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1.8 Tendons Not in Same Plane

Descriptio'n:

Design calculations assume that the hoop and vertical tendons are located in the same radial plane. In practice, due to limitations in
construction, that may not be the case. The potential for tendons to not be in the same radial plane leads to changed stress conditions
that can damage the concrete and/or contribute to delamination initiation.

Another factor to consider is the possibility that the sleeves moved during concrete setting due to hoop forces applied on them from
the buttresses. The delamination panel 34, together with the opposite panel 16, were the last two panels poured after the other four

were already set. The sleeves are then possibly installed with both ends fixed and therefore the sleeves possibly cannot expand freely |

upon concrete pouring, particularly as the-temperature rises due to cement hydration.

Data to be collected and Analyzed:

1. Gather evidence of out-of-plane tendons (FM 1.8 Exhibit 1);

2. Stress analyéis of local stress with out-of-plane sleeve arrangements (FM 1.8 Exhibit 2 and FM 1.8 Exhibit 5);

3. Calculate elongation of sleeve due to temperature and outward movement generated when both ends are fixed (FM 1.8 Exhibit 3);

4. Sleeve installation documents (FM 1.8 Exhibit 4);

Verified Supporting Evidence:

a. Photographs show that some hoop tendons are out-of-plane (FM 1.8 Exhibit 1);

2/16/2010 PIl Wdential, 2009 ' ' Page 1 of 3
: Draft 1 Do not rel 0 third party without permission _




Verified Refuting Evidence:

a. With out-of-plane hoop tendon sleeves, the radial stress that tends to pull the outer layer apart is in fact decreasing with a larger
radial loading area and this reduces the driving force to delaminate (FM 1.8 Exhibit 2 and FM 1.8 Exhibit 5);

b. Deviation in planar positioning by one inch to the inside increases the peak tensile stress by a factor of 1.1 only. This is not a major
contributor to the overall failure scenario due to the small magnitude and isolated occurrence (FM 1.8 Exhibit 5);

c. Deviation in planar positioning to the outside reduce peak tensile stresses (FM 1.8 Exhibit 5);

d. Construction documents show that the ends of the -sleeves, in the cylindrical walls at the buttresses, are not fixed very tight (FM 1.8
Exhibit 4);

Discussion:

The appearance of the sleeve/concrete interface on FM 1.8 Exhibit 1 can be explained in at least two ways:

1. Misalignment during installation of the sleeves before pouring of the concrete. Note that this was pointed out in the case of the
vertical tendon sleeves in FM 2.8; '

2. Movement of the sleeves during concrete pouring due to thermal expansion of a thi'ck steel sleeve having both ends fixed;

The latter possibility could potentially create very high stresses in the concrete early in the age of the containment.

Observation of construction documents shows that the tendon sleeves are not fixed enough to stay perfectly rigid. They will move and
slide slightly, just enough to accommodate the thermal expansion of the sleeve. :

Consideration of the changing peak tensile stresses as the hoop tendon sleeves radial position changes within the containment wall
show that the increase is limited to 10% when the sleeve comes closer to the inside while all other factors decrease peak tensile
stress. '
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Conclusion:

The analysis shows that out-of-plane hoop tendon sleeves did not lead to the delamination.
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Sleeves not at same
depth in the concrete

£
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Out-of-plane tendons

The area supporting the local radial tensile stresses is increased when the tendons are not in the same
plane, as shown in the simple diagram below. This decreases the local tensile stress and is unfavorable
to creating a delamination.

Crack Initiation
Locations

.




FM {.8 Exhibit 3

page 1 of 1

2/l Qidrend ok % %Wn oo e

/@M”

L)

o .

TN OO0 A AU
Fy

i+ ~ N

T g
: (Te = ‘Exio _JC = x0T [F
‘; {(J /\71( = ﬂmu&(ﬁ?f:Tﬂ‘ig ﬁ\i LT
w3 (/'/\ WA (/ . -
; oo NI = 2 (% E 3
i M AY b /P/f\x QX/O /“’ DR
é _ — Mé- P 10 _'2 (i/)%‘ e
Uk €TFE = ESx lo” /,.ff
N \aLﬁ_’Ti: D ’F e _
5 _ =) N ~ & Z Ao R

A4 (Y g m .{‘

é/vw/Q/V\ (Cspnctam) o Sanl (o (,Q(; y

Ac

By Ac=_ 82 imx C:32w

—

r‘

o ZCXll_i‘:m

A

= 0.3 (e /{lum L= 2 i)

5/

(et s o GF)




FM 1.8 Exhibit 4 10of 1

The Tendon sleeves (also referred to as conduits) have different material specifications
and installation requirements depending in whether they are located in the Dome or the
six cylindrical sections of the containment. The sleeve material and installation
specifications are contained in FM 1.8 Exhibits 4a and 4b. The Dome tendon sleeve
sections are joined together using couplings and are welded to the couplings (FM 1.8
Exhibit 4a paragraphs 3:08, 3:08.7; FM 1.8 Exhibits 4c and 4d, DRWs SC-421-046 and
SC-421-41 respectively).

There is no similar requirement for connecting the tendon sleeves located in the six
cylindrical sections of the containment; especially the sleeve connection between end of
the sleeve and the trunk, which are located within the buttresses (FM 1.8 Exhibit 4b
paragraphs 4:07.1 and 4:07.3). Although the precise attachment mechanism for the
tendon sleeves in the six cylindrical sections is unknown, the recent SGR hole cut
provided and example of the type of connection used in the containment wall (FM 1.8
Exhibits 4e and 4f). It is noted that the bracket found in the removed sleeve connection
does not appear in any of the drawings where the ends of the sleeves attach to the trunks
within the buttresses. (FM 1.8 Exhibits 4g, 4h, and 41)
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3:05.2

After fabrication has been completed, temporary end caps shall be
placed over each end of each section of conduit. These end caps
must be securely fixed to the end of the conduit so that normal
transportation, handling, etec. will not cause them to be removed
or enter the inside of the conduit. The conduit must be clean and
dry prior to placing the end caps.

3:06
3:06.1

3:06.2

3:06.3

3:06.4

3:06.5

Rigid Conduit

Rigid conduit shall be round mechanical welded steel tubing 5-1/L

inch O. D. and shall have a minimum wall thickness of 0.065 inches

end g mipimum I.D. of 5 inches. Conduit shall be manufactured according
to ASTM A 513-69, "Standard Specifications for Resistance Welded Steel
Tubing." The supplemental requirement of non-destructive Electric

Test on the welded seam will be required for all conduit.

Rigid conduit shall be accurately cut and bent to the dimensjonal
requirements as shown on the Florida Power Corporation drawings.
Rigid conduit shell have belled ends ags detailed and located on the
drawvings. Quantitlies of rigid conduit to be supplied under this
contract shall be as indicated on the drawings and in this Require=-
ment Outline.

The CONTRACTOR shall provide shop drawings and lists for conduit
fabrication and identification, for each length of conduit. Shop
drawings shall provide all dimensional informstion required to
fabricate and identify the conduit. Shop drawings shall be sub-
mitted to the ENGINEER for approval.

A conduit nunbering and identification system will be developed
by the CWNER, ENGINEER and CONTRACTOR. Each length of conduit
shell be clearly marked with this number for 1dent1fication on
the job site.,

In addition to the conduit quantities represented on the drawings,
the CONTRACTOR shall supply with the first shipment of Rigid
conduit the following stock lengths of conduit, each of which
shall have one end belled:

1., Straight condult - 20 lengths @ 20 feet each,
total 400 linesl feet.

- 20 lengths @ 10 feet each,
total 200 lineal feet

2. Bent conduit (67' 8-5/8" radius) - 20 lengths @ 30 feet each,
total 600 lineal feet.

- 20 lengths € 20 feet each,
total 400 lineal feet.
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. 3:07 Flexible Conduit .

3:07.1 Flexdble condult must be capable of being bent by hand to the
radii shown on the Florida Power Corporation drawings. Flexible
coaduit shall be 5 inches I. D. and $5-1/4 inches 0.D., wipimum 22
gauge (0.028) galvenized steel.

3:07.2 Gasketing materials shall be incorporeated in the condult if
necessary to meet the lesk-tlghtness criteria. The gasketing
materials shall not decompose when subjected to site weathering
and shall be subject to spproval by the OWNER and the ENGINEER.
The CONTRACTLOR shall supply = semple length of the proposed
conduit, upon request of the OWNER or ENGINEER, prior to sward
of contract,

3:07.3  Flexible conduit will be supplied to the job site in 50 foot
lengths. The condult will be cut to length in the field by Others.

3:07.4 The CONTRACTOR shell hydrostatically test the Flexible conduit, to
verify conformance with the pressure criterion listed under
item 3:04,1., The tests chall be conducted om production samples
of conduit, bent to & minimum radius of 20 feet 0 inches. The
frequency of conduit testing shall be a minimun of 107 of the .
total shipment or shop order, rendomly distributed over the total
footage. The OWNER and ENGINEER shall have access to witness all
¢ testing. Test records shall be kept and forwarded to the OWNER
and ENGINEER.

3:08 Schedule 40 Conduit

Note: Schedule 40 conduit shall be used in the mat and the
dome of the reector building. The requirements for the
Schedule 40 conduit in the mat are noted in items 3:08.1 A
through 3:08,4 inclusive, and the requirements for the
Schedule 40 conduit in the dome are noted in items 3:08.3
through 3:08.7 inclusive.

3:008.1 The conduit shall be gelvanized round steel pipe, 5 inch I. D.
Schedule 40, types B or 8, grade A, conforming to ASTM A 53-70,
"Welded end Seemless Steel Pipe."

3:08.2 The Schedule 4O conduit shall be accurately cut and bent to the
dinensional requirements es shown oo the Florida Power Corporation
drewvings. The Schedule 40 conduit shall have sleeve type welded
couplings as detalled and located on the drawings. Quantities of
Schedule 4O conduit to be supplied under this Contract shall be
a8 indlceted on the drawings and in this Requirement Qutline.

3:08.3 The CONTRACTOR shall provide shop dravings asnd lists for conduit
' febrication and identification for each length of conduit. Shop
® drewings shall provide all dimensional information required to
febricate and identify the conduit. Shop drawings shall be
submitted to the ERGINEER for approval.
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3:08.4

3:08,5

3:08.6
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A conduit numbering end identification system will be developed
by the OWNER, ENGINEER and CONTRACTOR. Each length of conduit shall
be clearly marked with this number for identification at the job site.

The dome conduit shall be galvanized round steel pipe, 5 inch nominal__.
diareter Schedule 40, types E or S, grade B wall thickness 0.258
inches, conforming to ASTM A 53-70, "Welded and Seamless Steel Pipe."

The dome conduit shall be accurately cut and bent to the required
dimensions and as shown on the drawings accompanying this
Requirement Outline. The CONTRACTOR shall locate the joints in a
dome conduit run (a dome conduit run is from trumpet to trumpet
for a particular tendon) to suit his manufacturing and handling
requirements, provided he complies with the following:

1. Joints shall not be made at the intersection of conduits.

2, Joint location adjacent to the ring beam shall be as shown
on drawing number SC-400-019 "Reactor Building - Dome Conduit
Splice Locations Required Adjacent to Ring Beam."

3. The minimm length of a section of dome conduit shall be 20'-0".
The dome is defined as that area within a horizontal radius from
the centerline of reactor bullding of 55%'-5-1/2".

Quantities of Schedule 40 conduit to be supplied under this Contract
shall be as indicated on the drawings.

3:08.7

. to the apex of the dome of each conduit run. For this latter case

Sections of dome conduit shall be joined together at each joint,
with a sleeve type coupling, All sleeve couplings shall be made
from round steel pipe, 6 inch nominal diameter, types E or 8,
grade B, wall thickness 0.432 inches, conforming to ASTM A 53-70.
Details of the couplings are shown on drawing SC-400-019. The
CONTRACTOR sghall weld onto one end of each section of conduit a
coupling, except for the section of the conduit which i3 nearest

the CONTRACTOR shall forward to the job site sufficient loose couplings
to allow installation of the apex section of conduit. The welds shall
be fillet type and shall develop the full strength of the coaduit. The
CONTRACTOR shall submit details of the weld to the OWNER and the
ENGINEER for approval. The CONTRACTOR’S welders, who are to perform
the shop welding, shall be qualified in accordance with the
recommendations of AWS D1.0. The CONTRACTOR shall develop written
welding work procedures and submit them to the OWNER and the ENGINEER
for approval. The work procedures shall also include:

13s

1. Removal of galvanizing from weld area on outside of the conduit.

2. 10Z random liquid penetrant imspection of the shop welds.
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3. The minimum length of a section of dome conduit
shall be 20'-0". The dome 1s defined es that area
within a horizontal radiuvs from the centeriine of
the reactor bullding of 55V-5-1/2",

Quantities of Schedule 40 conduit to be supplied under
this Contract shall be as indicated on the drawings.

"3:08.7 B8ections of dome conduit shall be joined together at each
Joint, with a sleeve type coupling. All sleeve couplings
shall be made from round steel pipe, 6 inch nominal
diameter, types E or 8, grade A, wall thickness 0.432
inches, conforming to ASTM A 53-70. Details of the
couplings are shown on drawing SC-400-019. The
CONTRACTOR shall weld onto one end of each section of
conduit a coupling, except for the sectlon cf conduit
which is nearest to the apex of the dome of each conduit
run. For this latter cese the CONTRACTOR shell forward
to the job site sufficient loose couplings to allow
installation of the apex section of conduit. The welds
. shall be filllet type and shall develop the full strength
of the conduit. The CONTRACTOR shall submit details of
the weld to the OWNER and the ENGINEER for approval.
The CONTRACTOR'S welders, who are to perform the shop
welding, shall be qualified in accordance with the
recommendetions of AWS D1.0. The CONTRACTOR shall develop
written welding work procedures end submit them to the
OWNER and the ENGINEER for spproval. The work procedures
shall elso include:

1. Removal of galvanizing from weld area on outside of
the conduit.

2. 10% random liquid penetrant inspection of the shop
welds.

3. Hydrostatic pressure testing of the weld to ensure
leak tightness, to the criteria noted in Item 3:0k.
The frequency of testing shall be & minimum of 10% of
the couplings, selected at random.

—i, Painting lnside and outside of the coupling and the
ungalvaniged and heat effected areas of the conduit.
The type of paint used shall be capeble of preventing
corrosion of the conduit for a minimum period of
. . 1-1/2 years, when exposed to the job site environment.
The CONTRACTOR shall submit details of the paint to
the OWNER for approval."
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< ADDENDUM A
® | | Sheet 1 of 3
June 7, 1972
TITLE PAGE

Dalete the existing titla and replace with the folluwing title:
"TENDONS -~ REACTOR BUILDING™

SECTION IV - DETAILED SPECIFICATIONS

4:01 Scops of MWork

V_,- 4:01.1 Delate this item in fts wativety.
‘ 4:01.2 Altarnate Scope of Work:
' Lines 2 and 3, sfter the sixth word "tendona” delete the following words:
“and their sssocisted conduit"
Subitem L., lines ! and 2:
. After the cixth word "tendons' delete the following words:

"and sssociated conduit”

&:02 Work Not Included

. ,-"/ Sublk.l 4.:
v
Delete this subitem in {to entirety.
4:05 Materiale
6:0).l' Subites I,:

Line !, after the fourth word "be' delete "1/4 in." and replace with
the following:

[

n07-0|
Line 2, sfter the eighth word "to" edd the following words:

"the applicable portiom of”
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4:06 Manufacturing Procedures

Subfitem 1., Wire System:

Subitem ., lines 1 and 2; after the fifth word "upset” delste the
L~ words "to e nominsl diameter of 3/8 inch." and replace with the
following: : ' :

"type.

Subitem b., delets this subitem .in its entirety and replace with :i-
following:

"b. The CONTRACTOR shall develop a buttonhead criteria and shall
)// submit it to the OWNER and the ENGINEER for approval. The
criteris shall demonstrate that the buttonhead is at lsast as
strong a4s the wire."”

/ Subitem c., delete this subitem ({n its entirety.

./"6:07 Conduit

Delete chis Item in its entirety.

&:09 Corrosion Protection

/4:09.2  During asd After Installation:
‘/" Delete this item in its entirety.
4:09.1 Materisl: ‘
Subitem 1., deleta this subitem in its entirety and replace vith the

following:

shall ba Vieconorust 3JO00]lA as manufactured by the Vncsuq ot}
Company, or EQUAL."

 Subiten 2., line 1; after the second word "followisg™ deiets tne
v following word:

\/"l. The material for permansnt corrosion protection of the tendess

. sddicionsl”
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4:10

4:10.1

4:10.2

SP-5583
9-~18~68

ADDENDUM A

Sheet 3 of 3
June 7, 1972

Tensioning

Delete this iter in its entirety and replace wvith the following:

"4:10.1 The CONTRACTOR shall subpit to the OWNER predicted elongations
for each tendon at each stressed end. The CONTRACTOR shall be
available for consultation with the OWNER and the ENGINEER
during all phases of installation and stressing."

Delete this item In its entirety and replace with the following:

"4:10.2 The CONTRACTOR shall forward to the OWNER load - strain
curves certifying physical properties for each mill heat
of steel used for tendons."

Delete this item in its entirety.

Quality Control Measures

Teat Reports:
Subitem 4., lines 2 and 3:

Delete the.following sentence:

*"  "“The numbering system wi)l be furnished by the ENGINEER."

Wax Coversge Test:

Delete this item in its entirety and replace with the following
tevised item: .

"4:12.4 wWax Coverage Test:

The CONTRACTOR shall perform a test to check the final wax
coverage on the tendons. The tendon shall be coated as
specified in Item 4:09 of this Specification. The ENGINEER
and the OWNER shall witness this test and shall be motified
two weeks prior to the test.”

Enclosed herewith 1z a revised title page and a completely revised
Section IV which reflect the changes set forth by this Addendwm. Please
replace old title page and Sectdon IV of the Specification Uith the
enclosed revised title page and Section IV.
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FM 1.8—Increased Stresses Due to Horizontal Tendons Not in
the Same Plane

Containment design dictates the center of the hoop tendon sleeves are to be at 812” from
the center of containment. This corresponds to 10” in from the outer surface of the
concrete wall. Observations have found some of the tendons visibly differing from this
expectation (see FM 1.8 Exhibit 1). Failure Mode 1.8 evaluates the significance of that
condition. This analysis quantifies the impact on peak tensile stress.

The peak tensile stress in the concrete occurs at the top and bottom of each horizontal
tendon conduit hole. This is shown in Figure 1 below (MPR Calculation #0102-0135-05).
This is a known stress concentration effect and it is addressed at length in FM 1.2. note
that it is primarily a radial tensile stress as both hoop and vertical stresses are highly
compressive in all areas.
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Maximum Principal Stress

Type: Maximum Principal Stress - Top/Bottom
Unit; psi
Time: 1
1/19/2010 1116 AM

1041.3 Max
 §36.27

-439.13
-624.19 Min

Inner Outer
Surface Surface

Figure 1: Maximum principal stresses around the hoop tendon sleeves show peak tensile
stresses at the top and bottom of the sleeves

The stress shifts from compressive to tensile at the centerline of the horizontal tendon
conduit because those tendons provide that compressive stress. The relative peak tensile
stress is given by the equation:
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Relative Peak Tensile Stress = 100% * d / 42, where d is the distance in inches from the
outer surface to the horizontal tendon conduit center (see FM 1.2 for additional details).

For the nominal CR3 case (every tendon aligned), the peak relative tensile stress is 24%
(d =10”). If the distance is reduced from the nominal 10” to 9” the peak relative tensile
stress drops to 21%. This reduces the peak tensile stresses.

If the distance is increased from the nominal 10” to 117, the peak relative stress increases
to 26%. That has a negative effect on minimizing tensile stresses. However, there is a
compensating effect. Delamination occurs when cracks propagate from one tendon hole
to the next. At the critical radius (10” in from the outer surface) the tendon sleeves take
up 28% of the available area (see FM 1.12 for more details). This reduced effective area
raises the peak tensile stress to 139% of what they would be with no conduits taking up
available space. By moving a conduit out of the radial plane, the available concrete is
increased.

Figure 2 shows the out-of-plane effect on the peak stress locations (red) and shows that
the peak stress is applied over a greater cross-sectional area. This reduces the effective
tensile stress. The effect is calculated to be about 0.5% (Figure 2 exaggerates the
displacements of the peak stress locations).

Another benefit is the movement of the peak stress. In ahole in a uniformly stressed
material, the peak stress is a factor of 3 located at top and bottom of the hole. If this is
shifted around it will drop the peak slightly. Again, the effect will not be large.



FM 1.8 Exhibit 5

Inner
Surface

Tendon
Conduit

Conduit

Outer
Surface

O

page 4 of 4

Figure 2: An out-of-plane hoop tendon sleeve leads a larger cross-sectional area and a
slight movement of the location of the peak stress. Both effects reduce the effective peak
tensile stress.

In conclusion, deviation in planar positioning by one inch to the inside (which is

reasonable based upon a review of the photographs of the tendon positions) will increase
stresses by a factor of 1.1. This is not a major contributor to the overall failure scenario
due to the small magnitude and isolated occurrence. Deviation in planar positioning to the
outside and changes in effective areas reduce stresses.

Written by Ray Waldo

Reviewed by Patrick Berbon



