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PURPOSE

The purpose of this report is to provide an avaluation

of possible damage to embedded reinforcina steel in  keactor
Containments Unit 1 and Unit 2 durina the installation of anchors
dArilled in concrete and to d=termine if there were any effects
significant enough to compromise the structural 7iesiqn of *the
reinforced concrete,

FINDINGS

Investigations wera conductei at the jobsite to

determine the extent of cutting of embedded reinforcing steel.
Findings are summarized below:

1.

j&=
.

On August 19, 1975, the special Drillco., Inc., diamond
tigped drill bit, called the "Rebar Eater" (trade name),

specifically desiqnedi to bore into councrete and to cur
any interfering reinforcing steel, came into use by pip
hanager installation crews at the site., These dtxlls
were used to install mechanically expanded drilled-in
anchors which generally ranged in siz2? up to a maximum
of 1 in. in diameter.

Prior to August of 1975, the primary tool used on the
project for drilling concrete for mechanically expanded,

drilled-in anchor bolts was the Hilti Fastening Systems,
Inc., electric drill anai carbide tirped bit. Eilti bits
have been demonstrated to be ineffective as a means of
cutting embedded reinforcing steel. Extreme pressure is
required on the drill in order to make any Denetration
into steel and many bits are often damag2d in the
process, A site test using a 1/2 in. diameter Hilti bit
showed that it took two hours to psnetrate 7/9 in. into
a 2 1/2 in. diameter rebar.

On March 29, 1976, Engineering issued documents which
restricted cnatting of reinforcing steel without
Enagineering approval, and on April 9, 1976, instructions
were issuad and implemented by our field forces to
ensure compliance.

The only methods avail:ble for cutting reinforcing ste=el
in holes for meochanically expanded drilled-in anchors,
other ¢than with the special Drillco bit, were with air-
arc equipaent, utilizing a copper-coated carbon rod and
a weider's electrode clamp which had provision for an
air suoply, or with carbon steel drill bits., Since the
air-arc equioment 1is not designed for this application
and may in fact be hazardous to the worker when Sso
employed, a thorough investigation has identified only
six pipe hanqers on which it was used. Similarly, since
the effort requirel to cut a reinforcing bar with a
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carhon steel bit is extensive and *ime  consuming,
investigqations indicate this was in extromely rare
practica,

Electrical, heatini, ventilation, and air conditioning
(HVAC) and instrumentation <isciolines usel only Hilti
concrate hits when drilling heles for anchors and n9
evidence can he found that prior to April 9, 1776, thny
used air-arc equipment, carbon steel :drill bits, or tneo
special Drillco bkit, to cut embedied reinforcing stnel,
Furthar, the mrmajority of the types of anchars used hy
these disciplines were designed to be installed +n
embeddied concrete depths which wa2re less than the
specified cover over reinforcing steel,

%)
.

6. when interferences existed hetween a propnsed lncation
for a drilled-in anchor and an existin? gembedded
reinforcing bar, the alternatives available to craftsman
prior to April 9, 1976, were:

a. Reposition the drill hole

b. If the Hilti drill bit struck a rebar off center,
it could sometimes be deflected off the bar,
resulting in a hole at a slicht angle which could
b2 utilized with a bevelled washer.

€. Install an anchor bolt in the hole as is, with an
enbadded depth equivalent to the concrete cover
over the reinforcing bar. .

d. Cut through the reinforcing bar and continue the
drill hole to the reguired depth.

Cuttingy of reinforcing steel was only one of the four
aiternatives available whan borinaga holes for drilled-in
anchors and being th2 most time-consuming, was the least®
likely to have becn carried out. '

SCOPE

These findings indicate that ‘our grimary consideration
should be with the extent of possible damage to embedded
reinforcing steel when holes were drilled in concrete for pipe
hanger and support installations during the perioil between
August 19, 1975, and April 9, 1976.
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APPROACH
General

Reinforced concrnte structurcs are comprised primarily
of four kinds of structural elements: slabs, ualls, colunns, anl
heams. Slahs and walls are q2nerally reinfore=i withn uniformly
spaced, orthovonal patterns of reinforcing hars, in the tog and
borton of slabs, or in the near face and €ar face Af walls,
Cnlumns and beams are generally reinforced with arouns of closely
gnacei. varallel reinforcing hars, in all four fac=s »f caluans,
and in the top and bottom of reams Orthogonal reintorcement in
aluays provided in the form of txps, uniformly scacedi in columns,
and is sometimes provided in the form of stirruus, uni€ornly
spaced 1n.heams, n2ar the supports.

The frequency of possible interferances between drill
holes and embeddaed reinforcing steel will decr2ase as the center
to center spacing of rebars becomes large, such as in slabs and
walls as compared to colurns and beams. Therefore, aqivan a known
quantity of drill holes in a slah or wall, hored with the snecial
Drillco bit, the likelikood of xntﬂrfcronce an‘d damage is far
less than if the same number of holes were borad into a beam or
column. For this reason an evaluation of structural intearity of
colunmns oOr heams requires a more precise determinition »f damage
to reinforcing steel in all elements, while it may he possible to
base an evaluation of walls and slabs on a statistical analysis
of a sampling of such elements %o determine the maximun possible
damage to reinforcing steel,

Columns and Beams

The Project Structural Engineer made inspection trips to
the )ohsxte on October 21, and November 10, 1976, and identified
columns and Feams having any drilled-in anchors. Flements were
selected for analysis if they had any anchors at points of
critical stress, or where several anchors were installed
reqardless of location. Date of installation of the anchors had
no bearing on this selection. Subsequent to these inspactions,
locations of reinforcing bars in these columns and heams were
determined eithar by using the "R Meter" manufactur=d by James
Electronics, Inc., or by chipping away portions of the concrete
cover. Where an apparent interference existed between a
reinforcing bar ani a drilled-in anchor for a pipe support,
ultrasonic test methodis were used to chock the depth of embhedment
of the anchor. The anmount of concrete’ cover over the bhar in
question  was measured and compared to tha depth of embednent of
the anchor. Rasel on these measurements, possible damajge to the
bar was evaluated. This check was made rcqgardless of how or when
the pipe support anchor was installed.

FPased on a conservative estimate of the extent of
possible damage to reinforcing steel in a qiven column or Dbean,
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and knowing the design forces and noments, an Analysis was then
performed to detearnine if +¢ho reviseld capability of  tha  eleacnt
equaled  or ecxrended the capability roeaquired by 12 oriqinagl
‘desian.

4 This approach constitnuted a 100 porecon® visuil
inspectioﬁ of all beam and colurn «lements, and an  analyti=al
roeview of those having any wossible significant damaae 9
emoedlel reinfarcing from holee dArilled for pive sunparts. A5 4
result of our inspections, it was letermined that therns were n9
irop heams or concealed (lnnal) beams which rejuired reviow,

Slabs and Walls

Inspections by our tield forces indicated that the
highest concentrations of pipe support embedments installed with
drilled-in anchors occurred in the walls and in the uvnderside of
floors of the three steam gqenerator cubicles in the Unit 1
ccntainment. ~his 1is consistent with the tact that the pip»
support embedment installation efforn had barely besun in the
Unit 2 containment at that pnint in time.

. Since structural designs for cach of the cubicles ar2
similar, only one reactor coolant oump (RCP) side radial wall,
steam generator (55) side radial wall, and one saction of the
crane wall, with the largest guantity of drilled-in anchors for
pipe supuorts, was initially s=2iected for anchor installation
review. Thus, in Reactor Containment - Unit 1, the RCP side
radial wall stulied was from Cubicle A, the SG side radial wall
from Cubicle C, and the crane wall from Cubicle B. In Reactor
Contain=ent - Tinit 2, ¢he RCP side radial walls had too few
anchors to warrant study, the SG side radial wall studied was
from Cubicle A, and the crane wall was from Cubicle C.

Due to the existence of highly localizad design loadings
on the cubicle floor slabs and the fact that ¢the locations of
critical sections for stress may vary, it was decided ¢to
investijate =2ach cubicle floor slab in Units 1 and 2
individually. Anchor installations at points of critical stress
were studied and a consarvative estimate cof possible robar damage
was made.

In general, the procedure for anchor installation review
consisted of identifying all pipm support embedments having
drilled—-in anchors anad plotting their locations on each face of
wall elements and on the unlderside of the flecor slab (the floor
slab top surface aid nc* wirrant an analytical review). Next the
date of installation of all drilled-in anchors for pipe supports
was researched to determine which of those were installed within
the "poriod of concern" from August 19, 1275, to April 9, 1976.
If a date of installation was uncertain or unknown, it was
assumel to have fallen within the period of concern (see Findings
Hos. 1 and 3).
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At this point a statistical analysis was werformed ro
Aetermine the maximum possiole interferences betrween rnown anchor
locations for pipe sunrcerts installed duriny the neriodl of
concern, and a known orthojonal reinforcing stesl pattern, All
holes for anchors installed in this period weie assum2d to have
been drilled with the special Drilleco bit and wa2re, rthercefore,
potontlally damaqging to pmbeddad reinforcing stee2l.

In sections having two ¢r mare lay~rs of r«inforcing
steel in the same directior, if the trype ot rilled-in anchor
used was commercially available in 4 length sufficient to reach
the deeper bhar, then the statistical analysis included the deepaer
bar as potentially damaged. This was conservative. However, in
highly stressed areas having mulfxnle layers of rebar, ultrasonic
test methods were sometimes utilized to determine the embedied
length of the anchor, and thus, the number of layers of rebar
potentially damaged.

Assuming the maximum possible damage ¢t9o reinforcing
steel in a given slab or wall, and knowing the actual yield
strength of the reinforcing steel from mill test reports, a
conparison was made to determine if the loss of reinforcing bar
ar=a was sufficiently compensated fcr by bar strength nroperties
in excess of those assumed in the oriainal desiagn. In those
cases whare the excess yield strenath was not sufficient, the
design forces and mom2nts were raviewed for comparison with ¢the
section capacity as reduced by bar damage.

This approach constituted a 100 percent visual
inspection of all slab and wall elements and an 3nalytical review
of all those elements which could have been critical.

ANALYSIS
Columns

8t uctural analysis wu. columns, to determine their
revised capability after bar damaga, was performed using the
met hod of ACI 318-71 and the governing load equations gf NRC
Standard Review Plan, Section 3.8.3, Paragragh I1I.3. Whare the
ultrasonic test showed penetration of a reinforcing bar by a
drilled-in anchor, the anchor was assumed to have hit dead center
and to have perforated the bar. In most cases the anchor
diameter was smaller than the reinforcing bar and, therefore
even a dead center hit could not completely sever the bar. In
those instances, the damaged bar was trecated analytically as one
having an area equivalent to the reduced cross sectional area of
the perforated bar.

In columns, where the location of damage to one bar was
separated from the 1location of damage to another bar by a
distance equal to or greater than the dovzlal1°"t length (per
ACI 318-71) of that bar, the damaae was treated analytically as
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only one creduction in cross sectional arca ot a bar, This is

justifizd by the fict tha® the tuy damaged hars in «fftecr lan
each othar, 4and can still transfer loads earriel at rholr relacod
snchions by bond ‘levelooment., The soaction of <cach ecolumn  ta~n
having the graeatest reduction in bar area was  iienvifil,

Verification analysis was then nerformad on this critical seation
by computer using a SiW  proqram entitled, “Ilrimarte Strenqgrh
Analysis of Concrete Columns.® It is hased nn aceentai  ultimatoe
stren3yth theories for rce2intorcei concrete lnsign, arl wiore
applicable, assumptions amnl limitations conformian t) ACL 318-71.

Slabs and Walls

Statistical analysis of slab and wall elaments %o
determine .an assumed maxipum possible bar damage was nerformed
graphically. Locations of all drilled-in anchors installel
during the period of concern were plotted to a larg2 scale. Then
a transparency was preparad showing, to the samn scale, the
orthosonal rehar pattern indicated on the d2siagn drawint in the
element. The transpar2ancy was overlaid on th2 anchor location
plot to determine the position of the rehkar pattern, relative to
the anchors, resulting in th2 greatest numher of bar/hol%
interferences. This was done, for each of the two directi.ns, bv
shiftinz the ¢transosarency, apnroxinately one inch a% a time,
checking interferences and computing bar area reductions, until
all possible positions of the rebar pat 'rn had bheen check24.
The rpzzce* cross sactional area at a bar/! lt 1interference was
COTUJt assuring complete perforation o the bar and based on a
dead C°“‘P' hit or quarter point hit, wh .chever apweared clos=ar
on the araphical presentation.

n slabs and walls which were designed as singly
reinforced, drilled-in anchors in zones of compression were no*%
considered a possible problem orovideld they were beyend tn»
cutoff point required for anchorane of flexural tension ste=2l.
Also, where the location of damage to one har was separated from
the location of damage to another bar by a distance equal to or
qreater than the development length (per ACI 318-71) of that bar,
the damage was treated analy%tically as only one reduction in
cross sectional area of a bar, similar to the column analysis
method.

=4

In portions of the cubicle floors, it was necessary to
compare the results of the statistical analysis with dasiqgn bar
stresses. Far stresses were computed uéan the load eguations of
FSAR Section 2.8.2.2.

Bae 2%

e 2%

4,21

4.45
L.4b6
4,47
4.58



y=11715-72¢ VR A 035

RESHLTS
Columnns

Table [ summarizes the results of coluans investigat.oed
and analyzed. nctagonal enalumns  under the sStaam generator
cubicle floors arz gqiven the preface "SG" fclloweed Lv the letrer
d2siqnating the cubicle they survmort. Rectanlar cran® wall
columns are designated by the npunhers corresnondiny tn * iy
annulus area steel coluinn lin«s which pas: radially throuth, or
on either side of, the concrete columi,

Where drilled-in anchors were shown to interfere with
column tie bars, the eleva*ion was noted ani remair of the *%is
scheduled if rz2quired. Column capacities were therefore based on
an evaluation of damage to axial rebars only and no further
reductions are required for tie damage.

Many of the columns de2signated as having drilled-in
anchors ware shown by furthzr field investiqgation %o he free of
any anchor bolt/rebar interferences, Th=2se columns have haen
tabulated anyway, since they were investigated, but are
identified as having no bar damaage. These columns did no*

require analysis.
Walls

Table II summarizes the results of walls investiqated
and analyzed. For each el”ment listed, the followina ‘nformation
is tabulated:

l. The percentage by which the actual minimum yield
strength for the reinforcing steel for that type of
element exceeds the desiqn yield strenqgth. Thus, tha
mill test reports for the BCP side radial wall of all
three cubicles w2re reviewed to determine which cubicle
had the minimum yield value for that type of element,
etc.

2. The th2oretical percent of reduction in reinfoarcing bar
ar~a unier the following conditions:

a. Only drilled-in anchors for pipe supports installed
during the period of concern could have cut
reinforcing steel regardless of the method of
installation. .

b. All drilled-in anchors for opipe suoports could have
cut reinforcing steel regardless of the date or
method of installation. '

The nercont reduction in reinforcing bar area was
conpruted by dividing the total arca of reinforcing steel cut as
- 2 ’ -
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determined by the atatistiral analysis, by the ®otal area ot
st«e]l in that face, in that +direction.

Wwe balizve the indlividual cabicle elements selected tor
anlaysis are ropresentative of their respective «lements  in the
other two cuhicles in terms of the jJuantity anl locatinn of
wcritical period" pinn 3unport anchors. This helief is based o
the fact that pipe sunnart  installation work proceeds)
concurrently in each cukinle,

In the remote evaent that any cubicle wall =2loment noat
analyzad could hav2 slightly more "critical period" pioe sSuppore
anchors than the raspective elem2n% analyzed, w2 have included an
analysis assuming all pipe support anchors couldl have cat
reinforcing steel, regardless of the date or methol of
installation, to provide an uppger bound on the problem. e
believe this assunption is unreasonable and entirely unrealistic
and, therefore, we have shown only the averags reduction in
reinforcing bar area for this condition rather tnan the maximum.
Our assessment of the reduced capacity of the wall element uses
the larger reduction in rebar area of either the "Pipe Support
Anchors August 1975-April 13976 Max" or "All Pive Support Anchnrs
Avg."

In order to determine whether the percentage by which
‘the actual yield strength of the reinforcing exceeded the design
yield was sufficient, the followinjy relationship was Aeveloped:

F = rﬁq"ired yield strength Ar = reducei rebar area
Fd = design yield strength Ad = desiqn rebar area
F = Ad x Fa/Ar

Review of the results contained in Table II chow that
for Reactor Containment — Unit 1 the reductions in rebar area are
not fully conapensated for by the actuval yield strength of rebar
in th2 reactor coolant pump side radial wall of Cubticle A and in
the crane wall of Cubicle B. In those instances, the design
stresses due to comhined tharmal, differential pressure, and pipe
break 1loadinas were rc"oﬂﬂutej using these reductions. This
analysis assumed the maximum reduction in rebhar arca for a qiven
layer of rekbar in one face of the wall occurred in both facas.
This is conservative. This analysis has shown that these wall
elements still meet the design criteria contained in FSAR
Section 3.8.2.2.

Slab

v

Reactor Containment - Uait 1

The highest desiqgn stresses in the floor slabs of the
steam generator cubicles result from concentrated loads
associated with primary coolant loop pipe break bumpers. These
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stresses are hiqhly localized relative to the entire floor slab
and, therefore, an assaessacnt of potential bar damage, in reras
of a percent reduction in rebar cross sectionil  area,  was
Airected a* a minimum 10 £t x 18 £t area of each €lunc 3lab in
ecach of the threc steam gencerator cubicles. This area  inclulsi
those portions of ‘the floor slah having ¢the highz2st design
stresses and was also visually representative of the most densaly
Arilled portion of the entire floor slab. The actual yield
strenjth of reinforcing stesl us=d tor analysis was 40 ksi  for
slabs in Cubicles A and B, and 42.3 k3i tor Culicle 7.

Estimates of the maximum reductinn in rebar area,
assuming all pipe supnort anchors installed ‘during the "critical
period" could have cut rehar, wer? made for local rortinas of the
sample area in each of the thres cubicles. The d2sign sStressaes
due to combined seismiz, thermal, differential pressure, and pioe
break bumper loadings were recomon*ed usingy these reductions,
This analysis has shown that the floor slab still mee%s the
design criteria contained in FSAR Section 3.8.2.2.

Reac*or Containment - Unit 2

In Unit 2, a more simnlified approach was used t»o
minimize the need for time consuming field studies of anchor
installations on the underside of the cubicle floor slabs. The
actual yield strength of slab bottom rebar used for analysis was
40 ksi for Cubicle A, 3.5 for Cubicle B, and 56.4 for Cubicle T,
Therefore, only the underside of the Cub’cle A <€loor slab was
studiel for “"critical period" anchors. Based on exp2rience
gained in Unit 1, a 15 percent reduction in radial and
circumferential rebar area was conservativaly assumed for slab
bottom rebar, in Cubicles 8 and C, to account for possible anchor
installation damage. It is noteworthy that the investigation for
Cubizle A showed that no pipe suocports were installed on the
unierside of the floor slab prior to April 9, 1976. This fact
~As consistent with general observations about the limited extent
of Unit pire support installations up to that time, and
highlights the conservatism of the 15 percent reduction assumed
in Cubicles B and C.

The desian stresses Jue to combined seismic, thermal,
differential gressure, and piove bhreak were racomputed using the
actual yield stremngths of rebar, and conservative bar area
reductions. This 2nalysis showed that the floor slab still meets
the design criteria contained in FSAR Section 3.8.2.2.
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Column
Mo.

-72c

Base
Elev.

Axial
kehars

NDamaged

Reactor Containiaent - Unit 1

SG-A

12-13

18=-1

NOTC:

2141=5n
2141-5"
2140-5
2140-5»

214% 5%

2140 =50

21415

«Capacity fiqures are based conservatively on
4,000 psi while actual core samples show the i

None
None
None
None

1 bar

None

2 bars

09727718
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TABLE 1

COLUMS

Factored Loads

"loment,

Axial lLoalds,

Desiaon

l.oading

P=6077
¥x=5273
My=2486

P=5341
Mx=6107 .
My=1400

M (¥-F%)

P (Fins)

Capacity With

Rabar NDamage

P=Hh423=
Mx=5545%*
tay=2616%

P=5341
Mx=0371
My=1916

conpressive strenqgth is 5,307 psi minimum,

.ace

013

L

7.30
7.3
7.32

7.34
7.356

Te.37
7.38
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CTARLE_I_(CONT'D)

—_———

Factoreid Loads
Kqonent, M (%-F*)

Arial Loads, P (Yip:s)
Axial

Column Base kekbars Na2sian Canacity With

NOy Elevw. Damanad Loaling Febar damage

RPeactnr Containment = Unit 2

SG-8B 2142-5n None

3-4 2142 =-5» 2 bars P=56587 P=5722+%%
Mx=1000 Mx=1121%*
My =3495 My=9540¢

4. 214r-5n 1 bar P=6289 P=4370==*
vMx=1547 Mx=1586%*
My=735%7 My=7548%%

i0 2142-5" None

mn 2141 =-5n None

14-15 214 -5n 1 kar P=5370 P=5727%¢+
Mx=1886 Mx=2043**
My=6310 My=6333*=

Column 13-14 also had damage to one bar. It has not b=2en shown

in the table, however,
compositely with colunn
to this tabular format.
is acceptable.

NOTE:

becauss it was moideled and analyzel
12 and ta? results 4o not lend themselves
Results demcnstrated that the bar damage

s*Capacity figures are based conservatively on f'cs
E Y Y

3,650 psi while actual core samples show the in-place

compressive streagth is 4,572 psi

minimune.
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