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D Bechtel 
9801 Washingtonian Boulevard 
Gaithersburg, Maryland 20878-5356 
(301) 417-3000 

October 21, 1991 

Mr. Brian E. Holian 
Project Manager 
·Project Directorate III-1 
Division of Reactor Projects III/IV/V 
Off ice of Nuclear Reactor Regulation 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Holian: 

Subject: Palisades Anchor Bolt Design 

Reference: Brian E. Holian letter to D. c. Kansal dated 
June 13, 1991, "Palisades Anchor Bolt Design", 
Docket No. 50-255 

Enclosed is Bechtel's response to the open issues and questions 
addressed in the reference, concerning our anchor bolt design work at 
Palisades plant. 

To provide additional assurance that the approach used by Bechtel for 
the design of the Palisades anchor bolts was technically acceptable, 
the enclosed response was reviewed by Dr. Edwin Burdette, Professor 
of Civil Engineering, University of Tennessee, and Dr. Richard 
Klingner, Professor of Civil Engineering, University of Texas. 
Ors. Burdette and Klingner have extensive experience with, and are 
recognized nationally as experts in the testing and evaluation of 
concrete anchors, and both concurred with the enclosed response. 

Also, the attached response has been reviewed and concurred with by 
Consumers Power Company. 

Should you have any questions or need additional information, please 
feel free to contact me at (301) 417-3777 . 

.Sincerely a.c. 
Dinesh c. Kansal 
Manager of Quality Assurance 

DCK/ajj 

Enclosures 
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October 21, 1991 

RESPONSE TO 

JONE 13 1991 NRC LETTER TO BECHTEL 

REGARDING 

PALISADES ANCHOR BOLT DESIGN 

1.0 INTRODUCTION 

The NRC letter of June 13, 1991 (Reference 1) discusses Bechtel's 
evaluation of anchor bolts at the Palisades Nuclear Power Plant. 
Specifically, the letter is concerned with Drillco Maxi-bolts in 
close proximity to Hilti Kwik Bolts such that the concrete stress 
cones of the two types of bolts overlap. The letter identifies 
two issues, which, in the opinion of the NRC staff, need 
additional validation. These two issues are: 

1. The concrete holding capacity of Hilti Kwik Bolts is 
not reduced even though they are closely spaced to the 
Maxi-bolts and their stress cones overlap with those of 
the Maxi-bolts. 

2. The Drillco Maxi-bolts behave as ductile anchors. 

These issues arise out of methodology used in calculations 
prepared primarily to evaluate the preservation of the ductile 
behavior of Maxi-bolts when located in proximity to non-ductile 
(ND) anchors such as Hilti Kwik bolts. The capacity of each 
Maxi-bolt group and ND anchor group to independently carry their 
design loads had been previously established. 

The aH~hor bolts in question were evaluated initially by a 
simplified approach (previously reviewed by the NRC during the 
Region III inspection of the Palisades Steam Generator 
Replacement Project, Reference 2). 

In preparation for this response, a more accurate detailed 
approach was developed and used to reevaluate all previous 
applications. Both methods produced the same conclusions (i.e. 
the Maxi-bolt installations remain ductile and ND anchors sustain 
no additional penalty). · 

The methodology and our response was reviewed by Dr. Edwin 
Burdette, Professor of Civil Engineering at the University of 
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Tennessee, and Dr. Richard Klingner, Professor of Civil 

-Engineering at the University of Texas. Both professors are 
nationally recognized experts in the testing and evaluation of 
concrete.. They both concur with our approach and our logic. 

The rationale behind the methodology used and pertinent 
background information are discussed in Sections 2.0 and 3.0. The 
two NRC issues identified above are addressed specifically in 
Section 4.0 The extent of application of 'these methods is given 
in Section 5.0 

2.0 BACKGROUND 

For purposes of this discussion the ultimate tensile capacity of 
an anchor is controlled by one of two major modes of failure: 
steel related failure (bolt yielding) or concrete failure (cone 
pullout). A third failure mode associated with expansion anchors 
is bolt slip (which can affect ultimate capacities for various 
embedment depths) is also possible but does not directly affect 
the two specific issues of concern to the NRC staff. According 
to the nomenclature given in Appendix B of ACI 349 (Reference 3), 
anchors controlled by steel capacity are termed "ductile" and 
those governed by concrete capacity are considered "non-ductile". 
To ensure a ductile failure, a sufficient volume of concrete must 
be engaged by the anchor to provide a concrete capacity in excess 
of the force required to yield the anchor bolt. The Maxi-bolts 
satisfying embedment criteria were classified as ductile anchors. 
Other adjacent anchors were considered to be non-ductile. 

The primary purpose for performing the calculations referenced in 
the June 13, 1991 NRC letter was to ascertain that sufficient 
concrete anchorage for the Maxi-bolts was provided to assure 
ductile behavior, acknowledging the close proximity of non­
ductile anchors. To evaluate the interaction of ductile and non­
ductile anchors, the criteria included in ACI 349, Appendix B was 
employed. ACI 349 provides direction in the design of anchor 
bolts which represents methodology developed on an industry wide 
basis, including input from NRC staff members. 

The ACI 349 criteria indicate that the concrete capacity for a 
single anchor bo!t can be represented by the development of 
tension stresses··over the projected area of a pullout cone in the 
concrete as shown in Figure 1. This results in a structural 
model that simulates the concrete rupture mode at ultimate 
capacity. Using this model, the concrete capacity can be 
determined by multiplying the projected area of the concrete cone 
by an appropriate conservative estimate of the ultimate tensile 
(pullout) strength of the concrete, as specified in ACI 349, 
Appendix B. The adequacy of this model has been confirmed by 
test in many applications. Two sets of test data are summarized 
in Attachment 1. In both sets, data are compared as the ratio of 
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the anchorage capacity 
·computed by ACI 349 methods 
with the average test results 
for those cases where concrete 
was the mode of failure. 
Similar comparisons utilizing 
other test data are contained 
in Reference 4. 

ACI 349 also acknowledges that 
when two or more anchors have 
their cones intersect, the 
total concrete capacity of the 
group can be conservatively 
represented by the combined 
projected area of the cones at 
the concrete surf ace as shown 
in Figure 2, multiplied by the 
specified concrete pullout 
stress. The data included in 
Attachment 2 (which was also­
incl uded as an attachment to 
the June 13, 1991 NRC letter) 
support this concept. All of 
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Piqure 1 
CONCRETE ANCHORAGE CONE FOR A 
SINGLE ANCHOR 

the data presented in this attachment are for four-bolt patterns 
with center-to-center spacings that cause significant 
intersection of the individual cones. Computed concrete 
anchorage·capacity was determined by the ACI 349 method for 
multiple anchors. Note that the ratio of the actual failure load 
to the computed concrete capacity for those cases where failure 
was ultimately in the concrete (failure type 2 in column 9) 
ranged from 1.0 to 1.16 times the actual failure load. This 
indicates excellent correlation (which is properly on the 
conservative side) between calculated and actual concrete 
capacity. 

In a group of anchors with the same embedment depth, the 
resulting total projected area of intersecting cones is less than 
the sum of the inaividual projected areas of the cones. This 
results in a reduction in total concrete capacity. To maintain 
the same concrete capacity,. it is necessary to embed the anchors 
with intersecting anchorage cones to a greater depth. The major 
purpose of the calculations referenced in the NRC letter was to 
establish that the required embedment was provided. 

A common practice in the industry for determining the individual 
capacity of an anchor bolt affected by an intersecting cone from 
another anchor is to proportion the intersected area in the 
manner shown in Figure 3. This practice was employed in the 
Palisades anchor bolt calculations where anchorage cones from 
non-ductile anchors intersect other anchorage cones from non-
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ductile anchors. However, 

.this approach is appropriate, 
and was used, only for 
applications where the 
adjacent anchor bolts have 
similar failure modes. 

3.0 EVALUATION APPROACH 

Evaluation of anchorages 
involving overlapping ductile 
and non-ductile anchor stress 
cones using conventional 
procedures such as the area 
proportioning method described 
in Section 2.0 for determining 
individual anchor qapacities 
would be inappropriate and 
could be unconservative. 
Therefore, a methodology for 
evaluation of this type of 
anchorage was developed. It 
specifically addresses the 
behavior differences 
associated with these two 
failure modes. 

The ultimate capacities of 
both the ductile (Maxi-bolts) 
and non-ductile anchor(s) with 
respect to the concrete 
anchorage capacity is properly 
accounted for in assessing the 
retention of Maxi-bolt 
ductile behavior. 

PRO...ECTED SURFACE 
~REA OF ~ULTIPLE CONES 

PLAN 

It.. ---0 TENS I Cl'J LOAD 

V-- 'f ()oj BOLT 

·;~ ~ CCN:RETE ANCHCRAGE "'J/ "'J/ '-- CO'.JES 

SECTION A-A 

Fiqure 2 ,. 
CONCRETE CONE FOR MULTIPLE 
ANCHORS 

PLAN 

SECTION A-A 

Fiqure 3 

PRO..ECTEO Sl.ff I.CE l>Rt.A F'CR 

A Sll'G...E ~-cx.crll.£ Al'Ct-m 
IN AN AN:HQR GRQ..f> 

CONCRETE CONE AREA FOR A SINGLE 
ANCHOR IN A NON-DUCTILE GROUP 

Confirmation of necessary load capacities 
non-ductile anchor(s) is provided. 

of both the ductile and 

3.1 Detailed Approach 

The detailed approach for evaluation of anchorage configurations 
with overlapping ductile and· non-ductile anchor stress cones is 
summarized as follows: 

1. Ascertain that the ductile anchor group satisfies load 
requirements and ductile anchorage criteria without 

- interference from the adjacent non-ductile anchors. 

2. Ascertain that the non-ductile anchor group likewise 
satisfies load requirements (with due consideration of 
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any overlap of non-ductile anchor stress cones) without 
interference from the adjacent ductile anchors. 

3. Compute the combined load capacity that can be applied 
to the concrete by both the ductile and the non-ductile 
anchors: 

where: 

pdn = 

Ats = 

fut = 
pna = 

Eq. 1 

.. ~ 

the load capacity of the ductile and non­
ductile anchors 

the effective tensile stress area of the 
ductile anchors 

the minimum specified steel tensile strength 
of the ductile anchors 

the ultimate tensile capacity of the non­
ductile anchors (as determined by tests) 

4. Compute the concrete capacity (reduced by an 
understrength factor) of the combined projected cone 
area: 

where: 
<P 

f' c 

Eq. 2 

= the understrength factor for concrete cone 
capacity (a conservative value of <P of 0.65 
from ACI 349 was used) 

= the anchor capacity as governed by cone 
failure 

= concrete compressive strength 

= the enveloped projected area of the 
overlapping cones (combined projected area 
of both cones, see Figure 4 }. 

5. Check for ductile behavior of th~ combined anchorage. 
To ensure ductile behavior of the combined anchorage, 
the following relationship must be satisfied: 

Eq. 3 

Equation 3 requires that the concrete capacity for the enveloped 
projected area of both Maxi-bolt(s) and non-ductile anchor(s) 
exceeds the total combined load capacity of the Maxi-bolts and 
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non-ductile anchors in 
question. This ensures that 
failure by pull-out of the 
combined volume of concrete as 
a unit is precluded until 
after inelastic ductile 
behavior has been achieved in 
the ductile portion of the 
anchorage. This is precisely 
the design requirement of ACI 
349, Appendix B for the design 
of ductile multi-anchor 
attachments subjected to cone 
overlap. 

The conservative aspects of 
this approach are summarized 
as follows: 

1. Loads from all 
anchors are assumed 
to be maximized at 
the same time 
(regardless of 
actual imposed 
loading). 

Fiqure 4 
EXAMPLE OF NET CONE AREA FOR 
DETAILED METHOD 

2. Reduction in concrete anchorage capacity due to cone 
overlap is shared by both the Maxi-bolt and the 
non-ductile anchor. 

3. The sum of the individual test-determined ultimate load 
capacities of the non-ductile anchors (unreduced by any 
overlapping non-ductile anchor cones) is added directly 
to the required pull-out capacity associated with the · 
ductile anchors. 

4. If earlier failure were to occur locally in the non­
ductile anchor group (such as from non-ductile anchor 
cone overlap) the load on the combined area would be 
less than that assumed in the analysis. 

5. Steps 1 and 2 provide assurance that each anchor group 
can satisfy load requirements and other design criteria 
without help (or hindrance) from the adjacent anchor 
group. 
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3.2 Simplified Approach 

The 'simplified approach' utilizes the same basic approach as the 
'detailed approach' except that the effective projected concrete 
cone area available to the ductile anchors (Maxi-bolts) for 
concrete anchorage is reduced by deducting the entire overlapped 
projected cone area associated with the non-ductile anchors. 

Ductile behavior is assured by satisfying the following 
relationship: 

4 cl> Jf c' Anet > Ats fut Eq. 4 

A~t = the projected area of the Maxi-bolt not shared 
with the non-ductile anchor (see Fiqure 5). 

Equation 4 can be rewritten to enable direct comparison with 
Equation 3. Substituting A~t =A~ - Anon and rearranging terms: 

Eq. 5 

Rearranging Equation 5, 

4 cl> Jf c' Anc > Ats fut + 4 cl> Jf c' Anon Eq. 6 

A0~ = the projected surface area of the non-ductile 
anchors. 

Equation 3 (used in the more precise detailed approach ) and 
Equation 6 (simplified approach) differ only in the last term of 
each equation. The degree of conservatism between Equations 3 

and 6 depends on the relative values of P
08 

and 4 ~ ry-;- A . ... v·c· non 

For the anchorages evaluated, both methods yielded the same 
results. The numerical differences between the two methods w-.:·re 
small with no consistent pattern regarding relative conservatism. 
The simplified approach is, however, expected to be more 
conservative for the more deeply embedded non-ductile anchors 
{because of anchor slip associated with the ultimate strength of 
the anchor). 

3.3 Analysis summary 

The anchor bolts in question (referred to in Reference 1) were 
initially evaluated using the simplified approach as described in 
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Section 3.2. They were again 
analyzed using the more 
detailed approach described in 
Section 3.1 (except for 3 
cases where very small applied 
loads permitted obvious 
qualification based on non­
ductile anchor criteria). 

Reevaluation by the more 
detailed approach required 
identifying the types of non­
ductile anchors, their 
embedment depths and their 
associated ultimate strengths. 
The ultimate capacities of the 
non-ductile anchor bolts were 
defined using the average test 
determined values summarized 
in the manufacturers' catalogs 
(References 5 through 7). In 
one case the concrete stress 
cones from an embedded 
Unistrut anchorage overlapped 
Maxi-bolt stress cones. In 

+ 

D..J:TILE Mam 

Fiqure s 
EXAMPLE OF DUCTILE ANCHOR NET 
CONE AREA FOR SIMPLIFIED METHOD 

this case, the Unistrut anchorage was treated as non-ductile with 
ah ultimate capacity anchorage based on the minimum specified 
tensile strength of the individual steel anchors as defined in 
Reference a. The anchor type and embedment were determined from 
design documents and field walk-down data. Where the actual 
embedment depths were not well documented, .all embedment lengths 
for which published test data were available were evaluated. 

The results of the evaluations using the detailed approach were 
identical to those using the simplified approach. The Maxi-bolt 
anchors in all cases were classified as 'ductile anchors' except 
for the three cases with very low loads that were evaluated as 
non-ductile anchors. In all cases the anchors were determined to 
have sufficient capacity to sustain the imposed loading without 
exceeding design limits. 

4.0 NRC ISSUES 

The following sections specifically address the two primary NRC 
issues raised in their June 13 letter (Reference 1). 

4.1 capacity of Hilti Kwik-bolts 

It i~ stated in Reference 1 that "Bechtel needs to demonstrate 
that the concrete holding capacity of the Hilti Kwik-bolts would 
not be reduced when they are closely located to the Drillco Maxi­
bol ts···". For the case cited (with appended calculation 
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sheets), the determination of the Kwik-bolt capacity penalties is 
·summarized as follows: 

1. The projected stress cones of the Kwik-bolts do not 
overlap each other. Therefore, no capacity reduction 
is required using the conventional methods as described 
in Section 2.0. 

2. The Kwik-bolts satisfy design load requirements without 
interference from adjacent ductile anchors (Section 
3.1, step 2). This precludes premature local concrete 
failure of the non-ductile anchors. 

3. The combined Maxi-bolt/Kwik-bolt anchorage is 
classified as 'ductile' in accordance with the 
conservative methodology described in Section 3.1. 
This precludes premature concrete failure of the 
combined anchorage as a unit. 

The effect of the overlapping ductile and non-ductile stress 
cones is compensated for by the anchor bolt embedment provided. 
Therefore, no reduction in the Kwik-bolt capacity is required to 
ensure acceptable anchorage capacities. 

If, however, the anchorage classification were determined to be 
'non-ductile', appropriate capacity reductions would be required 
using conventional methods as described in Section 2.0. 

4.2. Ductility of Maxi-bolts 

The methodology and supporting rationale for classifying an 
anchor as 'ductile' or •non-ductile' are presented and discussed 
in detail in Section 3.0. However, criteria defining ductility 
merits further discussion. 

In the June 13 NRC letter it was stated that, for an anchor to be 
ductile implies that "the steel.anchor will fail and the concrete 
that holds the anchor will not". We do not fully concur with 
that description but believe there may be some confusion 
associated with terminology (e.g., the term "ductile failure" is 
commonly used in lieu of more precise terminology such as 
"ductile behavior prior to failure"). 

The purpose of using "ductile" anchors is primarily to provide 
for conditions that may induce strains on the anchor which may 
not be completely captured in the design. Examples include 
strains induced in the anchor due to unexpected thermal 
displacements, and anchor strain associated with connection 
deformation/rotation resulting from boundary condition variations 
between analysis and the actual behavior of the connection. 
However, the important issue is that the bolts have the 
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capability to strain in excess of their design loads without 

·losing their ability to transfer their design load. 

Provisions for deformation beyond that identified specifically in 
·the analysis are not limited to ductile anchor bolts. Common 
design practice, as delineated in building codes, is to provide 
ductility in the overall structure for similar reasons. This is 
accomplished in steel structures by defining capacities of steel 
structural elements with respect to the steel yield stress. This 
principle is also used for concrete structures. For example, 
concrete beams (per the ACI 318 and ACI 349 codes) are 
proportioned such that the reinforcing steel ratio is limited to 
75 percent of the ratio producing "balanced conditions" (where 
simultaneous yielding of steel and crushing of concrete would 
occur). This insures that the reinforcing steel will yield 
producing ductile deformation of the beam prior to the final 
sudden compression failure of the concrete. 

Most types of steel exhibit considerable inelastic strain 
deformation beyond their yield stress limit. Displacements many 
times the elastic yield displacement typically occur with little 
or no corresponding increase in stress. This provides the basic 
mechanism for ductile behavior of steel elements. The steel 
elements can sustain further inelastic displacements without 
rupture (but with nominal stress increase - strain hardening) 
until the ultimate strength of the steel is reached. 

The actual useful load limit of an anchor bolt is below the yield 
limit. The key to designing a ductile anchor is to assure that 
the bolt can reach its yield stress limit before failure of the 
anchorage can occur by any other mechanism. Similar to the 
provisions for design of ductile concrete beams, the mechanism by 
which the ductile anchor bolt system ultimately ruptures, whether 
it be due to concrete or steel, is of less significance, 
providing the mechanism for ductile behavior by yielding. the 
anchor bolt is preserved. 

Standard practice in the procurement of steel is to identify 
strength properties in terms of minimum specified yield stress, 
and minimum specified ultimate tensile strength. Experience has 
shown that the actual yield stress is typically less than the 
minimum specified ultimate tensile strength. The selection of 
the minimum ultimate tensile strength combined with conservative 
stress levels to establish concrete capacity provides assurance 
that the strains associated with the actual yielding of the bolt 
material can be obtained. Bechtel used this approach in the 
evaluation of the Palisades anchors referenced in the NRC letter 
.dated June 13, 1991. Further discussion regarding the selection 
of the minimum ultimate tensile strength is found in the ACI 349 
commentary, included herein as Attachment 3. 
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The minimum specified yield stress of a Maxi-bolt is 105 ksi and 
the minimum ultimate tensile strength is 125 ksi. This suggests 
that the actual yield stress is expected to typically lie 

· somewhere between these two limits. The test data provided as an 
attachment to the NRC letter indicate that the ruptures of the 
ductile anchor bolt systems all occured at stresses in excess of 
146 ksi, confirming that the concrete strength was sufficient in 
all cases to develop the ductile behavior of the bolt. 

S.O EXTENT OF APPLICATION 

The specific approach employed in the evaluation of the cases 
referenced in the June 13 NRC letter for Palisades was uniquely 
developed by Palisades project personnel solely for that 
application and to the best of our knowledge is an isolated case. 
More specifically, the practice of severely penalizing certain 
anchors within a group by assuming other non-ductile anchor bolts 
maintain their full capacity is believed to be unique to the 
Palisades application. There is no Bechtel standard that 
specifies this approach or that either suggests or imposes that 
the concrete holding capacity of non-ductile anchors not be 
reduced when they are closely spaced to the ductile anchors. 

Regarding the second NRC concern, Bechtel Design Guide C-2.40, 
Rev. 1, Section 3.2 indicates that those anchors which meet the 
appropriate requirements of ACI 349 may be qualified as ductile 
expansion anchors. 

The definition of ductile anchors, as clarified above, and the 
basic criteria to develop concrete capacity of single and 
multiple anchors as provided in ACI 349, Appendix B, have been 
used both by Bechtel on many plants, and according to our 
understanding, by most other architects/engineers, engineering 
consultants and utilities. ACI 349 Appendix B was developed by a 
group of anchorage experts from various architect/engineering 
firms, utilities, academia, and the NRC staff. ACI 349 Appendix 
B represents the only nationally recognized code on this subject 
and it is our understanding that it is receiving wide usage by 
sources both within and outside Bechtel design control. · 

6.0 SUMMARY 

The two issues identified in the June 13 NRC letter relating to 
the anchor bolt evaluation for Palisades have been addressed. In 
summary the following has been resolved: 

1. Two structural models (one simplified and the other 
more detailed) based on principles of mechanics and the 
guidance of Appendix B to ACI 349, were employed to 
determine the interaction between ductile and 
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non-ductile anchors. For those cases evaluated with 
these models both the ductile and non-ductile anchors 
were shown to maintain their basic full tensile 
capacity. Although the simplified method was used in 
the calculations, the more precise detailed method 
produced the same final conclusion in all cases. 

2. Ductile behavior for the Maxi-bolts is based on a 
structural yielding of the anchor bolt (associated with 
the actual yield stress of the bolt), and not on the 
actual ultimate failure strength of the bolt. This 
provision for ductile behavior is consistent with ACI 
349, Appendix B for concrete anchorages (as well as for 
both ACI 318 and ACI 349 provisions for beams) and 
provides the necessary allowance for additional strain 
required to exhibit ductility in the anchorage system. 

3. Bechtel's design approach in this case was consistent 
with good structural engineering practice. Bechtel 
performed their design and evaluation by developing and 
utilizing analytical models which were based on 
accepted principles of engineering mechanics and 
supported by a body of test data. Bechtel further 
employed criteria established in nationally recognized 
codes to carry out their design and evaluation. · 
Simplification was employed in the application of the 
methodology as discussed above, but further evaluation 
indicates that the simplification produced conclusions 
consistent with the more precise methodology. The 
results of the analysis indicate that the anchorages 
are acceptable and adequate conservatism exists in the 
design. 
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STRENGTH 
RATIO 

Pcava 
1 

Sheet 1 

Bolt data are from Reference 1. The Strenqth Ratio, Pcave, 1• the 
average ratio of the Calculated Cone-out Strenqth (per ACI Code) 
vs Test Cone-out Strenqth for each bolt size for concrete stren;ths 
from 2000 to 6000 psi. These ratios •ould be aomewhat smaller if 
the bolt slip before cone-out were accounted for. The •li~ data 
were not available and, therefore, this adjustment could not be 
made. 
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1. Summary Reoprt - XWIJ<-BOLT Testing Proqram, Abbot 
A. Har.Jts, Inc. 'J'~sting laboratories, San Francisco 
Ca., March 24, 1977. 
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Attachment 1 

SUMMARY: HILTI•XWIJ<·II (HD-II) BOLTS 

ANCHOR 
SIZE EMBED 
Sc Ee 

P"T_,i.._ i 

MEAN ULTIMATE S'l'RENQ'l'H 
fc-2000 fc-4000 fo-6000 
~ !'C ~ 

i 0 i· 2 i ' 

S'l'RENcn'H 
RATIO 

Peeve 
i 

Sheet 2 

Bolt data are from Reference 1. 'l'he Strength Ratio, Pcave, is the 
average ratio cf the Calculated Cone-out Streng~ (per ACI Code) 
vs Test Cone-out Strength for each bolt size for concrete stran;ths 
from 2000 to 6000 psi. These ratios would be somewhat smaller if 
the bolt slip before cone-cut were accounted for. 'l'he slip ~~ta 
were not available and, therefore, this adjustment could not be 
made. 
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---------------------------------------------------------------------------------------------------------------------------------------------------------------IOS JIB 6 • 6 l/Z 6 S/8 161.16 
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110 SIB 6 • 9 B I 5116" 644. u 
I II SIB 6 • 9 B Ul16 646.U 
II J 116 6 • II 112 II S/16 660. )2 

IU J/6 6 4 II 1/2 II 1/6 660. )J 
119 Ill 4 4 ., 6 1116 Z61.1S 
IJZ llJ 6 6 6 6 1116 161. 2S 
110 S/8 6 ' 1 1/2 1 1116 ))1.99 
11) Sii ' ' , 1/2 , 7116 JJ7. 99 
111 116 ' ' ' 1/6 II 7/8 669.65 
116 J/6 ' ' ' 1/6 • 15/16 469.65 
IOI 1/6 4 J 2 J/4 2 7/8 70.9J 
101 1/6 6 J 2 J/6 2 7/B 70.9J 
107 1/-2 4 J B 1 IS/16 JZ6.6l 
IOB 111 4 J 8 1 IS/16 JZ6.41 
109 Ill 4 J 10 9 IS/16 468.07 
IU S/8 4 4 n u 6911.96 
116 I 2 ' l/2 u 1/2 u J/8 698.00 
106 Jiii 4 4 .. 1/2 4 Siii 162. 26 
I IS Jl6 4 4 -!'~ J/4 16 1/2 991.77 
117 I 2 ' 1/2 iZ 1/2 12 1/2 6911.00 
IOJ .,. Rot felted 
118 I lfot Teated 

Note1: I. COlu1111 9 failure ffP• I •Steel failure 
2 • COllCrete COfte failure 
J • Na•l11a11 Load Applied vlth llo failure 

z. Intended !lllled • Ttleoretlcal !tlbe.t .. nt l••ed on Anchor Slee•e 
l.eft&th 

1. Actual t..t>ed •Anchor 0-.erall IAnath - Nea1ured Stud lolt Projection 

6, Ca.pre11lve Stren1th of Concrete at Time or Teet• • 4170 p•I 

\. Colu1111 U • Fallure I.Md / (4 • J 6110 • Actual Area or Concrete) 

6. ColU1Mt IJ •(Area or Steel • 12,,000 pal) I (6 • /4110 • 
Intended Area or COftcrete) 

.1. Colu1111 14 •(Arel of Steel• 12,,000 p•l) I (4 • )6110 • 
Actu•I Ar~• or COftcrete) 

161.U 
161.IS 
u9:iz 
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661.U 
6)7." 
264.77 
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JJJ.81 
JJJ.81 
660.96 
40.61 

74.90 
74.90 

JU.Jt 
JU.Jt 
4U.26 
6911.96 
616.H 
1611. IS 
90.H 
6911.00 

... 

u.en ISJ.25 l.ot 0.9Z 0.89 
0.7)6 166.59 1.04 0.9Z 0.99 

116. 760 119.16 1.02 0.91 0.99 
110.9)0 IJJ. 77 l..OS 0.97 0.98 
187.650 160.66 1.u 0.97 0.99 
Ill. J9S IJS.78 l.ot 0.97 1.00 
70,6U IZ6.66 1.10 1. IJ I. II 
66.110 117 .67 l.04 I. IJ 1.11 
89.6SS 99.18 I .OJ I. Z8 •• Z9 
87. 570 96.81 1.00 I. Z8 l.H 

129.170 96. 76 l.U I, J6 1.0 
us.sn IOl.66 I.II l. )6 1.0 
19.750 IM.JO 1.01 0.86 0.12 
It.no lM.JO 1.01 0.16 0.12 
94.161 111.02 l. U o.n 0.114 
H.829 lH. lt 1.11 o.n 0.114 
91.160 '".,. 0.76· o.sa O.H 

14J.16S IH.14 0.79 0.62 0.62 
177.22' 146.U o.n · O.llJ 0.114 
u.en ISJ.n '·" 0.92 0.119 

J 204.JJO n2.'4 0.11 0.66 0.66 
J 1 JS.140 144.,. O.M o.u O.llJ 

Taken from Perry Nuclear Power Plant 
Close Spacing Tests - Drillco Maxi-Bolts 
(Ductile Anchors) by Gilbert Commonwealth • 
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Attachment 3 

The Commentary to ACI 349, Appendix B discusses the use of the 
minimum specified tensile strength to assure ductile behavior as 
follows: 

"The requirement ••• that the design pullout strength 
of concrete exceed the minimum specified tensile 
strength of the steel is to assure ductile behavior of 
the eltlbedment in the event of overload. Typical 
embedment steels exhibit significant variations in 
actual yield strength as compared to the minimum 
specified. In addition, the ratio of tensile strength 
to yield strength may vary from approximately 2 to 
1.15. Considering these variations, it is necessary to 
specify design pullout strength of concrete as a 
function of f~ rather than a factor times fy to insure 
ductility. 




