on each other in the analysis performed; i.e., their contribution to
restraint is neglected. It is believed that more refined analyses are
not justified in view of the large margin of vessel capacity available even
with the loss of the significant number of tendons of each type. A repre~
sentative number of tendons in Model 2 will be unloaded to confirm the
above analysis. Adjacent nonparallel tendons in the region of the crosshead
tendon anchorages will be unloaded thereby putting all three types of
tendons out of service in one region. One Model 2 tendon is approximately
equal to four PSC tendons. (Reference Pressure for Model 2 is 704 psig
versus 845 psig for PSC-PCRV.)

The reactor will normally be operated with all of the tendons tensioned,
and with the tendon loads in the ranges specified by the design. However,
it will be possible at all times to operate with any one tendon detensioned
and still comply fully with the design criteria for the PCRV. It is ex-
pected that operation with one tendon detensioned will occur at times when
tendon load cells are being calibrated, and when a tendon is removed for
{nspection or replacement of the tendon ftself, its anchor hardware, or its
corrosion protection,
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The information below further supplements the answer given to
Question V.5 (Rev. 1), Attachment A, which was contained in
Amendment No. 5. Results of the tcng%n ﬁiﬁiﬂliﬂﬂtn! Lests recently
completed on Model 2 are given. e information below is also
supplemental to the answer to Question D.3, Attachment D, which

was contained in Amendment No. %,

vV, tion: Submit a summary of the test data and failure mode for
Model 2, a similitude study comparing the model and the Fort St. Vrain
vessel and predictions of structural performance of the Fort St, Vrain
vessel based on the test results from this model.

n . : A series of tests has been made on Model 2 wherein
several tendons were fully detensioned and the vessel behavior in the
partially detensioned condition was evaluated with internal pressure.
These tests were performed experimental confirmation of the

proximate analyses used in determining the permissible number of tendons

ch could g Of on o e ort St. vrain reactor before a
hazardous condition would e: ” , . n'w
in the answer to Question D.3, A hment D of Amendment No. O

Similar analyses were made on Model 2 to determine the equivalent
number and type of tendons that should be detensioned to simulate the
Fort St. Vrain PCRV conditions postulated in the answer to Question D.3.
Although one Model 2 tendon is a

______ erence Pressures (705 psig ve 845 psig),
effective prestressing forces, and reinforcing steel quantities necessitated
a separate analytical evaluation of Model 2. The results of the analyses of
Model 2 are summarized as follows:

1. Vertical tendons. Four adjacent vertical tendons out of a total
of 36 tendeons (11.1% loss) should be fully detensioned to
approach zero average stress across the wall at RP = 705 psig.

2. Circumferentisl tendons. One complete band of circumferential

tendons consists of 2 sets of 3 tendons (180° wrap) spaced over a
wall height of 18 in. A minimum of &4 out of 6 tendons traverse
any 18 in. cross-section. Ome circumferential tendon should be
detensioned to achieve an equivalent 25% loss in one band as
postulated for the Fort St. Vrain PCRV,

3. Crosshead tendons. Eight adjacent crosshead tendons on one face
of the vessel represent 33% of the total crosshead prestress (8
out of J4 tendons). The four outer crosshead tendons in Model !
were tensioned to approximately twice the force in the four inner
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crosshead tendons. Because of interferences, the inner crosshead
tendons are not readily accessible for detensioning. The four
outer crosshead tendons could be detensioned and represent a loss
of approximately ’2% in the crosshead prestressing.

The last test on Model 2 included in the answer to Question V.S,
Attachment A, Amendment No. 5 was the overpressure test to 1500 psig
(2.13 RP), At the completion of the 1300 psig overpressure test, the
vessel was pressurized to its NWP = 585 psig and maintained for a period
of time at ambient temperature. When the detensioning tests were initiated,
the vessel had been under 585 psig sustained oressure for approximately
5 months.

Detensioning of the tendons was accomplished by rejacking and releasing
the residual tendon force. The sequence of detensioning was as follows:
4 cresshead tendons, 1 circumferential tendon, and & vertical tendons. The
specified tendons detensioned were in a region of the vessel where strain
gages in the concrete and the liner were located. The four outer crosshead
tendons were located in the bottom head, the circumferential tendon was
approximately at the level of the bottom inner crosshead tendon anchor and
the four adjacent vertical tendons were located between pilasters in the
same face where the crosshead tendons were located. Strain and load measure-
ments were made before and after each tendon was detensioned. Sensor
measurements were also taken when the vessel was pressurized to RP = 705
psig, which was done prior to detensioning any tendon and after each group
of tendons (i.e., all crosshead tendons) was completely detensioned.
After all 9 tendons were fully detensioned, the vessel was subjected to a
48-hr pressure hold test at 705 psig. With the completion of the hold rest,
the vessel was depressurized and the tendons were retensioned to approximately
their residual force prior to detensioning. The 585 psig sustained pressure
test at ambient temperature was resumed thereafter.

Data obtained during the detensioning tests have not been fully
evaluated. A sampling of concrete and reinforcing steel strains in the
vicinity of the detensioned region at various stages of detensioning is
given in Table V.5.3. No large strain changes were observed. Detensioning
of the & vertical tendons caused the major strain increases. Strain
reduction was observed in the inner midplane in the circumferential direc-
tion (see gages SR 413 and SR 407) after two additional vertical tendons
were detensioned, while a strain increase was observed in the outer
midplane (see gage SR 821). It appears that bending of the vessel wall is
occurring over the region where the vertical prestressing has been drasti-
cally reduced by detensioning. Visual examination of the vessel exterior
surface during the pressure tests showed no appreciable opening of concrete
cracks which had been formed during the previous overpressure tests.

Tendon loads monitored by load cells showed little load increases during
various stages of detensioning. The major load increase over the residual
prestress force was approximately 3600 1b for the circumferential tendons
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near midplane wren the vessel was pressurized to 705 psig with all 9
tendons fully detensioned. This compares with a load increase of about
1400 1b at 705 psig pressure prior to detensioning. The residual
prestressing force of the circumferential tendons at midplane is approxi-
mately 120,000 1b.

During the 48-hr hold test at 705 psig pressure with all 9 tendens
fully detensioned, the vessel behavior was stable. Load cells being
monitored during the pressure hold test indicated random load changes with
a maximum load increase of about 3%,
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Table V.5.3
SAMPLING OF CONCRETE AND REBAR STRAINS IN THE VICINITY OF
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Strain Due to 705 psig Pressure
Gage Gage At Stages of Detensioning* (uin/in)
No. Location Orient. 1 2 3 4 5
SR 823 | Outer Midplane Circumf. 240 | 243 259 | 278 | 284
At Thin-wall Sect.
SR 894 | Outer Midplane Vert. 97 91 85 | 102 124
At Thin-wall Sect.
SR 413 | Inner Midplane Circumf. | 180 | 193 | 219 | 237 | 222
At Thin-wall Sect.
SR 895 | Adjacent to Circumf.| Vert. 136 | 124 | 139 | 191 | 252
Tendon Detensioned
SR 820 | Adjacent to Circumf.| Circumf. | 228 | 230 | 244 | 276 | 296
Tendon Detensioned
SR 896 | Near Detensioned Vert. 27 28 21 26 26
Crosshead Tendon
Anchor Area
SR 407 | Inner Midplane Circumf. | 215 | 229 | 237 | 274 | 230
At Pilaster Sect,
SR 873 | Outer Midplane Vert. 139 | 144 | 137 | 171 | 218
At Pilaster Sect.
SR 88} inner Bottom Haunch Vert. 167 171 178 203 237
Junction at Filaster
Sect.
‘R BS) Inner Bottom Haunch | Vert. 161 167 167 205 253
Junction at Pilaster
Sect.
12 e
*Notes: 1. Prior to tendon detensioning

2. Four tendons detensioned (outer bottom crosshead tendons)
3, Five tendons detensioned (4 crosshead and 1 circumferential

tendons)

4., Seven tendons detensioned (& crosshead, 1 circumferential

and 2

vertical tendons)

5. Nine tendons detensioned (4 crosshead, 1 circumferential

and 4 vertical tendons)
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1. SUMMARY

The minimum numbers of tendons required for safely supporting the core
cavity pressure of 845 psig (Reference Pressure, RP) and 1268 psig (1.5 RP)
without breaching the liner of the Fort St. Vrain PCRV have been deterzined
for: 1) circumferential tendons in the PCRV wall and 2) crosshead and circum-
ferential tendons in the heads of the PCRV. Hand calculations based on the
concept of ultimate load analysis are used. No calculation is performed for
the vertical tendons in this study. Per Ref. 1, the PCRV can resist up to 1515
psig cavity pressure with only the rebars acting, i.e., without reliance on any
vertical prestress.

The results are given in Table ! and Figs. ! and 2. These results indicate
that the core cavity pressure of 1.0 RP can be safely resisted with consider-
ably less numder of tendons than i{s actually provided. With 1.5 RP, the number
of head tendons required is still less than that actually provided. The dif-
ference, however, 1is small if no vertical tendons exist as assumed in the
analysis. Existence of vertical tendens will reguire less number of head
tencons to resist 1.0 and 1.5 RP.

The procecdure used in the study is described in the following sections.
Detailed calculations are given in the appendices.

2. MATERIAL PROPERTIES
Material properties used in this analysis are (Ref, 1):
Concrete:
Compressive strength f'c = 6000 psi
Liner:
Material = SA 537, Gr. B
Yiela strength f, . 60,000 psi (at 0.2% offset)

Tenstle strength ', . 80,000 psi (Ref. 2)

Fallure strain ¢' « 18% (Ref. 2)

6
Modulus of elasticity E » 29 x 10 psi

Page 3




A TECHNOLOGIES I .

TITLE: FSV - TENDON REQUIREMENTS BASED ON SAFETY CONSIDERATION

DOCUMENT NO. 3C7732 ISSUE NO./LTR. N/C

Tendon Wires:
Tensile strength t's = 240,000 psi
Yield strength f, . 204,000 psi (at 1% strain)
failure strain ¢' = 4%
Modulus of elasticity E = 27 x 106 psi
Rebars:
Material = A432
Tensile strength f's = 90,000 psi
Yield strength rsy « 60,000 psi
Failure strain ¢' = 7%
Modulus of elasticity E = 29 x 106 psi
3. DEFINITICN CF NUMBERS OF TENDONS

The Fort St. Vrain PCRV has, in additicn tc 90 vertical tendons with 169
1/74=§{n, iameter wires each, 210 circumferential tendcns with 152 1/4-in.
diameter wires each, 100 circumferential tend-ns with 169 1/4-{n. diameter
wires each, and 46 crosshead tendons with 169 1/4-in., diameter wires each.

All 210 152-wire circumferential tendons are in the barrel section. Of the
100 169-wire circumferential tendons, 34 are in the top head (the top 15'-é"
section), 34 in the bottom head (the bottom 15'-6" section), and 16 each in the
barrel sections adjacent to the top and bottom heads. Each head has 24 cross-
head tendons.

All circumferential tendons are 180° tendons rather than full circle
tendons (see Fig. E.15-2, Ref. 1), Because c¢f the arrangement of these
tencons, of the 18 circumferential (180°) tendons in a typical five-foot high
wall section, a minimum of 12 pass any cross section. Hence 18 actual circum-
ferential tendons provide 12 "effective" circumferential tendons. Similarly in
the top or bottom head, 34 actual circumferential tendons provide 22 effective
circumferential tendons.

The following definitions are used in this repor::

Page 4



<A TECHNOLOGIES 1 C.

TITLE: FSV - TENDON REQUIREMENTS BASED ON SAFETY CONSIDERATION

DOCUMENT NO. 507738 ISSUE NO./LTR. N/C

N, « Number of effective circumferential tendons in a S5-foot high wall
section (12 in existence).

o = Number of effective circumferential tendons in the top or bottom head
(22 in existence).

Nx = Number of crosshead tendens in the top or bottom head (24 in
existence).

It is assumed that there {s no broken wire in any tendon and that the
required tendons in each group are uniformly distributed.

4. CIRCUMFERENTIAL TENDONS IN PCRV WALL

For the determination of the r¢juired number of circumferential tendons in
the PCRV wall a typical five-foot high wall section was considered. It is
assumed that ultimate conditions are reached at 1.0 RP or 1.5 RP for the
purpose of this analysis. The core cavity liner is anchored to the concrete by
means of studs welcded to the liner and embedced in the concrete. The stud
sSpacings are 7-1/2 in. in bdoth circumferential and axial directions. It is
assumed that, at ultimate, radial concrete cracks wculd develcp at stud anchor
iccations and that resistance to the core cavity pressure is provided by the
steel elements acting as multiple structural rings. The steel elements include
the liner, and circumferential tendons and rebars at various radial locations.
With the liner and rebar cross-sectional areas known, the nuzmber of tendons
required to provide a total pressure resistance capacity for the core cavity
pressure of 1.0 RP or 1.5 RP, and meeting the selected limit criteria can be
determined from equilibrium and strain compatibility.

The tendcn prestress loss at end of life is assumed to be 13.5% (Ref. 1),
and the friction loss is assumed to be 11.5% (Ref. 3) in these calculations.

Two limit criteria are used in this case:

1) Liner stress = (0.9 rsy'
Tendon stresses $ f's. and

Rebar stresses § t's

2) Maximum tendon stress = r's,
Liner stress < £'g, and
Rebar stresses § r's

Page 5
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Obviously the first criterion i{s the more stringent and results in a larger
number of tendons being required. The required numbers of circumferential
tendons i{n the PCRV wall for the above two limit conditions are shown in
Table 1.

5. TENDONS IN PCRV TCP AND BOTTOM HEADS

The reguired number of crosshead and circumferential tendons in the PCRV
top and btottom heads to safely support 1.0 RP and 1.5 RP without breaching of
the liner bouncary are determinel by ultimate load analysis of the bottom head.

Four gquasi-analytical solutions were originally used in assessing the
ultimate capacity of the Fort St. Vrain PCRV heads (Ref. 1). These are: 1)
bottom head yield line failure analysis, 2) bottom head punching shear failure
analysis, 3) bottom head concrete ligament compressive failure analysis, and 4)
top head analysis by grid system simulation., In the case of 34 circumferential
and 24 crossnead terndons in each head and 90 vertical tencons, the yield line
analysis provided the lowest estimate of the ultimate pressure capacity, while
the concrete ligament compressive failure analysis provizced the highest, about
three times as high as the lowest estimate. The tcp head grid analysis
requires use of a computer program.

Basec on the above observations it was decicded to use the yield line
failure analysis method for the ultimate load analysis in the current study,
and to check the results using the punching stress failure analysis.

The assumptions and detailed procedure used in the bottom head yield line
analysis follow those used in Ref. !'. Based on an assumed number of crosshead
tendons the resultant pressure which must be resistec by the bottom head
(cavity pressure reduced by the cavity pressure equivalent of crosshead
tendons, Ref. 1) is first calculated. By assuming formation of a plastic hinge
at the head-to-wall junction (signified by 0.003 in/in maximum concrete strain
anc/or ylelding of liner and majority of rebars in tension), and a yield line
pattern (generally radial along concrete ligaments) the unit yield line moment
“equired to prevent this particular yield line mcde of failure under the given
cavity pressure (1.0 RP or 1.5 RP) can be determined. The number of circum-
ferential tendons required to provide an ultimate moment capacity along the
yleld line which s larger than. the required unit yield line momenrt i{s then
establisned. The ultimate moment capacity of the bottom head is defined by the
following stress limits (Ref. 1):
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Maximum redbar stress s C.9 Eans
Maximum tendon stress 5 0.9 rsy_ and
Maximum cocpressive concrete stress § 0.85 r'c

The tendon prestress lcosses at end of life are assumed to be 12% for doth
crosshead and circumferential tendons (Ref. 1) and the fricticn losses are
assumed to be 10% and 11.5%, respectively for these two types of tendons (Ref.
3). The yield line failure analysis in the current study is based on the
assumption that no vertical tendcns exist.

The reguired number of tendons based on the results of the yield line
failure analysis are shown grapnically in Figs. 1 and 2.

For the punching shear failure analysis of the bottom head the failure
Flane i{s assumed tc be the cne formed by the concrete ligaments connecting the
steam generator penetrations (Ref. 1), Reference 4 provides an equation to
estimate the ultimate shearing strength of PCRV heads as a function of span/
depth ratioc and radial prestress. Based on this equation and the number of head
tendons required as determined by the yield line fzilure analysis, it is fcund
that the punching shear stress is not critical for either the 1.0 RP or the 1.5
RP cases.

€. CONCLUSICNS

The regquired numbers f circumferential tendons in the Fort S*. Vrain PCRV
wall to safely support the cavity pressure of 1.0 RP and 1.5 RP are given in
Table 1. The ccrresponcing regquired numbers of crosshead and circumferential
tendons {n either top or bottom head of the PCRV, derived under a conservative
assumption ¢f no vertical prestress, are given in Figs. ! and 2.

From Fig. 2, it appears that under 1.5 RP the permissible recuction in the
numbers of crosshead and circumferential tendons in the heads is small if no
vertical prestressing tendons exist.

7. REFERENCES

1. "Fert St. Vrain Nuclear Generating Staticn. Updated Final Safety
Analysis Report."

2. ASTM, "Specification for Carbon-Manganese-3ilicon Steel Plates, Heat
Treated for Pressure Vessels. SA-£37."
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Fallure Mechanisms of Model No. 2 of the Bottom Head of the For:
St. Vrain Prestressed Concrete Reactor Vessel," Report 14H/69/1411,
Taylor wWoodrow Construction, Ltd., September 1969.

Bresler, BE., "Reinforced Ccncrete Engineering,” Vol. 1 Materials
Structural Elements, Safety, John Wiley & Sons, New York, 1374.

"PCRV Bottom Head, Reinforcing Plan, Sheet 1," Drawing 3614, B-36/J,

"PCRV Bottom Head, Reinforcing Schedule and Details, Sheet 1," Drawing
3614, B-37/E, Sargent & Lundy, October 19€S5.

"PCRV Bottom Head, Reinforcing Flan, Sheet 2," Drawing 3614, B-38/K,
"PCRV Bottom Head, Reinforcing Schedule & Details, Sheet 2," Drawing

3614, B-39/E, Sargent & Lundy, December 1968.

"PCRV Bottcm Head, Reinforcing Schedule & Cetails, Sheet 2," Drawing

"PCRV Bottom Half Vertical Section," Drawing 3614, B-35/S, Sargent &

"PCRV Bottom Head, Tendon Tubes Details,"” Drawings 3514, B-21/E and
B-22/D, Sargent & Lundy, October 1969.

TITLE:
3s
Document 907441/A, April 30, 1984,
u.
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Sargent & Lundy, March 1969.
Sargent & Lundy, April 1969,
10
3614, B-40/D, Sargent & Lundy.
1
Luncdy, December 1969.
12.
NOT

References 5 through 12 are cited in the appendices.
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TABLE 1

MINIMUM NUMBERS OF CIRCUMFERENTIAL TENDONS IN WALL SECTION

_

Numder of Tenacns Percentage of gencons
Required (Nb)(I) Required(?

Criterion 1.0 RP(3) l 1.5 RP 1.0 RP 1.5 RP

!
Liner Stress 5 ' 9 L2t 75%
» 0.9 £, i
sy

Max. Tendon (4) 3 5 ' 25% 42%

Se - f! /

Stress f s Jﬁ

1 Number of effective tendcns required per S-foot high section. See the text
(2) for definition of N .
Percentage of tendoRs currently provided in any region of the FCRV wall. It
is assumec that the required tendons are located uniformly in the region
(2) under consideration.
%y 1.0 RP = 84S psig.
The liner strain i{s C.046 in./in. when the maximum tendon stress is f's,

Page 9



+A TECHNOLOGIES 1 C.

TITLE: FSV - TENDON REQUIREMENTS BASED ON SAFETY CONSIDERATION

[oocm"ﬁ NO. 507738 1SSUE NO./LTR. N/C

(3)

o
o g (2),(3)

RS PCfCenf69e of Crosshead Tendons Regwrea’

v o 25 Ky 75 /00

.§ | n l , 7 7?5
. N. =14 b

Q L C |

h"‘;’ - | // P

X 1.0 RP

g - 50
.‘5 ,:

(>
-

Neres:

</) ,{-ny combination of

Ny and Nz above rhe
/ine ;s acce/afné/e

(2) Percentace of rendens carmnf_/y Drovi Jded.

(3) dm/orm distribotien of rencerns a,,.;.'med

|

|

|

—

| |
l

|

|

L ' 1 T
0

5 /70 /5 20

|
&
b

/V(IIHA(’/’ ()/ [‘/}‘e(“//'/l
n

O

: 2) (3
/’c’rc e/J/aje o/ Cz/(u/n./ /erncors /‘?e(/a/rcd f2),43)

b Y]
W

ran

Numper of (resshead Jendons (Aly)

Figure 1. Number of Head Tendons Reguired in Each Head to Support 1.0 RP

Page 10



oA TECHNOLOGIES 1 C.

TITLE: FSV - TENDON REQUIREMENTS BASED ON SAFETY CONSIDERATION

DOCUMENT NO. 307736 [ISSUE NO./LIR. N/C

] , (2) (3)
Pe/‘ceofayc of Lrosshead Jendors Pe;mred
- &s 70 £ /00
T~ 22 /00 \
3 | N
N
v & -
3 -~
3 3
o 2/ g
£ C 3
J 3 " 2
TS 0
~J g :
< “
s < DS
< 3 See F9 1 = %2 g 3
S 9 ¢ 2
§ 8
3V N
< : ,
19
20 2/ 22 23 24

(3)
Number of Cresshead Tendons (Ny)

Figure 2. Number of Head Tendons Required in Each Head to Support 1.5 RP
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