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INTRODUCT ION

The Nuclear Regulatory Commission IE Bulletin No. 79-02, dated March 8, 1979,
directed holders of Nuclear Power Plant Construction permits to respond to the
concerns of the NRC regarding the reliability of pipe support base plates that
use concrete expansion anchor bolts in Seismic Category I Piping Systems as
defined by Regulatory Guide 1.29, "Seismic Design Classification", Revision 1,
dated August 1973, or as defined in the applicable FSAR. Revision 1 of the
Bulletin, providing clarifications, was issued June 21, 1979. Revision 2 of
the Bulletin, providing additional clarification and new items of concern, was
{ssued November 8, 1979. This final response supercedes the previously sub-
mitted response and addresses the Bulletin "Action Items" as given in Revision
2 of the Bulletin. Action Item No. 7 is not applicable to WNP-2 and Action
Item No. B8 does not require a response. In this reply, the NRC "Action Item"

is first stated followed by the Washington Public Power Supply System response.



1.0
1.1

NRC ACTION ITEM NO. 1

verify that pipe support base plate flexibility was accounted

for in the caIcuIaE%on of anchor bolt loads. En T1eu of sup-
rti anai.ﬁsis ]usti?zigg the assg?tion of rigidﬂt the base
%a!es Shou ) considere exible uns enea distance

Eefveen the member welded to the EIate and the ng of the base

ate 1s greater an twice ness o ate. S

rec Z a S criterion 1S conservative, ess conserva-

Tive acceptance criterion must be justlified and the '|us§1;;ca-
tion iﬁﬁtfed as part of the response to the Bulletin. e
base plate Is detemmined to be ﬂex?EIe then recalculate the
bolt Yoads us@ an '@?grcfgrlate anEIsts. If gﬁssEIe! this is
to be done prior to tes ngho anchor bolts. se catcuIafea
bolt loads are referred to hereafter as the bolt design loads.
A description of the analytical model used to verity Eak plpe
sgort base plate flexibility is accounted for in the calcula-

on of anchor bolt loads 1s to be submitted with your response
to the Bulletin.

It has been noted that the schedule for analytical work on base
plate TlexIbl11ty for some faclllitles extends beyond the Bulle-
tin reporting time frame of July 6, 1979. For those facilities
for wﬁ?%‘? an anchor Golt fesEJLIpm Tam 1s required (1.e., suf-
Fficlent QC documentation does not exist), the ancher bolt test-
Ing program should not be delayed.

RESPONSE TO ACTION ITEM NO. 1

INTRODUCT ION

The WNP-2 Contractors affected by the Bulletin requirements are Primary
Containment (C213A), Mechanical Equipment Installation and Piping (C215),
HVAC and Plumbing Installation (C216), Fire Protection Systems (C217),
Instrument Installation (C220), and Spray Pond Piping (C233).

Pipe Supports and their base plates have mainly been designed by these
contractors and their subcontractors. The supports installed by C213A
and C233 were designed by the Engineer.

The total number of Seismic Category I supports is approximately 16,000;
one third support large diameter piping (above 2 inches) and the remain-
der support small diameter piping (2 inches and smaller).

These Seismic Category I pipe supports are supported from structural
steel, embedded plates, cast-in-place inserts or by expansion bolts.
Only the expansion bolt installations are the subject of this response.
Approximately 3,000 supports use expansion bolts of which nearly 2,000
were installed by Contract 215 and by C213A.



1.2 ORIGINAL BASE PLATE DESIGN

From an examination of the contractor's pipe support calculations, it is
clear that they used a rigid plate design throughout. Preload was neg-
lected in the design approach although the installation specifications
required expansion bolts to be preloaded in excess of the bolt design
load. Additionally, no concrete compression was assumed, and bending and
torsfon were resisted by the respective moments of inertia of the bolt
group.

WNP-2 Original Design Method

In the Original Design Method at WNP-2, the highest loaded (criti-
cal) bolt is assumed to fail causing the remaining bolts to carry
the loading.

First, the plate is analyzed as rigid and the loads are resisted by
the moment of inertia of the bolt pattern. The bolts are assumed
to carry all the shear, tension, and compression. No loading occurs
between the plate and the concrete.

Next, the critical bolt is removed from the bolt pattern and the new
center of gravity (CG) of the bolt pattern is located. The applied
loads are transferred from the attachment to the new CG.

Finally, the plate is analyzed with the critical bolt missing for
the new configuration and the remaining belts are checked for
adequacy.

EXAMPLE :
FOUR COLT PLATE (My>M,)

Y

::::Critical Bolt ﬁy
rdi],‘-:

s
: c?.\P M |
L L 2




Shear is assumed to be distributed equally among *he brlts. This
assumption receives support in the discussion for steel beltecd con-
nections of Reference 5. This text deals in its entirety with bolt-
ed and riveted joints. For these steel bolted connecticrs, shear is
distributed relatively equally when the number of bolts on line is

limited. For example, from Reference 5, consider four fasteners in
line. The plate material is A36 and the fasteners are 7/8" A225
bolts. The shear stress is approximately 42 ksi for the two inside
bolts and approximately 46 ksi for the two outside. The difference
for four in line is slight. We conclude that the difference for
three or less fasteners on line will be negligible. Our most fre-
quent case is to have three or less on line.

The bolt loads (tension and shear) determined from this method were
then combined in a linear interaction formula to account for com-
bined effects of shear and tension on the bolts. The interaction
formula was formulated as follows:

ft (actual tension) c fs (actual shear) . ()
?t (alTowable tension) = F {allowable shear) —

P 9 Increases in Stress Allowable

The International Conference of Building Officials (ICBO) report
(Reference 2) permits anchor allowable loads to be increased one-
third for short time loading such as wind or seismic forces. The
Engineer and WNP-2 Contractors used the same design criterion.
Additional justification for this action is provided by the ASME
Code for Subsection NF components such as base plates. This Code
allows an increase of nearly 100 percent in the allowable loads for
NF component under faulted (seismic) loading conditions.

b S Preload of Bolts

The advan.ages of anchor bolt preload were rieglected for design pur-
poses. However, they were preloaded during installation to over 100
percent of their allowable tension load. Preload is fully discussed
in the response to Action Item No. 4.



1.3 FINAL BASE PLATE DESIGN AND QUAL IFICATION

In response to the Bulletin, all flexible Seismic Category I pipe support
base plates are being qualified by flexible plate analysis. Factors of
safety higher than those originally used are now being utilized. For
maximum support load (typically faulted condition) a 33 percent increase
in allowable anchor load is no longer permitted. The following is a dis-
cussion of the current analytical method used for both design and final
qualifiation at WNP-2,

Flexible Base Plate Analysis

Base plates are considered flexible when the unstiffened distances
between member welded to the plate and the edge of the base plate is
greater than twice the thickness of the plate. Most base plates
without stiffeners are categorized as flexible. Analysis of flex-
ible base plates is being performed with a finite element computer
program, ANSYS (Reference 4). If a computer evaluation is not per-
formed, a comparision is made to a typical base plate with greater
flexibility. Since these typical base plates were evaluated by
ANSYS for flexibility, all subject base plates have flexibility in-
cluded in the evaluation of anchor loading.

Description of Analytical Model

In the manner of assessment presented in Reference 8, flexible base
plates are evaluated with a finite element computer program, ANSYS
(Reference 4).

Consideration is given to plate and concrete stiffness, expansion
bolt stiffness and proper dimensions of the attachment. The unique
computer program capabilities are used to perform a static, elastic,
non-linear finite element solution. Additionally, a preprocessor
program is used to simplify the input.

The steel plate is represented by quadrilateral and/or triangular
plate shell elements. This element, STIF 63, has six degrees of
freedom at each node and pemmits both bending and membrane loading.
Located below each plate node is an element which simulates the
concrete.

The concrete is represented by a STIF 40 element type which has a
spring constant and a gap. A STIF 40 combination element is used to
resist the compressive forces in the vertical direction between the
plate element and the concrete. Since this element has gap capabil-
ity, only compressive forces will occur. A non-linear iterative
so%ution is therefore required to assure a converged and accurate
solution.




1.3,3

The concrete spring constants, K, are calculated using elastic half
space theory as follows:

_ 4G Ro )
“--r:v-’%r—"'”“r

where:

G = the shear modulus of concrete

Ro = the effective radius of the concrete area in contact
with the plate

v = is the Poisson's Ratio of concrete

A = is the effective contact area = rRoZ

Attachments welded to the base plate transmit the pipe support load
to the base plate. These attachments provide a stiffening effect
(reduces out-of-plane bending) which is modeled as a rigid region on
the common plate nodes. Since the applied loads occur at the at-
tachment center of gravity, the plate model provides a collocated
node for applying loads.

The anchor bolt element is also simulated as a spring gap element,
STIF 40. However, this element is modeled to support tension only.
A= a two node element, one node is common to the plate mesh at bolt
locations and the other node is fixed to ground.

The anchor bolt stiffness used is an important factor in determining
the base plate load distribution and the final anchor bolt loading.
The primary factors which determine this anchor loading are the
plate flexibility and anchor bolt stiffnesses. The anchor bolt
stiffness is provided to the finite element computer program as a
spring rate. Pull tests performed on Site were used to determine
realistic spring rates. At Hanford WNP-2, the shell type anchors
(HDI's) are the most common expansion anchor type. Since test re-
sults show this anchor type normally exhibits a constant stiffness
(elastic characteristic) to ultimate load capacity, a bilinear
spring rate simulation is not required.

For Hilti Super Kwik (HSK) type anchors, a ductile behavior is ex-
hibited and the bolt stiffness is conservatively taken as the ini-
tial slope of the load deflection curves from Reference 3.

Table II provides the elastic spring rates conservatively used for
each type of anchor.

Shear and Tension Interaction

The basic tension interaction in conjunction with basic allowable
shear interaction is combined with the following elliptical equation:




1.3.4

4/3 4/3 4/3 (2)

Irotal = Itension * Ishear

Where:

ITotal = Total interaction <1.0

1 _ Calculated tensile bolt load Or see section
Tension AlTowable tenslon bolt load 1.3.4 for typical

base plates
I N Calculated shear bolt load
Shear - Allowable shear bolt load

It is to be noted that n this interaction formula, the flexibility
of the plate affects -.1ly the tension portion of the formula not the
shear portion.

Typical Base Plates

Typical base plate configurations were analyzed on the finite ele-
ment computer program. The maximum support loads found by solving
individual load cases on four, six, eight, and ten bolt base plates
with and without stiffeners. The results were used to formulate an
empirical equation to permit load combinations. An example of a
four bolt base plate is shown below:

I - Pullout y: Mx + My
Tension =~ Allowable Pullout =~ Allowable Moment
where:
ITension = Tension interaction
Pullout = Applied tensile pullout
Mx and My = Applied moments in the x and y

directions

Allowable base plate pullout based
on finite element evaluation

Pullout Allowable

"

Allowable base plate moment based on
finite element evaluation

Moment Allowable

For base plates with larger attachments or thicker plates, less
plate flexibility will occur and the interaction equation can be
conservatively utilized.



1.4 COMPARISON OF RIGID AND FLEXIBLE ANALYSIS

1.4.1 Conventional Rigid Plate Theory

The simplest method and perhaps the most common method for perform-
ing base plate evaluations is to assume the plate rotates rigidly
about one edge. Using all the bolts as active members, the maximum
bolt load can be solved by static equilibrium. Although this method
for performing base plate evaluations was not used for des!gg pur-

ses on -2, the method 1s used only for comparative purposes
w?fﬁ the original design concept and the final qualification meth-
od. This method is commonly used in industry.

1.8:2 Examples

Flexible Plate Analysis +  Bulletin requirement (Cur-
rent Evaluation)

WNP-2 Original Design Method : One bolt redundant was ori-
ginally used.

Conventional Rigid Plate Analysis : Common design by industry
before Bulletin 79-02

To provide a fair means of comparison of analytical methods in the
following examples, the tension expansion anchor allowable is con-
stant at 4.53 KIPS for 3/4" HDI and shear loading is neglected.

Plate Analysis

Typical Four Bolt Base plate Y’
Dimensions: 12x12X3/4 ° 0
X
Bolt Spacing: 9" center to center D -
Attachment: TS 3X3 (o} o
| Allowable | Allowable
Type of Analysis | Plate Pullout (KIPS) | Plate Moment (IN.KIPS)
| B
Flexible Plate Analysis | 14.0 | 66.9
i |
WNP-2 Original Design | I~10.5 | l | 40.8 |
Method | |
| |
Conventional Rigid | 18.1 ; 97.1
|
| |

Conclusion

WNP-2 Original Design Method is conservative for this four bolt plate and
most four bolt plates previously installed.



Typical Six Bolt Base plate

Dimensions: 21x12x1

Bolt Spacing: 9" center to center

Plate Analysis

Attachment: TS 5X5 o o
I Allowable | Allowable
Type of Analysis | Plate Pullout (KIPS) | Plate Moment-X (IN.KIPS)
|
Flexible Plate Analysis : 12,37 I 133,
|
WNP-2 Original Design | 17.9 I | 95.1T |
Method ; ;
Conventional Rigid | 27.2 | 299,
Plate Analysis | |
| I
Conclusion
WNP-2 Original Design Method has mixed results.
v
(o) o o
Typical Eight Bolt Base plate X
o o [ o2
Dimens ions: 21X21x1
Bolt Spacing: 9" center tu center
Attachment; TS 5X5 or Wéx2s e - e
I Allowable I Allewable
Type of Analysis | _Plate Pullout (KIPS) | Plate Moment (IN.KIPS)
R e E P | PR il
Flexible Plate Analysis : | 20.1 | ; | 112.6 |
WNP-2 Original Design | 25.0 | 173.6
Method One Bolt | I
Redundant I I
| I
Conventional Rigid [ 36.2 | 318.
| I
| I

Conclusion

WNP-2 Original Design Method produced non-conserva
comnared to flexible plate analysis.

tive loading capability



1.8:.) Comparison

The purpose of this section is to show conclusively that the desi
criteria used during final qualification of WNP-2 base plates satis-
fies the bulletin's analytical concerns.

Figure 1.4 shows the bolt tensile load on a typical support with an
eight bolt base plate. These curves provide an overview of analy-
tical methods.

1) Curve A represents conventional rigid plate theory, which was
the most common methods used by others prior to issuance of the
Bulletin.

2) Curve B represents the WNP-2 Original Design Method used.

3) Curve C represents flexible plate theory without preload.
This curve is used to determine the allowable support load for
a flexible plate since the only applied loading is pipe support
loading.
Curve D represents a preloaded anchor bolt with flexible plate
theory. Verified by test results (Section 5), this curve simu-
lates the actual bolt load.

5) Curve E represents the theoretical behavior of a preloaded
rigid plate.

1.4.4 Summary

The comparison study shows that for small plate up to 12X12, with
four bolts and a minimum thickness of 3/4", the WNP-2 Original De-
sign Method provided satisfactory results. However, as the plate
gets larger and more bolts are included, the flexible plate ap-
proach provides a more accurate method for determining bolt loads.
In addition, as shown in Curve D, the actual bolt load increased
only 1.0 KIP over preload when the design support load is applied.
Thus, the cyclic stresses due to alternating support loading is
minimized and the Bulletin concern for alternating stresses due to
dynamic loading is satisfied.




MAXIMUM TENSILE BOLT LOAD - KIPS

AppL1ED SupPORT LOAD - KIFS

Ficure 1.4 Comparison oF ANALYTIcAL Metvops on E1eHT BoLT Base PLATE

-« 11 =



1.5 TESTING

1.5.1 Description

—
-
n

A series of tests have been performed at the WNP-2 Site under actual
field conditions to verify the analytical results for six bolt and
eight bolt patterns. A typical hanger (see Figure I) was loaded in
a manner simulating actual field conditions. The hanger was instru-
mented to measure strain and deflections. Load sensing bolts were
used to measure strain in Bolts Bl, B2, B3, and B4.

The 3/4 inch Dia Hilti Drop-In expansion bolts were torqued to pre-
load of greater than the allowable design load. Then, tension load
increments were applied by means of a hydraulic ram at a 36 inch
eccentricity from the centerline of the plate. The applied loads
were 1.33k 2,76k, 3,0k, 5,33k and 10.67K.

B - Comparison of Test and Analytical Results

A comparison of the results of the loads in the expansion bolts from
the analytical analysis and the test for ¢ range below and above
design load is presented in Table 1.5.

The analytical results typically agree with the test results to within
10% even when the applied support load is two times the support design
load. A plot comparing the analytical results with the test results for
this test and three additional tests is summarized below.

Approximate
Test No. Figure No. Maximum Loading Type of Plate
1 I1 4x Design Eight Bolt
2 III 9x Design —ight Bolt
3 Iv 3x Design Eight Bolt
4 v 2x Design Six Bolt

During Test 2, the suppoi. load was increased to ultimate. The ultimate
load was defined to be the point where the hanger would no longer resist
the applied load due to excessive deflection in the support wide

flanges. This ultimate load (26.0 KIPS) was approximately nine times the
design load established for final qualification of WNP-2 base plates.
since the critical anchor (Bolt No. 3) apparently initiated slip at a
support load of 17.5 KIP, a load redistribution occured and considerable
difference between test and ANSYS predicted results occured. (ANSYS pre-
dicted much higher loads.)

Test 3 and Test 4 results show similar correlation.

.12 -



Table 1.5

Bolt Load Comparison

Applied Load (KIPS) Bolt No. Test Analytical % Difference

Preload Only Bl 5.54 5.54#% 0
B2 5.09 5.04% 0
B3 5.55 5.55% 0
B4 6.29 6.29% 0
1.33 Bl 5.54 5.59 1.0
82 5.29 5.07 4.3
B3 6.34 5.75 10.3
B4 6.35 6.31 0.6
2.67 Bl 5.60 5.72 2.1
B2 5.54 5.18 6.9
83 7.01 6.61 6.0
B4 6.44 6.91 0.5
3.0 Bl 5.66 5.94 4.9
82 5.80 5.80 9.4
B3 7.76 7.71 0.6
B4 6.49 6.52 0.5
5.33 Bl 5.86 6.48 10.6
B2 6.21 5.78 8.4
83 8.92 9.03 1.2
B4 6.60 6.81 3.2
10.67 Bl 7.28 8.75 20.2
B2 8.08 7.71 4.8
a3 14.90 16.25 9.9
B4 6.99 8.70 24,

*Analytical preloads were made equal to test preload values by using un-
equal preload displacements on the ground nodes.

. .



1.6 DISCUSSION OF CYCLIC LOADING

The main reason that WNP-2 expansion bolts are preloaded to a value above
the bolt allowable load is to reduce stress reversals in the bolts sub-
Jected to cyclic loads. This preload procedure also ensures that each
bolt is properly installed and achieves a minimum load carrying capacity
qualingdthe preload value. The preload is greater than the bolt allow-
able load.

A similar approach is used in standard high strength steel bolted connec-
tions. For high strength A325 and A490 bolts, (Reference 6), a preload
to 70 percent of the ultimate tensile strength of the bolt is recommend-
ed, but the allowable load of the bolt is only 60 percent of the yield
point. The resulting ratio betwecvn the preload and allowable load is
approximately two.

Generally, under applied design load the actual expansion bolt load be-
comes sightly greater than preload. Since each e«pansion bolt is instal-
led with a prescribed preload, it is assured that it can carry this load
after installation.

In the analysis of the typical eight bolt pattern, it was found that uti-
1izing the flexible plate appicach in the determination of bolt load, the
bolt load increased only one KIP over that obtained by (preloaded) rigid
plate analysis. However, this increase occurs on one bolt of the group
only, while the stress in the remaining bolts equal or slightly exceed
the preload stress. Thus, while it is apparent that this one bolt is
subject to a stress increase when flexible plate approach is considered,
the remaining bolts in the bolt group are not.

Our results are similar to those presented in Reference 5 for tension
T-connections. In the T type, the bolt load increase above the preload
bolt force due to applied loads is kept small. Thus, our results confirm
results from standard steel practice.

MAJOR CONSERVAT ISMS

We have presented results thus far for the effect of flexibility upon
bolt design and how the consideration of flexibility provides a more ac-
curate means of bolt determination in achieving a suitable factor of
safety. However, there are additional major factors which contribute to
insuring safety. These include conservatisms in accounting for shear and
tension irteraction, conservative seismic loads used in design, and high
quality expansion bolt testing program. These conservations are discus-
sed in more detail in the following sections.




Ra¥sd Interaction of Stear and Tension

The shear and tension interaction of an expansion bolt i{s conserva-
tive in three respects. First, the interaction formula (Equation 1)
combines the effects of shear and tension conservatively. Figure VI
compares Ecuation 2 with the actual interaction (Reference 10) of
shear and tension. Second, shear is distributed equally to all
bolts whereas for a flexible plate, each of the tension loads is not
uniform. And while the use of the interaction formula will produce
a result for the bolt with the highest tensile strength it should be
pointed out that the strength of a pipe support is dictated by the
capability of all of the bolts in the support and over emphasis
should not be placed on the capability of one bolt where if any
overstress occurs, there will be a redistribution of load to the
remaining bolts which are not as highly stressed. Third, the clamp-
ing caused by the preload gives frictional resistance which in-
creases the capacity of the plate to carry applied shear.

i P Seismic Load

The seismic loads used in the hanger design are based on the follow-
ing conservative seismic analysis of all Seismic Category I
structures.

A lumped mass model representing a Seismic Category I building was
used in computing the floor response spectra. In this model, the
soil-structure interaction effects were accounted for by lumped
springs and lumped viscous dampers. The damping coefficients of
these dampers, conservatively calculated from the solution of a rig-
id footing on an elastic half space, are given in the following
table. Also shown in the table are the actual damping values used
in the seismic analysis.

SOIL DAMPING RATIO

Elastic Half Space Actual values
Seismic Category I Theory Used in Analysis
Building Horlz. RockiIng vert. Horiz. Rocking _ Vert.
Reactor Building 32 8 66 10 5 10
Radwaste Building 39 65 98 10 5 10
Diesel Generator 38 22 63 10 5 10

Building
The Building responses from lumped mass modeling are very conserva-

tive because soil material and geometric dampings are purposely kept
low.

ol I -



A more realistic finite element modeling of the soil structural in-
teraction effect has been subsequently used to recalrulate the
building responses of the Seismic Category I buildings. The compu-
ter program, FLUSH, Reference 9, is used for this purpose. The geo-
metric damping effect due to infinite boundaries and nonlinear soil
properties for both shear moduli and material damping are properly
accounted for in the analysis.

The structural responses from the finite element analysis are sub-
stantially lower than those which have been used as input to the
hanger design. Figures VII and VIII demonstrate the reductions in
typical floor response spectra as discussed above.

Although this conservation is applicable to the majority of the con-
cerned pipe supports at the WNP-2 Project, there is one exception to
this, namely the pipe supports in the wetwell. For these pipe sup-
ports, this conservatism is not available.

1.7.3 Expansion Bolt Testing

Field testing of expansion bolts has been conducted at WNP-2 over a
period of two years to provide a custom made criteria applicable to
the actual project site. The testing program as discussed in our
response to Action Item No. 2 has provided data as to capacities of
the WNP-2 expansion bolts, and other characteristics, such as load
deflection behavior and failure mechanisms.

1.7.4 Anchor Bolt Stiffness

The essentially bilinear nature of the ductile behavior exhibited by
the expansion anchor bolts used at WNP-2 has not been used in the
analytical model of the flexible base plate. Typically, expansion
anchor bolts exhibit some ability to slip but yet maintain their
capability to carry load. This unique ability provides a load-limit
feature for the critical anchor and permits a load redistribution
for the base plate. Evidence of this redistribution was seen during
the pipe support test performed on site (see Section 1.5). When the
support load reached approximately six times design load, apparent
anchor slippage occurred pemmitting the support to reach approxi-
mately nine times design load without anchor failure. Figure 1.7
shows this comparison. Therefore, the factor of safety for a pipe
support can more accurately be represented by the capacity of all
the bolts rather than that one critical bolt. As a result, the
flexible plate analysis performed at WNP-2 induces considerable
conservatism relative to the Bulletin strength requirements.

1.8 CONCLUSIONS

In response to the Bulletin's concerns, all flexible Seismic Category I
pipe support base plates are being designed and qualified by flexible
plate analysis. At WNP-2, the effects of flexibility on small (four
bolt) plates is minimal compared to the Original Method of Analysis.
where it is found to be significant on larger plates with a greater num-
ber of bolts, additional stiffening of plates is being added to ensure
that excessive bolt load does not occur.
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NRC ACTION ITEM NO, 2
Verify that the concrete expansion anchor bolts have the following minimum
factor of safety between fﬁe bolt EI@ Toad and the bolt uIEImEe capacity
determined from static load tests ie.%.l anchor bolt manufacturer's) which

5] ate actual con ons of Installation (1.e., type of concrete and its
strength properties):

a. Four - For wedge and sleeve type anchor bolts,

b. Five - For shell type anchor bolts.

The bolt ultimate capacity should account for the effects of shear ten-
sion interaction, minimum edge distance and proper bolt spacing.

If the minimum factor of safety of four for we t anchor bolts and
Tive for shell t anchors cannot be shown then ]usgffIcaEIon must be
Tovided. 1he Eﬁ?%ef!n Tactors of safety were intended for the maximum
support load including the SSE. The NRC has not yet been brovided ade-
qua%e Tustl flcation %ﬁat Tower factors of safety are acceptable on a lon

term basis. Lower factors of salety are allowed on an Interim basis Dy
the provisions of Supplement No. 1 to IE Bulletin No. 79-02. The use of

reduced factors of safety In the factored load approach of ACT 349-76 has
not yet been accep y the NRC.

2.0 RESPONSE TO ACTION ITEM NO. 2

2.1 INTRODUCTION

At WNP-2 a factor of safety of four is used in final plate qualification
for both the wedge type and the shell type anchors. Apparently, by re-
quiring a factor of safety of five, the shell type anchor is being penal-
ized for its typically brittle mode of failure while no reduction is re-
quired to account for yield load (load at which the load-deflection curve
departs from a straight line) of wedge type anchors. For the wedge type
anchor to reach ultimate, the anchor typically will exhibit considerable
deflection (slip). This characteristic of 1/2" to 1-1/2" slip makes the
ultimate capacity unusable for most anchorage systems which typically can
only tolerate anchor movements in the range of 1/8" or less. However,
the shell type anchor undergoes deflections of less than 1/8" to the ul-
timate load which means that this load capacity is truly available to the
anchorage system. Thus, the advantages and disadvantages of each type
anchor appear to cancel each other out.

In addition to the above reason a factor of safety of four for the shell

type anchor is justified because of the extensive load test program per-
formed on site. (See References 3, 13, and 15.)



2.2

2.3

TEST PROGRAM

The WNP-2 load test program was initiated to establish realistic design
tensile allowables to ensure a minimum factor of safety of four in anchor
installations existing at the time the Bulletin was issued and in all
future anchor installations. All testing was performed by an independent
testing agency using WNP-2 standard production concrete (4000 psi mix
design) as the test medium.

Testing was conducted to determine the effects of different embedments,
epoxies or amounts of expansion on shell type anchors and the effect of
di fferent embedment on wedge type anchors. This testing was required so
that the ahchor allowables could be adjusted for these irregular condi-
EI?Tstif found in installations existing prior to issuance of the
ulletin.

In addition, anchors were installed in strict compliance with manufac-
turer's recommendations using standard construction tecihniques and tested
to establish design tensile allowable for all anchors. These allowables
ESff :ied for design of anchorage systems after the issuance of the

etin.

Five anchors of each configuration (i.e., different embedment or differ-
ent amount of expansion) were tested. Each anchor was loaded increment-
ally until failure occurred. After each loading increment was added, the
total slip with respect to the concrete for that load was recorded. The
anchor was considered failed when one of the following occured: 1) The
concrete failed, 2) The anchor body failed, or 3) The anchor slipped 1/8"
with respect to the concrete.

The following is a listing of the different type of drilled in concrete
anchors tested:

Anchors No. Tested
Phillips Red Head 290
Hilti Drop-In 170
Hilti Kwik Bolt 60
Hilti Super Kwik Bolt 10
Parabolts 30
TEST RESULTS

The results of the tests are documented in References 3, 12, and 13.
Typical failure modes were siip for Hilti Kwik Bolts, Hilti Super Kwik
Bolts, and Parabolts, slip or anchor body failure for Phillips Red Heads
and concrete failure for Hilti Drop-Ins. These test results confirm the
typical brittle failure for shell type anchors (Red Heads and Drop-Ins)
and considerable slip typical of wedge type anchors (Kwik Bolts, Super
Kwik Bolts, and Parabolts) as previously discussed in Section 2.1.
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2.4

2.4.1

These test data were used for establishing the ultimate and allowable
tensile load values (Table II) used for the final qualification of flex-

ible Seismic Category 1 pipe supports to satisfy the concerns of the
Bulletin.

The results of these tests were used further to statistically establish
that with a 95 percent confidence level less than 5 percent of the expan-
sion bolts of the types tested will have an actual capacity smaller than
their design load. This confidence level is as conservitive as the con-
fidence level established by the NRC in Appendix A to the Bulletin, Revi-
sion 2, entitled, "Sampling Methods".

ALLOWABLE LOADS

WNP-2 Original Design Allowables Used by Contractors

The allowable design loads for expansion anchors used by contracters
has changed during the course of the job. Initially, the contrac-
tors were directed to use a minimum factor of safety of four based
on manufacturer's ultimate strength, but, this was subsequently
changed and they were directed to use International Conference of
Building Officials (I.C.B.0.) values (References #1 and #2) early in
the job before any major work was accomplished. Values for ultimate
tensile loads for WNP-2 were developed through the extensive field
testing program discussed in Section 2.2. A comparison of these
ultimate values and the 1.C.B.0. values are shown in Table I. 1In
general, the use of the I.C.B.0. values by the contractors was con-
servative.

2.4,2 Anchor Allowables Used For Final Plate Qualification

2.5

The allowable design loads for expansion anchors used for final
plate qualification are based on the ultimate loads of the field
testing program and a factor of safety of four and are shown in
Table II.

FACTORS OF SAFETY

One of the major reasons for choosing high factors of safety is the un-
certain installation practices and incomplete documentation of many faci-
lities. At WNP-2, there have been rigorously specified installation pro-
cedures and documentation that check the requirements necessary to ac-
hieve proper installation. Also, programs were initiated in 1978 to ver-
ify the adequacy or all existing expansion anchors (see response to
Action Item No. 4). Therefore, based on the extensive field testing of
expansion anchors and the strict installation and inspection procedures
for expansion anchors a factor of safety of four for both shell type and
wedge type anchors is justified. In addition, the major conservatisms
discussed in Section 1.7 serve to increase the factor of safety beyond a
minimum of four.




NRC ACTION ITEM NO. 3

Describe the design requirements if applicabie for anchor bolts tc withstand
cyclic loads (é.g.l,segsmlc Toads and Elﬁﬁ cycle operating loads.

3.0 RESPONSE TO ACTION ITEM NO. 3

Prelecading of bolts is required in the installation procedures for the
installation of expansion bolts to assure that compression between the
base plate and the concrete remains when subjected to cyclic loading,
such as seismic loading and high cycle operating lcading, so as to avoid
fatigue failures or loosening of the expansion bolt assembly due to cyc-
lic loading variations. All expansion bolts are required to be torqued
so as to provide a preload greater than the allowablr tensile load, or as
noted in Table III. This preload requirement assures that the bolt will
be subjected only to small stress differences due to changes in load.

In the presented example of Action Item No. 1, for the eight bolt pat-
tern, the maximum stress differences amount to only 6 percent of the ul-
timate strength of the bolt. In the case of the four bolt patterns, the

maximum stress differences amount to only 2 percent of the ultimate
strength of the bolt.

In conclusion, the prescribed preload is the design requirement that al-

lows the expansion bolt assemblies to carry cyclic loads, without fatigue
failure.
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NRC ACTION ITEM NO. 4

Verify from existij?Tq: documentation that design requirements have been met
ol

For each anchor b

n_the followlng areas:

(a)

Cyclic loads have been considered (e.g., anchor bolt preload is equal to
load). In the case of the s ype, assure

or greater than bolt desi
fﬁag Tt 1s not In contact with the back of the support plate prior to

preload testiryg.

(b) Specified design size and type is correctly installed (e.g., proper
e%ﬁenf Be'ﬁfﬁ;

If sufficient documentation does not exist, then initiate a testing pro-
gram_that wil] assure that minimum design requirements have been met with
respect to subitems (a) and (b), above. A sampling technique is accept-
able, One acceptable technique 1s to randomly select and gesf one anchor
Bolt In each base plate (1.e., SOme SUPPOTLS May have more than one base
)late). The test should provide verl#caﬂon o; subltems (a) and (D)

above. 1T the test fails, all other bolts, on that base plate should be
sImIIarI¥ fested. In any event, the test progcam should assure that each

smic Category I system will perform its intended function.

The preferred test method to demonstrate that bolt preload has been ac-
compEIshed {s using a direct pull (tensile test; equal to or greater than
design load. Recognizing this method may be difficu 0 accessibl-
n Some areas an aI?ernafIve test method such as torque testing ma
Flated

be sed. If torque testing is used, must be shown and substan
that a correlation between forque and tension exists. 1f manufacturer's
data for the specific bolt useg Ts not avallable, or 1s not used, then

site specific data must be developed by qualification tests,

Polt test values of one-fourth (wedge type) or one-fifth (shell type) of
bolt ultimate capacity may be used ?n lieu of iIndividually calculated
bolt design Ioaag where Eé fest value can be shown to be conservative.
The purpose of Bulletin No. 79-02 and this revision is to assure the
operabllity of each Selsmic Category I piping system. In all cases an
evaluation to confirm system opgraﬁhﬁx musg be performed. If a base
plate or anchor bolt failure rate 1s identified at one unit of a multi-
unlt site which threatens operabllity of safety-related piping systems of
that unlt, continued operation of the remalning unlts at EE' at s!%e must
be immediately evaluated and reported to the NRC. The evaluation must
consider the generic applicabllity of the Identifled fallures.

Appendix A describes two sampling methods for testing that can be used.
Other sampling methods may be used but must be Jjustified. Those options
may be selected on a system by system basis.

Justification for omitting certain bolts from sample testing which are in
gig% radiation areas during an outage must be based on other testing or
analysis which substantlates operability of the affected system.




4.0

4.1

Bolts which are found during the testing program not tc be reloaded to a
load equal to or greater than bolt design load must be properly preloaded
or 1t must be shown that the lack of preloading is not detrimental to

cyclic loading capabllity. J1hose licensees that have not verified anchor

olt preload are not required to back and‘ég%g%éégg_%£g1oad. However
additional Information should be‘§EBETFEETTJTf strates the effects
of preload on the anchor bolt ultimate capacity under dynamic loading.

If Et can be established that a tension load on any of E%e bolts does not
exIst for all loading cases then no preload or Ees%!ng:o? the bolts is

required.

If anchor bolt testing is done prior tc completion of the analytical work
on baseplate erxibil?Eylrfﬁe bolt Eesf!qgﬁmusf be performed to at least

the orlginal calculated bolt load, For testing purposes, factors may be

used to conservatlively estimate the potential Encrease Tn the calculated

0 0a 0 baseplate flex Y. er completion of the analytl-

cal work on the baseplates the conservatism of these factors must be
verified.

For baseplate supports using expansion anchors, but raised from the sup-
porting surface with grout EIacea under the EaseEIaEel for Eesf!ng pur-
poses must be verifle at leveling nuts were not used. evellng
nuts were used, then they must be backed off such that they are not in
contact with the baseplate before applying tensfon or torque testing.

Bulletin No. 79-02 required verification by inspection that bolts are
properly installed and are of the specified size and type. Parameters
wﬁ?cg sﬁou[ﬂ be Included are eiﬁeaﬁggf depth, thread en nt, plate
bolt hole size, bolt spacing, edge distance to the side of a concrete
member and full expansion 99 the shell for shell type anchor bolts.

If piping systems 2 1/2 inches in diameter or less were co ter-analyzed
then they must be treated the same as the larger plpqué If a chart an-
alysis method was used and this m:thod can be shown to be highly conser-
vative, then the proper installat on of the baseplate and anchor bolts
should be verifled by a sampling inspection. The parameters inspected
should Include those described in Eﬁggpreceal ‘paragraph. 1T small dia-
meter piping is not inspected, then;justf?IcaE?on of system operability
must be provided.

RESPONSE TO ACTION ITEM NO. 4

INTRODUCT ION

Seismic Category I piping system supports have been installed with
drilled-in concrete anchors at WNP-2 since about 1976. Our response to
this action item addresses our program to assure compliance with the re-
quirements of the Bulletin for those anchors installed prior to July 1979
when definitive inspection requirements were first issued in Revision 1
of the Bulletin. Those anchors installed after the issuance of the Bul-
letin are discussed in our response to Action Item No. 9. It is noted
here that the evaluation of the design adequacy and the installation
verification of all small diameter pipe supports are addressed in the
same manner as large diameter pipe supports.




4.2

The specific requirements of the Action Item are presented as follows:
Anchor bolt preloading is addressed first and is followed by a discussion
of leveling nuts and a discussion of verification of existing installa-
tions according to contract.

ANCHOR BOLT PRELOADING

4,2.1

A specific requirement of the Bulletin is ™., . . anchor bolt preload is
equal to or greater than bolt design load.”™ All WNP-2 contractors were
directed by their original specifications to preload anchors to a value
greater than design load. However, documentation for this preloading was
not complete. To demonstrate that the anchors !nstalled prior to issu-
ance of the Bulletin were properly preloaded the method of torque testing
recommended by the Action Item was selected.

Torque/Tension Testing

The Bulletin requires that site specific data must be developed by
qualification tests which substantiate that a correlation between
torque and tension exists, In response to the Bulletin requirement
this testin? was conducted at WNP-2 for Phillips Red Head, Hilti
Drop-In, Hilti Kwik Bolt, and Hilti Super-Kwik Bolt anchors. These
tests established the torque versus tension relationship for each
anchor type and size. (Reference 12). Torqgue values for Molly
Parabolt are those recommended by the manufacturer. They agree well
with the test results for Hilti Kwik Bolts, a similar type anchor.
Molly Parabolts had very limited usage on the project. The torque
values, given in Table III, were utilized by all WNP-2 Contractors
to preload anchors.

The testing confirmed the installation torques being used gave pre-
loads ranging between 100 and 300 percent of the anchor allowable
tension load, for all anchors except the 3/4 inch diameter Hilti
Orop-In. The torque value for this anchor was increased to provide
the required preload. Installations using these anchors which were
éng}g}%eg ?tior to issuance of the Bulletin were retorqued. (See

X .

4.2.2 Anchor Retorquing Program

As a result of document deficiencies concerning C215 torque wrench
calibration and to further insure the integrity of their anchor in-
stallations all C215 Seismic Category I anchors are being retor-
qued. (Reference 14) The anchors of the other contractors that
installed Seismic Category I pipe supports (C213, C216, C217, and
C220) have been excluded from this program because most were in-
stalled and all have been torqued after the implementation of the
Bulletin requirements. See Section 4.4.6, for a discussion of the
Parabolts installed by C233.
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4,3 LEVELING NUTS

4.4

A specific requirement of the Bulletin is ", . . it must be verified that
leveling nuts were not used. If leveling nuts were used, then they must
be backed off . . ."

At WNP-2, two contractors installed leveling nuts under some Seismic Cat-
egory I floor mounted pipe supports installed prior to August 1979. They
were C215 and C216. After August 1979, their usage was prohibited for
all new base plate installations, regardless of Seismic Category. (See
Exhibit B.) All of the Seismic Category 1 installations performed by
C216 have been reworked to remove or back off the leveling nuts. This
rework included torqueing the anchor bolts to their full preload (see
Table 111) and inspecting for anchor pull-up, before regrouting the
plates. Anchors which did pull-up were replaced.

Leveling nuts installed by C215 are being reworked in a similar manner.
However, one exception is being permitted. Base plates which are already
grouted and the anchor tension loads do rot exceed 10 percent of their
allowable tension load require no rework. An anchor tension load equal
to 10 percent of its allowable load is only 2.5 percent of the anchors
ultimate load. Engineering judgment dictates this swall cyclic load will
not be detrimental to the anchor performance.

VERIFICATION OF INSTALLATIONS

In addition to the anchor prelonad and leveling nut requirements just dis-
cussed, the Bulletin listed other specific items for the inspection of
anchors: ", . . verification by inspection that bolts are properly in-
stalled and are of the specified size and type. Parameters which should
be included are embedment depth, thread engagement, plate bolt hole size,
bolt spacing, edge distance to the side of a concrete member and full
expans ion of the shell for shell type anchor bolts."; "In the case of the
shell type, assure that it is not in contact with the back of the support
plate. . . ".

Documentation of satisfactory compliance with these inspection items was
not complete. As a result, a program of installation verificaton was
established for each contractor to insure base glate installation was
adequate and satisfied the concerns of the Bull€.in. The inspection re-
quirements were implemented for all Contractors, except C215, by the di-
rective of Exhibit C. The directives issued to C215 are given in
Exhibits D and E. These directives covered both those anchors installed
prior to July 1979, when these Inspection requirements were issued in
Revision 1 of the Bulletin and those anchors installed after July 1979.
The former anchors are discussed in this response and the latter anchors
are discussed in the response to Action Item No. 9.

Following is a contract by contract presentation of the specific status
of each verification program.
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4.4.1

4.4.2

Contract 213A - Primary Containment

Contract 213A was responsible for the installation of Seismic Cate-
gory I piping systems within Containment. Their supports were in-
stalled exclusively with Hilti Super Kwik Bolts. Anchor installa-
tions were begun in early 1978. All anchor installations have been
or are being inspected, verified, and documented to show compli-
ance with the requirements of the Bulletin in accordance with Exhi-
bit C.

Contract 215 - Mechanical Equipment Installation and Piping

The C215 Anchor Inspection program developed to satisfy compliance
with the Bulletin requirements consisted of three phases: a) re-
inspection of all anchors installed prior to February 1978; b) re-
inspection of a sample of the anchors installed between February
1978 and July 1979; and c) inspection of all anchors during instal-
lation, after July 1979. The first two of these are discussed here
because they pertain to anchors installed prior to issuance of the
Bulletin. The third is addressed in our response to Action Item No.
9 of the Bulletin. In addition, a second program was initiated
which prohibited the use of leveling nuts after August 1979 and
required their removal from most existing Seismic Category I base
plates. This was discussed in Section 4.3.

The first phase was devoted to a reinspection of all of the anchors
installed prior to February 1973. (See Exhibit E.) During this
period, the contractor installed Phillips Red Head Self-Drilling
shell-type anchors and Hilti Kwik Bolt stud-type anchors. while
this reinspection was initiated approximately one year before defin-
itive inspection requirements were established by the Builetin, it
included all of the Bulletin inspection items, except three. (See
the Table 4.1.) These items were plate bolt hole size, edge dis-
tance to the side of a concrete member and shell type anchor in con-
tact with the back of the plate. Wwhen Revision 1 of the Bulletin
was issued in July 1979 giving specific inspection requirements, the
retroinspection program was revised to include all of them. Prior
to implementation of this revision approximately seventy supports
which utilized anchors were inspected; approximately sixty of these
were installed with Red Head anchors and the remainder with Kwik
Bolts.

While these three items were not specifically required as retro-
inspection items the contractor had installation criteria for them.

Plate Bolt Hole Size was controlled by the American Institute of

Steel Constructors and/or American Society of Mechanical Engineers
codes as required by the Specification. These codes provided for
the maximum plate bolt hole size as a function of bolt diameter and
plate thickness. Further, the contractor specified hole size on the
base plate drawing and inspected for it as part of the as-built
hanger inspections.
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Contract 215 Anchor Retrospection Program
For Anchors Installed Prior to February 1978

{ { Initial Direction ; Revised Direction :
| | Issued June 1978 | Issued July 1979 |
: Bulletin 79-02 - Inspection Item : PRH { HKB {7 PRH { HKB :
| | ! | [ i
| Torque | X | X | X | x |
E Leveling Nuts E (:) E (:) E (:) i (:) i
| Specified Size I X I X | X | X

: Specified Type ‘ X : X : X ! X :
E Embedment Depth :| @) i X i ©) i X i
| Thread Engagement l X I X I X I X l
: Plate Bolt Hole Size : -—— i -— : X : X :
: Bolt Spacing ‘ X i X : X : X :
: Edge Distance (Concrete) ‘ -— : -— : X : X :
i Full Expansion of Shell E x@® ; N/A i x®) i N/A i
: Pulled Against Plate } —-— ; N/A : X { N/A }

OO 0O ~ 3 3

Phillips Red Head Self-Drilling shell type anchor

Hilti Kwik Bolt wedge type anchor

Anchor was inspected for compliance with this Bulletin item
See Section 4.3 of the response to Action Item No. 4
Required to be flush or below the concrete

Required to be 1/16 to 3/8 inch below the concrete

Inspected to expansion requirements established by the Engineer

TABLE 4.1
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Edge Distance to the Side of a Concrete Member was controlled for

all anchors by the requirements cf the International Conference of
Building Officials (ICBO) as required by the Specification. ICBO
provided for the anchor edge distance as a function of the anchor
diameter. It also gave a method for reducing the anchor allowable
load should the edge distance be less than required.

Shell Type Anchor in Contact With the Back of the Plate was partial-
1{ controlled by the requirements of 1CBO as given By the Specifica-
tion and by the retroinspection program requirements. It was re-
quired that the Phillips Red Head Self Drilling anchors be flush or
below the concrete surface. Further, both the Specification and the
retroinspection program required the anchors to be preloaded by tor-
quing. Thus, the anchors were first installed flush with the con-
crete surface, in accordance with ICBO, and torqued, in accordance
with the Specification requirement. Then in accordance with the
retroinspection program, the bolts were untorqued and removed. The
anchors were inspected for proper expansion, proper embedment (i.e.,
flush or below the concrete surface), proper torque and the other
items listed in Table 4.1. It is extremely unlikely that an anchor
which was loose enough in the hole to pull against the plate, could
also meet the expansion and torque requirements of the retroinspec-
tion program. This is borne out by the fact that severly underex-
panded anchors tended to turn freely when being torqued or un-
torqued. Further, the results of the retroinspection program
carried out on supports after the inspection for pull-up was in-
cluded showed far fewer violations than allowed by the accepted NRC
statistical sampling method. (See Exhibit F.)

The conciusion is that even though these three inspection items were
not included for the first seventy supports of the retroinspection
program, the inspections performed did insure the anchor installa-
tions are adequate.

The second phase of the C215 Anchor Inspection Program is devoted to
a retroinspection of a sample of the Seismic Category I anchors in-
stalled between February 1978 and July 1979. (See Exhibit F.) This
includes the anchors installed after the time period covered by the
100 percent retroinspection program, described above, but before the
issuance of the Bulletin inspection requirements. During this per-
iod, the contractors anchor inspection requirements evolved to in-
clude all of those specified in the Bulletin.

The initial sample size for this retroinspection program was select-
ed to be in conformance with the accepted NRC statistical sampling
method. The program consists of a review of the selected anchor
inspection records. In this review, the actual anchor inspection
items will be compared with those required by the Bulletin. A field
inspection will then be performed on one anchor per base plate, for
the Bulletin items not previously checked.
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4.4.3

A.A.a

4.4.5

4.4.6

Based upon these inspection results the sample size will be adjusted
in accordance with the NRC statistical sampling method, if neces-
sary, in order to show all Seismic Category I anchors installed dur-
ing the specified period meet the Bulletin requirements. Those not
in compliance will be reworked and reinspected.

The final phase of the C215 Anchor Inspection Program involves new
installations performed after July 1979. At this time, the contrac-
tor was directed to inspect 100 percent of his Seismic Category I
installations to all of the requirements of the Bulletin. (See Ex-
hibit C.) This program is fully discussed in our response to Ac-
tion Item No. 9.

Contract 216 - HVAC and Plumbing Installation

Contract 216 was primarily responsible for Heating, ventilation, and
Air Conditioning installation. However, two of the subcontractors
installed Seismic Category I piping. The piping supports were in-
stalled with Hilti Drop-In and Hilti Kwik Bolt anchors. All inspec-
tions were performed after July 1979 and are documented to show con-
pliance with the requirements of the Bulletin. (See Exhibit C.)

Contract 217 - Fire Protection Systems

Contract 217 was responsible for the installation of Seismic Cate-
gory I fire protection system piping. The piping supports were in-
stalled exclusively with Hilti Drop-In anchors. All installations
were performed after May 1980. The anchor inspections are document-
ed to show compliance with the requirements of the Bulletin. (See
Exhibit C.)

Contract 220 - Instrument Installation

Contract 220 was respcnsible for the installation of Seismic Cate-
gory I instrumentation control piping. The piping supports were
installed exclusively with Hilti Drop-In anchors. Anchor installa-
tions were begun in early 1978. All anchor installations have been
or are being inspected, reverified, and documented to show compli-
ance with the requirements of the Bulletin. (See Exhibit C.)

Contract 233 - Spray Pond Piping

Contract 233 was responsible for the installation of Seismic Cate-
gory I piping supports in the spray ponds. They installed approxi-
mately sixty base plates with Parabolts prior to implementation of
the Bulletin requirements. Some of the base plates were cast in
concrete rendering the anchors inaccessible for retroinspection.
However, one bolt per base plate on the remaining accessible base
plates is being retroinspected by C215 to show compliance with the
Bulletin. (See Exhibit G.) Anchors which do not meet the retro-
inspection requirements are required to be reworked.
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NRC ACTION ITEM NO. 5

Determine the extent that expansion anchor bolts were used in concrete block
masonry) walls to attach piping supports in smic Category I systems (or
ﬁ?c Category I systems (or safety related sys-

safety related systems in Seis
tems as defined by Revislon I of IE EG?%e%In Ng. 79-02). 1f expansion an%ﬁor
0 were us n concrete block walls:

5.0

Provide a list of the systems involved, with the number of su orts, type
of anchor bolt, line size, and whether these SUppOrts are accessible aﬁr-

ing normal plant operatlion.

Describe in detail any design consideration used to account for this type
of Installation.

Provide a detailed evaluation of the capability of the supports, includ-
ing the anchor bolts, and block wall to meet EﬁE design loads. The eval-
vation mus scribe how the allowable loads on anchor bolts In concrete
BTock walls were determined and also what analytical method was used to

determine the integrity of the block walls under the sed loads. Also
describe the acce gance criterla, iIncludin the numerIca% values, usgﬂ to
perform this evaluation. Review the deflc?enéles Tdentified In the In-

formation Notice on the pipe supports and walls at Trojan to determine if

a similar situation exists at your fac Yy W regarcd to supports us!gg
anchor bolts in concrete block walls.

Describe the results of testing of anchor bolts in concrete block walls
and your plans and schedule for any further action.

RESPONSE TO ACTION ITEM NO. 5

By specification, no Seismic Class I piping system is to be attached to
concrete block walls using expansion bolts. To provide further assurance
that this specification requirement has been adhered to, all contractors
installing piping were directed to review their installations and verify
that expansion bolts have not been so used. This verification has been
accomplished.
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NRC ACTION ITEM NO. 6

Determine the extent that pipe supports with expansion anchor bolts used
structural steel shapes instead of baseplates. The systems and lines reviewed
must be conslstent with the criteria o Bullletin No. 79-02, Revision 1.

IT expansion anchor bolts were used as described above, verify that the anchor
bolt and structural steel shapes in these supports were included in the ac-
tions performed for the Bulletin, 1f these supports cannot be verified to
have been Included In the Bulletin actions:

a. Provide a list of the systems involved, with the number of supports, type
of anchor bolt, line size, and whether the supports are accessible during
normal plant operation.

b. Provide a detailed evaluation of the adequacy of the anchor bolt desi
and Irstallatlon. The evaluation should address the assumed distribution
of loads on the anchor bolts. 1he evaluation can be based on the results
of previous anchor bolt testing and/or analysis which substantlates oper-
aE!EIEy of the affected system.

c. Describe your plans and schedule for any further action necessary to as-
sure the affected systems meet lechnical opecifications operability re-
quirements in the event of an SGE.

6.0 RESPONSE TO ACTION ITEM NO. 6

Attachments of structural steel shapes directly to concrete with expan-
sion bolts is mainly confined to supports for small diameter piping.
Their use is very uncommon for large diameter piping. However, wherever
they are used, their effects are being assessed in the same manner as all
other flexible base plates (see Action Item No. 1).

NOTE: NRC Action Item No. 7 is not applicable to WNP-2 and NRC Action Item
No. B requires no response.
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NRC ACTION ITEM NO. 9
All holders of construction permits for power reactor facilities are requested
to complete Items 5 and & Tq; Tnstalled pgpe Supports within 80 days of date
of Issuance of Revision No. 2. For pipe supports which have not yet been in-
stalled, document your actlon to assure Eﬁag Ttems | Eﬁrou?? g v!i! be sa%{s-
fied. ﬁEInEaIn documentation of these actions on site available for n-
spection. Report In writing within 60 days of date of Issuance of Revision
Ng. 7, to the Director of Eﬁe appropriate NRC Reglonal Office, completion of
your review and desciribe any instances not previously reporfealrin which you
did not meet the revised (ﬁy 4 and, if

2) sections of Items 2 and necessar
our plans and schedule for resolutlon. A copy of your report should be sent
% the Unlted States Nuclear Regulat Comml ss 1 off

0 OTy Lommisslion, ice of Inspection and
Enforcement, Divislon of Reactor Construction Inspectlion, Washington DC_ 20555.

9.0 RESPONSE TO ACTION ITEM NO. 9

9.1 Introduction

The response to previous Action Items discussed in detall each affected
contractors program for showing compliance with the Bulletin evaluation/
inspection requirements for installations made pricr to its issuance.
Installations performed after its issuance are discussed here.

9.2 Base Plate Analysis

All Seismic Category I large and small diameter pipe support base plates,
for all affected contractors, are being evaluated and qualified in accor-
dance with the requirements of the Bulletin, by the Engineer. Our re-
sponse to Action Item No. 1 presents a detailed discussion of the analy-
tical methodology being employed.

9.3 Generic Anchor Inspection Criteria

After Revision 1 of the Bulletin was issued in June 1979, generic inspec-
tion criteria was issued to all the contractors installing Seismic Cate-
gory I large and small diameter piping supports. (See Exhibits C and
D.) These criteria included all of the inspection requirements for an-
chor installations deliniated in the Bulletin. Anchor installations
performed after this date have been and are being documented to show com-
pliance with the Bulletin. Also, the usage of leveling nuts under base
glage?twas)prohibited by generic criteria issued in August 1979. (See
xhibit B.
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TABLE 1
ALLOWABLE EXPANSION ANCHOR LOADS
Provided to Contractor

I |

| PHILLIPS RED HEAD SELF DRILLING - SeELL TYPE ANCHOR |

1 | | | | | | I

| | WPPSS | Allowed | Factor | Manu. | Allowed | Factor |

| Size | Ult. Tension | Tension | Safety | Ult. Shear | Shear | Safety |

| In | KIPS | KIPS | - | KIPS | KIPS | ——- |

I | | | | | | |

| 174 | 2.56 | 0.54 | 4.74 | 1.35 | 0.49 | 2.71 |

| 3/8 | 4,91 | 1.14 | 4,31 | 3.57 | 1.10 | 3.06 |

| 172 | 8.0 N | 4.65 | 6.72 R | 3.84 |

| 275 | 11.11 | 2.25 | 4,98 | 11.90 | 2,02 | 5.89 |

| 3/4 | 10.67 || 2.57 | 4.15 | 16.20 | 227 | 6.84 |

| 7/8 | 12.44 | 2.90 | 4.29 | 18,45 | 2.80 | 6.59 |
| |
| HILTI KWIK BOLT - WEDGE TYPE ANCHOR |
L | 1 | | | | |
| I WPPSS | Allowed | Factor | Manu. | Allowed | Factor |
| Size | Ult. Tension | Tension | Safety | Ult. Shcar | Shear | Safety |
| In. |  KIPS | KIPS | =-- | KIPS | KIPS | === |
T | | | | | | |
| 1/74X1-1/2 | 2.89 | 0.54 | 5.55 | 2.61 | 0.49 I 5.5 |
| 3/8X2 | 5.15 | 1.14 | 4.52 | o D9 Y . | 4.64 |
| 1/2%2-1/2 | 7.30 i | 4,24 | 8.32 | 1.75 | 4.75 |
| 5/8X3-1/2 | 9.535 | B2 | 4.27 | 11.56 | 2.02 | %5.72
I 3/4X4 | 15.10 i 2.57 | 5.88 | 1710 R % 7 | 7.22 |

| 1

| HILTI DROP IN - SHELL TYPE ANCHOR |

[ & | | | | | T |

| | WPPSS | Allowed | Factor | Manu. | Allowed | Factor |

| Size | Ult. Tension | Tension | Safety i Ult. Shear | Shear | safety |

| In. | KIPS | KIPS | - | KIPS | KIPS e |

1 | 1 | | | i |

| 174 | 3.90 | 0.64 | 6.09 | 1.78 | 0.49 | 3.63 |

| 3/8 | - e T L | 4.40 | 4,25 | 1.10 } 3.85 |

| 1/2 | 9.78 | . 2311 | 4.63 | 6.22 | 1.96 | 3.17 |

| 5/8 | 14,22 | 2.91 | 5.66 | 12,23 | - 307 | 3.98 |

| 3/4 | 20.44 | 4.06 | 5.03 | 17.61 | 4.42 | 3.98 |
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TACLE 11

ALLOUABLE EXPANSION ANCHOR LOADS USED FOR
FINAL BASE PLATE QUALIFICATION

PHILLIPS RED HEADS INSTALLED AFTER FEB. 1978

Ultimate Allowable | Ultimate Allowable Tensile Shear
Size Tension Tension Shear Shear Stiffness Stiffness
In. kips kips kips kips k/in. k/in.
1/2 8.667 2.167 6.270 1.680 700 106
5/8 10.801 2.700 11.900 2.975 695 250
3/4 11.467 2.867 16.200 4.050 1460 302
7/8 14,134 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>