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I We, Joh,n C. Finneran, Jr., Robert C. Iotti, and P . Peter

i Deubler, being first duly-sworn hereby depose and state as

7 follows:1s
3

? '). .

' '

. (?f.,n ne ra n ) I am the Pipe Support Engineer for the Pipe '

s
- ' Sup; fort JEngineering Group at Comanche Peak Steam Electric
s

;d Stationq In this position, I oversee the design work of all pipe
r s

support design organizations for Comanche Peak. I have
% % :5 r-

pre 71odsly provided testimony'in this proceeding. A statement of,

-N .
my professional and educational qualifications.was received into

?

_

evidence as Applicants'" Exhibit.142B.

,
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l Except'as otherwise indicated, each Affiant attests to all(''i.'jgJparts'ofthisaffidavit.,q et
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(Iotti) I am the Chief Engineer, Applied Physics for Ebasco

Services, Inc. I have been retained by Texas Utilities Electric

Company to oversee the assessment of allegations regarding the

design of piping and supports at Comanche Peak Steam Electric

Station ("CPSES"). A statement of my educational and

professional qualifications is attached to Applicants' letter of

May 16, 1984 to the Licensing Board.

(Deubler) I am the Project Manager for the Comanche Peak

Project and formerly Director of Engineering for NPS Industries,

Inc. In this position, I oversee the design work of Nuclear
'

Power Services on Comanche Peak including work related to the

Richmond inserts. A statement of my professional and educational

qualifications is submitted as Attachment G.

Q. What-is the purpose of this Affidavit?

A. This Affidavit responds to six CASE allegations (see CASE's

Proposed Findings at Se; tion VIII) and two Board concerns

(see_ Board Memorandum and Order of December 28,.1983 at 60-

66) regarding the design of Richmond inserts. In addition,

this Affidavit provides information in_ compliance with Items

10 and 11 of Applicants' Plan -to Respond to Memorandum and

Order (Quality Assurance for Design) (" Applicants' Plan")

(February 3, 1984). _ CASE's six specific allegations are

related to (1) the factor of safety used for Richmond

inserts, (2) testing of Richmond inserts, (3) ability to

'resist axial torsion, (4) _ methods used to analyze

connections, (5) bending moments in the bolts, and (6)

_ _. _
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sharing of shear loads. Each item is addressed in the

following sections of this Affidavit. In responding-to

CASE's concerns regarding items (1), (2) and (3) above,

Applicants also address the two Board concerns and provide

the information to comply with Applicants' Plan.

I. and II. FACTOR OF SAFETY USED FOR
RICHMOND INSERTS AND TESTS

Q. Please state the concerns raised regarding the factor of

safety used for Richmond inserts and associated testing. ,
A. .This issue deals with a concern set forth in the Special

Investigation Team's (" SIT") Report 2 that Applicants had

employed _a safety factor of 2 for Richmond inserts instead

of the manufacturer's recommended value of 3.

The SIT and Board's concern is expressed in the Staff's

Proposed Findings of Fact and Conclusions of Law (August 30,

1984)~at 37-39. The two key issues regarding this area are

(1) the appropriateness of Applicants' use of a safety

factor.which~is lower than that recommended by the

manufacturer, and (2) the lack of certain test data

regarding' Richmond inserts.

A. Factors of Safety

'Q. Describe your evalua' tion of the safety factor used by

Applicants as compared to that recommended by the.

: manufacturer.

2 ~

50-445/82-26; 50-446/82-14 datedNRC Inspection' Report
2/15/83 at 17-23.'

+
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A. In the manufacturer's literature regarding Richmond inserts,

based on testing the manufacturer specifies the ultimate

loads associated with the various sized inserts. In

addition, the manufacturer selects a factor of safety and

back-calculates the corresponding allowable loads, i.e., the

. ultimate load divided by the safety factor is equal to the
4

allowable load. It should be noted that this factor of

safety and corresponding recommended allowable loads

specified b'y the manufacturer apply only to the Richmond

insert itself and not to the threaded rod (sometimes used.

interchangeably with bolt) which may be procured separately.

Allowables for the threaded rod are those set forth in

appropriate AISC Codes, e.g. , for A-36 threaded rod the

' allowed load in shear is 17.7 kips.

In its design calculations, Applicants used higher

allowable loads for the inserts than specified by the

manufacturer. Accordingly, if the ultimate loads

recommended by the manufacturer were applicable to

Applicants' use of the inserts at CPSES, it could be viewed

that Applicants had reduced the factor of safety recommended

by the manufacturer. However, this is not the case. As set

forth. more fully below, taking into consideration all

relevant factors (e.g., the differences between the

conditionslof the tests from which the Richmond insert

manufacturer obtained . its recommended - ultimate loads and the
>

conditions known by Applicants.to exist in the actual

._.
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applications of the Richmond inserts at CPSES), the ultimate

loads for the inserts are much higher than specified by the

manu facturer, and the actual safety margins used by

Applicants are essentially equivalent to those used by the

manufacturer.

The current allowable recommended loads for the inserts

by the Richmond Screw Anchor Co. are based on tests

conducted at the Polytechnic Institute of Brooklyn in 1957.

Richmond's recommended allowable (working) loads are based

on the average ultimate test loads divided by a factor of,

safety which has varied over the years. Tests were

conducted for 3/4, 1, and 1-1/4 inch diameter inserts in

shear and 1 and 1-1/2 inch diameter inserts in tension.
(However, at issue at CPSES are 1 inch and 1-1/2 inch

inserts.)

For the shear tests, the concrete strength was 3220

psi, ..while for the tension tests the concrete strength was

2850-psi for the 1-inch diameter insert and 2950 psi for the

1-1/2 inch diameter insert. Data from the manufacturer's

tests reflect that' failure in all insert shear tests and the J

1-1/2 inch insert tension tests occurred due to failure of
the testing anchor stud bolt. Failure in the 1 inch tension

|

test occurred due to failure of the insert.by concrete cone

. pullout. It should be noted that failure of the insert can

,

generally be equated with failure in the concrete resulting
|

in a cone offconcrete being pulled out (" concrete cone

. _

b

--
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pullout"3.) Table A specifies the manufacturer's

recommended allowable loads, and in parentheses the

associated factor of safety for each relevant size insert,

as they evolved over the years.

TABLE A

Recommended Allowable Loads in Kips (Factor of Safety)

*

Richmond
_111etin Shear TensionB

1" I 1-1/2" 1" 1-1/2"

#6,1961 10.0 (2.3) 25 (2.6)'
10.0 25 (2 6)

8.27+{2.3)
#6,1971
#6,1975 8.0**'+ (3.0) 18* (3.0) (3.0) 21 .67 (3.0)

* Estimated (apparently unsupported by
-manufacturer's tests)

+ Failure occurred in the testing anchor stud bolt
++ Failure occurred due to concrete cone pull-out

** Ultimate shear load was in excess of 27,000 lbs.,
hence allowable could be 9.0 kips

From the foregoing, it can be'seen that the failure

modes of concern are either failure of the insert through

. concrete cone pullout or failure of the threaded rod or bolt

used with the~ insert. As noted above, allowable loads and

3 Even if failure by internal damage of'the' insert-occurs-
instead of" concrete cone pullout,.the load at.which it
occurs is essentially the same at which concrete cone
pullout would occur (see the results of the tiarch 1984 tests
set forth in Attachment B).
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factors of safety concerning the threaded rods used with the

inserts are established by Code, adhered to by Applicants'

and not an issue here.

The major factor affecting cone pullout is the strength

of the concrete in which the inserts are placed.

Significantly, the manufacturer's tests were conducted with
concrete which had a strength of between 2850 and 3220 psi

(approximately 3000 psi). While the concrete at CPSES is

designed for 4000 psi, it actually ranges from 4500 to above

5000 psi. We believe that the additional strength of the,

concrete results in a much higher ultimate failure load.

Accordingly, it was Applicants' position that use of

allowable loads higher than recommended by the manufacturer

was justified based on the higher ultimate loads for the

particular circumstances at CPSES, and the safety factor

specified by the manufacturers would be essentially met.

Q. Have there been any analyses which verify the appropriate-

ness of Applicants' position?
,

A. Yes. First we would like to discuss the safety factors in

tension. The basis for Applicants' position that the

ultimate load is much higher than established by the

manufacturer's test has been verified by a simple comparison

with the manufacturer's test results. The mechanism of

tensile' failure of Richmond inserts and concrete cone

pullout is-no, doubt a complex mechanism difficult to

.

.-
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precisely analyze. However, the increase in the ultimate

]
I

insert tensile capacity due to greater strength concrete can

be conservatively calculated using the following equation:4
1/2'

T = 4 % (f )
where: T = ultimate tensfle capacity

@ = emperically derived constant

f' = compressive strength of concrete
C

To determine the value of %, we applied the above

written formula to the manufacturer's test data (i.e.,

ultimate loads and compressive strength of concrete) and
.

back calculated $. The values for @, calculated as noted

above, are set forth in Table B. While the computed values

relate only to the 1 and 1-1/2 inch inserts (the ones of

concern), they compare favorab.ly with values computed from

other sized inserts.

TABLE B

Richmond Insert Dia. (in) 3/4 7/8 1 1-1/4 1-1/2

Value of % .85* .81* .84 77* .84**

* Deduced from manufacturer's allowable and-a factor of
safety of 3.0, not from direct test data, with f ' = 2850

c
psi.

'** This value is an estimate since the failure mode in the
manufacturer's test was rod failure and not concrete
failure. However, it is above .79 which is the value
calculated assuming concrete failure occurred at rod
-failure.

.

4 This equation is 'well recognized in industry and extensively
used in numerous text books and learned treatises.

, i

n
Lu .
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Applying the imperically derived values of @ in equation,
i

and factoring in the range of actual strengths of concrete

used at CPSES, the ultimate tensile loads can be

calculated. These calculated ultimate tensile loads along

with the allowable design loads used at CPSES and the

associated safety factor (ultimate load divided by

allowable load) are set forth in Table C.

TABLE C

.

Estimated Ultimate Tensile Loads & Safety Factors For Richmond inserts

Allowable Insert
Richmond Loads Used in Estimated Ultimate

Size G Design at 0)SES Loads & (Safety Factors)
4000 pst 4500 pst 5000 pst

1" .94 11 5 29 8 (2.6) 31 6 (2.7) 33 4 (2.9)

1-1/2" .84 31.3 80.9 (2.6) 85.8 (2.7) 90.4 (2.9)

Thus, the estimated minimum safety factors - for Richmond

inserts in' tension which result from the design approach

employed at CPSES using catual conditions existing vary in

reality between 2.7 to 2.9. (Even had a value of % = .79

been used, comparable safety factors would result, e.g., 2.7

instead of 2.9.)

It sbr.uld be noted that out of 912 supports reviewed in

Unit 1 and common areas employing Richmond inserts, 865

utilize low strength threaded' rods (864 SA-36 and one SA-307

(bolt)). -The. remaining are high strength threaded rods (45

o u
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SA'193, one SA-108, one SA-325). The low strength threaded-

rods / bolts have lower allowable loads than the allowable
loads for the Richmond inserts used in the CPSES design,

...

noted above. Accordingly, while Table C sets forth the

allowable loads for the Richmond inserts for pure tension or

shear loads, the governing limits on design would not be the-

allowables for the inserts, but rather the allowable loads

of the threaded rods. As a practical matter, however, since

inserts and their rods are seldom loaded in pure tension or

shear, but are loaded in combined loadings, the governing,

limit on design will be the interaction ratio for the

insert.5

Q. On what basis was the shear ~ allowable value established for

the 1-1/2 inch insert in the absence of a shear test for
that size insert?

A.- The shear value was based on an extrapolation from the

existing test data. The test on the 1 inch insert showed

that the shear ultimate capacity was approximately equal to

the. tension ultimate capacity. It also showed that the

ultimate shear capacity of the testings anchor studbolt

governed rather than the insert's capacity. Therefore, the

insert's capacity was actually higher than the shear failure

5 The' interaction ration discussed later in this affidavit for
eitger the insert or the threaded rod is expressed as
3L, , S_" " *#* '* * ""' "'"' '

< l.0 A AT S Ny
sh0ar, allowable tension andishear in the insert or threaded
rod, and n = 4/3 for the insert and 2 for the rod.

Iw
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load of the test. This prompted the Applicants to set the

shear allowable for the insert equal to its pulloro (tensile

allowable). Applicants further reduced the shear allowable

by multiplying its tension allowable by the ratio of the

manufacturer's working shear load (18 kips for 1-1/2 inen

insert), to the manufacturer's recommended working tensile

load (21.67 kips for 1-1/2 inch insert).

B. Verification Tests

O. What tests have been conducted to demonstrate the effect of

shear loads on Richritond inserts?
'

A. To comply with the directives of the SIT, shear tests were

conducted at CPSES on 1-1/2 inch Richmond inserts in March

1983. The test report summarizing those tests is included

as Attachment A to this testimony. The salient conclusions

of these test, are summarized below.

A total of nine specimens were tested. All utilized

1-1/2 inch type EC-6W inserts in concrete representative of

the strength and reinforcement found at CPSES. For the test

the concrete strength was approximately 4600 psi. On six

specimens a 1 inch thick washer plate was inserted between

the shear plate and the insert' to represent the washer which

is used in pipe hanger installations. Three specimens

without washers employed A-490 bolts. Three more specimens

with washers also used A-490 bolts, and finally the three

remaining specimens (eith washers) utilized SA-36 threaded

rods..

-

-aa_
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In no case was the test permitted to go to ultimate

failure. Loading application was halted where the load had

reached a magnitude considered to be sufficient in

comparison with the design load values. (At this point the

NRC representative witnessing the test indicated his

concurrence).

In spite of the fact that the test did not take the

inserts to failure, the results indicated that the

performance capabilities of the Richmond inserts in shear

exceed the design allowable by a ratio in excess of 3.3 to

1. Because the tests did not go to failure, the actual

ratio is higher and the results are conservative.
,
,

Moreover, test results for the specimens with and

without the 1 inch thick washer were comparable, indicating

that the presence of the washer has little effect on the

performance of the threaded connection / bolt or the Richmond

insert. If any bending stress is introduced in the bolt as

a result of the 1 inch thick washer,-the test results show

that it is not significant enough to distinguish the

difference. These results justify the shear allowables

regarding Richmond inserts used by Applicants in the design

of CPSES.

Q. Have other. tests been conducted on the Richmond inserts?

.

r

<



.

.

- 13 -

A. Yes. As a result of the allegations by CASE that the
.

preceding tests were not sufficient to address combined

6 and the Board's concern with thetension and shear loadings

absence of test data, Applicants proposed a plan 7 which

stated that Applicants would:

" Provide evidence of the capability of
Richmond inserts to accept the maximum loads
to which they will be subjected in tension,
shear and combined tension and shear, with
ample margins of safety. The evidence will
be generated by a combination of tests and
analyses."

To fulfill this plan Applicants performed another series of

tests in March and April, 1984. A final report summarizing

these tests is included as Attachment B to this testimony.

In summary, these tests were performed to determine the

load carrying characteristics of 1-1/2 inch type EC-6U and 1

inch type EC-2W Richmond inserts when subjected to tension

only, shear only and combined shear and tension loadings.

The strength, deflections and . type of deforma tions produced

by these loadings were determined. The tension and shear,

testing _ conformed to the requirements of ASTM-E488-81,

" Standard Test Methods for Strength of Anchors in Concrete
_

~

and Masonry _ Elements." The number of samples of each

diameter Richmond insert was.in accordance with Section 7 of

ASTM-E488-81. However, Applicants are not aware of any

6 CASE Proposed Findings of Fact and Conclusions of Law at
Section VII and VIII.

7 - Applicants' Plan'at 7.

L__ _ _&
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standard method or test for combined tension and shear. For

such tests, tension and shear loads were applied to the test

specimen in equal increments, i.e. the tension load was

always equal to the shear load. (For a detailed description

of the apparatus refer to Attachment B.)

The tests utilized a total of 30 Richmond inserts

(fifteen 1-1/2 inch and fifteen 1 inch). To prepare for the

tests these inserts and several more spares of both sizes

were cast in concrete slabs which utilized the minimum type

of surface reinforcement encountered in the field (17 grade

60 bars at 10 inches on center in each direction near the

surface). The concrete strength was also typical of that

encountered in the field, having an average compressive

strength in excess of 4900 psi.

To ensure that the tests actually tested the inserts'

capacity (and not the capacity or the Lhteaded ecds), high

strength thrreaded rods / bolts were utilized in all cases. As

previously stated, in field installation it is the threaded

rod which most often has the lower allowable load in pure

shear or tension. In this regard, in its-Propos(3 Findings

at Section VII, CASE has alleged that.the wrong allowables

for inserts have been used at Comanche Peak. This is not

so. The proper allowables for the inserts have been used.

The results of the tests are presented in Attachment B

and summarized in Table D, below.
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TABLE D

Ultimate Shear, Tensile and Combined
Capacities of Richmond inserts

Richmond
insert Tensfon (T) She]r (S)
Dia.

Allowable (T ) Ultimate (T ) FS Allowable (S ) Ultimate (S ) FS
V g g

1" 11.5 41.27 3.59 11.5 40.28 3.50

1-1/2" 31.3 101.96 3.26 27.0 94.34 3.49

Combined Shear and Tenston
i

la 28.35 (4.15)
'

1-1/2" 63.47 (3.68)

+ Utillzes Interaction formula (T/T '
'O

" *
U

Factor of Safety in this case is computed from

|[T}S)4/3+f'S1 S 2S)
1 3 4/3 ''

The test results confirm the judgment of Applicants

that (1) shear and tensile ultimate capacities are nearly

;. t- h e same and (2) the actual factors of safety are in excess

of 3.0 for shear,_ tension and combined shear-tension

loadings. An important concomitant result of this series of

tests is the confirmation of the conservatism of the

tension-shear interaction formula utilized for design. This

formula, which is suggested by the PCI Design Handbook,

Precast and Prestressed Concrete, 1971 at 6-20, states that

the interaction between tension and shear goes as the 4/3

' p' owe r . This forraula is verified by the results of these,.

o
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tests. See Attachment C which shows that all test points

fall outside the interaction curve, thus providing evidence

of the conservatism of the interaction formula.

O. What would you conclude from the result of these and prior

tests?

A. We would conclude that the margins of safety for Richmond

inserts for loading in shear, tension and combined shear-

tension for the conditions expected in the field are in

excess of a factor of 3.0.

Q. In addition to the general concerns raised about testing of

Richmond inserts, are there specific concerns about the

tests which you wish to address?
,

A. Yes. Apparently faced with results of the 1983 shear tests

which indicated the significant capacity of the Richmond

inserts over design, CASE challenged the validity of the

test by alleging that the conditions of the reinforcement in

the concrete tests labs.did not represent the ccnditions in

the field. As stated in Attachment A, however, the concrete

used in the tests was representative of concrete in the

plant. Indeed, in Attachment A is the actual test report on

the concrete used in the tests. Applicants have conducted a

review of a representative sample of test reports of |

concrete used at CPSES to assure that such concrete is

enaentially the same as that used in the tests. In

' addition, Applicants have reviewed NCRs regarding concrete

at.CPSES to provide additional assurance that the concrete

!

L_. _ _- -_
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used in these tests was representative of that used at '

! CPSES. From our review, we conclude that test conditions !

' are representative of conditions at CPSES.,

;

l'
| Moreover, to be very conservative, the new tests .

.

l . conducted in March 1984, employed two layers of |
'

!

; reinforcement rods rather than 4 layers used in the prior
l'

| test and at CPSES. As seen in Attachment B, the capacities
'

t

! of the Richmonds were not impaired.

In any event, the difference in reinforcement in the j
,

concrete (the concern expressed by CASE) is not significant |
when compared to other factors. If rebar was a dominant j

l -

factor, it would be evident from a comparison of the results !
s

of the March 1983 tests (using 4 layers of rebar) and the [

March 1984 tests (using 2 layers of robar). However, a . ;

r

comparison of those results (including bolt deflections) ,

indicates that the cmount of rebar is not a significant r

'

factor. See also Tr. 6495-6500 wherein the cognizant Staff

witness concurs with this assessment.
i

III. ABILITY TO RESIST AXIAL TORSION

| Q. Are you familiar with the issue regarding the ability to
i

resist' axial torsion? !
,

,

l
*

i

Is

i
*e t

.-
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A.- Yes. This issue refers to the concern by CASE of the
j

i

ability of the Richmond assembly (including the threaded,.

rod) to resist " axial" torsion. In the Board's Memorandum

.and Order of December 28, 1983 at 62, the Board states that

this concern is important because

"The Richmond was tested without being connected
to a steel member that could induce torsion into
the bolt. Consequently, the safety of the
Richmond depends in part on the t9st described in . ,

subsection 1., [8] above, _and in_part on the
engineering analysis of the effects of torsion on
the bolt."

The Board concurred with CASE's view that the Applicants' '

manner of computing the tension force in the bolt of the ;.

Richmond insert assembly resulting from torsion in the tube

steel is incorrect. Id.

i

O. Describe Applicants' method of computing the torsion forces !

in the bolt.
;

A. In computing the torsion force in the bolt of a Richmond

insert,_the formula T = Fd is used; where T = the torsion
,

applied to the steel tube (sie Figures 1 and 2 of Attachment

D), F = the tension in the bolt, and d = the distance from

the bolt to the force acting on the washer. The Board

- believed that- Applicants were using -the distance d as equal

to 2/3 of the one half of the' width of the washer. See '

December 28, 1983 Memorandum and order at 62-66.

.

d
8 This quote refers to the March '1983 test required by the

,

SIT, completed by Applicants, and discussed above. '

.

(-- -
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Applicants, in general, did not use this distance, but

instead relied on predeveloped charts which use the distance

from the bolt centerline to the centroid of a triangular

ccmpressive load distribution, offset from the bolt

centarline. When configurations were encountered that a,re

not covered by the predeveloped chart, and for designs

performed prior to the development of the charts, Applicants ,

did use the distance questioned by the Board, i.e., 2/3 of

the distance between the center of the bolt and the edge of

the washer. The distance derived from this calculation is'

always smaller than that which would be obtained from the

predeveloped charts, which is the distance from the

centerline of the bolt to the centroid of the triangular

compressive load distribution defined between the neutral

axis and the edge of the washer. (See Attachment D.)

Since the distances from the charts predeveloped would

result in smaller calculated tension in the bolt, we have

chosen to focus our discussion on the effects of using this

distance (i.e., that obtained from the predeveloped charts)

in order to determine whether it accurately reflects the

appropriate load distribution.

To illustrate why the Board might be confused as to
,

what distances were used, we will make use of a 'similar

figure (Figure 1 of Attachment D) to that utilized by the

Eoard in its Memorandum and Order of December 28 at 77. The

ma'jor difference between Figure 1 and the Board's figure

-
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(which is included as Figure 2 of Attachment D) is in the

This is the distance the Boardmeaning of the distance d2
believes Applicants used in the formula T=Fd. As shown in

Figure 2 of Attachment D that distance is equal to 2/3 of

the washer half width because it is shown as starting from

the center of the bolt.

Applicants generally have used thedistancedj from
figure 1 cf Attachment D, which represents the distance

betteen-the centerline of the bolt and the centroid of a

triangular compressive stress distribution defined between'

the location of the neutral axis of bending and the edge of

the washer. This axis is not located in the center of the
.

bolt but it is shifted toward the edge of the washer placed

in compression by the applied torsion. The location of the

neutral axis'and the tension in the bolt can be derived by

solving the static equilibrium and strain compatibility

equations. Such a solution is provided in Attachment D,

where it is shown that d is generally greater than d'.
2

This clarifies the circumstances _which may have confused the

Board. The'solutionfordjprovided in Attachment D is
correct only if the_ equation expressing strain compatibility

between the concrete and the bolt is valid. -Uhile that

equa tion - is valid if the problem were truly two dimensional,,

and is generally employed for solving problems of this kind

(see CASE Exhibit 903, Excerpts from Blodgett's Column Base

Plates), _ one . cannot say with certainty whether the same form

,

. - - ~ ,-
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would-apply in the three dimensional problem which is

I present in the field. Because there is no preload (other

than. snug tightness) of the bolt and hence, no continuity
'

between the tube steel, the bolt, the lower washer and the

; concrete, the distribution of strains between the bolt and

.the concrete is a tri-dimensional complex pattern..

Q. Had Applicants performed any additional analysis to evaluate,

this complex situation?

-A. Yes. To study this pattern Applicants performed detailed
4

finite element analyses utilizing the STARDYNE computer
'

program. A description of the model and results of the

analyses is given in Attachments El and E2. The results of
,

the analyses indicate that the formulas used by Applicants

as described above did not precisely model the resulting

forces. The formulas used by Applicants resulted in a

calculate'd force that was low for all but six supports 9 by

as much as 25 percent. (As noted later in this Affidavit,

the finite element analyses refined this calculation and

only~ predicted an 18 percent' increase; in addition, because

uof conservatisms in the methodology and process used, in all

cases allowables would not have been exceeded.)
Q.. What did the results of the finite element analyses show?

9 There are six 4 x'4 x 1/2 tube-steel sections loaded
- primarily in torsion cnr shear for .which this 'effect would
result in a calculated 33 percent. increase. :This increase

' has beenifactored into the interaction formulas in. Table 1
.

i ~(attached) Land has been found to be acceptableyfor the six
supports.

-

- - . . . . . - - -
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A.- The.results of the finite element analyses showed the !
|

following: |
:

' a) The transfer of moment (torque) into the couple which
_results in bolt tension and concrete compression occurs
at the tangent point between the tube and the washer. In
this respect Mr. Doyle (and the Board) were correct.

,

However, due to the stiffness of the steel, the transfer
is along a line and is not spread over an area.

; b) The compressive force distribution in the concrete is
reasonably linear and extends to the edge of the washer.
Here, Applicants were right as explained in e) below.

c) The quasi-linear force distribution in the concrete,
however, is not the same at different locations parallel
to,_but away from the line drawn from the bolt centerline*

to the edge of the washer (this is due to tri-dimensional
t effects) and this is what causes the difference between

the original approach used for design and the present
results.'

!- The centroid of the triangular distribution existing in
the center _of the washer (line between center.of bolt and
. edge of washer) coincides vertically with the tangent

| point of the tube steel and the washer, i .e., the neutral
~

axis adjusts accordingly.

d).The increase in bolt tension for the worst configuration
is less than 25 percent for bolt holes located along the
tube steel centerline (see note 9) and this can be
calculated by using the expression T=Pd, where d is theg
distance between the bolt centerline and the tangent
point of the tube steel and the washer.

.

e) Applicants ran a sensitivity study and the stiffness of
the. concrete-was varied. For the stiffness existing in

1 the field,-the distribution of compressive stresses is
essentially linear and extends to the washer as shown in !

Attachment-E2. As the stiffness of the concrete is |
decreased, the distribution:of compressive' forces in the
. concrete,becomes non-linear, withithe peak of the

,

; -distributionicoinciding_ vertically with the tangent point
between the ' tube and -the washer.*

- 'f) Although'not raised as an issue in this case, the finite~

- element model" wasLalso executed for the cases in which
the bolt' holes are.offsetifrom the centerline of the tube,

steel. The offset in the'model was-equal to.the maximum
' ' value permitted by the design criteria. This was done to's

Lassure ourselves that the~ largest possible' increase in

, <

_ 4 s

t

t
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tension over that computed initially would be determined.
Applicants could have used the same method outlined in d)
above, i.e., using the lever arm defined as the distance

,

between the bolt centerline and the tangent point of tube
steel to washer, to compute the increase i t, tension on
the bolt for offset bolt holes. However, the finite
element analyses indicace that this coupling method la
not applicable for the bounding eccentricity (which is
for 4" x 4" tube steel, 3/4 inch from the center or 1/2
inch from the tangent point of tube steel and washer)
which is the worst case that exists in the field,

g) The finite element analyses discussed in f) above shows
that the torsion does not result in a concrete
compression / bolt tension couple as discussed above, but
rather results in a shear couple at the top and bottom of
the bolt which puts the bolt in bending.

O. Is there an adverse effect on the safety of the plant from'

these results?

.
A. No. As discussed below, this will result in no adverse

effect on the safety of the plant.

Table 1 (attached) lists (Unit 1 and Common) supports

using tube steel with Richmond inserts which are safoty

related and which may be primarily loaded in torsion or

shear. This table also lists the existing eccentricities

and the loads for the inserts. It is evident that the

preponderant number of supports (90%) have tube steel

connected to Richmond inserts at the centerline of the tube

steel (zero offset) or with small eccentricities. Cases of

extreme eccentricities are few (only in about 18 cases out

of the 102 cases of 4" x 4" tube steel (mostly loaded in

torsion-or shear) do eccentricities equal to or exceed 3/8
|

inch). For the other 53 supports loaded primarily in
'

torsion or. shear, only three have offsets equal to or in

1

1

b .
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|

excess of one inch (one inch in six and eight inch TS would

give a comparable effect as the 3/8 inch in the four inch

TS).
~

For these, the maximum possible underestimation of the

tension resulting in the bolt is about 25 percent. (See

note 9.)- The finite element analyses which will be

discussed later actually indicate that the maximum

experienced increase is only 18 percent. This 25 percent

corresponds to the difference between the proper lever arm,

i.e., that between the bolt centerline and the tangent point

of tube steel to washer, and that used in design for the

most common 4" x 4" tube steel (thickness = 3/8 inch).

Other tube steel. dimensions will have lower differences.

(See note 9. ) The 25% increase (and the 33% increase for

the 4"x 4" x 1/2" tube steel cases) can be accommodated by

the supports.

In the process of performing the finite element

analyses, described in Attachment E, Applicants noted that

wher. it-is assumed that no clearance exists between the tube
e

steel and the bolt, a shear couple is created which places

the bolt in bending. The effect becomes pronounced when the

bolt holes are offset to their largest values. The prior

manual or chart methods of analyses cannot account for the

' bending effect. To investigate the possible adverse effects

on the connections Applicants developed a screening

,
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criterion, based on a very conservative analysis, by which

we could judge which particular supports require closer

scrutiny.
,

This criterion requires that any connection where

either the insert interaction exceeds unity or the bolt

interaction equation exceeds 1.75 must be listed as a

candidate for further evaluation. The factor of 1.75 for

the bolt derives from two factors, each having a value of

1.33, which represon', respectively, the difference between

the bolt bending stresses predicted by finite element
'

analyses and those predicted by simple flexure manual

calculations (the latter are 33 percent higher, as indicated

I in Attachment EL), and the dif ference between values of .75 :

y (the allowable bending stress) and F (where F is yieldF y
strength of bolt material). For establishment of the

criterion, Applicants allow the outer fiber stresses of the
;

bolt to reach yield, because the manual method of analysis

employed to compute such stresses has been shown by the
,

, testa discussed in Attachment F to be extremely

conservative.

The factors of safety inherent in the methods of

'
calculation employed to establish the interaction ratios

needed for the criterion are shown in Table 1 of Attachment
,

F (method D) and are shown to be in excess of 10. The

method of computation of the interactions is summarized
I

t below.
|

f

L___ -
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A portion of the torsional moment is applied to the

bolt as a bending moment, which accounts for the internally

created shear couple. Depending on the offset of the bolt

hole, different fractions of this moment are inputted as

direct bending moment of the bolt. For any offset exceeding

1/4 inch, all the moment is inputted as bending moment of

the bolt. F,ven with zero offset, 38.4 percent of the

external moment for 1-1/2 inch bolt (17 percent for the 1

inch bolt) is applied to the bolt as a bending moment.

'

The moment in the bolt induced by the shear is

determined by multiplying the shear value by the distance

from the center of the tube steel to the concrete and
multiplying this times 0.58 for 1-1/2 inch bolts with no

offset (or 0.72 for 1 inch bolts with no offset, or 1.0 for

bolts with offset).lO Any fraction of the moments not
,

inputted into the bolt as bending is coupled out into bolt

! tension as described for the traditional method. The Board

.

10 The fractions of the moments (where these fractions are
0.58, 0.72 and 1.0 for 1-1/2 inches with no offset, 1 inch
with no offset and 1 inch with offset, respectively) that

.

are assumed to go into inding are extrapolated f rom the
recent worst case shear 'inite element analyses conducted on
a single size tube steel ("TS") (4" x 4" x 3/8") and prior
analyses (also conducted on 4" x 4" TS) performed in
September of 1982. (SIT Report at 21.) Since none of these
analyses were conducted at intermediate of fsets, a linear
distribution of the fraction of external moment going into
the bolt as bending is assumed from zero offset to an offset
of 1/4 inch. Above 1/4 inch offset all the external moment
is assumed to go into bending the bolt. Also, for any
offset all of the bending due to shear is assumed to go into
the bolt.

.

. _ _ _ _ _ _ _ _ _ _ _ _ _ _
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should recall ,that in the traditional method of analyses
discussed previously, all of this moment would be coupled

out as tension in the bolt. Any external pull is added to

this tension to give the total tension. The resulting

tension, applied shear, and bolt bending are used in the

following bolt interaction equations

(T/T ) + (S/Sg)2 + IM /Mba) = bolt interaction ratiog b

where M is the allowable bolt bending moment as computedba

c is the allowable bolt tension andba /I = 0.75 Fy, Tgfrom M

S is the allowable bolt sheer. The tension (T) equals theg

applied external tension plus any coupled-out tension

resulting from torsion. The shear (S) is the applied

external shear, and Mb (the applied bolt bending moment),
has been defined above. The bending moment in the bolt is

'

converted to a couple within the bolt (moment arm =

ef fective diameter of the bolt) .

defined as theThe total pull of the insert, Typ,

oquivalent total axial load, is calculated by adding the

tension component of the bolt internal couple to the

tension, T, calculated above. This total insert pull and

the applied shear are used in the insert interaction

equa tion, noted below,

i

. . . .
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4! 4!+ S = insert interaction
IP .g
AI AI

where T is the allowable insert tension and S is thegg gg

allowable insert shear, T is the total insert pull and Syp
!
'

is the shear on the insert.

The manner in which these interaction ratios are

computed is based on very conservativo assumptions (see
1

e.g., note 10), which were not borne out by the testing
,

noted in Attachment F (e.g., the tests indicate that larger

offsets are needed for these limiting conditions to be val'id

and that even at the largest offset not all of the moment

goes into bending). For the larger tube steel sizes (i.e.,

| greater than 4" x 4") the conservatism is compounded since

the same percentages were used whereas the effect of the

| offset would be progressively smaller.
|

| Table 1 (attached) summarizes the results of the
evaluation of. the interaction ratios for the safety related '

j supports which can experience loads primarily in torsion.

From Table 1 (attached) there are a~ total of 12 supports
P

which exceeded the interaction ratio. These mostly fall in

the following categories:

(a) tube steel connections with relatively large

offsets, and

,

%.

4

,



.

'N ,
a QL -\

-

( , '
,L, .

6 :

N;',.g .)b
'

-

'
%:.,[%' ~ 29 -j-

.; va - g.
Lvn- ,s

Y | t:l (b) tube steel connections with smaller or zero offsets
b(- h k $||.:) which employ 1 inch bolts, which by virtue of the~;* s

'/!
a small section modulus of the bolt are less capable
'

s.
'y of withstanding bending loads.

Although Applicants are concerned with the conservatively+

+-dalculated bending stresses in the bolts, from the results
' s

| of testing noted below, there is no safety concern with
h k's

,[O ) '\thes connections.

y 'l< s[ df the tests reported in Attachment F, the most adverse

t ..

> ,| test is the torsional test of the 4" x 4" x 3/8" TS insert
q'

, .s

the 3/4 inch' offset which indicated failure (or near*

.h)with'

failure) at approximately 10,600 lbs (applied 2 inches above''

y ~3,.
Jy( *the top of the tube steel). The configuration of this test

.,%

Jntdesigned to encompass many of the supports listed in
'h .? *4

' Table J (attached) . If the 4" x 4" x 3/8" connection with a
% .s

T
l-1/2 lach bolt having the highest torsion and shear is

, examined against the test results the following is noted.
,; s
This, support, CT-1-053-408-C62R, is computed to exceed the-

i.,~2

i U-
interaction ratio criterion when subject to a shear-load of79 ,

,

p '' 2.479.k ps and a torsion of 9.249 in-kips, with no offset.

|t c w
. test conducted for the 4" x 4" x 3/8" tube steel with a

.

The
N3

3/4 inch offset (which is worse than that of the related
supportT loads the connection in torsion and: shear. When-''

!b the shear equals 3 kips,;the corresponding torsion is 21' e
:)$ . _

.

.

gg pg ffT fin-kips., At-this loading condition, the measured deflection
- 3y

3; of-the assemblyLis10.05 inchee, which is 6 percent of the
jy F

,,

30- 6
/A% ~ wo..

~
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|

,

ultimate deflection. The factor of safety to failure for

the'eupport (load = 2.479 kips shear and 9.249 in-kips

' torsion) is greater than 4 based on the test results. Thus,
,

even though the interaction ratio criterion indicates that

the worst case support, CT-1-053-408-C62R, .nay be suspect,

the test shows that there is no safety concern, and that an

adequate margin of safety exists.

Applicants recognize that the criterion and method

employed a determine whether the bolts can accept the loads

in these instances is not covered by the Code. The Code '

does not provide for such eventuality, as it assumes bolts

to be loaded in' shear and tension only. The bolts can

indeed accept the shear loads, but tension has no real

meaning when greatly offset holes are present.- As is

evident from Attachment F and also the finite element

analysis of Attachment E, the shear couple generated in such

instances gives rise to a combination of bending, tension

and shear of the bolt,.for which the Code makes no

provision. The tests support the conservatism of the chosen

approach. (It should also be noted that.from the test

-results shown in Attachment F, one can verify that tube

-steel deformations'for the applied loads are low.)

_
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lIV. Method Used To Analyze Connections l |

: Q.- Haye you reviewed' the issue regarding methods used to

analyze connections?

A. Yes. In Section VIII of CASE's Findings, Messrs. Walsn and

Doyle expressed concerns over the methods used to analyze

the connections of the bolts, tube steel and Richmond

inserts. Specifically, this concern focuses on the

-acceptability of release of all moments except for the
e

torsional moment-(M ).x
CASE' agrees that the moment in the tube (M ) about the

axis of the bolt cannot develop, but they state that the

other moment (M ) (which would tend to produce prying
z

action, if any),_should either be considered Whenever the
-

moment Which produces torsion (M ) is considered, or both M
x x

'

and M should be released. CASE states further at VIII-6
z

that "the ability to rotate about the local Z axis is

inhibited; therefore, prying _(moment coupling) exists."

'

(Refer to Figure 1.for an explanation of the coordinates and

moments.)

^

.

r

il ~ In,the' area, CASE's< concern-regarding the method selected by_ -

Applicants to' react'the shears is' addressed in the preceding-
discussion of.theJabilityLto resist'axialitorsion.

~

,

:.

-
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FIGURE 1

EXPLANATION OF COORDINATES & MO'iENTS
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|To examine the validity of this concern we have 1

1
'

Jutilized a finite: element analysis which employs the same

model and method as the analyses described in Attachments El

.and E2, and which examines the behavior of the joints under

the combined influence.of axial (parallel to the insert,

bolt, M ) and torsional loads or purely axial load. The3

_ purely torsional load was addressed separately via another

finite element analysis, referred to previously. Clearly
'

for single tubes loaded in torsion, the restraint of

torsional moment is required for stability. Similarly, for

single-tubes loaded torsionally an'd axially, the axial
displacement resulting from the maximum permissible axial

load in the tube is insufficient to prevent the torsion

constraint as discussed below. Moreover, the single tubes

are all'11ghtly loaded, further pointing to the correctness

of modelling the torsional moment constraint. The

resistance of the attachment assembly under pure torsional

loading was demonstrated to develop bearing between the tube
.

and upper shim ~ plate solely along the line of tangency at

the corner of-the tube. The couple between the bearing area

and the bolt, tension equals the~ applied torsional moment;

therefore,-the prying action.in the-bolt can be calculated

directly.
.

+
,

5
~

1
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due to bolt elongation (along the Y direction) is sufficient

to cause loss of contact with the washer. Thus, there is no

. prying. action. For pure axial loads, i.e. loads applied to

the tube steel between Richmond inserts in the y direction,

there is no prying action and their release of the moment

about the Z axis is the correct way to model the joint.

A parametric study of the loading was performed to

analyze the effect of bending moment M on the prying actiong

which occurs due to the torsional load. For the study, a 4

x 4 x 3/8 inch tube with 1-1/2 inch diameter inserts locat'ed

20 inches on center was analyzed.

The bending moment is introduced by the addition of an

axial load at the center of the attachment assembly.

Two parameters were analyzed:

a. Variable applied bending load with constant
torsional load.

b. Variable torsional load with constant bending load.

Analyses were performed for the load cases shown below in

Table E. Additional data ~ presented incl'ude the fixed end

moment ("CEM") calculated for the applied pull load had the

connection been modelled as fixed with respect to the M in

- STRUDL, tand the ratio of the FEM to the applied torsional

load (" FEM / Torsion").

4 __ _

_
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TABLE E

LOADING TORSIONAL AXIAL FEM FEM /
NUMBER LOAD (in-lbs.) LOAD (lbs.) (in-lbs.) Torsion

1 4000 2000 5,000 1.25

2 4000 8000 25,000 5.0

3 4000 20000 50,000 12.5

4 4000 40000 100,000 25.0

5 1000 40000 100,000 100.0

6 0 40000 0 0

Each load case was analyzed to identify the mode of ,

resistance of the assembly. Results for the first five

analyses showed the area of bearing between the structural

tube and the top shim plate.to be limited to the line along

the tangent point of.the tube corner. Any bending

resistance is developed by the' eccentricity due to

translation of the torsional resistance toward the end of

the tube. The sixth analysis showed that no bending

resistance was developed in the absence of a torsional

moment.-

Table F summarizes the results for each load case.

Information tabulated includes the following items:

a. Loading-torsion (in-lbs.); pull (lbs.)

b. Expected bolt reaction neglecting bending in'the
bolt proper-(lbs.)12

.

:12 In computing.the. bolt reaction, the axial load was added to
the tension computed from-the torsion by the point-of-
tangency method.

L
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'
c. Bolt reaction from analysis (lbs.)

d. Maximum possible bending resistance with torsional
loading governing prying action (in-lbs.)

Bending res,istance from analysis (in-lbs.)e.

TABLE F

I3Loading Loading Expected Actual Bolt Max Bending Actual Bending

No. Torsion Pul1 Bol+ Load Reaction Resistance Resistance
4

1 4000 2000 2600 2600 3200 1618
,

2 4000 8000 5600 5600 3200 2684

3 4000 20000 11600 11500 3200 2966
.

4 4000 40000 21600 21400 3200 2886

5 IOC" 40000 20400 20300 800 600

6 0 40000 .20000 20001 0 0

The flexibility of the connection under bending is due

to the elongation of the bolt:from the tensile loads.

Loading No. 6 demonstrates that there is no bearing between

the tube and the washer- pla te if torsion is not present.

,

-13 This moment resistance is established by assuming (from finite
element analysis) that the reaction to the combined torsion

~

and axial load (which results in the M moment) occurs at the
intersection of the.line of tangency ar*1d the edge of the
washer'(point C'of Figure ~1). The distance between that point

and the center of the bolt is 2 inches in the x direction (M*
-lever arm). For example,'the reaction due to the applied
. torsion at that point is 1600 lbs. for a 4000 in-lb. torsion
(this is computed from 4000 ). Thus, the. resistance to the

2(1.25)
moment about the z-axis-due to the torsion reaction for this
case is 3200 in-lbs. No increase in bolt tension would occur
until this resistance is exceeded as a result of'the pull.
However, when the actual bending resistance (obtained from the
finite.'eloment analyses which considered both torsion and

~ bending (M )) is compared to the max-bending ^ resistance due to
to si,n, it'is seen.that-the actual value.is alwaysopure

lower, indicating no' prying. action from the bending.o

,

-+ --.m ,
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Based on the results of this study, it is evident that

any additional bolt tension need only be considered when |

|

torsional loads are present. The increased tension can be

calculated directly from the ratio of the torsion and

distance from the bolt centerline to the tangent line of

the corner of the tube. It is also evident that modelling

the joint with the M moment released is a more correct

manner than modelling it as fixed because of the low

bending resistance of the joint. Applicants recognize, and

calculations demonstrate, that modelling of the joints as'

pinned instead of fixed would result in stresses and

deflections of the member steel tubes which are higher than

those which would be calculated on the basis of fixed

connections. On the other hand, fixity of the connection

results in higher loads on the inserts. Analyses indicate

that the percentage increase in member loads resulting from

releasing all moments is not nearly as large as the

decrease in-load of the insert. Design of the connection

with the assumption of a M, moment constraint produces
conservative loads for the Richmond inserts, which are

generally the limiting factors, while producing loads on

member steel which are minimally unconservative. Table G,

.below, shows the M moment carrying capacity of the '

g

lightest tube steel section for large bore piping and of

the*l-1/2 inch insert connection based on the equation

1

!

|

b_
_
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|; M,,, Tube Steel = .6 Fy x Section Modulus; Insert M,,x =

Allowable Tension x Lever Arm from bolt centerline to
I

! tangency point.
i

TABLE G

l
' TS Size Section Modulus Tube Steel M Insert M

(in-kips) (in-kips 7"****

! 4x4xl/4 4.11 92.22 42.16

L 6x6xl/4 10.1 226.64 84.33

| 8x8x1/4 18.8 421.87 112.44
10x10x1/4 30.1 675.44 140.55r

! This shows that the insert is the limiting factor by

at least a factor of 2. The difference in the bending
.

moment between a member with pinned ends and a member with

fixed ends is less than 2. Therefore, if a support was

L
modelled with Mz fixed, releasing Mz would lower the insert

loads, increase the tube steel bending moment, but not

t

| overstress the tube steel.

Prior to beginning the as-built program, NPSI began

analyzing the joints as pinned. If the designer was not
;

sure whether the pinned model was correct he would check if

there was sufficient elongation in the bolt to allow the
|

rotation of the tube steel. The use of the pinned

assumption is normal structural design practice. In fact,

the 8th Ed. AISC Specification, paragraph 1.15.4, states

that inelastic action in the connection is permitted.to

l' accommodate end rotations.

I

I
.
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> PSE leaves it to the designers' judgment to decide

whether the moment should be released and, therefore, has
<

.

not always reanalyzed the joints during the as-built

program as-pinned. PSE has in some cases still retained

constraint on the M, moment. Even though the finite

element analyses indicate that this is an appropriate
;

modelling assumption, we would like to place in perspective

the effect of this assumption on the steel member stresses.

Applicants have reanalyzed several support

! configurations selected at random assuming that all momenti

would be released. Table 2 (attached) provides a

comparison between the maximum stresses and deflections of

the members calculated with and without the constrained

moment. Also shown in this table are the margins to

allowable loads which exist. As can be readily seen,

i adequate margins exist, even with the fully released

moments. As a final point, the effect of modelling on the

support stiffness should also be addressed.

CASE contends that the difference in modelling can

result in substantially different.stiffnesses, and hence,

invalidate the assumption of generic stiffness being.

applicable to the piping analysis. Applicants have

addressed the issue of generic versus actual stiffnesses

under: a separate affidavit, see Applicants' Motion for

Summary Disposition Regarding Use of Generic Stiffnesses

Insteed of Actual Stiffnesses In Piping Analysis, filed on

[
L
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May 21, 1984. However, it is important to state here that

significant effects from differences in stiffnesses do not

occur unless the differences between adjacent supports or~

groups of supports are fairly large. As seen from Table 2

(a t tached ) , the difference in stiffness is not great eriough

to have a significant impact on the piping analyses.

V. Bonding Moments
,

Q. Are you familiar with the issue of bending moments?

A. Yes. In section VIII of CASE's Findings, CASE is concern 4d

with allegedly high bending moments in the bolt resulting

from the imposition of a shear force on the bolt offset from

the concrete surface by the use of a one-inch washer between

the concrete and the support steel.

Bending of the bolt is not considered by the ASME Code,

because in conventional bolt connections, bending is not

significant. In reality, however, bending can occur. This

problem was addressed by the SIT 14 which had indicated that

Applicants' preliminary calculations showed the bending

moments to be insignificant in all but one of 60 cases

r'eviewed. The NRC in the same report requested that the

total stress (including the bending stress) in the bolta

should be evaluated to assure that the value for allowable

stress has not been exceeded.

14 SIT Report at 21.
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There are two possible ways for the joint to react to

' ' the bending moment and, therefore, two ways to analyze them.

One way is to compute the increased tension in the bolt by
r

!
- the same method as that used for the applied torsion moment

(only now using the lever arm from the center of the bolt to
i

| the point of tangency). This is not an entirely correct

manner because the bending moment would also be reacted by a

couple internal to the bolt. This approach would then be an

approximate approach, perhaps non-conservative, which would

resolve the bending moment into an increased tension to be
,

' included in the-shear-tension interaction formula of the

Code. The second, conservative approach is to compute the

I bending stresses from the Mc/I formula or finite element

analyses, ~then add the bending stress ra tio-to-the-allowable .

I (conservatively assumed as 0.75 F where F is the yieldy y

stress) to the Code interaction formula Lin linear fashion.
As discussed previously in Section III (Ability To Resist

.

|
i )- . Axial Tors on , Applicants have used the latter approach in

evaluating the supports of Table l. (attached) which are ,

highly loaded' in shear :(which include those among the 60 :

suppor ts mentioned by - the SIT) . |The results of-these;

j .

analyses are set:forth in TableL1 (attached), and, as
. .

discussed'in Section III, reflect that due to the-
'l

conservatism of tht' calculational methodology bending does |

not present a safety concern with these. connections..
;

' -
.,
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The results of tests reported in Attachment F reinforce

Applicants conclusion in this regard, (i.e., that deflection

of the supports at the design loads are very small

regardless of whether the load is applied torsionally or as

a shear, and that ample ma rgin exists.

It should be further stated that about fifty percent of

the bending moment in the bolt (from shear loading) is

contributed by the shear at the tube steel flange next to

the concrete. The shear tests conducted in March 1983

'without tube steel (but with the washer) would also have
contributed a bending moment to the bolt, and hence, those

: results provide corroboration that there is ample margin

against failure.

VI. Sharing of Shear Loads

Q. Are you familiar with the issue regarding sharing of shear

loads?

A. Yes. CASE's allegations in this regard are concerned with

'

the sharing of the shear load among all of the bolts in a

particular support. CASE alleges that only half or fewer of

the bolts would accept the shear and would exceed allowable

values before the remainder take up the load because of the

presence of oversized bolt holes. He believe that their'

concern'is not valid. Since this concern is common to all

i -' connections, not just to Richmond inserts, we have chosen to

discuss it more fully in a separate Affidavit and tiotion for

m - - - . _ _ _
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Summary Disposition Regarding the Effects of Gaps on

Structural Behavior Under seismic Loading conditions filed

in this proceeding on May 18, 1984.

VI. Additional Matters

Q. Does this complete your testimony on matters relating to

' Richmond inserts?

A. Almost. As a final point, we would like to address the

concern (raised on VIII-11 of CASE findings) that Applicants

failed to consider the A-307 bolt in their calculations
'

submitted as Applicants' Exhibit 142D.

Applicants did not fail to consider the A-307 bolt;

they purposely did not include the strength of the A-307

(A-36) bolt because the purpose of the analysis was to

demonstrate that even the stiffest anchorage possible would

considerably relieve the thermal expansion stresses

resulting from LOCA and that the resultant load on the

anchor would be considerably smaller than that computed for

a fully restrained structural member. This was the purpose

of Applicants' Exhibit 142D. It should be clear to everyone

that the highest load on the anchorage system results from

assuming the least flexible member of that system. If a

high strength bolt were used for the Richmond insert, the

.least flexible member may or may not be the insert.

However, both the test data obtained from the manufacturer

and that obtained by Applicants'(Attachment B to this

,

s
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testimony) certainly indicate that the failure occurs in the

bolt rather than the insert, pointing to the latter as being

the stiffer and stronger member of the anchorage system.

Thus, use of test data acquired via high strength bolts is

appropriate if one wishes to determine the maximum load on

the Richmond anchor, so that this load can be compared

against the insert allowable. This, of course, was not the

purpose of Applicants' Exhibit 142D.

Nevertheless, just to make the obvious point,

Applicants recognized that A-36 rods are more flexible than

high strength bolts, and that they have lower allowable

values than the Richmond inserts, i.e., 17 kips instead of

| 25 kips. Applicants, however, also recognized that the

thermal expansion load that would occur had an A-36 rod been

used, is lower than that calculated for the high strength

bolt. This load would then be the one that should be
i.

compared against the allowable load for the A-307 bolt. To

put this concern in perspective, the thermal expansion load

that would have resulted from the use of an A-307 bolt is

seen from Figure 2. Also shown in this figure is the load

computed for a high strength bolt. Figure 2 is developed

using the March 1983 and 1984 test data (Attachment B) using

the methodology employed in Applicants' Exhibit 142D.

.

+
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RFS'"RAIMFD THERMAL LOAD VS. DISDLACEMENT

Jos ,

And
Gr>

$00 .
.

l

i

_lk Ndm fes&
i:o .

n"r-.
- +.
I I

r: 6 *x t'< W
.

4 ero --
-

:',$f_ _1.c_ __.... - - _. _
- :.~~ ~ ~ _ ,_..

..__ -

-- nuzuje
-

4 J 97 \'-

. . __
,* * *

'#| '00 *J4.

L -



-. _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ - _ _ _ _ . - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ - _ _ _

_-i

- 46 -
,

1

The load resulting from the thermal expansion for the

stiffest connection employing A-36 threaded rod is 5.0 kips.
*

This load is below the allowable 17 kips for the A-307 bolt.

When the maximum allowable mechanical load (17.7 kips) is

added to the thermal load (per procedure of Exhibit 142D),

the resulting deflection would be 0.4 inch. The ultimate

deflection is about .95. Thus, there is a margin of safety

of 2.4. The ultimate load is approximately 61 kips; hence,

the safety factor on a load base is also 2.7. To finish

this argument, it is appropriate to again place the purpose

of Applicants' Exhibit 142D in perspective. Its purpose was

to demonstrate the self-limiting nature of the thermal

expansion load and why it need not be considered sinco

anchorage slippages are minute with respect to the ultimate

slippage capacity.

,
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TEST REPORT

SHEAR TESTS

ON

RICHMONO 1 1/2-INCH TYPE EC-6W INSERTS

.

-1.0 REFERENCES

1-A CP-EP-13.0 Test Control

1-B CP-EI-13.0-8 1 1/2" Richmond Insert Shear Tests
.

.2.0 GENERAL

2.1 PURPOSE AND SCOPE
'

These tests were performed to determine the characteristics
of Richmond i 1/2-Inch Type EC-6W Inserts when installed in
concrete representative of that used in the power block
structures at.CPSES and subjected to shear-type loading. The
strength, deflections, and type of deformations produced by
this loading were the qualities to be determined. This series
.of tests employed only 1 1/2"-Inch Type EC-6W Inserts subjected
to -shear loads.

2.2 RESPONSIBILITY

The tests were performed under the direction of the CP Project
Civil Engineer. Witnesses to the tests were: A Nuclear Re-
gulatory Cannission (SRC) Representative from the Arligton,
Texas Regional Offit.e, the NRC Inspector stationed at @SES, a
TUSI site Quality A:ssurance representative, and other site '

engineering personnel.
.
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|~ 2.3 -TEST APPARATUS

The arrangement and details of the test apparatus are shown on
L Drawing No. FSC-00464, Sheet 1, included in Appendix 1 to this'

|' report. The insert sp(.cimens tested were taken at random from
C the Constructor's stock on site and weret therefore, represent-
L' ative of those installed in the plant structures. They were
! placed in a thick concrete slab cast specifically for these
L tests and which was composed of materials and reinforcement

similar to those elements of the plant buildings. This is
'

"4000-pound concreta" (28-day strength). The laboratory test
report on the concrete of which this slab is composed is in-
cluded here in Appendix 1.

I An apparatus for applying shear loads to the specimens was de-
signed and built on site. This facility employed a 60-ton
capacity manually operated hydraulic ram whose thrust against
a crosshead was transmitted by tension rods to a 11/2-inch
thick shear plate bolted to the insert specimen. Base reaction
of the ram was transmitted through a structural steel grillage
to the outer face of the concrete slab. Ram thrust was deter-
mined by multiplying the fluid pressure (PSI), as indicated by
a gauge on the pump, by a number equal to the ram piston area
in square inches.' Deflections were measured by a dial indica-
tor mounted on a remotely anchored bracket and with its spring-
loaded probe in contact with the specimen bolt head or bottom
nut where threaded rods were used. These instruments bore
valid stickers showing them to be currently in calibration.

3.0 . PROCEDURE
n

In performance of the tests, inserts were cleaned of concrete
mortar and other trash that would affect bolt thread engage-
ment. The sheer plate was attached to the specimen insert by
a suitable length bolt or threaded rod of type shown on the
test data sheets, Appendix 2. A new and different bolt was
used for each insert. These fasteners were tighteded " snug
ti ght". On three specimens the shear plate was attached in
direct contact with the top of the insert. On six other spec-'

mens.a 1-inch thick plate was inserted between the shear plate.

and the insert, representing the " washer" used frequently at
this location in pipe hanger installation. Shear loads were
applied by the ram by operation of the manual pump. As the'
' load increased from'aero (o), indications of fluid pressure
(later converted.to load) and bolt head deflection were read
at regular intervals . These intervals were at 400 PS! on the

. pressure gauge, corresponding to 5300 pounds thrust. Load'
application on each specimen was halted before failure occured I
and when the load had reached a size considered to be suffi-
cient in comparison with the design load values. At this
. point in each test the NRC Representative indicated his con. '

.

currence with this consideration. After~this, the load was
removed, the' apparatus detached, and observation was made of

.the condition of the specimen."
r

,-
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4.0 RESULTS

As can be seen on the test data sheets, the maximum load appl- ;

ied to specimens on which ASTM A490 bolts were used ranged
from 88,110 lb. to 95,400 lb.. The bolts could be seen, after t

removal from the insert, to be slightly bent. By measuring the
distance of the bolt tip from a line perpendicular to the bolt

,

head these deflections were approximately as follows.

Fastener Specimen No. Bolt lenoth Deflection of Tip
Type

A-490 1 4 1/2-in. 0.0 in.

A-490 2 5 1/2 in. 0.05 in.

A-490 3 5 1/2 in. 0.10 in.

A-490 4 4 1/2 in. 0.05 in.

A-490 5 5 1/2 in. 0.10 in.

A-490 6 4 1/2 in. 0.0 in.

Other than these deformations, no bolt showed signs of inci-
pient failure.

!

Loading of the three specimens employing a double-nutted SA-36
threaded rod for attaching the shear plate and including the
1-inch washer plate produced a reverse curve in the threaded

'

rod. The offset between the approximately parallel ends of
each rod was approximately as follows:

'

*Specimen No. Offset

7 0.4 in.
!

8 .4 in.

9 .4 in.

The fact that the end portions of rods were not truly parallel
accounts for the difference in deflection measured at the bot-
tom nut on the rods. Although these deflections were expe. '

rienced, there was no sign of iminent failure of either the
threaded rod, the insert, or the concrete.

There was small spalling of concrete around the top of some
inserts. This allowed the top of insert to deflect laterally
and in the case of Specimen No. I to deform to a small extent.
However, in no part of any test specimen did breakage or com-

'

plete failure appear to be iminent. In each case at the ,

time operation cf the hydraulic pump was halted, the applied
load was increasing, showing that neither the insert nor
fastener had reached its maximum load carrying capability.

~
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The factor of safety for each specimen based on these '

maximum applied loads is snown in the following table.

FACTORS OF SAFETY
!

'
8ASED ON

|

MAXIMUM APPLIED LOAD

'

>
Maximum Factor of Gsfefu

Spec / men Apolied
&stener Number Shear Losd Nfax. Acolted Lesd

(/cip.r) ' s, , Design A//own!a 1.d
a-

/ 88.1 * 00Ns.st * S.32

^*### 0"|0 3 90,/ 90;}}6.5/ " 3 40
W//" Shim $

,

$ 9 f.4 90-|/$g.51= 3.60

2 95.4 SS.ff,,,, , 3,go-

,

N##0 ##|| 4 .95.4 9ffjg,51 = 3.60 ..
Yb /"< Shim &

SO|fg,si = J.406 90./
'

-

7 SS.J #0*$7,e7 = J.J0
3AJ6 Threaded '

Moo' | 8 43.6 '''for=J.60
'/* /" ShAn $

9 63.6 6J.g7,,7 y,go,

* Lone' helfed due fo dio/ indicator for deflection.

nowny reached /Ar /knif of fnevel. ,

*
.
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5.0 CONCLUSION
,

These test results show that the performance capabilities of the
Richmond Insert in shear exceed the design allowable by a ratio
of more thin 3 to 1. Thus, a minimum factor of safety of 3 is
indicated. The test results for the specimens with the 1" thick
washer are comparable to the test results for the specimens with-
out the washer. This indicates that the presence of the washer
had little effect on the performance of tie bolt or the Richmond
Insert. If additional bending stresses are introduced into the
bolt as a result of the presence of the 1" thick washer, the test
results show that it is not significant enough to distinguish the
difference.

Based on this test, the design allowables for shear loading are
acceptable for use without further investigation or additional
calculations.
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[3- /db i e i
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-
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{zW* d $$'d G.cc5 2 is 83 (2 &:.y@ &w 99 G4,@ 22r3& h k-L
. NM! T | V'N h Lo c.:. u-ws.1 & &*W "2.W 83 gor .g3 7o $ .W .'W

:4 0A! |
'

4 i i

:a?! S Te9d s77:/8E2 j AEMams

.,
'1.-iz-93 /.ncAb

CURIN G CONTRot. TEST RESut.TS
FCR 28 DAY BREAK

La.* ARA *0*f CudEC CTttNSEnts) FIELD CU9ES CYUNDE/C * *

s?tE a:** 'Ps.:.) (C) STRENGTH ( P.s.l.) # fc}
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CHECXE3 Bf
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RICHMOND 1-1/2-INCH TYPE EC-6W INSERTS
SHEAR TESTS

REFERENCE: CP-EI-13.0-8
,.

'J
|

|- SPECIMEN NUMBER: / DATE #2 *'*w A BJ l

j BOLT SPEC: 4-496 W/ SHIM PL. [ W/0 SHIM Pl.
L

DEFLECTION GAUGE JACK *

(IN.) PRESSURE THRUST NOTES - FAILURE MODE
(P.S.I.) (LBS).

c- t?c- d-s:.C

'
-% &'

/ .s ;; .: :

,.t27 fee 5 300,

'

f. r ei fee to, cco ,

; .cer / ace AC90s
a ClJ' /p C c 2/ 200
,/Of 2cco 14.100-

./.*78 d4VC 3/, 400 '

. /6 8 2 000 37 /40,

,2cc 3 b 'c 42 po .

,2Jo Jaco 4% 700
,2 :?c a e oo :>~3, om*

.30& 4400 S8300 SGhd Ys e/d - slarA ,k MW

91<.454. 4 pu.,., .4.Q ,< 3 Gc' +Bec G3, ca:o 6*

" '~

4 52 o 2cc 68,90s

J30 rceo 7$ 2co
.4 /3 daa 79fm.

*$?'7 SW -8480s ,f.

ff03 [fea gg//8 -c% v1 f 'O [ f W # '& WY'

e ,**aw,- N

* JACK THRUST EQUAL SHEAR LOAD ON INSERT.

JACK THRUST (LBS) = GAUGE PRESSURE (P.S.I.) TIMES N 8 3
^

JACK: EQUIPMENT NUMBER A'd// 604o

PRESSURE GAUGE: M&TE NUMBER -/##/ DUE DATE: 9 k 83
DIAL GAUGE: M&TE. NUMBER 2094 DUE DATE: 20 M 87

,

PERFORMED BY: . WITNESSED BY:

2 22</n4/S-y r, /* hpfJ ,LX' .V}
DATE QA REPRESENTATIVE. DATE

,

tr . ...- . - . - , . .. ..-.- . .-



._. _ . _ . _ - . - _ _

.
-

~
'. .4PPENDIX 2*

.

'

RICHMOND 1-1/2-INCH TYPE EC-6W INSERTS
~ SHEAR TESTS

REFERENCE: CP-EI-13.0-8*
,

s

SPECIMEN NUMBER: A DATE 82 -///aul N.7
BOLT SPEC: A - 4 96 W/ SHIM PL. W/0 SHIM PL. V, I

DEFLECTION GAUGE JACK *
'(IN.) PRESSURE THRUST NOTES - FAILURE MODE

(P.S.I.) (LBS).
'

f. O /0 flt,0 (J00i;

.
<02f $$C /0,600

^
.at2 /260 /S: fos
09.a. -) Goo Ei, soo

..

./3D 2Dec 24 Sco
/'72 ewe 3/,dDoo

. E/r.- 2 800 3%/40
2 54 3200 924co

. 29 7 Pdco 92 700
'

3C6 4 pro SJ,, coe

. 324 9 fro f4 300
i , f.dB 4f0e) GJ, too

3;7/ . .fECC 64foo
. f f f.) S6ce 74'Edo
.Af4 Cte o 7gsso

.4 72- G46o 2% doo
. S 73 CBoo 90, /co -

.J~do 'Tfoe 95poo Cemu ut e .al - q,- mz,cC C'

A !8</24.2 - /S 4I<'i ,
~'

|| .&2M.-am 4 67"a k .
/ ,/

* JACK THRUST EQUAL SHEAR LOAD ON INSERT.

JACK THRUST (LBS) = GAUGE PRESSURE'(P.S.I.) TIMES- /5.2 f

JACK: EQUIPMENT NUMBER d C// 406
'

L . PRESSURE GAUGE: M&TE NUMBER /82/ OUE DATE: 9 M E.7
,

: ~ DIAL GAUGE: M&TE NUMBER 849# ~ 0VE DATE:E4 A-4. '8 2
,

PERFORMED BY: - WITNESSED BY:.

j'd ~~M\ / '~

v 3-k-c th>$0 9 3 ng
.

DATE- QA REPRESENTATIVE DATE
.

| 5 a , --,,w yaw - -, w g --. y a--ww w
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'

RICHMOND 1-1/2-INCH TYPE EC-6W INSERTS
SHEAR TESTS

REFERENCE: CP-EI-13.0-8.

,

s

SPECIMEN NUMBER: 8 DATE ld # M f3,

BOLT SPEC: A- f-90 _ W/ SHIM PL. V W/0 SHIM PL.

DEFLECTION GAUGE JACK *

(IN.) PRESSURE THRUST NOTES - FAILURE MODE
(P.S.I.) (LBS).

P,$/S 9 /'o SYoC'

0, Dr3 Bee /DA00
D, $8G /E$6 /.CPCD
D, A76 / Gcc 24 El'c
./fF 2oto 24,Sco
. /'7f 2s4:e 3/,600

2 07 2 800 38 /40.

248 32cs 44feo-

. Sep 3400 9'z 7po
365~ atvo .rs, oco.

4/7 ?#Do faJoe
. k,3 42<c St see

I .fe8 f2CD dB,foo.

.f.f'7 56 oc 74,200 OM AQ }psll
*

. 6/2 GuB60 72. foe
. < (s6A 64 e D 61'FM

'7 L r &Bec 943/so
.

.

% -G .dp M + .J ma,
& d b~&& pwA:; .AN-

1 'a'e,/4..ta. ., .4a. '
'

..
,

,

;

1

i * JACK THRUST EQUAL SHEAR LOAD ON INSERT l
. .

i |
L JACK THRUST (LBS) = GAUGE PRESSURE (P.S.I.) TIMES /3, a r I

;.

-JACK: EQUIPMENT NUMBER WCN 6o#

. -PRESSURE GAUGE: M&TE NUMBER M2/ DUE DATE: ? h j!ry
|

-DIAL GAUGE: M&TE NUMBER Jeff OUE DATE: a M NJ,

; . -

| PERFORMED BY: - WITNESSED BY:g

; 1

,

.2
,

Y - Q < * , , f o f**
,

/ DATE QA REPRESENTATIVE DATE.
_

.,
,

- -+ } - . ----r, w, 6 -- - n e - e-r- - -e'- **v-+em *" w-- w
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RICHI40ND1-1/2-INCHTYPEEC-6WINSERTS
SHEAR TESTS

REFERENCE: CP-EI-13.0-8
,

*.

SPECIMEN NUMBER: 4 DATE 2 2 b h3
BOLT SPEC: Af - 4 96 W/ SHIM PL. W/0 SHIM PL. F

i'
.

DEFLECTION GAUGE JACK * |
(IN.) PRESSURE THRUST NOTES - FAILURE MODE !

(P.S.I.) (LBS). '

__

D.0 09 4A0 5.10'
. Q e? FoD /C,' &co

.
/

. es,L3 '/Eco n,9te

.o 74 / Cod 2/,2 M

./Cc 2pse- ES feo

./32 2+cc W,goe
,

. /SS~ Efra .T4 too ;
'

. / ') 8 .7ded. 42, f*eo |

Yff 34ido f7700
3DB fred .Cf coo
38D [ hips S8,300

."f8 +'800 64800

. $ // S2 ** GJ,200~
'

,

.

{ - f]L, .S~Get ' 9, Eco , M nh .x 4...7
.

'

S'7/ ACDU 79,.SDo 4 .2 .M 2 , L N .SL,
.604l dyrt 8g8c0 ' *

646 68/O 90, /co

'.GB8 7240 9f.40

%~A Jas/ Avl e. A m M!Q
A r & d el 4 8 < L c-A . n w ' - rf |

'
\

-* JACK THRUST EQUAL SHEAR LOAD ON INSERT. |

I, JACK THRUST (LBS) = GAUGE PRESSURE (P.S.I.) TIMES /J 2C.

JACK: EQUIPMENT NUMBER d'CN 4o di i

PRESSU'RE GAUGE: .M&TE NUMBER /8E/ DUE DATE: 7 b I.TJ

DIAL GAUGE: M&TE NUMBER 20944 DUE DATE: # # % N3 ),
,

[ PERFORMED BY: WITNESSED BY:

.

f .$h. & $-'3~d2 f2 (kts g G Q j.;ry..yy
"< --' - DAlt QA REPRESENTATIVE DATE

_

~

,

-#*e+ w- .- . -p e.-- y =, - - . -%-- m - -w- e4+ - -4=- - + e - +e+
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RICHMOND 1-1/2-INCH TYPE EC-6W INSERTS
SHEAR TESTS

L ERENCE: CP-EI-13.0-8,

+

SPECIMEN NUMBER: .f~ DATE 22 ##i d h I
NJgBOLT S/EC: 4 - 4 94 W/ SHIM PL. V W/0 SHIM PL. /

DEFLECTION GAUGE JACK * I

(IN.) PRESSURE THRUST NOTES - FAILURE MODE |
(P.S.I.) (LBS). ;

;

C, of 3 f00 .f*J 00'

,

affs 800 /D. Geo
. c 9/ /200 /r,9po *

./JL /6 00 2/ 2CD
./80 2Doo 24 Soo

>220 2460 J/. /po

.E65~ 28/C 37,/CD

.303 32co 42,4co
- .3 34, 26M 4?: 7ss

< 4 5~ 4 Pco S.7, cco
,.

- W/ 49de fd,300
- e4/S~ $660 G3, d'm

af44 .f~2AD 6f, 900
' Y79 S%DD 74,200 & wh 1s.Jo. s}_', /3& sz.~

SO9 Seed 79, Soc A <~ 4%K -& N. y_g' ' '
. b~38 6446 84 Boo
.57o 6Bos 90,/Co

.
._

. f.o /4 ?d'60 Vis f00 -Ni du M eslK-r .-7 .sA
k s'-m4 n M M ie.nn

'

i' W f m.

* JACK THRUST EQUAL SHEAR LOAD ON INSERT .

JACK THRUST (LBS) = GAUGE PRESSURE (P.S.I.) TIMES /J df,

JACK: EQUIPMENT NUMBER 8 CN dod
L

i

L PRESSURE GAUGE: M&TE NUMBER /#d/ DUE DATE: 9 M B7
/

DIAL GAUGE: M&TE NUMBER EO9# DUE DATE:EO M '85
- V

PERFORMED BY: WITNESSED BY:

' b. J~22-E3~ /kt'e,.k*0 A 3-2.2,73.

DATE. . QA' REPRESENTATIVE DATE

-...
w _ _..m__ m _ u ,.m -- w w- , w W y , + w ,wv. w..a , ,, .,,v.vm,...,.- . _ , . ry 3-.
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APPEND /X A
|

..,,,,

.

RICHMOND 1-1/2-lNCH TYPE EC-6W INSERTS
SHEAR TESTS

REFERENCE: CP-EI-13.0-8
,.

1

SPECIMEN NUMBER: 6 DATE 22 */*" A "#J
BOLT SPEC: A - 4 '7 0 W/ SHIM PL. W/0 SHIM Pl. & ~~~' i

1
'

DEFLECTION GAUGE JACK *

(IN.) PRESSURE THRUST NOTES - FAILURE MODE
(P.S.I.) (LBS).,

0.039 t'ac 6~Joo
cG7 Sw /0,400

. c99 /Ew /S~900 .-

. /JV , cco 27, zoo'

./ 73 2 oco 24,500
22r 2 4 'c J/, fde

,

.d JP' 28ec 37:/od'

i ,3.r2 JZec 4'2 / 00
..Ac7 3 c;oc $7,700

| .M2 deec .G, o 40
. a yo Hoc J~s,3no
62f 4/co 43, Goc

{ 6 74 SEco 48,900 &< M deAi, a w
.,

.?dJ~ S&w 74,200 4Y a c .5A .24 r4. Ner4
'' "

| . . df Gcca 79,fec
.

} .fcy 4 fee Bf800
; .Bff 'CFco 90,/pp

< :~, vM ..une.i de es&"

.% & ~ WM+ '
kl .UsI6 m &p

~ -f u r 7 4 .a~e-
; * JACK THRUST EQUAL SHEAR LOAD ON INSERT.

JACK THRUST (LBS) = GAUGE PRESSURE (P.S.I.) TIMES /.7, da'

' JACK: - EQUIPMEI4T. NUMBER R C/r 4;o4

PRESSURE GAUGE: 'M&TE' NUMBER /Bd/ DUE'DATE: 9 L 't 3

DIALLGAUGE: M&TE NUMBER- 2099 - DUE DATE: 5 4 '# 3
.

PERFORMED BY: .WITNESSEDBS:
.

Y' !~
. Jc$Ofsh 3-22Y3 h +e 2 4 %.. k 3- 2 f;

.L _
,;p' .DATE;

_ QA REPRESENTATIVE DATE |

: .
. - . . . . .- . _ _ - . , . - - - - . . . . . . _ . . .- -
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APPEM D/X E-*

.... .
,

.

RICHMOND 1-1/2-INCH TYPE EC-6W INSERTS'

SHEAR TESTS
REFERENCE: CP-EI-13.0-8

,

4

- SPECIMEN NUMBER: -7 DATE 2 M ' #3
BOLT SPEC:/s/ .74 No,/ W/ SHIM Pl. V W/0 SHIM PL. %Q,g'

'

DEFLECTION GAUGE JACK *

(IN.) PRESSURE THRUST NOTES - FAILURE MODE
,

(P.S.I.) (LBS).

0.08/ 4co fJ0D
, d 72- 200 /0,4 00

.OD /dDD /J,9es
'

.W3 /GCo 2/.200
, f/6 2lW .26,S H

. 54 8 EW 3/, Boo
. 4. r J' 2BDo f7 /cc
. .'J2 Jaco 92,reo

i .8/.! JSc0 4z 760
'

.88.7 Lood $3,e**

# foe $~$3" .DL.el.,; w eb-cri4 mesa -

att a%>.>.,A .tWAda~
d& r.r& ey docNW .

. .

.

.

J

,

'

* JACK THRUST EQUAL SHEAR LOAD ON INSERT- .

- JACK THRUST-(LBS) = GAUGE PRESSURE (P.S.I.) TIMES 'J 2 S-' . ~ . .

~ JACK: EQUIPMENT NUMBER 8CN 404

-PRESSURE GAUGE: M&TE NUMBER /82/ 'DUE DATE: 9 'M #83-

DIAL GAUGE:. M&TE NUMBER' 84'7
__ DUE DATE: So M ' 3'9 #

.

'

~ PERFORMED BY: WITNESSED BY:-

,b,, hk.
,7 - 2. 2 -f3 f)W$6 A 392.gf

- DATE x _ QA REPRESENTATIVE DATE--

. . _ _ . ,

1

5 %.-. _. ,. , g . . yp = y g, _ J_p. -p, g , -,....,,,_,.m. _g.., , .w.- ..,_qw ,.w ,. ...-,w.,y

'
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9

A P 95/V D/X 2*
. ..

,
,

.

RICHMOND 1-1/2-INCH TYPE EC-6W INSERTS
SHEAR TESTS

REFERENCE: CP-EI-13.0-8
,

s

SPECIMEN NUMBER: If DATE 2 2 N M N
BOLT SPEC: JM 54 4'o# W/SHIH PL. # W/0 SHIM PL.

DEFLECTION GAUGE JACK *

(IN.) PRESSURE THRUST NOTES - FAILURE MODE
'(P.S.I.) (LBS).

0,629 Sco r300
./9e 840 /0 4x
,34S' /2cc /C900
.908 /4 eo El. Cop

,#r7 Eow E4 f"W
2 oo J/,8m.[26 9

.f., / 2 22iba 25 Joe
4M 32<x) +/je

, 74.f~ 34 00 47,7so
'

. 2/r 4uo<> SJ, coo

890 99CC 54 300 D snA: er sA
* W 2. 4 8 *C 43,0* & s$_f;$$d

aea 214,,A % a .ac.
.

dodt, *W dec t .xi/m a
f. | ''

\\
h
\(
L. .

* JACK THRUST EQUAL SHEAR LOAD ON INSERT.

-JACK THRUST (LBS) = GAUGE PRESSURE (P.S.I.) TIMES /- E, l.6~
1

JACK: EQUIPMENT NUMBER M'C N do/o )

PRESSURE GAUGE: M&TE NUMBER //J/ DUE DATE: 9 Jua_ Nt
/

DIAL GAUGE: M&TE NUMBER 8494l- DUE DATE: 20 4 .. . N7
/*

PERFORMED BY: WITNESSED BY:

}. 0.$&
J - 2 2 -23 ' f/l&%f>pDJ3.s9.g,

DATE QA REPRESENTATIVE DATE

- - -- . .
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APPEND // 2* **
, .

RICHMOND 1-1/2-INCH TYPE EC-6W INSERTS
SHEAR TESTS

REFERENCE: CP-EI-13.0-8
,

#

SPECIMEN' NUMBER: 7 DATE 2 2 #Xd' d M*

BOLT SPEC: 54 -34 M W/ SHIM Pl. [ W/0 SHIM PL.

DEFLECTION GAUGE JACK *

(IN.) PRESSURE THRUST NOTES - FAILURE MODE
(P.S.I.) (LBS).

,

a017 "/0 0 6'3M

o03/ YUG $0, W

./2 n Iv oes /3~> 9"

- | 7 '7 . in c o 4/, 200
:

.225 2e on 24Aw
,

< 2 M. J </eo 3/,o'd

*3YO 2700 3 2 /00
.Mo 32ec fu"; '

<#26 .5G ci o 97,7N

609 ycoo 5t ~
, f., 9 $ . /Vob 3"B,3m

__

'

_

11 2 . / 43 oo GS c,xa

ad aLMK w m~n-
8 Jodc. A

4~n d ...v m stv
& - p.

:

,

i

*

* JACK THRUST EQUAL SHEAR LOAD ON INSERT.

.JACKTHRUST(LBS)=GAUGEPRESSURE(P.S.I.) TIMES 48. 2 S~"'
t

- JACK: EQUIPMENT NUMBER A' cN 4od

9 ;?u '

PRESSURE GAUGE: H&TE NUMBER /84/ DUE DATE: O

DIAL GAUGE: M&TE NUMBER 24fV 0UE DATE: El b ' J/
/-

'
' PERFORMED BY: WITNESSED BY:

,$ f.$. -i

" 3-n.-o tw Ms 3-rz-o
DATE QA REPRESENTATIVE DATE-

,

. - . . ._ . ._ .-- . _ _ - _ _ _ _ , , _ _ _ . . _ _ .
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APPENDIX 3
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I
LOAD-DEFLECTION CURVES<

i

i

2

1 -

,

.

~

r

r
,

,
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'
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,- LEGEND,
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/ - ' ' 0-- -- A-490 BoH, W/l''Shkn 4.- *.s.. '.
-

//
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'

TEST REPORT

' SHEAR AND TENSION LOADING

0F

RICHMOND INSERTS

1 1/2-INCH TYPE EC-6W

AND

1-INCH TYPE EC-2W

1.0 REFERENCES

A CP-EP-13.0 Test Control

B CP-EI-13.0-13 1 1/2" and 1" Richmond Insert Shear and
Tension Tests

2.0. GENERAL

2.1 DEFINITIONS

Ulimate Load - The load applied to the specimen which caused
a physical rupture of the specimen.

Failure load - The load applied to the specimen beyond which,
'

deflections increased considerably without
substantial' increase in the applied load.

2.2 PURPOSE AND SCOPE -

These tests were performed to determine the characteristics
' - of 1 1/2-Inch Type EC-6W and 1-Inch Type EC-2W Richmond Inserts

when installed in concrete representative of that used in the'
power block structures at CPSES. The test specimens were sub- ;

jected to shear, tension, and combined shear and tension loadings. !
.The strength, deflections, and type of deformations produced by
these loadings were the qualities to be determined.

l
!
-!

'
t

.. '
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. . 2.3' RESPONSIBILITY

: ~The tests were performed under the direction of the CP Project
Civil Engineer. Witnesses to the tests were: A TUGC0 site

: Quality Assurance representative and other site engineering
personnel.-4

!

e 2.4 TEST APPARATUS
~

:.

2.4.1 CONCRETE SLAB & EMBEDMENTS> '

The arrangement and details of the test apparatus are shown
on Drawing No. FSC-00464, Sheet 1, 2 and 3, which are included

r - in Appendix 1 to this report. (Note that only MK C-14, C-15,
j- _ C-16 and Assembly 'D' on Sheet I were used in this test.)-

; The insert specimens tested were taken at random from the
Constructor's stock on site and therefore, were representative.

of those installed in the plant structures. They were placed
in-a concrete slab cast specifically for these tests and which-

' was composed of materials and reinforcement similar to those
elements of the plant buildings. The concrete used was based

F on having a minimum design strength of 4000 pounds per square
inch at 28 days. The laboratory test report on the concrete

,- of which this slab is composed is included here in Appendix gl,, g[pypaw
1

' ~

2.4.2 SHEAR TEST APPARATUS

li An apparatus for applying shear loads to the specimens was
designed and built on site. This facility employed a 60-ton
capacity, manually operated hydraulic ram whose thrust against
a cross head was transmitted by tension rods to a 1 1/2-inchû
thick. shear plate bolted to the insert specimen. The base
reaction of the jack was transmitted through a structural steel

i- " bridge" to the outer face of the concrete test slab. This-
-arrangement, as shown in Appendix 1, provided a horizontal '

,

; shear load on the vertically positioned insert without pro-
ducing'second ry or reactive concrete stresses in the vicinity

L of the specimen. . Ram thrust was determined by multiplying
; the. fluid pressure (PSI), as indicated by a. calibrated gauge

on the pump, by/a number equal to the ram piston area in . square
iz ^ inches. . Deflections were measured by a calibrated dial indi-

cator mounted on a remotely anchored bracket and with its spring
[ . loaded probe'in contact with a lug welded'to the shear plate

directly behind the bolt head or threaded rod.

,

..

n:v.-
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'
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2.4.3 TENSION TEST APPARATUS

An apparatus for applying tension loads to the specimens was also
designed and built on site. This facility employed a 60-ton
capacity, manually operated hydraulic ram which serves as an end
loading on a built-up steel beam. The other end of the beam was
bearing against a well-supported round bar which served as a
fulcrum and provided the other end reaction of the beam when

.the jack was operated to load the specimen A threaded rod*

protruded through the beam at mid-span, through a nut and bearing
plate on the beam with the opposite and threaded into the Rich-
mond Insert. This arrangement caused the load on the rod to be,

equal to twice the force applied to the jack. Location of thei

base plates for the reactions of the beam provided clearance
from the insert of at least 4 times the overall insert height;
i.e., at least 391/2 inches for the 11/2 inch inserts and 23
inches for the 1 inch inserts. Ram thrust was determined by
miltiplying the fluid pressure (PSI), as indicated by a calibrated
gauge on the pump, by a number equal to the ram piston area in
square inches. Deflections were measured by a calibrated dial
indicator mounted on a remotely anchored bracket and with its

-spring loaded probe in contact with a bracket which was securely
clamped to the nut on the threaded rod, as shown in the sketch
below.
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2.4.4 COMBINED SHEAR AND TENSION TEST

' The apparatus for the combined shear and tension test utilized
the same equipment as that used on the individual shear and

'tension. tests. For the shear portion, the equipment was set
up identically to the individual shear test. For the tension
portion; the equipment was arranged in a slightly different
fashion. The hydraulic ram was not placed under the end of
the beam, but instead, on the center of the beam on top. Ther

ram thrust was applied directly to the threaded rod, which
_

passed through the center of the ram, by means of a plate |
;-

, which was.placed on top of the ram. The base reaction was
resisted by the tension beam, loading which was supported by ;

two wide flange stands at sufficient distance fran the insert - 7

so as not to induce secondary or reactive concrete stressesi

in the vicinity of the specimen. This arrangement caused the
load on the rod to be equal to the ram thrust. Both rams (one
applying tension and one applying shear) were operated ~ by a
single nand pump with a calibrated pressure gauge. In this
fashion, the shear and tension loads applied to the test specimen

|
would be equal at all times.

: 3.0 TEST PROCEDURE

[ In performance of all of the tests, inserts were cleaned of ,

concrete mortar and other trash that would affect bolt thread,

engagement. A new bolt (A-490) or threaded rod (SA-193 Grade !

j B7) was used for each insert. The fasteners were all tightened
" snug tight". The application of all loads was applied by the

i ram by operation of the manual hydraulic pump. As the load
.

increased from zero (0), indications of fluid pressure (later '

converted to load) and simultaneous bolt head deflection were
read at regular-intervals.- These intervals were at 400 PSI on4

the pressure gauge, corresponding to 5300 pounds thrust with
the exception of the direct tension tests. On the direct
tension test, these intervals were at 200 PSI on the pressure 4

: gauge, which also corresponded to 5300 pounds thrust on the
specimen due to the configuration used. -The load as indicated :
by these gauge' pressures was maintained as constant as possible |

U for- a period of two (2) minutes. At the end of this time period,
' ~ the deflection was 'again cbserved and noted. Load application

on each specimen was carried out until ultimate failure of the -
specimenoccured(exceptspecimenno.1,whichwastestedin-

,

shear). uAt this point, observations were made of the condition
p -of the specimens and the failure mode.
!

-

i
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4.0 RESULTS

4,1 1.1/2-INCH RICHMOND INSERTS

4.1.1 SHEAR TESTS

As can be seen on the test data sheets, the ultimate load applied
to the specimens ranged from 90,100 lbs, to 106,000 lbs.. The
failure loads ranged from 84,800 lbs. to 106,000 lbs.. All bolts

. sheared abruptly)(except specimen #1; test was halted prior toultimate failure , with minor spalling of the concrete on the
compression side of the Richmond Insert. All five (5) specimens

L were utilizing A- O bolts.

~*'

SPECIMEN NO. ULTIMATE LOAD (lbs) FAILURE LOAD (1bs)

1 90,100 84,800

2 95,400 90,100

3 95,400 90,100

4 106,000 100,700

5 106,000 106,000

,

Average 98,580 94,340

Using the allowable insert laods given in specification 2323-55-30
i for 11/2-inch Richmond Inserts, the factor of safety is determined.

kAllowable Shear = 27.0

Factor of Safety (F.S.) = ,{ ace*

g A e Ld. -

i SPECIMEN NO.'s AVERAGE FAILURE LOAD (k) FACTOR OF SAFETY

h = 3.491 thru 5 94.34

'. . . 2
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4.1.2 TENSION TESTS

The ultimate load applied to the tension test specimens ranged
from 87,650 lbs. to 114,150 lbs.. The failure loads ranged from
87,650 lbs. to.108,850 lbs... The failure mode for specimens 11

~
' and 12 was by striping the threads between the threaded rod and

the Richmond Insert. Specimen 13 failed in the Richmond Insert
by a failure of the welds between the axial strut rods to the
upper threaded coil. Specimens 14 and 15 failed by concrete
shear cone failures. All specimens were utilizing SA-193 Grade
87 threaded material.

SPECIMEN NO. ULTIMATE LOAD g._ , FAILURE LOAD

11 106,200 103,550

12 114,150 108,850

l'3 114,150 108,850

14 87,650 87.650

15 _100,900 100,900

Average 104,610 101,960

Allowable Tension = 31.3k-

Factor of' Safety'(F.S.) = Average Failure Ld.
Design Allowable Ld.

SPECIMEN NO.'s AVERAGE FAILURE LOAD'(k) FACTOR OF SAFETY

11 thru 15 101.96- 101.96/31.3 = 3.26

4.1.3'' COMBINED SHEAR AND TENSION TESTS

The shear and tsnsion loads applied to the specimens under this
loading condition are equal and *.ne ultimate loads ranged from
60,950 lbs, to 68,900 lbs.. The failure loads ranged from 58,300
lbs to 67,575 lbs.. - Specimens 6 through 9 failed by an abrupt --

shearing of the threaded rod. There was some deformation of the
rod in bending at the shear zone (ranging for 20*.to 45*-bend).
Upper insert washer moved from 1/2 inch to 3/4 inch with some -
concrete spalling on the compression side of the insert. Spec-
imen 10 failed by striping the threads between the threaded rod

.and the insert. This-failure 11fted-the upper insert washer fromL

the struts, but the insert remained in place.
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SPECIMEN NO. ULTIMATE LOAD (lbs) FAILURE LOAD (lbs)

6 68,900 67,575

7 67,575 67,575

8 60,950 58,300

9 61,613 61,613
'

10 64,925 62,275

Average 64,793 63,468

Allowable Tansion = 31.3k

Allowable Shear = 27.0k

Factor of Safety (F.S.)

(Average Failure TensionDesign Allowable Tension x F.S.)4/3 ,(Average Failure ShearDesign Allowable Shear x F.S.)4/3=1.0

SPECIMEN N0's. ACTOR OF SAFEUAVE I E 0A (k)

(31.3 x F.S.)4/3# (27.0 x F.S.)4/3
63.47 63.476 thru 10 63.47

=1.0
; F.S. = 3.63

4.2 1-INCH RICHMOND INSERTS

4.2.1 SHEAR TESTS

From the test data sheets, the ultimate load applied to the {
specimens ranged from 39,750 lbs. to 50,350 lbs.. The failure
loads ranged from 37,100 lbs. to 42,400 lbs., Specimens 16

'

thru 19 failed by shear failure of the A-490 bolt. The top
portion of the inserts deflected from 1/8 inch to 7/8 inch with
some spalling on the compression side of the insert. ' Specimen
16 showed some rotation of the top of the insert. Specimen 17
and 18 showed no apparent sign of rotation. Specimen 19 failed ,

by breaking the weld between the upper coil and 1.ne struts. The
bolt then ' ailed in bending after rotating with the upper cortion
of the cc,1 2 Specimen 20 failed by crushing the concrete on the
compression side of the insert. The insert then rotated intact
and the bolt ultimately failed in bending.

<
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SPECIMEN NO. ULTIMATE LOAD (1bs) FAILURE LOAD (1bs)

16 46,375 42,400

17 43,060 37,100

18 50,350 42,400

19 46,375 42,400

20 39,750 37,100

Average 45,182 40,280
,

Allowable Shear = 11.5k
"Factor of Safety (F.S.) =

, A e d.

SPECIMEN N0's. Average Failure load (k) Factor of Safety

16 thru 20 40.28 40.28/11.5 = 3.50

4.2.2 TENSION TESTS -

The ultimate load applied to the specimens ranged from 41,270 lbs.
to 43,920 lbs.. The failure foads ranged from 39,950 lbs. to
43,920 lbs., Specimens 26, 28 and 29 failed by concrete shear
cone failure. Specimens 27 and 30 failed by Richmond Insert fail-
ure. The inserts failed by a failure of the welds between the
struts and the lower coil. There was some surface spalling assoc-
iated with these failures.

SPECIMEN NO. ULTIMATE LOAD (lbs) FAILURE LOAD (lbs)

26 42,600 42,600

27 43,920 43,920

28 42,600 39,950

29 42,600 39,950

30 41,270 39,950

Average 42,598 41,276

. =
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Allowable Tension = 11.5k

'FEctor of Safety (F.S.) = Average Failure Ld.
Design Allowable Ld.

,

SPEdIMENN0's. AVERAGE FAILURE LOAD (k) FACTOR OF SAFETY

.26 thru 30 ' 41.276 41.276/11.5 = 3.59
_

4.2.3 COMBINED ~ SHEAR AND TENSION TESTS

The shear and. tension loads applied to the specimens under
- this loading condition are equal and the ultimate loads ranged

,

from 27,825 lbs. to 30,475 lbs.. The failure loads ranged from" '
,

27,825 to 29,150 lbs.. Specimens 21 thru 25 failed abruptly
due to shear failure of the threaded rod. All inserts remained
intact with only surface spalling of the concrete.

SPECIMEN NO. ULTIMATELOAD(1bsl FAILURE LOAD (1bs)

21 27,875 27,825
,

22 29,150 29,150'

.

'23 30,475 29.150
-

24 29,150 27,825>

,

25 28,487 27,825

Average 29,017 28,355

. Allowable Tension = 11.5k' ,

Allowable Shear = 11.5k .

Factor of Safety (F.S.)

.(. Average Failure TensionJesign Allowable Tension x F.5.)4/3, (Average Failure ShearDesign Allowable Shear x F.S.)4/3=1.0

SPECIMEN N0's FACTOR OF SAFETY
AVE I E 0A (k)

'28.36 28.3621 thru 25 28,355 (11.5 x F.5.-)4/3y (11.5 x F.5.)4/3-
'

l =1.0 ,

' '

.-

F.S. = 4.157 .s
,

1 . -
s

,s-
.,, 3 ,5

4

.{, I*
i _

>

.j ; -

b '

;.__ g e

w .- .sn-



a ..

t<|g ,s ~~.

'

-

-#}| . 10,.

g!g

:;/A
5.0 CONCLUSIONS

..
These test results show that the performance capabilities of

5 '<.: the 1 1/2-inch type EC-6W and the 1-inch type EC-2W Richmond
3 Inserts in shear,-tension and combined shear and tension exceed

(! - the design allowable by a ratio of more than 3 to 1. These'

7 '* J ~ conclusions are valid for the design allowables shown in Spec-
_

.p
,

#i " 'i. ;ification 2323-SS-30, based on a spacing of the Richmond Inserts
, t

V r. i such that a full shear cone can develop.47
, , x.

Based on this test, the design allowables for shear, tensiono-
%;j and combined shear and tension are acceptable for use without

et further investigation or additional calculations. Richmond's
recommendation of a minimum safety factor of 3 has been complied-
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APPENDIX 1

DRAWING NO. FSC-00464 SHT. 1, 2 & 3
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COMANCHE PEA:' SES

SHEAR TESTS
EC-6W

/RICHMOND / I-INCH, TYPE INSERT

Reference: CP-EI-13.0 *- /Jf c a.
Specimen Number: / Salt Spec: A-+90 Date: S Arc $v
(fthJ| th. reef <8 west end of conc. s/eb)

1

I GEFLECTION (IN.) GAUGE JACK *
PRESSURE THRUST NOTES-FAILURE MODEINITIt' | AFTER

2-MIN. (P.S.I.) (Lbs.)
,

fc.co3 | o.co3 | .6 400 | S300 I

037. l 03,r i efoe /c Coo |

.oco i .oGo i /200 /S PCo |

i. 0 7G .o 77 | /Cd'o | Z/ Zeo |

.cas I . o ff | 2000 | 26 foo |

./// l . //d | 2 400 .f/dco
'

./EB i ./32 | EBoo 37 /C0 1

i . /M i ./50 l 2200 | 42 44'o |
' ./Go ! .N 7 | 1400 | 4'7 700 |

'

. !?'8 | ./85 ; <toso Sl oco |

./9G | .204 i diden | 583tv |
-

\ .2 0 i .2 23 I #a00 | 43 Goo !

i ,2 50 i .269 I SEco | fo 9eo |

| 27~ i .297 i SGo o | N Eco |

| . 30<p | .348 i 6000 | 79fco I BoH cle1Grmes'.

. .?fo i
' .f29 i 6400 | 89 hv | Cru.rAOne of conct e7'e was'

: a fa'o | /,/2 i ! Cfoo I 90 /C0 | Or/hc/can/ 7fyN::tr e. /Vo d erc<21s
'

| ! | | o'h"//cc -in /ced wh'/7 ,heseescar

| i ! '
I i 7%n. Did nef /csd to' en-Avefics

| i : Burn ed efX bc//hesd' 4/ s e.nwe/. /k.re.+ n% ed f.nt'

; I ! /, 2 eu e,e/e. '

* Jack Thrust ecual Shear Load on Insert.i

! Jack Thrust (Lbs.) = Gauge Pressure (PSI) x /J. JS
| Jack: . . . . . . .Ecui pment Number /c// Go o
| Pressure Gauge: M & TE Number _ EJB- Due Date: /6 et,oi. //p

Dial Gauge:......M & TE Number E949 Oue Date: E P /s w y

Performed By: Witnessed By:

b Y -T 9n2 P4 w >) 4 ~.3 -S f--
'

S

nam Date t)A Representative' Date

+
.
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COMANCHE PEAK SES

I SHEAR TESTS

/ EC-G W
RICHMON0d-INCH, TYPE INSERT

Reference: CP-EI-13.0?/.Ije*

Specimen Number: 8 Bolt Spec: A - 49d Date: 9M@ |

% n-,, wcs aa) .

I~ DEFLECTION (IN.) GAUGE JACK * j

PRESSURE THRUST NOTES-FAILURE MODEINITIAL AFTER
2-MIN. (P.S.I.) (Lbs.)

r. o o d. I o.co2 l Geo J~Jco
. o E/ \ . o ?.2 ! Boo /0,400
e14 I . d2C I /200 | /f,900 I

.049 | . 03/ | / Coo | 2/, 200 |

.cG2 | .oGG ! 2ceu | 26, 500 |

| .odo I . oss | 2400 3/, Joe |
i | .o9c, i . /02 | 2 Boo 3 7 too i

. //S t ./2./ \ 320e | 42 400 |

./33 b ./42 | 3 doe | 47700 |

i .M7 I . /GC f 4 '* | S3 M |

! . /20 | . I'/2 ! 44co | 58 Joe |
! .3C8 ; .2/7 ! 4 roe | 43,soo |t

237i .247 i S2ao | 46,900 |

.243 * .276 ! Sct;oo i 7f 200 |

| 293 I .3/ + i 4000 | 79,500 |

i .312 ; .37o | 44co | 89 fa i

e 42e ! .SSS ; (> 8eo | 90 /00 !
. 77o | /s // o : 720o | 97 400 |So//* .1beared abrup// . Cenereik4,

I | imned on coinpress sh n .d& an%w'
-

I b n /-$ '' a % n e d> ,,, w e & I /s mo 69. '7''sw-w. %# m ,-=.

i I dV' vs/sWcI' n o r ' /nj e r W ' ' ~

Jack Thrust equal Shear Load on Insert.*

Jack Thrust (Lbs.) = Gauge Pressure (PSI) x /J.lf
Jack:....... Equipment Number acu cos /''" ~# ##" # 4#8L Pressure Gauge: M & TE Number -e 7+ FJ' ff Due Date: /G dai- 4J
Oial Gauge:......M & TE Number EWa v Due Date: z 9 <A m a d *' f''f

Performc<i By: Witnessed By:

(.J. $. Y b|$ 8e 1~ > h 4- 4 -8 f-
Name Oate (TA Representative' Date

, . _ _ _ . _ - _ _ _ _ . _ _ _ _ _



. . . ' , . _. .- _. . . _ . . .,

CDMANCHE PEAK SES

SHEAR TESTS
EC- G W

RICHMOND /:/p.-INCH, TYPE INSERT

Reference: CP-EI-13.0 ,1K /5 <4/

Specimen Number: ,8 Bolt Spec: # #f4 Date:if ger// /g
(JW Som Wes/ dn' d)

,

' OEFLECTION (IN.) GAUGE JACK *
PRESSURE THRUST NOTES-FAILURE MODEINITIAL AFTER

2-MIN. (P.S.I.) (Lbs.),

0.0c$ | . o. | 4;oo .53co |

. 00 2 | . o c2. | B oo /c 4co |

l , o c3 I .se] | /2 00 | /S 900 |

! 006 007 | /Cr oo | 2/ 200 |

I .0/2 | .os8 | 2 ces | E4500 |

032 i .03G | 2400 2/ Boo |

01 9 ! off i EBoo 37/co |4

.067 f . 0G ') | 3260 | 92 Goo i

.o 78 | . of 3 | .1dx | 477m |

.o9G i . /0? | 4aco i f2 m |

. /2C. | ./J/ I 4dco I fdJo*
'

!

, /M | .tra | 4 800 | f 3 doo |

./74 i ,/82 | .7200 | cs yso |

.206 ! .2/8 i J~460 | 79 2ee |1

| .242 | 259 | Good | 79 500 I
' .283 | .3/S | G4'co I 898o0 '

,

| .36.r- i ,399 | f.,8co | 90 /co f

,.G2o | (/.$b | 72co | Pi doo |9 0f/' .r/ rear, e g er/p u,,f/4 c.onc,ey
'~

i i$ca//eo' /"o'oeo @ h.1bef 7'soerino to yeeo cA pas,
.' I s f*cu/ (on; cor20s-&sk .sWe of 4.seN /Evjes-/-

| Weformed where n)sh/s f/nA). /mer+ .reemin.r/u iMui >+dere .rM/'

Jack Thrust equal Shear load en Insert.
'

##' N #C/**'** ]Jack Thrust (Lbs.) = Gauge Pressure (PSI) x /S, JS- \,'Jack: . . . . . . . Equipment Number A'c// 406
Pressure Gauge: M & TE Number /Sff Due Date: /4 ,#or 49 C,

/Dial Gauge:......M & TE Number 49e9 Due Date:49 vim g4 gf , ,,

Performed By: Witnessed By:

$k /S $PE 89- ha b 9-/ 8f-
Jame' Uate QN Representative ' Date
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COMANCHE PEAK SES

[i SHEAR TESTS
y EC-dW

i RICHMOND /&-INCH, TYPE INSERT

| Reference: CP-EI-13.0-X //pe*

4 8 # ~/ b 4; Specin.. ' lumber: # Bolt Spec: 4 - 4 70 Date:

i (f * from WeMnd)
|

i DEFLECTION (IN.) GAUGE JACK *!

j PRESSURE THRUST NOTES-FAILURE MODEINITIAL AFTER
' 2-MIN. (P.S.I.) (Lbs.)
L -

.0005 | .pMs~ I Afoo 4~300 |
; .oe.s | .oo3 aloo /p; doo |

| .o/2 | .0/3 /200 /J~9N |

| \ .ced .624, | /600 1 24200 | |
'

\ i .cfr ; .oJJ | 2000 Ef 500 |'

!

| .cd7 ; .c4g | 24o0 34 8m |

} | .csv . 039 | todo 3 2 /00 |

|
; . c6 7 f .o7e | Jaco | 42J00 |
' 0 78 I .off | 3 400 97 700 I

i | .og9 I ,o u | foco .ft m | i

} i . |:2 ./ ffe | r 2 4 4 m er i ,6 4. u k \
* *

"

| . tog f ./d ? | 4r400 | S8JM i \.
'

.//d I ./20 l 4foo GJdtV | \

! ./24 ' ./JJ | 4~too | 6/ fag | \

j i ./42| ./44 | Scoe | 79 ?oo | |

' ./fd | . /G 4 | 6000 | 79fd | J
'

} i ./71 I ./ d/ I G400 | #f fn ! 1

j ,29.2I .Jo2 i 48dv i 90, /a ! l

! .3/r i 333 | 720c ! f.f;9 o* | |t

| . 3de i .J8 f I 7see' I /po,7oe 1 j.

/06 000 ' MoritJ/m.2seddlyed/u. C.smrele s.9/2| . )i% i t 6 dos' -

Jack Thrust equal Shear Load on Insert. ''#** #*'a# #* #"# F'8# O" d'"w/*'t.*

Jack Thrust (Lbs.) = Gauge Pressure (PSI) x //, JS" *** *M' *'' 1 ''dJack: .... . . . Equipment Number A'c// ht. /*

: Pressure Gauge: M & TE Number #SS.r Due Date: /J ser #F' *rd
Dial Gauge:......M & TE Number teer9 Oue Date: tr ves, # 4 fy gj,
Perfomed By: Witnessed By: ### /k''i 1

$.$ 4 Aarsk $9 f 4~$$u. ,

NarW Date GA Representative' Date q

i I

|

_ _ . _ . . _ _ . - . _ _ _ - . _ . - _ - _ _ . _ _ . - . _ _ _ _ . _ _ _ _ _ . , . . . . _ . _ , , . , _ . _ - _ _ , _ , _ . _ . - . . _ , _ .
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COMANCHE PEAK SES

SHEAR TESTS

RICHMOND /f-INCH, TYPE INSERT

Reference: CP-EI-13.0-X/.ffed
1

Specimen Number: .f Bolt Spec: 4 - # 90 Date: # A p n / 8 9

(5C4 fecm wed and)
,

OEFLECTION (IN.) GAUGE -JACK *
PRESSURE THRUST NOTES-FAILURE MODEINITIAL AFTER

2-MIN. (P.S.I.) (Lbs.)

!0.oce | o. oo 2 | 4co | S Sco i

! .M i .oor ! 800 /0 400 |
;

.o/3 ' . c ts"~ ! /200 | // PCe |

| . 0 3 5~~ 037 i /400 | 2/ Eco |
'

L__ g F 7 I .063 ! 2000 | 266~00 |

\ .090 i ,o9d ! 2foo | *3/ 8co |

. // 7 f . /24 | 2800 | 3 7 /00 |

\ . h~0 6 . /rv ! 3300 | e2 90 |

I .i74 | . /83 | 3400 | 47700 |

.200 I .209 | /,toop | ff 000 |

.22 3 | .234 | 4400 | f 8 1tc |

.2GI | 4/800 | 43.Cao t| .248 '

; .2 74 .2 9f' l .S*2co | C 8,100 |,

i > 2o 7 I 322 i o doo | 79 3co |
~

.338 I .3S61 4000 | 77,foo |'

.370 i .387 | 640o | BR Boo !
'

! .402 ! .H8 | 48cc \ 9o,/00 |

.4M | .+79 f 7200 | 9f;A00 I

. 50 6 | . 5.t t I 7600 ? /Mfo* |

..Wr- ! i f cae /0Wd// J/;tes*ect ebrupt/y. [ci,e, g,f, ,pgfy.

i /. /** cd 3,e.ak t /'%p g %ua,r/ fa o ~e.4"o ut, C * ywye
Jack Thrust ecual Shear Lo'ad on Insert. 4 '. /'* '# N * ## W

*
,

Jack Thrust (Lbs.) = Gauge Pressure (PSI) x /.I, d f
J*Jack:....... Equipment Number /f cN 404 /fPressure Gauge: M & TE Number E.rrs- Due Date: /S Aer #, 9

Dial Gauge:......M & TE Number 2 ry 9 Oce Date: Epab W

Performed By: Witnessed By:

Y $ #4ta- ?> d.4 s , &Y 4-4-94
3ame Cate (7A Representative Date"
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COMMiCHE PEAK SES
CDNBINED SHEAR & TENSLON S15

RichmondM-In:5. Type _C-
J W

nsert
gRefere#ce: CP-El-13.0 4 /J> c e

Specimen Number: 4 [44h Q) Inserted Load Rod: Adff Date: /# Aen7 he
.

Comme, SHEAR TENSION

|1.* - 2* ** ''G.

Gauge Jack Deflection Gauge Jack Net insert Deflection
Press. Thrust 7 1nch) - Press. Thrust- Jack Load -(IniC Notes - Failure Mode 8

After Thrust After
(PSI) (Lb.) Init. 2-Min. (PSI) (th.) (Lb.) (Lb.) Init. 2-Min.

|
fo* f.1% o. ** 7 e.o* 7 ) .f"Joo } l o.o* W O. **/.t' ;
#** fo 4* * . o?.9 .o29 / so sea l ( . **r . o*1~

/20* ff 700 . D 9/ atf2 | /r f*_*_ ( h 0097 M[ |
/6 0* 2/ 20e .c42 .04f / 2/ 2*O h h .e4 .D/9 | |
2 494 24 Sea .det .pff k 2C feo h h .e.9/ 03f'

s

_29M 3/,/w . His ./f3 I J/,80er L k ,opeg ,mp
.]Ude S./** ./92 . / 99 9 & J? /00 ^VE "/N__ . eff_ , DJ%

.

2200 & #** .236 294- 4'?,9e

.8 $ D7/r 079 L
t .442. .etJr

,

3C00 977m .27o .3D9 l 97,7/*
9 '*O S9.*** 339 .382 i S9.000 \ ) .oJL9 .08 7

1 S* _fC,J/J .9 r* | f?3/3 ( )2
ooo [4 f7s .*Le J ___ SL 9_7L i L)

~~ '
9Atre f9 2 ** . 9' 7F .ffy } SJ,50* . Nf" ./J9
4Wo 594C aff ) St C21" i
n9** 6*.9fo .42* \ | 40,9fo } { ^

l* Jack Thrust = Shear Load on Insert. Shear Apparatus: Jack---Equipment No: ge.y 60s
1* Jack Thrust (Lb.) = Gauge P. essure (PSI) x 47.I.f~for Shear Load. Pressure Gau,e-H&TE No: j f ff Due Date:/g da /*2* Jack Thrust (Lb.) = Gauge Pressure (PSI) x _//.trfor Tension Load. Dial Gauge-M&TE No:_ 1977 Due Date:g f y d eTotal Wt. of Tension toad Beam = % Lb. Tension Apparatus:

Jack-Equipment No; .fc_(/#aag Due Date:4037-
** Mt. _:t - Yet H Thrit "H_e ' /' ue na a Pressure Gauge-M&TE No:_ jm.
*** . Insert Load =*16et Jack Thrust-*4e ,/8 # # Dial Gauqe-M&TE No: Ep94 _Due Date:fgg/ d I

Performed By: / 9 -/s - //
Witnessed By: l a Representative' 4 43-d fu.-. ig Name Date Date

._ _. . _ _ . . . _ . .

_

2.

.

.

_ . - _ _ _ _ _ . _ _ _ . _ _ . ____ _ _ _
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CLMANCHE PEAK SES

COMBINED SHEAR & TENSIGH TESTS
fc -GW

alctmoodd-Inch, Type _ Insert
Reference: CP-El-13.04- /7/e d-

Specimen Number:_ 6 h2 Md Inserted Load Rod: A-/f3 Date: /0 d,eu"/ [%E-
,e SHEAR TENSION

3.* 2* ** ***
Gauge Jack Deflection Gauge Jaca Net insert Deflection
Press. Thrust ~(liciil- Press. Thrust Jack Lcad llnciiF Notes - failure ModeAfter Thrust After 4(PSI) (Lb.) Init. 2-Min. (PSI) (Lb.) (Lb.) (Lb.) Init. 2-Nin.

,

gsov C3Qo _, H o_ . Bot __$ 43 '4 oo i l ./rW ./4 7
r~* Sc 2ro oD- \ 44 23-6 1 /

-} AZ Pr S .ipm 47.rrs . s '*
r).*e 41 roo /.4/e_ GB-900 W i h*SC

*S/** C7377 "/s 4]_fff % 46"& rheaans of /re<f. h'd ofefev mw/
( c sh bena%rce Aesr~ da.r> e, carrc s m d.rar/-,

i \ ( M er- .r k 4 ~ h o rr*ron fo #v.
~ ,

) -( /
' '

? I / )
i i ) ( -'

/ ( i'

l ( ) % -

I l' \ \ ,

_L 1 ( ( ~

( b i 1
1* Jack Thrust = Shear Load on Insert. Shear Apparatus: Jack---Equipment No: ggg_ fos1* Jack Thrust (Lb.) = Gauge Pressure (PSI) x fagf- for Shear Load. Pre sure Gauge-METE No: 2M/* Due Date:/4 e

, ,

2* Jack Thrust (tb.) = Gauge Pressure (PSI) x /J,2Cfor Tension Load. Diet t.auge-h&TE No: 2ff'f Due Date:tg A }fts
Total Wt. of Tension Load Beam gy Tension Apparatus: Jack-Equipment No:fcp dosp-

,
,Lb.

** i t Ed. ".. c.t - Tr' d Thm* * " ' r . /2 C . i===.- ,

*** Insert load --Net Jack Thrust-e-a. # ## Pressure Gauge-H&lt No:f - Due Date:
Dial Gauge-M&TL No: Jory DueDate:/g4t[(fr

Perfonned By: h[_ NM 4'-/s -89 Witnessed By: b bE 4-r0 - 0 4
~

/ h~ Date Representative / Date

.

. . J

.. . . -

.

.

.

W ____ _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _
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CDMANOtE PEAK SES,

CDNBINED SHEAR S TERISION TESTS

RichnumdM-Inch. Type _C-C ev
s'f Insert '

Reference: CP-El-13.04-/JfMP
,

Specimen Number: 7 [78 ham a+w/ svid) Inserted Load Rod:J -/f3 Date: // if 'gA.

C"erman, SIEAR TENSION
1* 26 ** ***

.

Cauge Jack Deflection Cauge Jack Net lasert DeflectionPress. Ihrust ladiiI Press. Thrust Jack Load liikC Notes - Fatlure ModeAfter Ihrust After(PSI) (Lb.) Init. 2-Min. (PSI) (Lb. ) (Lb.) (ib.) Init. 2-Min.

) fJoe | } o.*** *.**o4os . f" Joe e. e.* 0 *.ne e
10* /* 460 amor .000 h 10 600 | ) ,oe3 .co)sz e* /r for . og]_ _,oy /b" 9W ) ) .ooe_ afLs"oe ZJ :o* .ogy .os3 2/ 2m_ ) { .orr .otL -2*** 24 foe o7tr 24 fe ( ) .est .of3q .rr see~ , $$or52 37' soar t . orf Tiacr

~
.

Q yA- u*j yg j:211'
Ia se *

Q*1.r.
8 f4-% -.: ~ sp-

4' %_ sg.12;; 41%_ :, _.f un < < - h s- . 2;L
_ f ceo to tra .n __t so t.m ) ) . s Ps- e wA oeReAL sena- revaries sner A * 4er
6*700 4Z 277 <77e } 6227f ) \ .Z/O ,[h> /a. dim s,f Aracket with beno'Ay

*

rod.C E** 634on o E* 2- e lfC % CJ4ag { / .ZO G ,/9 0 ~ f Mod 6//aro! h .rhe2s , Be of sinsert
4tt D 6ffsf .T?* ( df511 ) h [ r/e//e c/rd hor| forfed A so. .e. }r cwifr//y rwA ." /foof dd-fgm

En** 66 Edb 9** | 64 2SO ( ( 7D * fin verf A J$cer,,s n.oFor= && 9/3 f./ r } 46 f/i l } | /~omxh- 2nand de4Me Moo-act hneef.__ __Pt ea 47177 /, * * 1 * l 6737f ) \ # '
a,- L a INed inhael ~"

1* Jack Thrust = 5 a'r toad on lasert. Shear Apparatus: Jack --Equipment No:gcty cdeI.e Jack Thrust (Lb.) = Gauge Pressure (PSI) a ff./_ Pressure Gauge-H&TE No: EJff Due Date:/g_ApJack Thrust (Lb.) * Cauge Pressure (PSI) m jym_f_for Shear Load.2* for Tension Load.
LC.

Dial Gauge-M&TE No: Erst Due Date:/,f / m p ,Total ht. of Tension Load Beae = "/4 Tension Apparatus: Jack-Equipment No: qy_go.rr.. m 7 _ . . . - p . a n _m . '"-_e!/ 5 _fkm. Pressure Gauge-H&T :AwDue Date:5** Insert load = b t Jack Thrust A f## Dial Gauge-M&TE No: Jory Due Date://f gya f f

Performed By:_
~ ', f -//-/W-

Witnessed By: /.M f -//-8//a 8Date epresentative '

Date

I
u

e h

.~ .

WL #

~

@

e

@

v
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CDMANCHE PEAK SES

COMelhED SH[AR & IENSION TESTS

Richmond /J_ Inch. Type _C-4W
o E

Insert
Reference: CP-El-13.04 rJj e E g

Specimen thseer: # [80 fep. e4ew) Inserted Load Rod: A -/7J Date: // 22m */ $7(/ '
Ca.= m SNEAR TENSION

1* 2* ** ***
Gauge Jack Seflection Gauge Jack IIet Insert Deflection
Press. Thrust 71MF Press. Thrust Jack toad 7 1r.ch) Notes - Failure Mode .

After Thrust After
(PSI) (Lb.) Init. 2-Min. (PSI) (Lb.) (ib.) (Lb.) Init. 2-Min.

~a/A> l'2** 9.*** o.** e | r.see } } o. a * * o. *5
.feo /* *** .ott .oZ/ / se s ~ ) ) .* * / . o ef

4'st-4fW,m st; | 'd "-d | -::V '.'vi% i +sss- x*- $a
a

4 u- M m- <,*
> z :5 SM* -3MW -l -- '/rSs* ', , 3 .

-f - - W.s: RF -jHLaV 3 1- - 4Ar
,

- a u. "A ^A ur.n -_ee
w.e i s >=. .r-

. ro.s , e s=
'k. - srur 1 rwr ( / ^ b/ AMh.a4rz re-.ns A, aan.,e A m _a .

_pa, s ors. ) se rra ( ) e fi: . F 6 % ire .
rrro seese l sozn i \ . s- .M .thear- fs & re af r oof sof_be as_( ) { .<Aos 4 Jo * e Aur ,an . w har- 4_a

\ } brsar/ " m ava.1 /ra n*esnt.r/Ar !/5' 2 J /' rig h
i 5 saa a ww 4 he,-. tour-s _m. _eI % /~ofeep & mro a s'**~'t o.~ cow .fi/dp_.ts.(,

.

10 Jack Thrust = Shear load on Insert. Shear Apparatus: Jack- -Equipment No:Ncs_ dad
10 Jack Thrust (Lb.) = Cauge Pressure (PSI) a f,fgf for Shear Load. Pressure Gauge-M&TE teo:_t>ff_ _Due Date:/p_ w g,

,

2o Jack Thrust (th.) = Gauge Pressure ( I) a /J,gfor Tension Load. Dial Gauge-M&TE Ib: t#9 Due Date: r g,,,a_ h
Total ht. of Tension Load Bean = J L b. Tension Apparatus: Jack-Equipment No:gcggagr-*= - . aa i .n !_ d !' .n *^t . _ _ '? * d *- -
Insert Lead = act Jack Thrust-+-4. /O Pressure Gauge-uTE Mo:gg_,Due Date:***

Dial Gauge-METE leo: ra p,. Due Date:fg M y

Perferned By: [ f-X h(/ Witnessed By: _ h. d 4 -//- 6 g,7 ' Ame Date stepresentatIve Nte .'

J

- #
*

-
.

*
#en

.

*
w

.

w -
__- _ _
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.kgib d CDeemeCNE PEAK SES
$ 5 CaminED SMEAR & 1[NSION TESTS

55 dec- 6 er
Richmond -lach. Type lasert

Reference: CP-El-16t/@=*
Specimes shauber: f [ 9 6 4 , .,c a/_ dip /) Inserted Load Rod: 4-/9? Date: // /sy *e lig_e _

p, , ,, SetAR II4510s:
g.s z.e e. ses

Gauge Jack Deflection Gauge Jack leet Insert Deflection
Press. Ihrust (lach) Press. Thrust Jack Lead 7 Inch) - Notes - Failure Mode

* Af ter Thrust After
(PSI) (th.) Init. 2-nia. (PSI) (Lh.) (Lt.) (th.) Init. 2-Min.

N O,0**M~ 7&TW .607' Aoso ) fee 9 f k 0,0* * O.000
~

s .006 ma ; ,

~ ^
.y y ) ( .NIJ/sesr r

] h (
:' . /N

.
* .nyf a

G< ejoe .oN
~

''3 - W. _hP;; I ) )** _;,
.

) i
'

. 57 g (;ers- +Am- 2
:qJe

-.,. tn .su .s k ( .m
re-- sera .ua >% * w,, % % .s- a:s ny, ,encs A p,, a da g .

. -

44so 4/4/3 .77 % && 4/1 e , '

jf** #6 3~f \ .f4. 373~ { ) Brodh'! ./Aeor fs's7w of /vaC sfod .s4ewe
( l ') son ,o AmG-1 sL. .,+ 4rr * f/rufs er__( ) % corses, ,c. te,rn*,, nya., of drie,t- brofe
| h { /*ose /r e-o. avaider as wa//s, sufgjg,r_.
l ( ) sno res N ' h o r imo/rt d/d. //nerf fc/ono _
l ( \ w udrer- . u s aare J '.4 be ~iarArat fru/ //rMc/_ -

) i \ **l 1/W/r
'

dir/er/eA Cone. .noakr/ Cx 41. or c w,Y
's.

Jack I-Equipment No: f C N 4 04 *18 Jack Thrust = Shear Load on Insert. Shear Apparatus:

18 Jack ihrust (Lb.) = Gauge Pressure (PSI)xa ffdffer Shear Load. Pressure Gauge.M&TE No:_tJ IJ" Due Date:fs h #5#

20 Jack ihrwst (Lk.) = Gauge Pressure (PSI /Z1,g-for Tension Load. Dial Gauge-M&TE flo: Afgsf__pue Date: 29 w, se
1stal Ut. of Teasien load seam = gc.J, J h. Tension Apparatus: Jack.[quipmentleo:frcg_6_o.rT-M'4 " u t - 9*9 E _;t " 12 i''. M * ___. Pressure Gauge.M&lt Ho:Jgoa c Due Date*

.b
**

lasert koad =-teet Jack Thrust . .. fCb
_

=
Dial Gauge-MAIE No: B opp. Due Date:/p ,/a. .i

Y # -// -f.;,sPerformed By: - , Witnessed By: fo_ j / -, #-f g5,

Date - QA Representative .7 Date

~

.

;
,

. |
*

.

__ _ _ _ _ _ . _
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CDMANCHE PEAK SES

COMuiMED SHEAR & IENSION TESTS
KC- G W

Richmon4 -Inch. Type _ _In ert ~

Reference: CP-El-13.0-9- /.T e# *p

Specimen Ihmber: /d ~[/# d farre_agg'e2y) Inserted Load Rod: 4- 8J Date: /f M h<ti
,

Chenes.,y SHEAR TENSION
g.. 2* ** *3*

Gauge Jack Deflection Gauge Jack Net Insert Deflection
. --(l~chT-~ Press. Thrust Jack Load ~(liicli Notes - Failure ModePress. Thrust n

After Thrust After
(PSI) (Lb.) Inic. 2-Min. (PSI) (Lb.) (L b. ) (Lb.) Init. 2-Hin. '

p. ,, ... ....- ...- o
~grvoeur~ TM ^

y , , , , y 9
~7FEs a 1 .sva ~~~**r

/k . -_jf ena uza .atk .'.( ss- 9a k (
.

.aa a .a[ g-.s ey sf,.a .. ...
.g .g gy,-. ,y y .

hJea. y Qg- r- > -m- n , r.~ ~ a a 6 ,a s.,ua.,,,
- Aha-

.
, ,

**- ~-
~$5y -- >

.

*Y
.w, .

.sf .h,t;c' |
_,,haA .

f y sW Q J''7.g s **_.egoo si e- & A _rg e nw. . r32 *

_/s*- 40910 .Z.re N/,e so Pfe NAt M /4
c7-* c2:11 .po 7 4:37s. ~ $ $ ~

.43** 43 ka . s st"' ( gg y ) ) ./({~ .

AFf.- 42 4** .$50 { 43 CM ) ) ~

.

4 fee c3 doe . 4~ .4 2f { +1440 ) )
_4*re. 4ytzt ( G4yst l 8 _

.Zso . bl~ ~/~hre a/1 s/rdscW. f.It%*/ skuert' ovo.s's _er*_
/oose fr*m .rfrals. /uAr/ remane</ th p|ges,

f
-

7 ~~ >
( 5

) 1 <
~

1 * Jack Thrust = Shear Load en Insert. Shear Apparatus: Jack---Equipment No:8Cd_4#4
1 * Jack Thrust (Lb.) = Gauge Pressure (PSI) x _f,Lg,j"_for Shear Load. Pressure Gauge-H&TE No:ffff Due Date:/gg19fe

,

2* Jack Thrust (t h.) = Gauge Pressure (PSI) x _ff,gfor Tension Load. Dial Gauge-M&TE No: 4949 Due Date:gf_ggdTotal Wt. of Tension Load Beam = #4# Lb. Tension Apparatus: Jack-Eautpoent No:ggg goy 7-
Eut & ;'. ! L ..; - !eie' T L . A L .. O ','P M Pressure Gauge-H&TL No:g*g m g_Due Date:

** - '"

*** Insert Load =. net Jack Thrust.a-G. Dial Gauge-M&TE No: eof.,r Due Da te :/S M,,, h(.,

Performed By: M # - // A Witnessed By:~ [a ff-/t-8/7 IGme Date RepresentRive ' Date

.-
;

.

.

.

e

$
.

____._______._____.m__._. _ _ _ _ _ _
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COMANCHE ?EA. 3ES
TENSION TEITS

A~C- G W
RICHMOND /h-It!CH, TYPE INSERT

Reference: CP-EI-13.0-*-/3 <xf

Specimen Number: // Load Rod Spec: A-/93 Date: # Aar BG
(//& front we.rf .6~6 7fom est.17'~

I* ** ***

GAUGE JACK NET INSERT DEFLECTI0tl(IN.)
PRESS. THRUST JACK LOAD

NOTES-FAILURE MODETHRUS ,i AFTER
.S.I.) (Lb.) (Lb.) (Lb.) INIT. 2-MIN.

|
raso

|
/+as esso aco o o. a.uo *ace

Ir3 ev .a orf 8 fro c. co " * - ca o400
o*o | 7 950 G 72F /34f* **0 0 '#0#

i
Boo I so rco 9 Sz? is 770 Do/ *00f I

teco is 256 /2 odr d+ ore ,903 00]f
/2ff 1.f'90o /d 47f 29 ff0 .009 .006

| id ifo Js Gro oDo g * O ///7 Jar/9co s

/600 2/ 200 /?977 17 fro .0/3 . 0 //

/800 23 $fe 22Gdf 43 d30 ,0/ff .0/7
ECtw 24'fDs 2f 2 78 so fro .o/95 .020
22.fG 29/SQ 2712s ffdf* s022 ,023
2s200 f/ 960 3D $75 t/ /fo 02'7 .,029-

.2 600 34 9 S'o JJ lts G4tr' .022- .c37 |
2800 37/co 3S97/* 7/ 7 f0 .o 72 . 0 78 |

.Seco 217ro sa d'af | 770so ,074 .o97
320e 4 / 400 at /77 s 82 3.$b . /0 3. H !ks ./off
.,f4G0 | 91~0fo t'3 BEF | 87 GFC ./Cf , ///
-.TC 00 i 477an 44 477 f 92 9fo ./o.3 ./E3
.$80c fo,3fo 99 /Ef ff dro , J.,98 ,,/9 d
Moo ff tto f/ 77F /03 $~fo 190 .[fY ., ,.,

.Cioo M f.g/co | /06 200 sqtrupr rduuro or
'

l'/ 327 i MrmM f/m ert and red'). / neem ennw
m Gnf 'WQ "fu//,* 777r* a ads on 6oisf
tod / in.roef weec .1frik:ed. Con c i.es.

| .Co a//kaconcrok- | on/es.2 bni-/Mdesi/r,d// 'x //'* ceso-
ro < w ss-

n m,c_ier \,
~

|
| |

'

,

|

.

fy clynsmomahe
Jack Thrust (Lb.) = Gauge Pressure (PSI) x /J, df .' "* M f r4 e /y#2* ,

Total Weight of Load Beam = M fo -~ " '# d // r. / 7., 8* -- - - - - - - .. -

Net Jack Thrust = Total Thrust Minus 1/2 Weight of Beam.[g #4 c/* Jm. = /deff j#**

Insert Load = Net Jack Thrust x 2.**

Jack: . . . . . . . . . . Equi pment Number #c// r.,oo

Pressure Gauge: M & TE flumber Efff- Due Date: /s Ar deso
Dial Gauge: M & TE flumber 29#9 Due Date:29 v'un '#9

Perfomed By: Witnessed By:

b Yhf 6~l2pr-|V f2>. $ 4 ~ s~~$1-
| Njmn Onto QA RoornanntWavn

'

Oate
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COMANCHE PET 3ES

TENSION TE3TS.
"

4 C- 6 VV
RICHMOND /8-INCH, TYPE INSERT

Reference: CP-EI-13.0-2 /.7,cy I
'

,

5'Agr/Nf*fSpecimen Number: // Load Rod Soec: 4- /9,S Date:
4 3 9em 4a~ s/)( / 2 S o--- wr , f 1

* ** ***
1

GAUGE JACK NET INSERT DEFLECTION (IN.) !

PRESS. THRUST JACK LOAD
NOTES-FAILURE MODE,

THRUST AFTER ,
4

P.S.I.) (Lb.) '(Lb.) (Lb.) INIT. 2-MIN.
ge | stro /+ar n 2 dro p. coo e e*D

400 I FJoe ato 73- | 8/FC f *** ***C

4.co 7 9Fo G727 / 3 fD 900 s a oc
,

fe o / o G e* 9S 7f // 7/D .Dc/f' **A
r o no /2 239 /?efr Ef 070 , o *2r .Coff

,

/200 /r 900 /4 C 77 29ffD .007 oee4
/+c0 // ffD /7JES | 39 4JD ,009 0/o
/600 2/ /Cs /? 1 75 | 29 9fo . e //f e/2
take 23 fro 22 627 f 3230 , g/9 4/ff
2000 24 J~oe pr !77 faf3D .D/7 a DI 7/

i 21:0 0 Ef/fo a 7 9af TJ d30 ,c/95 ,odo
??00 J/ BM 30 f"r 4 / /fo ,o 22 .0225
240c Jf ffe 23227 6,6 + M 0245 ,024 S,

1 28co 37 feo 37177 7/ 7 70 .e24 0295'

Joc.o i t 7J' 24 TJr 77 OfG ,032 o0.54
32co a2 dee st i / 75 92 350 .03G .037
1400 | fr Of* fJ/ES 47 6 f* ,0$0 . 9 f.S]GCC f M 70c VC 477 92 9SO ,Of8 , Or*/

; Joao 'D Jf' +9 /sr | 99 a70 .0f7 .o6AS'
dopo ff om rt 77r i /o3 fre .o 70 . o 73~

. 4400 f f d'fD ff f2f /0 & oro | 08y
l. rs7oc | '092

1 4+co r7o n s- //.a /ro | .tto i s/7u,e 6y ,,i ribses _r t
'

M7 reads A'
WJJ Yr./h* ao'

to inter-7. pread enp ement
J'/pime o! / ens]], was 2n

Con vara sur/vce .7 /s~ griz are.:1. ,SDW/in.:e 3Dn,reemfu,osed pp ef /771pae/ !
*

n j /.r b l-
'

$$$$hY $$D/Yhe' n$//~
Was' /': D/cf n of e.gpcuy /~el.w/.~

;

4

|

;

Jack Thrust (Lb.) = Gauge Pressure (PSI) x /f,85*

Total Weight of Load Seam = #f4D )
(8 W5 : /288 /Net Jack Thrust = Total Thrust Minus 1/2 Weight of Beam.**
2

, Insert load = Net Jack Thrust x 2.***

Jack:.......... Equipment Number A'CN 44 6
-

,

Pressure Gauge: M & TE Number JJSI- Que Date: /s Ak 4*'
Dial Gauge: M & TE Number E96 Due Date: df c/un 29

Perfomed By: Witnessed By*

0f YA%O Yr* Y~ b s9Ywa
" '" * "" r' ' ' a t * * " * ' '"

.. -__. _
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COMANCHE PE.;K .E3

TENSION TESTS

_t sc - c.; u |

RICHMONO /2 -INCH, TYPE INSERT |

Reference: CP-EI-13.04 /./.pa'

Specimen Number: /J Load Rod Spec: A -/77 Date: 4~ der if9'
13'fm Lauf)(/P% frm w a.at

* ** ***

GAUGE JACK NET INSERT DEFLECTION (IN.)
PRESS. THRUST JACK LOAD

NOTES-FAILURE MODE
THRUST AFTER

P.S.I.) (Lb.) (Lb.) (Lb.) INIT. 2-MIN.
co |

acto | / =f as a dfc c aa- O ,a.u R
r

Aco I ffcc | Jo7f 0/50 c.co o e.000

<, 0 0 74'fC 672.7 | /3 fio 9.00 o Q,00 "
doD /0 GCC 937f | /d 75b O.0oo c.Q o o

/ c a. * /2230 /Z oaf 29 pro e.Oo/ 0,00/

1E&& if"Peo /4 C77 ff 350 .00/ .6 0 /
/ 4 c.c. | /d 750 /7327 J t &fD , coff .00/F
/G os i El20e /9977 39 OSc .003 0c4
jf os' 22 BfC 22 C2.7 9 3 r2ie .00 ff ,oe f
2ecc 24 FCC ff aff fD WD , c o ff* 00 7
Z200 | 29 /f'o 4792s ffdfo 0076 , cod

2900 1 3/ B&O J0 $7s 4//fC . Do 9 0/0
230* | 39 f.fo JJ ddf # f ?JD , c // e 0/2
2 000 | 3 7 /00 Jf87f 7/ 750 nots /~ 0/b"
Sece J Y 7JD 38fdf 77 Cfo ,4/77 0//S~
SEco 731hv dl /75 Bd.5SV ,02/ ,023
1990 t f f CSC fa 82r 874SD ,odff , Odff'
20o* | + 7 ?co a.C 47f P2 9fD ,o 33 . 0JAf*

foJD
| S*] CCe

49/df| </8 250 ,Oper' , 0f/JEco
dado f/ 7''T | fo 3 $TD 0 59 ,063

Fr Gro
| J~B Joo

fd f!r tea dro ;o7+ ,odoalco
S?'07? //4, /70 ~- Cen ere y e fat'/ec/ddr.te n

On .sur rdC e in crea a sw. e / p ** x / p.or

5 L!C|4|Fef! fds?L/r*e= 1**/1rl| a9||C A/deV f/rpj df
r :,r o u ,s. ett the spra' c on n acriny r/r a
a n't/ sAyuf re /.i | to f/7 e Nr/ e-relee/ ce//
i /11s /.sereniH es' .curra c e .rp. a//i Q a r' t/1 c.~

efijeein .eon ci e 1%. He we e /Aen as no
dLVe Jsfsr 0/* ' d, C 0 M tt 7'*2//ur*C on 7/ tat C Uf/ 4 (C/1C',
Cenerek. v/.5/YJ/e M )"*eb dr* C'e*3f/7 /e dkc'e 9' /Mi*c7C Y
ana' rnere, ryss ng .tou'nct Mt'e a voict wncn
rYones wh% a me/a/ cly'e A

Jack Thrust (Lb.) = Gauge Pressure (PSI) x /f dS~*

Total Weight of Load Beam = Eftfo
Net Jack Thrust = Total Thrust Minus 1/2 Weight of Beam. (dW/: /EEfdc*

Insert Load = Net Jack Thrust x 2.***

Jack: . . . . . . . . . . Equi pment Number A>cw 600

Pressure Gauge: M & TE Number IJ.:rf* Due Date: /4 Apr IS
Dial Gauge: M & TE Number l999 Due Date: 2 9 v0o h'd

Performed By: Witnessed By:s

0fe Y.Y SW O /'Y 4'C'Nw
,, Kame Date~ QA Representat1ve ' Date;
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COMANCHE PEAK SES
TENSION TESTS
p EC - 4 Wi

~ RICHMOND /et-INCH, TYPE INSERT

Reference: CP-EI-13.0-f /.r ,,y

Specimen Number: /4 Load Rod Spec: A-/ff Oate: r.4.rr #4
I (H& | Gem Mr.t/ Anf Wfraws cad
;.
} * ** ***

|

GAUGE JACK NET INSERT DEFLECTION (IN.) |

} PRESS. THRUST JACK LOAD
NOTES-FAILURE MODETHRUS,: AFTER

|( P .S. I . ) (Lb.) (Lb.) (Lb.) INIT. 2-MIN.,

( 2ee | 14fo /92r | 2 pro c.ooo e. oe o
-... n e7, , /n ., ...o,

Gee 79fD d 72f /$ are d * /J' .de//~e

foo (O GGG yJ77 ,8 ffD aged . co d
/ete 62 M /2 Off 29 e/D .def .ao4

. /Cte /J'900 /f 674' Af JJF ed*4 , r e dt~,

' /* * * /3 fre /712f' 34 ffD .d e d .coff
/dco s/ 200 /f 97f ;/f t/D , no ff .e*y1,

i /U** 21 1aC 22 ddf 42.tfD .o /a 0/0

i| teos 24 dw 2r373 foffb ,e/c , 0/o
; i 22.00 at/fo 27 ffr fffro .cto .o/#

s 29e * | 2/see sc 777 4; fro , arg ,org
f 2600 1 JonaD ff$2/ d4 .dfo .et3r .*Ie,

*
Jfeo | 27/M Jr177 '7/ 7 J D .e/4 ,e/4f
Jeev | Jf 73b 21 f2r 77 ele .0/4 . 0M,

| . 3Coc 42 far s'/ / 77 /d JfC .cto ,o24-

' 1,soo I dr ofo 43927 17 die .ets ,off cwereh foile:f
: ., I strase con r type rai/ vee, pep &th af c on e,

.

I mus/ Ju// dmoM nf im a m a ,c.

\ c'o n e /nno 'r'ed i r J/] e ey rede'r.t;hd/@ to" f.m)
>

I <* Wer asHfal vCJ/ura rehr i Af
| |

cover corr c. reya'f,4eteni,y .7o . gras
i abov' 3 ' x t '. Me /= o%n n cm-' '

j/a>*ar'MroWy/7'o '7'd n &Ee/aon- af "6'c r
|

,

a rehar. V

I |

: I

!' I
i

1

Jack Thrust (Lb.) = Gauge Pressure (PSI) x /J. /J"*
.

! Total Weight of Load Beam = ####
Net Jack Thrust = Total Thrust Minus 1/2 Weight of Beam. ( jf WA = /J'#S )#i *

Insert Load = Net Jack Thrust x 2.' =**
,

Jack: . . . . . . . . . . Equi pment Number Ned d vd

Pressure Gauge: M & TE Number tJfJ" Due Date: /v ,6 '#t'
Dial Gauge: M & TE Number 214f Due Date: Ef vi'n '##

Performed B

Witnessed By:];A dg. $$y: dL,- [ 9 - r- HAC11 4 M & n
_ . . . _ . .

Date QA F enresentat1ve " Data ..
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COMANCHE PEAK SES

TENSION TESTS
EC - 6 WIRICHMOND / E -INCH, TYPE INSERT |

1

Reference: CP-EI-13.04/3cjf
Specimen Number: /.3~ Load Rod' Spec: 4 -/9.9 Date: # Afed' [f4

(/T6 /* **-~ kvad en d - hen 4 as/ a'*d)r

l
* ** ***

'

GAUGE JACK NET INSERT DEFLECTION (IN.)
PRESS. THRUST JACK LOAD

NOTES-FAILURE MODETHRUST AFTER
(P.S.I.) (Lb.) (Lb.) (Lb.) INIT. 2-MIN.

200 26/0 | /f2/ | ZOfC o, m 0. a4D

soo | f100 | 4e77 | UsfC o. aw 0* c@

I.eo f '7 9fb | 472f I / .7 **'fC o. 0-o / 0oo/
30 0 r o 600 y J71 ic 7s0 0,003 o G '' J

/ Cr O i3 afo /2 02r 29 Of*e 0,o04 0.00 6
/200 / $~ tov /+ c.?? 29 3./D .ced . cod
/400 /d f/c /7 92f 24 CD . pot ee/0
/ con 2/200 / f 177 21 fic . 0/0 . 0/ 2
/f*-o 23df0 22 42P 422n .e/3 .0/7
2cco a4 30c Af273 reff> ,o/ f .e/ff*
Mco 29 ffp 27 pjf* .1yfjy ,op/ , ogyt

24Co jJ doe Jo f77 4//3D . cad . o 4 '7 |E4C0 SH$~e 11125 C4 JSD 028 .p3/ I

2fpc J7 foo S/dff 1 T'/ 7fD ,03 , e .1 & |
.fr e o 39ffD fff2f' 77 OSb ao,./ .o40 |E

Ja; e o 4Agace 9//7f ga sso , ppt . of.g
3 ace arofo an'yp/f* g7 gro ,cpo , ,,ry

*

.i6co | 9 7 ?co nn4 +77 | ya ffb . ofd .osr~'

I 7!co i to Sfo 49 /// | 9;isb ,ec9 . opp: ,

k
1 .jp%*0 | f /, 67f 50, t50 /GG, 997 , 7e canass/e r a s/s o ,<

-

C o|YQ uh3d , / ) _ _
f M Jfgg ho

|d'Ad/And
re ser- ooHEen ,b'Acas,e,.n p.a.asav. ~ ; ,, ,s

sh D VJ/ | $$ | One b e* |nus CM,

n g, g/>&U:~ /O" W/n' df ?*Dp, O'op Ny : /hferf'

|..- ,1 . > s ! r*,.

W/O @HW/Cn 70/0 LE [ CuraG, /"& G f~ I E A"4 q
/ / / lo \' * .J * 1 1

//l FWI/L aff ( W if d' Gf (HJ is/* Q sqfp f, Q ,|

Jack Thrust (Lb.) = Gauge Pressure (PSI) x /. /. 8 .5 ' 4 d y n .7 err o / e A'*.*

Total Weight of Load Beam = f <2fo 44. /-.e . /ee.:rj - - - 4r r rs / p .7 :e

Net Jack Thrust = Total Thrust Minus 1/2 'leight of Beam. c/y, gy,. /g 'ff, ]**

Insert Load = Net Jack Thrust x 2.***

| Jack: . .. . . . . . . . Equipment Number acN 4c4
Pressure Gauge: M & TE Number EJ##~ Due Date: /4 4,o *

Dial Gauge: M & TE Number /ff 9 Oue Date: 2 f A #7
Perfonned By: Witnessen By:

0 b. YUU 4'd)*t d*p / - 4 - 9 92
J3me Date QA RepresentacTve # Datem

-
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COMANCHE PEAK SES

SHEAR TESTS
a~C-2W

RICHMOND / -INCH, TYPE INSERT

Reference: CP-EI-13.0 ,K/.?fes

Specimen Number: /6 801t Spec: ,4 <'f 1 # F0 Date: 4 M A'
(/!' ~ we.rf ene)

DEFLECTION (IN.) GAUGE | JACK *
PRESSURE THRUST NOTES-FAILURE MODEINITIAL AFTER

2-MIN. (P.S.I.) (Lbs.)

| 0.C00 | 0,000 | f00 f*300 |

| .00/ | . 00/ l Boo /c 6 00 |
~

i .0/9S~ ! . o.?/ \ id* | /f960 |

| .0+t . ow | /400 | 2/. 20o |
'

,ott I .04rf i 20A9-% | 24.f*co |_

085 ; .09/ | 2 fed | J/, Be*
jQ//2 ' ./B i 2600 | 37,/e0

| ./S2 i ,/70 t .7200 | 42.fco |

'$S**4 " 0- | 96,376~ | 4 Hure of 60// fn .rheat".22 ;

| | '::: - | |
I 1

6 /n rei-/ As /4.Ha cted | V8 " 44/ cru. chine 7 of uomr~
I | De&thn of bene t e 7'i=*] WsN70s /bt's N /E'/lV /k7ffes-n .

i | ||b2 |on af haet-/ /~trXs/ed n 7%w Y-fenneJ. '

I I i l |
~

: | i i |
|

| i l |

. I ! | I

l I i 1
'

: ! i r I

! I
'

i I t.

| * Jack Thrust ecual Shear Load on Insert.
Jack Thrust (Lbs.) = Gauge Pressure (PSI) x /J,J r
Jack:.......Equicment Number /pca a o s

Due Date: a ,de jPressure Gauge: M & TE Number eser *
01a1 Gauge:......M & TE Number e rv9 Oue Date: Er ve- p

Perfcrmed By: Witnessed By:

k$ Y G QM b'd. bbu,a t- |$ 4-d-94
game cate OA Representative / Date

'
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COMANCHE PEAK SES
SHEAR TESTS

EC-ElV
RICHMOND / -INCH, TYPE INSERT

Reference: CP-EI-13.0f'N //pvE
A-44 ,J,fsr* '

fSpecimen Number: /7 -Be h Spec: 6 Apr 87J 14N Date:

($&'fr W6.c/ End)
I

dCh iEE M*DEFLECTION (IN.) 4
= = --

NOTES-FAILURE MODEINITIAL AFTER 77/ru_rF " ' ~ p/65Fe
'

2-MIN. (m)?.:.: pjf Lb . '
O. o " \ o.aeo | gyno | 90 0 |

.o20 ! .o20 | to, s oo soo |
; .037 i .o27 1 /S, Peo /200
; .cso . ,ogy | 2/ Eco | /coe |

| 087 1 ,o93 | 24 foo | 2000 |
'

,/27i ./27 I 3/ Boo | 2400 |

./44 - ./60 | 37 loc | 2600 |

: .3/3 i .332 | 42900 | 3200 !

| 43 odo | 2270 | Fathre by bc// sheer-
.

\ \ //w e) 4 /~/e d n' herho nhb 3/A' beixo
! | norm $%/-d his e|o ehinn 'dvi%ir[ nf eonerN4.

'
I

: i | 24 nAnnri n& M,/$n nf - A~n ef ihrert~

i l i

! I I i

; I i | |
8 I i | |

| 1 | | i

i i i I ;
~

! | 1 i,

t | I !i

I i +

|
,

Jack Thrust equal Shear Load on Insert.,

*

! Jack Thrust (Lbs.) = Gauge Pressure (PSI) x /J.EJ~
| Jack:....... Equipment Number een dos

Pressure Gauge: M t. TE Number ESpr Due Date: /4 ,4cr bf'
; Dial Gauge:......M & TE Number B'/49 Oue Date: By v'an W

Performed By: Witnessed By:

b .. | 6 'lpt. $9' k2,w, .wf 4- 6-$4
#ame Date QN Representative / Date
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COMANCHE PEAK SES
SHEAR TESTS

EC-2 W
RICHMOND / -INCH, TYPE INSERT

/3
P.eference: CP-EI-13.0-)ff<* v

6 Aar- /94Specimen Number: /8 Bolt Spec: A - #94 Date: f

{ l '- frob+1 WeJ/errd)
1

DEFLECTION (IN.) GAUGE JACX *
PRESSURE THRUST NOTES-FAILURE MODE

INITIAL AFTER
2-MIN. (P.S.I.) (Lbs.)

| o. coa | o.000 | 4too | s 300 i
*

! .co] | . co s' | soo /D &co f 1

I .b22 | .02f1"| /doo // 900 | |

i .od! | . o f.S~ | /400 | 2/ECO | |

| .0 de | ,ed3 | Z 000 | 26.5C0 | \

1I , ego I , pas | 2400 S/ 8C0 |

| . /od- ; ,/09 | 2 860 37/CD | \

\ . /JC f ./$8 | 3 200 92 900 !
f .20* | 332 I JM | 47 7Co |
| A* * | | JBw fo. 750 | n duee by no// .s Ar s .rv.

! | | | A-.ses k der %-kd skf Ys ? no
1 f | | l epos m.,t rohdam of / .re d

*

| f | | 7% a /* e0-> u 4- erusheJfinrin.4-

| | | |2be d E" $ fw/ of AUerf
' I I | 1777e Aner/ wes/1er sheare.d of

I~om rk r/ruAt. fhus //re h*| I |
' fr

n e f/e e /n;,. wm Uki. +bh 3 A o .n-' | I I I f

| I | l A;//ure , f:o ih e' . d tv ff rJM
| \

' fno/ m o v--

i | I i i

! I l i

Jack Thrust equal Shear Load on Insert.*

Jack Thrust (Lbs.) = Gauge Pressure (PSI) x /7,2#
Jack:....... Equipment Number Bcer' 604,
Pressure Gauge: M & TE Number ggff- Due Date: /v Apr 59
Dial Gauge:......M & TE Number 2949 Que Date:29 gwr se

Performed By: Witnessed By:

$ b. // Y $ 42m. f4; A-6'04._, t9
' Datevname Date QA Representativei

.

---
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COMANCHE PEAK SES

SHEAR TESTS
EC-2W

RICHMOND / -INCH, TYPE INSERT
/J

Reference: CP-EI-13.0 '!(fdB

Specimen Number: /9 Soit Spec: 4-49o Date: 9 Av 'J%
(q "' Aro m we,r/ end)

'
OETLECTION (IN.) GAUGE JACK *

PRESSURE THRUST NOTES-FAILURE MODEINITIAL AFTER
2-MIN. (P.S.I.) (Lbs.)

,

; s.cof I c.oc1r | 400 f]m |

| . c3g: i .ofc t toa /0 Geo f

| .o37 I .' e&r | /Eco // ?CC
I .080 ;s8/ \ / God | 2/ ECD'

' .09/? i ,off I 20** I 24 Ro |

i ./E2 | . /2 7 | 2400 3/ BM |
;

. i;d7 ,/rf | 28co 27 /ce |

i ./90 .2Esf l .$200 | 92 fM i

i | JJu | |

. t To s i 3r*. | .a c 37r | /n.rert fai/ea' Ay be*.r/Oke
; | | | f wed bekeen tvoes coi/ <rr.d
i i i i i.rfruf.r. E.,i/ 4He/ a(Ae inMk
i i I | ! wih4 N>e ene wed Josvr c o '/
; \ \ \ \ thect .rensra/ doortres. T/re.

I ! | I AcH Ars%/ in Aenday wiA/r.

'
I I | I9 leuce /o ed r%8n f/s s

! I I | l 44 nr /l,,
'

! ! | }

-! ! ! l

! ! ! ! I

l f a r,

Jack Thrust equal Shear I.oad on Insert.*

Jack Thrust (Lbs.) = Gauge Pressure (PSI) x /.$.25
Jack:....... Equipment Number Re u d oc,
Pressure Gaute: M & TE Numcer B.r r y Due Date: / 4 Apr ##a.
Dial Gauge: . . . . .M & TE . Number 2y40 Due Date: MS <./vn'g4

Performed By: Witnessed By:

$ $ Y Y ?Qn'0C Lu,> 'b 4-1*d9
,Aame 'Date QA Representative ' Oate
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COMANCHE PEAX SES
'

/ .

# '
SHEAR TESTS

||/ Ec 2 &:

RICHMOND / -INCH, TYPE INSERT.

- Reference: CP-EI-13.0-i% /Sp(* *
, ,

Specimen. Number: Jo Bolt Spec: A .4 9a Date: 9 @ 84
,

(S A So/ W e.r/ c~n d) 1
~m.

y'
.

GAUGE JACK *OEFLECTION (IN.)
PRESSURE THRUST NOTES-FAILURE MODE

fMITIAL AFTER,
.

(Lbs.) |2-MIN. (P.S.I.)

| .^. ; :''' |-:,:m 1 _;" : : h |

: | | --one- |

.. :4 ., w | 1 f/ sea' nof ou/ of sp/es/v.c'' -a,:: = .

'\ .2: ? aw i ; .:' =; |1

i i 'E - | +
' '

,,a ,,

"( o. a. 3 | o.aoa | 1 < rax
| coif i ,oyz | f** /0 Goo |

\ .e46 i , ors f //oo | M Teo |

\ . o cy 1 .6Cf | /coe | 2 / 3 00 |
_

t .083- ! .o67 | Ecco 24 s~a |
.//d* I N/221 Z400 | 3/84 |

; ./54 ) . F7.9 i Z800 | 37iop |

,

,2 70 l - | 9&*'9 Jm | .19, 7.fD i Concr e fe ci u J /2 e d th.res4.

I i | | rwnwnec' 57fse/ beef upper-
; ? | | | por-fion rotsfea' thru s few

| \ | | c/egrees. Affecfron of wer'

! l | \ par / of Dr. red- (yaAce) 3/g:-*

| \ \ | Bo// broh'e As 'dene'in3r af
I| I | | hw /* a l firsn //ze moxes

| \ | .?? 7s~0 Refd!/en esa. sed cose. rps//
'

I % b XS o 1s sre , rid's /8 5 ,%s s m

Jack Thrust > equal Shear Load on Insert. ''' I'" ' #" 4""- O'"-""''/Ca'k(r)*

Jack Thrust (Lbs.) = Gauge Pressure (PSI) x /'.f, 25-

Jack:....... Equipment Number #cw dos
Pressure Gauge: M &.TE Number /.rrr Due Date: /4 h fry
Dial Gauge:......M & TE Number EWS Due Date: Er ,Ae , 'de

l'erformed By: Witnessed By:

9 e2r.a. '94' Yr) 4-9-Ma

/?iame Date QA Representative '

Date
,

; ;, g ,
.;

;, )
g .'g

,,

e
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CDMANGE PEAK SES4

CDMBINED SNLAR & TENSION TESTSN Richmond / -Inch. Typ'e Ysert
Reference: CP-El-13.0-F/Jpg

Specimen Number: 2/ [f 4 fm 482|L)lnserted Load Rod: 4 */RT Date: P Ms- A18
'

'f

f,, m.4 $NEAR TENSION
l* *

Gauge Jact Deflection
. | 2*

,t I ert Deflectione Jacks'
Press. Thnr.t 7 M )-~ P ss. Thrust ck L d 7 |nch) ' Notes - Failure Mode ri After . TIApst After
(PSI)' (Lb. ) Init. 2-Min. (,>SI) (Lb.) (13.) ( .) Init. 2-Min.

[ i |Joe _ n .o o. - o. ~ .c .ra. o. . o.aa.,

See /O &oe .o*/ .00/ ( /O.G** \ ) .eae .eo*
/Zar try , ,ogr y ( $ yao ( ) .o22 . o22J~ -

JGap Z/ 2 * * ./73 . /J.3 ( . //, 2 * * | \ 0f9 .M2?
To^oe E4700 33* ,.17e \ 24,/00 ) { ./// ./19'W 476tr .9**

'

) 274L*S / { ./F foenar
a _, ,

o f .a was bi <akins. " ' a a,,s-

." W so/ NA e n w =too =< // rzr? /Armel wnfar- ide A|;. /_ . . _

* N ' t" ed />4 rent /s % '' Ser,, a Aasms%, s / i .i
_ . _ , ( l Av/ As-a d u re d sm-face rhds5s/ed 2 -

( | .rhan- ht~a.wf '7sn
. . . . _ . ) ( \ /Ani

'
of inter / rn/.a/es/

,
_ { l [ Conerw/e sr>A2 M/ mwundt3 ofwf._

L \ ) /2 * ds*m. /O"ad-n> ta isua -/ pa admo/f% *

'

~

( ( i
,

\ 1 > \c
1* Jack Thrust' =' Shear Load on Insert. Shear Apparatus: Jack- -Equipment No: M ar g o d
1 *.. Jack Thrust (Lb.) = Gauge Pressure (PSI) x /J.df for Shear Load. Pressure Gauge-H&TE No: Off Due Date:/g & W |' 2 * . Jack Thrust (Lb.) = Gauge Pressure (PSI) x zf,gf_for Tension Load. Dial Gauge-M&TE No: prer Due Date: tP v.a #ar

Total lit. of Tension Load Beam = g 4., "t
Lb. Tension Apparatus: Jack-Equipment No:m u w.-. . S u n .. . "'. . 'g - Pressure Gauge-M&Tf. AcN 60Jr-..

ho:4a. Due Date:
,*** Insert load =44e4 Jack Thrust er-ih Dial Gauge-M&TE No: W 4P2E%rDue Date: g agg g

,

Performed By: j f n '> f(c Witnessed By: ,,/ m (p.2 4-j-df
,

Date QA Representative" Date

d

[ .

- -
'

-

t ,
,

;.,
) ,,
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COMANCHE PEAK SES
%

COMBINEDSHEAR&TENSIONTEJTSRichmond / -Inch. Typ7 InUrt,.

Reference: CP-El-13.0-9=is,, ,
'

Specimen Number: // [74/f. Fe.,r) Inserted Load Rod: sf - /91 Date: 9 Agr// I4s
commenj SHEAR TENSION.-

1* Z* * *

Gauge Jack Deflect ion Jack t Ins et Deflection
Press. Thrust (incli)-~ Pr s. Thrust ck Lc d l loch) Notes - Failure ModeAfter T ust After
(PSI) (I b ' Init. 2-Hin. ( I) (L b'. ) ( .) (L .) Intt. 2-Hin.

_ , _ s , i

4 ** |td.h e, *o s o. cost ( f300 ) \ o.**/ o.*of
y ooa /o, coa . o.rr .on ( fo '~ L /- . sis . oi+

/z oo nw ./os .so t ( is em / \_ . orts . ors
~5*oo E/ foe ./94 .for { Zi J@ ) { .off . o .I'd/
.,2coe 24.fbo .3 42 .927 ) 24f0* ( / . //r . /ftr

'

22** 27 /fo .f2 b 29/fo ( ) ./C
is,. <s eso ,/ rs ave n's .L - -

~ ' - .shs,w iD.. c- .i -,,nm
frw /fB7J~ ',A /987f lA 'b Aod .rdesred. Mad had r$/.s/evf G .fk er'

} } ( //** e. s%ru .1rsrvu, 20 * WAsas brch'e-..;
) ) ) Con crw/e .sss//ect assemc fr~o'sk ra/e. .\ ) ) de Se // *o n /**ss.k sia'e. / .? *o n c&,&

.

'
s

\ \ ) .1A<< is4) .ua'a. J' o'een e ahie<-d
N b As se r-f rern s%a/ sh/.ue nt.

I l )-

h }
l* Jack Thrust = Shear Load on Insert.

'
}.,

Shear Apparatus: Jack---Equipment No:gggog1* Jack thrust (Lb.) = Gauge Pressure (PSI) x 32f for Shear Load. Pressure Gauge-H&TE No:
J f g n Due Date:fg g/vd_Jfp_f3s2* Jack Thrust (Lb.) = Gauge Pressure (PSI) x _/1gf_for Tension Load. Dial Gauge-H&TE No: 29ff Due Date: EftTotal Wt. of Tension Load Beam = _.d'/A Lb. Tension Apparatus: Jack-Equipment No: a c// foyf--

+

_ u M Them t T_t '.-Itsr0 % M m -l/2 "'^* ^' "^ -

*** Insert Load = alet Jack Thrust m L / d 44 Pressure Gauge-H&TFNo:,/ /na__Due Date:4
Dial Gauge-H&TE No: SO9g Due Date:/Jo'us Mr

Performed By: O . d e*( M N # A h /__ Witnessed By: a < 4-7-/fg7 Name Date AlepresentatTvr Date
'

. .

4

e *

. .
- ;

- \

,
__ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _

-
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COMANCHE PEAK SES
COMBINED SHEAR & TENSION TESTS

Ricimond / -Inch. Type _C-4W
M

Insert
Reference: EP-El-13.0-F av, p

Da[e:gg[/4 Co- wee / cw() Inserted Load Rod: sf-/93_

Specimen Number: 83 # ,

i * e2oa. Jgr
~

.. go,,,,- SHEAR TENSION
'

I*
- 2* ** *** *

Gauge Jack Deflection' Gauge Jack Net insert Deflection
1... Press. Thrust (Inch) Press. Thrust Jack Load 7 Inch) Notes - Failure Modo

After Thrust After
(PSI) (Lb.) Init. 2-ttin. (PSI) (Lb. ) (Lb.) (Lb.) Init. 2-Min..y '

j** _ f3om J.oo 2 <**4 \ f 300 l { ****r *. ** *r
-_' r** /d doo , 0.?? .o277 { /0 doo ( ) . cot .o/a'

_ Moo /rfoe ./22 af2f | /S 9@ { \ . 039 a gtf__
/de* 2/ foo . 2La2fy_ | 2/ Ze* ) ( . 0 7J~ . * 89_
Zoo * 24.rao .31* A/o ) 26 fo* ) ( , /Vo ./fd~

i 2 ** .'T /.fD 4.1 * k 2f /r0 t { ,20 De&c/an increw. reef r.nptW/y.
~

,

*'
~13*o Jo f'7.r .U* % Jo fff MA A'/. 46rc/p/ fai/we dy .r/ rads of kroo!. /srser/

f ',
"

wa.ther movco! /roriyNh//g fy,' i% brerfaye*

/ / ( , of ks.retrh A*oo
_

ros's/e4 . rome Jo* eA* ve.r
. ) ) | s%rede os'suod. T/sh pernrWeo' by

\ h ) csv.sNng of concra s e .rsd Mol/y de Ge -i

( L ( nu/sn of r;/>rea/a cot /. x / r.s// vie
_

* -
| I J WJJ by r/te.n. afr/co- coms'do .sl/e e:rebr~a

,
. ) ) \ n > .s /s 'or, ~

I ) b ._ _.s

1* Jack Thrust = Shear Load on Insert. Shear Apparatus: Jack---Equipment No: g g u o s
'

. 1* Jack Thrust (Lb.) = Gauge Pressure (PSI) x f/Mf_for Shear Load. Pressure Gauge-H&TE No:dMPff- Due Date: g 4 w' . -
. '

2* Jack Thrust (Lb.) = Gauge Pressure (PSI) x ff,gf,_for Tension Load. Dial Gauge-H&TE No: gypp Due Date:tf vyer S p.Total Wt. of Tension Load Beae = N/q Lb. Tension Apparatus: Jack-Equipment No_: ggggo37-
, .

ne utt-dee b Ihrm t * 'r'.d S.. = a ".! = 1/2 M . J ^e -

Pressure Gauge-H&TE Ho: /g g g_Due Date:*** Insert Load =%4 Jack Thrust.e.sh fc# Dial Gauge-H&TE No: tof+ DonDate:ffs/g,,.)fe

Performed By: [ [, /# 48cr $Se MM af-/D- ti fWitnessed dy:_ 4, w/ Name Date ) epresentatlve ' Date,

s

.

P

8- .

.

g .

- - _ _ _ _ _ _ _ -
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CDMANCHE PEAK SES

CDMBINEDSHEAR&TENSg,Tg5,

Richmond / -Inch. Type __ Insert i*
Reference: CP-El-13.0-9p s #,

,
Specimen Number: 8/ [fM7E1ow mw/ eg Inserted Load Rod: AT-/91 Date: /d o,mfl M-

'

-

, ' . " cmu,=u, SHEAR TENSIDN
'

1* 23 " *"
Gauge Jack Deflection Gauge Jack Net insert Deflection I

*

Press. Thrust -(liicli)~ Press. Thrust Jack Load '-{ Inch) Notes - Failure Mode "

/ . After Thrust After
(PSI) (Lb.) Init. 2-Hin. (PSI) (Lb.) (Lb.) (Lb.) Init. 2-Min. '

,

4 ** . f.Ree e. cot a. **r I f.EA' k $ Abd 4 *o k **,

, hne /6. Coo .003 .edt l /0 &** > b *M 's~ .co6F
/2*4 /f"foo .pCo w eyy_ j /r too ( ) 027 . o.M*

/600~ Zj 2oo ./13 ./7/ h 2/ 2 ** ( ) .042 .et? '

5 24 f** b l ./3f ./S9 U
- 2 *** 24 De .327 , 19e

.

) 27 32.c~ { ( ./7 A.tosW ped / Ass b ea rn. %
e

jfgo f . 4* * .,

uc_ J . r., a m er M M .20,

2 2oo $$f43r .J40 * ' , 27ffe f n 2.2 7
''

' ~52~ 2f/JD .(A? { 29 /fD { h .227'

_2 0 * * Z4for ( 24 Sea ) ) fr*& Abrua/ .</ren,rr s'.rt7</no ef rd
\ \ ) Afftte VrY hoeissvr/s/ def/ec floss of_,&

,\ h | Of Absr/
/Jer5do'/e/ de$hhD

L, - c/tu/259'

~? \ \ $ of concs*c/e sys/ .Q_ of <p3my. ,

h b l
_

t**U of Arter/. Concos:Ar Jos/a/ 2.**de<a
) $ h b5. Y ' We 2'' f resee d Jacto /* /Mrc h//ed f 4!). /mer/ /er/M< a e

1* Jack Thrust = Shear Load on Insert. Shear Apparatus: Jack---Equipment No: gcfy. cop
,

'

!~ 1* Jack Thrust (Lb.) = Gauge Pressure (PSI) x JgfJ for Shear Load. Pressure Gauge-M&TE No: 2SM Due Date:/s Alv ;2* Jack thrust (Lb.) = Gauge Pressure (PSI) x _/gggfor Tension Load. Dial Gauge-M&TE No: /= Due Date: g / M .,Total Wt. of Tension Load Beae = $4 LE. Tension Apparatus: Jact-Equipment No: g a go 7 [., ** u.a na n.-..et - re g g e ...- . m -n !|### Pressure Gauge-M&iE No:,f e c Due Date:2 n . d m.m-

"* Insert Load = 16et Jack Thrust A Dial Gauge-M&TE No: Eo94 Due Da te: // 4,, Dp
#

Performed By: Mt[ /o ad> 'Bp Witnessed By: a-> 4-Id-$f, ' *
' ame

'

Date 7 f Repretentat W Date
,

'

1
J

% 3

*

a
< . j.

l'
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CDMANCHE PEAK SES
-

CDMBINED SHEAR & TENSION TESTS ~

E
/ -Inch. Type _C ~ 2Wy Richmond Insert

4 Reference: CP-El-13.04' pes
'

' Specimen Number: E S" Oe''A Awn Wee'fom() inserted Load Rod: Af-/4A Date: f o J a r ,*/ h oc-

. . ~ chn,os, SHEAR TENSION
,

1* 2* ** ***

Gauge Jack Deflection Gauge Jack Net Insert Deflection
Press. Thrust (Inch) Press. Thrust Jack Load l inc~ C Notes - Fallure Mode

,
. After Thrust After.' '(PSI) (Lb.) Init. 2-H!n. (PSI) (Lb.)- (Lb.) (Lb.) Init. 2-Nin.

~

qm s. roc r.oer s.w/r 5 .r.rm t 1 o,*** s, -
-

: _ goo so m s. on . o.es %- to sm 6 / .oodr .ooo '

B}
ts tm ? l (-J o *r/ zoo a roo Jtt ,ja2

Mao st2oo . 2/7 .229 2/za ( ( , sos _.oto .'

,~ 2*w 24 roo .240 .2eg \ 24 Sbo > < ,o ry . M.r
'

yfo* 27szr ,n* ? 273 5* Q .o yo'

Nh A/S's? N/A ^{$1- 04ro Alk*F'1' A!'a d . / met'/ Wef/N/e/ /*'$2*l- .) .,
A /$o 2fff7 . fe' / 2''

! t i _ Aoaf 14d/ane/ Jr .r/ rear.
| C. ) h*

.: s ) 5
- 2 5 %

I
__

-o - ) h
*

7 ( )
f 5 5,

I I ) }'
l* Jack Thrust = Shear Load on Insert. Shear Apparatu's: Jack---Equipment No:gC//. god

! 1* Jack ihrust (Lb.) = Gauge Pressure (PSI) x .//df for Shear Load. Pressure Gauge-H&TE No: g g f f ,g h
Due Date:/Lg/unk2* Jack Thrust (Lb.) = Gauge Pressure (PSJ) x ffMtor Tension Load. Dlal Gauge-M&TE No: _Jy4 9 Due Date:f f ,

--Total Ut. of Tension Load Beam = N/A Lb. Tension Apparatus:. Jack-Equipment No:ggggy7-*t- T.a W rnt - 9't9 hr M ;,;..n i i u. ui Scac~
*** Insert Load = Met Juk Thrust.*-2. /C# Pressure Gauge-H&it No: dg' m a~Duc Date:f

Dial Gauge-H&TE No:_fpff Due Date:f h _jN.

k2' '/_ f( 4.fJ-g(Perfonned By:_ 4 /0 /* Witnessed By: g .o
Name Ifa- epresentativer Date!

.

.

G *

. _ _ _ _ _ _ . _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _
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C':'. C dE PEAX SES
TE:.SION TESTS

2*C- 2 W |
RICHMONO ~ / -INCH, TYPE INSERT I

.

Reference: CP-EI-13.0-9- /S cu/

Specimen Number: 86 Load Rod Spec: A-/f? Date: 6 / f// r 'B e-
// Q" frans we.sf ena,' f h Gern e.zer-t

)
* ** ***

1

GAUGE JACK NET INSERT DEFLECTI0il(IN.) |

PRESS. THRUST JACK LOA 0
NOTES-FAILURE MODE

THRUST AFTER
P.S.I.) (Lb.) (Lb.) (Lb.) IflIT. 2-MIN.,

2 00 2 4f0 | t.ars | 280C o. c " oon*

.r oo | g:Co , o,,- g/ro ~. oy .o.3 |

4co 7 950 S79- /2 ffo . 007 0 0 7f

8co | /0 Sco Pf7f | // 7fD . 0/2 .0/2r

loco | /J 250 | /2 015' 29 Of0 ,0/75 0/7

/200 /f 100 /#G7F 29]fo ,o37 .c38

/900 | //ffD /733r 2fCSC . p 70 .070 |
/ G eo 2/300 /t 97.r 29 y/D 0 78 . /Of

| 700 | g2 52.$- p yoo p ,;o o . /19
'

,c ?ure..ar

47.rer/ remainec' ihrhe/. Jhesi cone rfim

| A,//ura b conere+e. /sn ,-/ w e,r /oNs
near een her beA m e -, a-w & w .s ,- - A v .,,

I
~

Cone wa - no r friefed son J wha ha 4- Aery'

2-rsch w w. Jo,e A *//sw f ece onbn raures.

coneee/N -G 3-f/Ies.34r% e //kiw .sos //

fun jreiy/,| e/shserf|c)% eor ccne d 'e o 44 =

' S'' S A o N o n ,./en

Jack Thrust (Lb.) = Gauge Pressure (PSI) x /1,25~*
,
' Total Weight of Load Beam = Effa

** - Net Jack Thrust = Total Thrust Minus 1/2 Weight of Beam. (d W/ : /225' /4)
*** Insert Load = Net Jack Thrust x 2.

Jack: . . . . . . . . . . Equi pment Mumber NcN cos,

| Pressure Gauge: M & TE Number Efff Oue Date: /# 4er$4
Dial Gauge: M & TE Number I?4f Due Date: E? uh 9p'

| - Perfonned . 3y: Witnessed By:

h h h Y & t @nm. h L._, b?, - 4 6-94 |
. Nefne Date ' QA Representative

_____m____ _ _ _ . _ _ ~ _ _ . _ _ _ _ _ . _ - - -. - . _ . ' Date |
- - , _ _ _ _ . . - . _ _
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, COMANCHE PE.M SES

| TENSION TESTS

\ FC-2w
RICHMOND / -INCH, TYPE INSERTI

Reference: CP-EI-13. 0-* /.7,,,

Specimen Number: 27 Load Rod Spec: A- /93 Date: 4 404 '8(*
l'2-W frkr et/ess' Onf ffA from e.u//

* ** ***

GAUGE JACK NET INSERT
i PRESS. THRUST JACK LOAD

-

DEFLECTI0f!(IN.)
NOTES-FAILURE MODE

THRUST AFTER
P.S.I.) (Lb.) (Lb.) (Lb.) INIT. 2-MIfl .

| goe | 2 Gio /413 28So 0. 0 00 0.000
| An*> \ f 100 .de7f //f0 .6oc .400 1

7 fro G 725 ' 3 f 70 .oco . coa | \Coo
8c0 | /c Goof 937f ^ /d 7dT * dad? , odor | |

seco /32N /2 GET 29Cfo .ocGF 0 07$' |
trod if Aw /4 G 7f 293fD , ofdr .0/75 |

'

/40c /8 S50 | /7 32T 39450 ,oro .drG |
/Coe 2/ foo I /9 97f 39 9.fo ,o 64 a.C a 0 99 | .

/eure /7d's ./qG F4'/s're
Bond ( 23,/88 249G0 43.920

fai/vre, oeeureeea' by /sitera af t/se sn.re ef. s

}W/d ha/wern f.op er con kne/ ver/le2/ I
_

.rtr u/.c /prore. ~rtieesaea, upper; cosy can,e *

ouf and carried fh e. two IrhuAr w//A |
Con crcFe r avel c/ws aboer
/. r' x a er' /ae//ed anenn idenN, 2442 inser/.
Ecp o.r ed 'on e reffer /od a red y c.c.tro
i k o e f. IRehar i%/ di.rh&hed. a n/v con -

| crc /c dover r e'trt O v cet

1
i

i

I

| !
I- ! |

! !

Jack Thrust (Lb.) = Gauge Pressure (PSI) x /J, ES*

Total Weight of Load Beam = E##0
Net Jack Thrust = Total Thrust Minus 1/2 Weight of Beam. (P kVA = /S23)**

a
Insert Load = Net Jack Thrust x 2."*

Jack: . . . . . . . . . . Equipment Number <? CN 404

Pressure Gauge: M & TE Number E J S.r Due Date: /4 .4ar M
Dial Gauge: M & TE Number 894f Oue Date: 89 asm '#f'

,

4 1

Performed By: Witnessed By:

h f/$; dd&L 'f4 ''

t !,

411ame Date epresentative / Data
- . - ._. . _ . - - . . - . - - - - ,. - -
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COMANCHE PEAK .:.

TENSION TESTI
'a*c-2JV

RICHMOND / -INCH, TYPE INSERT

Reference: CP-EI-13.0-$r /J,g ud'

Specimen Number: ## Load Rod Spec: A-/93 Date: /4 Av f7 '#<.e
(3'" from eo.tf ens)

I
* ** *"*

GAUGE JACX NET INSERT DEFLECTION (IN.) j
PRESS. THRUST JACX LOAD

NOTES-FAILURE MODE !
THRUST AFTER

(P.S.I.) (Lb.) (Lb.) (Lb.) INIT. 2-MIN.
__ _ _ _ .

20* | 2Gro / 42f ffSD 4 *** c ccoa
_

|foo | r300 -46 07f 8/fo ;m a

'

m

|Goo 7 fro . 4 f/f 139fo ,co* s*oa

foe /0 Goo 937f /d 7FD ,oof .ool

/000 | J3 He //,02f 3f OSC . 00 f ,cof

i / Zoo | /.Gfoo /4, c.7F" 29350 . coy |
' ,oto

/f ** | /2 fro /7ffS | 19 Gro , o/S .c27
20 f36 /f J/3 38426 , o S.t- --.-

/ C rD | 2/,200 /9, 97f JP ffo oC7 0 82a

>syge 22 S'2S' 2( 3 se 4*2, G 00 , /f"
concre/e .r/> a a ,--

m
h |
.b=** f eane /$ / /u,# e* . //7.1eef and tod

'

.u.-
| t~emain ed| Avfercf Cone /, eibh/-

GQual sN.'er-| /7c/Nhk $/he, o{ Conc

= ,, /7''a b.f0/1 //N!!) / b_y r"C '
;-

\ Redar.1 & #ed wi#, cone .snd //Weo' |'

4,5M J.F.' Rebm G 9"o.c. E.w, |area

,

Jack Thrust (Lb.) = Gauge Pressure (PSI) x /J,2f*

Total Weight of Load Beam = Effo
Net Jack Thrust = Total Thrust Minus 1/2 Weight of Beam. (h w/ : / SIS't.6)**

Insert Load = Net Jack Thrust x 2.***

Jack:.......... Equipment Number A'C N 6 0 4
Pressure Gauge: M & TE Number IJff Due Date: /4 d,sa. I8i',e

Dial Gauge: M & TE Number 86 #9 'Due Da e: /B </om. 'B9

Performed By- Witnessed By:-

(f.$ ft Yr? 4 -10 - 94-cl -to Ps
Date QA Representativer DateN,ame .

- . - . - . - . ... - . -- . --.



.. . .. - <
-

.. . . . . .
.

. .. .
_

j= .

COMANCHE PEAK SES
TENSION TESTS

sc-aw |

RICHMOND / -INCH, TYPE INSERT(
r

! Reference: CP-EI-13.0 9 /7
' F t'4

'/ ' 9-Specimen fiumber: Ef Load Rod Soec: 4 - /57.1 Date:_6" A/1/ f 6
(2 ^* iGo~ Eacf, /9' 6 s'r*. we rf)

'

* ++ www |

= GAUGE JACK NET INSERT DEFLECTI0ff (IN.)
PRESS. THRUST JACK LOAD,

NOTES-FAILURE MODETHRUSi AFTER
'(P S I ) . (Lb.) (Lb.) (Lb.) INIT. 2-MIN.> ...

. ; goo | 247o s 9ss Esa o.aco o. c o o |

_ 4a | S300 4 075 8 /So . Cor a o c r*
7 fro <s 71s /149 .oo? .0e7 tf ao

| /0 GooPeo- 9173 // 79 ,0 fa r ,o/f |

+ /oco / 3 27D /2off Jf cro ,ogj .022 |

\ /200 / F?on /d 47s 29 ffD . e 33 .c37 I

19eo | /s fra /7117 i 3+ uro ,,jly | ,/c |

/400 l 2/ foo /9 977 f7 fro . ist | . I, rr i,

e '
.

=c i
.

,, ,
''

,

i / 7'* Z 2,f2f 2{ 2 00 + 2, 640 conce e/c f tYea' b.9' tri a roa w9on ih& /;Aln Abr reAne m-e l An' i -

Grea samc 2.r'% 4 o ' 7'di(/ .' f d k'/ h r
co ''! th" m ""er

|
"

hh e n D71erf *sij//=// e s- n' .fory//|

/op s-eb dr W d .r 'p / c c e*o'
f a c / )i d,L '

~

y'rflyc;on se i% /erserA. 7 % .r c a n z'r i k i hm een
''/7/.s faiye eree| | | dvg 7, wie coe.re of t

i con ce,ede fc70ur e , I

i i i
! ! I l,<

i :4

! !
i

!
- t i

i l | |

| |

.

Jack Thrust (Lb.) = Gauge Pressure (PSI) x //,JJ'*

Total Weight of Load Beam = Ep'# -)
Net Jack Thrust = Total Thrust Minus 1/2 Weight of Seam. [ff, W/, = //25 )**

*** Insert Load = Net Jack Thrust x 2. ,

Jack: . . . . . . . . . . Equi pment Number #cw 444 l

| Pressure Gauge: M & TE Number 'EJrf- Due Date: /t h ' p |#
< ,

'Dial ~ Gauge: M & TE Number Ef99 Due Date: 29 ,2 >fa

Derformed By: Witnessed By:

' 08.$N C d.asZL d?%' f 4 * i*$Y
^

ljpffne - Date ' . _ _ _ QA ReDresentative ' _ Date
, _ _ _ _ _ . ~. _ . - _ _ . .- _ _ , _ _ ,
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COMANCHE PEAK SES
TENSION TESTS;

EC-2W
RICHMOND / -INCH, TYPE INSERT I

l

Reference: CP-EI-13.OJFpc4/

5~ /!vr// '69Specimen Number: ,.7 o Load Rod Spec: ,v- g 5 Date:

(/!! e-yf enefon

* ** ***

GAUGE JACK NET INSERT DEFLECTIO?!(IN.)
PRESS. THRUST JACK LOAD

NOTES-FAILURE MODF
THRUST AFTER

(P.S.I.) (Lb.) (Lb.) (Lb.) INIT. 2-MIN.
,

|--_- ; -. --

w.a. re+ a- :een |
'w . C C.T |

zoo 2 cro ta r.r- 2BfD o. o o a 6. 0o 0 | |
,

eso r .r m sp77 e sfo 0.os o . coo

6c0 7 9so 'g 72s~ / s 4 70 .co/ .ool
aao | to coe 737s i8 750 . o a.s- .oos

/c oc f /3 270 /2 027 29 0fo .0/9 . 02/'

/20e / f 9eo /f 6 7J~ 2 9~R R , o4tf . o 4'f
/deo / 8 fra /7!!f .74 Cfo a./:S :: ^ . /0 7

i /6cc 2/ doe /f f 7,$~ yf tro ./r] ,/7f
|_

/ase 2/8Co 2c c as- 4/27c .250 |L *da' Pe e|feof CuA
|Beve

|

by ), bream /nf were'//s.rert nWed
ec, and w >. /-ia/be/ wen /v wn

| ) rtrutt. (Jpper (yhreacred can)' can, e
| 'ouf w/ rad. cetro .4udtI exm e ~A

| | 73p c w i s~e it: .rpnew$1.m-64rt tr~ c/Arnr.N - - /k''/e/rJ~vefd ce inn // cnJul. '
<

expuetf. 6y r e m 4 ,rt of cover. r/br-
no/ defaem e/ Concre/e

| |5

!

| |

: I I
|

|

Jack Thrust (Lb.) = Gauge Pressure (PSI) x /,f,25' *

Total Weight of Load Beam = E1f0/

Net Jack Thrust = lotal Thrust Minus 1/2 Weight of Beam, hW/: :/ SET)
, ,

**
i

Insert Load = Net Jack Thrust x 2.| ***

| Jack: . . . . . . . . . .E:;uipment Number NcN sos

Pressure Gauge: M & TE Number EJJJ Due Date: /d 4pe- 8f

Dial Gauge: 'M & TE Number E949 Oue Date: 2 9 </u n '8 9

Perfomed By: Witnessed By:

0h b~k N M O Y'S~'8 4I

| ilame Date ' Q"A Representative '._ __.. .Date
. . _ , _ . . . _ _ . . .

. # . _ . _ _ _ . . . _ __. _ . _ . . _ . _ . _ . .
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APPENDIX 3

LOAD-DEFLECTION CURVES
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( .so zo so 40 .So .M 10 *Bo .90 s.oo |

|.

- - . _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D .1 E# d R T m oJ) | N1<.H1E %

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

|



,

. -

-
3
3
j,

0
2
j,

^ ss= S. i

Lo :E
Fu V g
Ez R S o,
DM U E )

D C V
z RO L U

A@ UE C
OG Z I R 7<0E Y .

S. AL I
.L Ir L E o.

Ut E H 3
T. o T S 5

H
C- 5 Ub 7-

o I'

-

--

-

/ . o I

/
!
O

t. T
W 0 C
6 E-

L
- 7 PC E

.

E# 5 D
9

lEA .oPE ,

Y ,1
f

TI
C
E 0

,

Pl
3i

'

KS 0
'

_
_

l

Z
_

/_ 't_
_

_ J
_

_

,
. 5
_

/ 1,_
_

! | 0
/,/

j

7 /: /: '
[ ,*

- |/ _
| o

0 8 % V .

2 2
4 V o|

Qs 4%O4
.

;
-



i--- ----i-- -

d
I

!

N
'

.9%.a a i

e la (a o = e
k N Y 64 <e2ax 2 $rs
u e d mw

;

tu = ,

b d Q 9 %
O 4 0

W |G@ !
: E2)o > i| |He . 6

M i

bc '

M g

a# u,
,h ,

G N.

C h '

6 I Q'

$ Eh \ s

$n x i ee
h

s N

|C ( \,
'

"
,,

x. x. ee
.

x,N'

- - - - . _ _ N q

k b b k k O

. S'dIV -Q YO 7.

~ - - -

'

- _ - - _ - _ _ _ _



. . . . . _ . - _ _ _ . . _ . _ . . - - _ _ -. _ __- ___

m. .

.

2
4 S t -D
$ T <L 2 -

o -

d J GN- .e d e o357 $02
* 2 +a u.x e To 7 &S o o o

0 @
-

>d c $4 $ <y J o e
i tre e e G

E EseJ * *
ai rw1 2 e o'

< G O'u 0 4'
-

d,
w - j $ h !O\ O

2 e--y o e J d I' -

2h c 1

gE | in j,
-

-c 7--4 g - -

*

d2 I

cH - \1 I d t 2
g < o- -

,

o
# 9

-

$, o2 i
-

e a
.

10e( .
-

_II (O LL
h.2 *

1 -

D
2C i O
9 's

\
ig ;

w
1a s.
-

e ad -

_t s
E *

\

\'s $ '
,

N x
p ; 'y N 1.

e
_.1 's-o -

! %_ N,
,

|
' ..

t Nw - - ~ _,

!

g

w m - evo, , u e.t.

, , , , _ . _ . _



O 9

.

$ 5i O
7 4

$ < ]D 3N k
J w

.

oe$5 m -

0 2e
>*P $

-
*

<f3-!"o J -t
w29 a s a

: <-

9J ia
J 4 Wk# A -

g 7 4 T * * d I

(b {
.

O }I
,

o 4,,

9*o#,
-

a
a e 1 Ia

~i 'O* $
, Eo o

a zura n
W

|
21 J 0, m1N

-

H
6 J 1-.

b Id i
.9 y o= 1-a Y r4 2 a o
4, m \ 9 h

-
.

2 '#i. H i

i a 2P 4
eJ8 Jm a <

d 7 e .c ...

$Z m 1
Eo I g W+ -

'd ~t d$ 3
a ee o O'

.* C 7,3 <-
h.

$C
s y g -
'W

.

J \ g

h, k
.

,,%~. +,

2 r

0 {
~ ~ ~.

f '%::s a'
' 'N ''

3
-

d 2 ,

J $ ~~
f t

$ |
*

-

c vo, ,wasa m --

-

-- .



O

O e

'
&,

&f@
-

s
\ % 2~~ 6

\

2 2 6

\- s
$

-

\

O "@ 2G "s \ A
@' b \ 1 w-s

Sw1w .4

i i'.o\
3
d\

\%ao '
s -

W @- ,o\

\u~a7 Z. \ *\ -

Cd,
3. \ A.-\

s

\-

O

2. f \ \D
\. *e r.s

Q 1gU
.

s
~2-

-

'''
,-

\uO .

\-d .2
' O\ 5
s \'-

. \ n7~ -
s QQb s w

, Q
%

h

\ 'N
_ _

4" s.O~ s

sZ \

~
% *\ - -

'A,

<
s .

e.,** *

J_ .

,
Ag

-

. -

s-
s '

e o .

b *a J aQ g,
D %""* w * "

._ _ _



_- -

.

.

.

L OAD- DERECT/0N C/Hf /E5
.

/-DKH 77PE fr-2U
L SHE/ R TEST

,,

-S0__

i ._- -@g ,

/ g g,

-e "'!!!il% L"!,, '' '

// '
- 5 0948 EkCfttctmnt

v> , -

was raan./s

Q /' ,-
' -

-30_ _ , -
,

/
% |.

''
i

,
.

N
2o- - ,

,

b
' usenoR

,, _ '/
I

' INITIAL Deft.,

. DEFl. 9 2 MINons

O serc wru ua
__

05 .Io . iS .zo .2s .so .;g .4o

DEFLEC TION - JNCHES

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - -



4

|r l

4 ,

u
o.-

_ ne i

mMiue
q s

n
T o

o_ u 2aT.
-

S.
3

r-l. m

w e u. h
A.

T. k. s
R s cs

t ensE G. np 3

u Ds5S
E_ t 0

D.IM G 4 S.L _

--
I

E

KW O@ MA -

[ 2
'

- c
i
h

|u-
c. oo b.E .

I

5 d| ,

.

M. a o,

E P ,. l
-

Yy T.

- G4 T
E._0,

Ra2 . i3I t

FA.

/
c EE n

D
.

Hi e
,

.

a1 l. , .

k
o

D. o1
s \

.h
E pE e.M oMI

EwC
.

/L

j
I

M +- E / *
.

cCt P '

- ~

WS
.

- -
- o 5

- 0 50 i
1

3 3 # 25

D(g,a Y '

e i

-

. , .



__ _ ._. _ _. - ,. - .

c
-

;- ..

COM BlME. O SHEAR. 4 TEMS tod CHAR.T
.

Ri<.M Mo RD 1. I McH TY PE C.C- 2. W |MSERT3
.

-

'

-SPEC.) AAAQ U E, 2 7.,

35 -
.

.

3_
* T S

25- T

o -

p_ ,#- .
/;

/ /-

/ ,/' y u-
,

t
/

4''

p is- i

4
O

'

L_EG E Libj io-

lumAt_ DEFL.
DEFL.@ 2 Mtu.- --

; g- ,

' O sve.ameu ne-
,
J

@ @ 5 SHEAlt. T Te.nsion i
,

,

;I e a s s ,

'

.to .2o .so .4o ,so . c.o .fo

DEFl_ EC.T 16d |McHES
.

I



.-- . --

'

.,

O

F

.

COMBIUCD SHEA R / TEMS10AJ TEST CUR VES
/IUCH, TYPE EC .Z W

SPECIMEH #23.

<

40

_

32
-

i' ,

29
/ ,,'

/ ,
'x% /

-
,

4 LEGEUD,< -<

O .EU.rTIAL DEFL.
---- DEFL. @ .2 MIUUTESg ,

y @ TEusrou CURVES

@ sueAn convEs
'

O

O O.I O.2 0.3 0. *f 0.5 'O. 6> 07

DEFLECT.IOM- TUCHES
_ __ ____ _



. .
7

0 7 1
- -

y- o< J p Wb$$ $ @ o'eo af3d I1 zJ5 3 7
e a 5 r \<

'J <e <b> <-

1e -

b -

N C y5) b N
e

d Q<Th I
G

,

d+ $ w se e

- 20
f <o9 0

,

)@ als 4 : O I. \ e s< 0 -

*% O-
* y g.---

d '

d$ \

dz 'T. .

W t b
-4 - F

$7 0,
e O .

Q \d< \ d M U
u.

c
OI.

*$ +7 a .

g5 \@
,

!

a

3
. N
"7 .

t
d 9 \
o j \

'
s

s so __-
s .

<- it s, \i O
j 'sNi

N ', ' '
-

_

o o Oe N #

9g g CVO1. ' VA#1

,% '

.:. _ ___ - . - - - -



~. + + , - e . e . m.

4

L O.4D - X/PS
,

i

Q

---
_.

__

\'

.

'

it_ Bs s
_

.

,

~- e
.

'

$>%
. s

w
h N D '

O N Du %No s

R g%3D5 '

x*. % x.

$' D DN
< %
Q t A N

N kh01 o % gn: s
c .

-

i

ot

hg$e x
D RO

: o M'

%| Mig 9 R
s

'

q_
_1 % j y | |-

.

-;| 2 |:
.

g ee

.
. --



-_ - - - . --- - - - - - - - - -

-

.

1

LOAD-DB2ECT/0// CURVES
:

/-INCH 77PE EC-2 V/
TB/S/0N TEST,,

@,
10 gL- 9>

'|A ff'Y a.,o ,.a ;a-
:

|/ / strerain BRonet

| 77 '
P2 fore !XGEcrwNs

|
was ri,x c a.'

,

3e_/
,,

-
.

A '
' 'y ,

. ;

,.,
,

Q
2* - / .

o ,
N y

'

' ' I _dKGEND
~

INITI4l DEFl.

--- -DER. O 2 MMUTES
O strc/ufu uo.

J

:l

.n ... . ,s ... .,c
..

;'

DEREC T/ON- /NU/ESn

.
_ _ _ . _ _ . - - _ . _ . . _ _



_

_ _-

APPENDIX 4

PICTURES OF ACTUAL TEST APPARATUS

P* D



. . . _ . . ._ -. .. - .. ..

,

. c,

1

. S. . . 1 R . . . 5
,

. . .. g .-

'C

hW.
- *"T'* .

-- c - ,-..,r..; 7s.

'YY$52$Y- gw,,$,$W-m.
- - . , , O _ . . - _ . . h. 9 $ $ $,, $ . $.u $. ,.i $ ., y . .. H .N ,T

--r

. . .n'a
g.

-

w?qQQu '. -.
- . -p

W 1.J . y--,.
,

-

-
-m.= . . _ ._;

. ,

a . c-.

.#.
. -

-

tJ : m
i@9.1 G. : W.,. h. . . _ ~ .. A h m - ,

M-
,.

- -

. . .
, .

..,
-

..
. .

, ,,,..w _ 4.14 ' - -

- ,- ,
,

. --. ,

'

og
.

- ,: - - . N
%w_. -. -

-

, -
S3cch "

,

- M . ire. 77, :
-

3 -
*, **" ..suun . . . -. M*

, _
_. .m -a-

/- ._
_ __

NYj" e-b ' ~ ~ ~ ~ *

j"^*', . . , ,.. y ,.
' _~

, mr r

. ,,
m

,

.- * y. -

*w en

TES T APPARATUS

-. -_

.

__ - __. _ . . _ _ __ - .-. _ _. .. .-



. - -- _. _ - -

= .0-
,

4-

. ,.y ~'1* Q ,"E j2 & Q'*. ~r. [. ~ J --

-"
,

&*Eh. ..i?'t~,;W;,bi %.i Y';_ ,,, *,,"w esymm'u . .-;., .. ' .: . .-
?. ;

- W.W.W:i .* "'<i. .: . . . . _ .,4.,, _

~| . u.

| W |&,, 5.,'''$\$? HEN ^ E . - .= -

'

;
-

~ . : M*% ;;~~%-.aw'* " .:.. . g .*:'~n ::%'|.;y.?p:: ~~** ~ .
.

-

\
- , . . . , .

;.we.. - ~

| .. .., ; ~ :. ~W .
.'

" .
.

~

|
.

..:
~ ' * *

\. ' -3 259 ,
,

.

| * * ' 2{. '. * - .., Q:, ; . ''|| E
,

''~ *~

- n.
* '

. ' ' . .; 6.'. s.,. .. , w s. ...-. _-
.

'

. ' . . , . = . .. , ,, , .,;* .. ., y . ..g.
* * * * **

*.. . ' . . . . ".g,
,,- -..,

. . . . - u ....
.,

-

. . . .
-

. .
__ . . - .. . , , ..

g:gg,:
' - ~

>

.

, ; e- q : 2 2:=- :: -- m--

. .
.. :m'

.r.-''
* 7. w . ..

'. < * T . . 7:",.f "A / M *
i. '

i1)~ ,1
- .-

.^:- . . . ; . ; a7 puns,, ' ..-

**
.

.. .~ , .

. -i -:'; .;; ; .. . ' , . .
.

.

*

.
. - . -

*
:..... - .. .

.j w. .

- .,- ..
.

.. . :: -
-

. . . . . .. . . ..

c .

-.. D/AL. /N DIC ATOR. ARRANGEtvfEN.T*
1-

,

N.'i --ew.ng"ur'''

:q|.nyp gr,
ky- .v'X. '

j 4'A. . .

ss. ,2
,

[4. 3dyr:
_---

-

,.. .

i!:

,
*'J $y.l,;.f.1 ;; C *:

.' )

f.(3.s.l''r-
-

': ,

,b.%'..-.
;:.e ,t

,--

u
.

.. a.

( q s. . 84,,

p ,
-

n. ty.(,. .' ,::
t1.'

./
.

::s-
-.

-
.

r. ..... . -. . . .e

'%T. .'*?
*t'.'..'-'

.

'

. .

I
* Qt y; .

-a ...
,g u. . ;,,. -.,

p.-- \. , , ,v, , ,. .
. q.~,:

,
, . u...

,, d. g,9.9
,

; .6
.6/< mg. _ ~./. .. . r .

. a, n. i..
e. .; .

1 4. ,$$; ..Ck.. ''5ERN'k;N;?.J

..
.

.. -:c . .

''' '

g
. .%.n. . . .nk. : . . . .. . . .

. - :A , p% MM,Tt,f:'.sff9':',~ J t/; .('
' ,

t0J, !
..

* Awn'6m'mwi'

3... ... ..i.u. .i... ~. ' "Ei..k.. A ..h> '8' " ' 91 r,s-1 'O '3-1
%W

~

.
.,..... f. ,,,...E...u,,

,n,~ 4 .w # 7"' "' ~ '- '"""" -
* >s.!

-

.h. $'! I .
.

,
- #A < .

r o n 3, .

[m a 9 TYPh..k L 5HEA R FA /uR.E
.

~. _ __ _- ,_ ._. _ _ _ _ _ ._. _ __-



m,,. ,oa m, .wa ,,m ,
- -g -- ---- - -

% O

i

|

|[N5/ON ESY
'

i

|ti i6

"

N

sd _ . - . .e~ - :._ 'ga
.

|.
-

_
: .

,

y, .,
.- - -

$ i 5-

r ea, d t h , %. .j
,

.

- :
s

:

A RA TVS
,

!

- - - . - . . . - . -. . - =.--. .- --. ..-.- -.-.--...-.-.



. . . . . . .. - - _ .. .

' . .o

-- -

s*** '.
; ., g -

y--**

k 1 : g ..
-

M.) t 4
* :.up'.

4 *'i
'

%,,,

3. . y .

._e

k
- - R .{ 4d,,,

b
. ,

u ,, ,.
a ~ '

b n,t |h,s ,a ?ss
+ * .

,,

-

m
_

- ,4 3 i

* L

_

l-e taarMeJ,gm:.s - s.5jq . _y_

mg,M.=y@.[ /#3RMi.pyMsV3Mikent:m; 4
-

t
-- .

&--- -

'' - g
-- d

-

MerM. -h swa =1 -w gapper. :.
~_ nnnn. .q.

.- u. u .. w :- y s .4-

4

,

. .D/- L. .i/ / ~'K.L '~CR A R P.a Ni E h i V~~

.

.

.
.

.

:

w.n. .-;- .

-
- -

__

j . >

'

If56% - .. . M .. w sf #'

d.2.4 .VG%'Q@,@.'-p h6 - [
,f . #

..
- "- t + - % 4-: wM . M s.

~ , - , Y W%~...w3y

%Qgy.. _h . y~ &y*yy_~. ' 4 p %
L'

9 ;
-

- y y'
.-

~ ,,
-

_5., y. e%a g=- *
.- ,. . . 4, , *._

:-. , +%m; 7.x a...:.. . :- - y.Le- .

Yk2 |h&1?h=:n
.

?, T 1
.

. *w '.,N,;'n .
';.- %-

~

v.;}. v.- ,
.

I

~Wne
e- ,

.

Q' .4 1
,

s ,% . 3 9. . ''. .--.an - <+% 4 ..s
..

.-A , . **; -- _ S . /.,y ,Q .t' , e
_,

_

'

3 - - , - _- . .. , - . -- s.
..,o $/ Y G i :/ L w M .M,,, .~s.*'f ., b; / \ : ~ ~M',,, = _~

l

:

i
!

, _ _ , . . , . - , . - _ . . _ . , . . . _ , . _ , .



- ~~
. .. . . - " ' - . . . . _ . .' ^^ ~

- -

-

^^'J.
' '

. . . . . . , _ . ..:

- .

. OMB/NED__ n' EAR AND- ENS /ON
-

56Ym.

i

l

. . - . .-- - - - .
.

. m -~- -- -
.

-
. . . . . -

- , . . ..,
. g. .,.

,I q a

{- -~ . . . ,
"

@@_ M_ E i*

P{T
-

' *
i ~ . i,' . ~;; _v._24'.

"

- C W- .' -

~~
-

- a M .*. . ~ . SI,ll,MME gM :. r--

- :s.n

WWif|.:i-l. *bk:t
.,

!$~Y
e , .u y,p,y'v.+; .g.y d{. 'A,% < i :.:
5. . ,4. %'. :~ .0..m. V t . ' r.e m.n

-1e ,,w..

; .2 .

,z f e.3- .;;.p. t:g.
,

/g(u*., $q.U:j' [pwrtx.7.;w),1).N, !!f.id'''n
1/ .. : e. .tr .. *

. ... h, Y
'

d. L-,

.- c . .v -

'5 '
'

*

c ,
5 '',; ,

--N.ST....Apaanprus

t-
- . _ - . _ . _ , _ _ _ . . _ . . . _ _ _ . _ . _ . . . .._._ _ ____ _ . . _ _ _ _ _ _ _ _ . . _ _ _ . . . . . . . _ _ . _ _ _ _ _ , _



o .1 . . . . , . . . ...s._. . ..,.nn..~.. - .. ,_, . ..

=e -P

|

| t%
4:2!EF'

, man
(~

k/ I
i !.
I n

-
E- |

-. ,

& .. -P< |
'

._g... , ..

h U '.C-'7- . *=ds _. ;v W,. a..F- - <::
_

'2 c .. ,
,

.

'

| [ . .. .
,

-,u
--

., . - .

- -.

3- - N%55sigp+
i s). 7.f..m - ,. ,,.,. m : --- ..,

. ,

- . - ~ ~
O ? * $$.Y'T* * ,

.. ..-
''

j,-

--. /EST PtMARATun
,

1

,

f

"
w. .

..

1 ~~
'% ' --| 5.y ,

f.o . .- .

C r.arydEQ ,. '
a,.: ~ s o . s .. a J

3- ,

is
-

W'~ ..

- : . 3. .,., . ... . . . : - ..-n . ,. .. .

; . .,wr
~ ~ ~ -,,....,_.....,,,;;..,.,..,. 1

-

, ,

-

', . .. : ,.;x . .

'

, , . ,

' ''' ' Q 4 h . |
'

,.

-. . -- ;ev.t1.,1
.

,

'L = 'A
*il.

sNb. **'. ..
. . . . . .a . - . . . .

| Da /.yoicAro;q Annnv&=us7

. . - _ . _ _ . - . . . _ - . - _ . . . - _ - . . - . . .



.. . . _ . . .. . . . _ _ .. .. .. . . . _ .

M 9

4 . V'.a
wi

I -
,

i . .

e *I
'

m..

- - amcumut2EEM*>:
g. o.y.,

.

y- ~_g. ; --
,

- .

y ._ . p m. .. . u r .- g,-
**

| dRx&k.',,-~ . : , ' W.
4a.

s .. p.:.f.2,. y , ~- 3J41@~
'

,

o; .; s. . : v.,~ -.a. .; .
;;g.w& :;

- ,
..

.(. ) , . ,r. .; ::;' . ! : 3 .
-

j..u. c : .; . . --; .--~ , , _

,

< . . . ' <: . _ * |^ . ~ ' '. . ~ ~{ ^ (: ., ' (, %G ' * ,' ' '. -

,.,

. [ j +,_f,% .''.V .; -; :?.' '

<

_

r..,.

a . ... . g. .. . ~pu - -m a w e....r=
.

.

.:.

|.'4.- /NC|| 5PEC: MEN .. If>S E. PRICR 70
FA/! URE

:
r..
>

K

;

.n
,~;.
t. /*

.:,.

; ,,
,

..
'; g. .

, '* .i* 1
g'

,'
~

.

J.
-

, .. t : ..gg
.

- -

;.

, . .

*t A
.-&y' .. ?' Q - g

'::5 2 >%$ " ... .e:: .. n .r W-

g;y;...n 9. ? .7 %m 'f C ! Q W..., ,.,.,

.
-

%
.. .

... . . . .; %., ,, , , , :. . ,. .

; '- . ,,
1 . ,

iVz-INCil SPEe /iviEN A7 f,4/ Lune

-- _ _ _ _ _ _ - _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ __- _ __ __ _ _ __ __



_ _ _ _,_ _ _ _ . . . _ _ . . _ . _ _ _ _ _ _ . __ _ . . _- _ . _ . _ . _ - . _ . . . . _ . . .._ _ m _ . __
-

.

W W
|

.

- * -

,
.I.

. . .

$k yg .
.

- n, y -40 . . n ' ; > . . , g. ...

.v>
4 s , *3,,

,
=

, .

og'. .p
- 4 *,st, .

.

. . . . . .. ,..y'

- wm'; .,g w ..t e. d. .c- L;- , -

.

- , ;-
..t' e+- c

, ., ..-g->'p.,,,,..+,. (*L.
. ,

, -

; ,,.4=, .,a- upp -
4 ,. g .,; - m r .,g , p . ; -- e 4

' 3
*

m:\ %'' '.* ,. ,. 4; :. ^' n y 4 4 .- ,. ,._Qx

M #. , .'y h*% .j, *$j+.g[_ ' , . ,
.4.h~ ~~

f .i , i"k ' ,, [- '

9o=-- _ -? . .r

, ..$,i . "a ' .\,.-

' '

f <.,,,'x $i
. ,

. ,$r j,.. ."qe li,.
.

i ,c , . $.~ '* } w . d.
g

f.
'

u c. .
. .e s''

.

.
.,

.':|$..g., ? h > % (.Qi,-fy).-
% r ""

.,-4,
-

( ,

-

,a _ ., ,, mRt g ', '.y r > . ,; : .- . ::, y
'

)',-Q, 'E*'.'- ,A ',';.. -4"" | ,. I- ff**
.

f * '-8'' |

f - _ _ -*--a.-.m= g.- p-y

- [['g! - -

' ' ~ ~ . . - 5
'

'-

$ m', p. Qe. * J' Q_~ L d'f. h -pbJ a.
.- .

.

. e. . < s enn wq.=__. fe.m g,. ,: ec'.4 - ., ' y -y#*:.n 1,,c-,~

| S, < * A|* NW ,
__

- g

A -* #'
,,

'' 5 O .'N -

|e' z$ ?-:, * 7.y jp ,'. g
,

-ma -b. w e
m ..- ._.

j p . _ .

T > A' '. I.-%.,, .--. , " ., p, 7'j w , . . ., ;|

. 7.% . j , .-

. . .
*

p.s - ,
|=. . . , ,

m . , . . T.y , . W., . - .:- '

;.< . - .

x . . . ..
,

- *.t-****
1

-- ' h. ' ' '''_* 4L
~ ',.,r' .N , ,

'

,

.. . - . . . . . ~ . ; ,. . , ,. .u:
. .

, -
_

- .. t- .. ,.=. .. .
,

t- .
i .

* I

* * |e
e *

.!b //KN' FA/L ED SPEC /|vfEN

.:--- . : . r. ... . :a . . .3...- . .g
- *..

. .

,. .' -

, ,,
4 '* *M _} % ^

. ; .. . . . - - . .-
,

-
. . . . . .. . . .. ,,-

4

.. . -., . .
-

*
.

J. r.
t

g
e

I .

# %

> - -- .
,,,

.

t.c e D.' ~ )] ti si t it o . 3 ei t; tr - r .
*

,' .

~

.n. . . . . , ;.... ..~ ,. -

.y.. .. . , ,
p g

-
- . e e :- . . -

.-. * * '
. .e.

i

* . s - |,

%-# " W.:...
.

m.. . ' . . . .<
... ., .* .c..e v. , . , . .- .-.- -

..%., .ys ..
.- . ..W"-. ,

'

* [. ,'. .
** .b*** ,

, p o.* -.- p , ,*-s MI . ~'i 'I p'.es - ' * * * e** , be#
, , ,.

.$ r. 2
* * * e. .

_ . .. N -. ,,
- ... ... .~ . ,. .# *

, ,. ,
.

.af *.,7 7 h'' sehe
, *

,e. .

j . g. e . g .- g. ' 'W.***
| * * t. *
l se am *
-

..
2. u s . 2 s

e*, .

.2s.s. . k , ..... ,~.. ;. &
.

* ...

TYP/CR FA / LURE

-- -- _. ._



., .. -. --

ATTACHMENT C

~

COMBINED SHEAR AND TENSION TEST SIP 414ARY-

a p

T 1 ;

fu 5 .

| Legend * lh YUG
O | / 0S|3*

g-.

& **
**-

.

' O.$ -4-

~

Wh %T 5
(Yo /a / pv.

.

m

Q e , , , , , , _ .na ad .
De $ | .0 * ' gg

.

O

t

-- _ . . . - _ - . _ ,



. - - _. - - -

.

ATTACHMENT D

ORIGINAL DESIGN APPROACH AND COMPARISON
WITH MEMORANDUM AND ORDER

1

When a Richmond insert assembly (tube steel, washers, bolt j

and insert) is subjected to a torsion in the tube steel, T, the
,

additional tension P resulting in the bolt is computed (original

design) as follows assuming that the bolt is originally tensioned

to a value' equal to Q Equilibrium equations (for symbols refer to

Figure D-1)

1 F = c> a - P-C

The force Q can also be written as f, Ab where f, is the stress
in the bolt and A the bolt effective cross sectional area.b

Similarly the force C which acts at the distance of d fr m the
3

neutral axis can be written as 3'Fc b where fc is the average;

..Ar T
compressive stress of the concrete'(for a triangular

'

distribution), b is the width of the washer and 3/2 d 8 *
3

i

distance.from the neutral axis to the edge of the washer (d s
3

the distance between the neutral axis and the centroid of the
;

triangle which is at 2/3 of its base). Thus

h*Ikf7fcbd III '4 3s

**h'f:%Fehcl,(f.cif (z)NO D

.. .-. . . - . . . -
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~The third equation employed is strain compatibility between the

concrete and the bolt (note that this assumes that the
distribution of stresses in the concrete is uniform and equal to

that shown at all locations'scross the washer plate

5 Es Is | C <. f.5 |Gs _-- .
_ __

3|2 C 3 b/g- },02 ' 5 kj, -% dy
~

/g d, :

Where E and E, are the concrete and steel (bolt) moduli of
ela sticity. This leads, using n = E,/E DUc

En c, fg (3)
_

3/ cI b/z - % d2
*

2 3

If one then replaces 3 d3 (the distance from the neutral axis to
2i

the edge of the washer) with X, and substitutes (1) and (2) into

(3), the following equation is obtained.

+ bT y*- 7 n T)J )( 4 h T I' b " O (4'-

b3
.

Equation (4) is a cubic equation in X, which when solved yields

the value of X and hence the location of the neutral axis. Once

that value is known, the solution for the additional tension in

the bolt can be solved from equation (1) recalling that X=3 d *
37

|

|- For the particular instance in which the bolt is subject to no

preset tension, but the tube steel is' subject to torsion, i.e.
~

Q=0,. equation-(4) reduces to

)('t M 4 y - hk (5)
le

i

. . - , - .. , _ _ . .- . . - - - . _ . - , - - .
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|
|

which can be solved for X, and yields

x= As Q(-l 2 } I +Q ' h
''

only one of the roots of equation (6) is appropriate. The

solutions for X were tabulated by NPSI in their design methods

and the tables were employed to compute the resulting bolt

tension. For instance for E,/E ..= 8 and a 4 x 4 tube steel (b=4)
with a bolt having an effective area of 0.606 in (1-inch bolt)

one would obtain

y - ),301 ( oy -3. TM) t he kes

This means that the neutral axis is shifted from the bolt

centerline 0.699 inches in the direction of the applied torsion.

Another interesting fact about equation (6) is that the

location of the neutral axis is independent of the applied

torsion. If there had been continuity between the bolt, the

washer and the concrete (as for instance in an embedded plate
-

with welding between the washer and the plate) the condition that

the neutral axis is purely dependent on the moduli of elasticity

of steel and concrete would probably be satisfied. In

retrospect, after the Board's Order, it was this result that led

us to suspect the validity of the strain compatibility equation

and the development of the finite element model solution.
|

The difference brought about by the finite element analysis

is best explained by the following: in the original design

calculation, the computation of the tension in the bolt by



-, .

-4-

equation (1) is entirely equivalent to taking a lever arm from )

the center of the bolt to the centroid of the triangular

compressive stress distribution in the concrete. This can be

verified by noting that with the assumptions made in equation

(1), (2) and (3), that centroid occurs at a distance (b - x) = d 2
2 3

From equation (2) and equation (1) we can write 3/y It. bc/; " Es M # Ib

s a T= (Fs As- P.)(Q ~& ) Bat x - W do, t ks T~ (fs A +P.)cirs

Hence for the case in which Q = fs g = 0 we have T = Pd2
This is what Applicant had used. What the finite element

analysis indicated is that the correct formula should be T = Pd ,4

where d is the distance from the bolt to the point of tangency
4

between the tube steel and the washer.

-
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ATTACHMENT E-2
RICHMOND INSERT - TUBE STEEL ASSEMBLY

FINITE ELEMENT ANALYSIS

A. Analysis of Richmond Insert Assembly
Ts 4 x 4 x 3/8 Tube with 1- 1/2" Dia. Bolt - Radius = 2t
Eccentricity = 0"

INTRODUCTION
L

Ts 4 x 4 x 3/8 with 1 1/2" Dia. Bolt is used for the analysis,

! because, except for a few 1/2" thick tubes' Ts 4 x 4 x 3/8
represents the worst condition with respect to torsion.i

A Richmond insert 1 assembly was modeled with a 1 1/2" dia..

Bolt at the center line of assembly as shown in Figure E-2.,

: The purpose of this model is to study the behavior of the
1 assembly and also concrete reactions for various loading

conditions.,

The analysis is performed using 'STARDYNE' computer program.

FINITE ELEMENT MODEL

: A finite element model consisting of a Ts 4 x 4 x 3/8 tube
with two inserts is used. .The spacing between the two,

inserts is taken to be 20" and the tube is modeled with an
outer. radius of 2t (= 3/4"). -

: Advantage is taken of the symmetric nature of the geometry
; and loading. Therefore, only half of the complete geometry
[ is used. However, proper boundary conditions are enforced in

the plane of.the symmetry. The tube and the two 1" washer
plates are modeled using either triangular or quadrilateral
plate. elements. The model'is shown in Figure E-1, (a)
through (f). The concrete reactions are obtained from the;

[- ' SPRING' ' subprogram of 'STARDYNE' which uses non-linear
springs. inue spring constant for concrete is calculated

; based on the theory of elastic half space. These ground
l springs are tied to the '3G00' series nodes and are shown on
i- E-1~(d). This drawing also shows the rigid beams that <'

connect from the center line of the~ top washer plate to the
surface of the tube steel given by.'1000' series beams and
from the center line of the top washer to the concrete
surface by '2000' series beams. Rigid beams numbering B-1 to4

B-99 extend from the center line of top of tube' and are shown
on E-1 (c). The top, bottom and sides of the tube are
modeled with triangular or quadrilateral plate elements and

i are shown on E-1 (a) and E-1 (b). The bolt is modeled by"
using beam' elements. But in practice the bolt will behave

o
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Idifferently because of its very small span to depth ratio. '

This is discussed in Attachment E-3. The interface between
the top of tube and top washer plate is modeled in such a way
that only compression is transferred. If any rigid beam in
this interface is found to carry tension, they are softened
and removed so as not to transfer any tensile load. This isan itterative process and is used to obtain the final
solution. The three loads (1) Pure torsion (2) Shear at
conter line of tube along 'Z' axis and (3) Shear ('Z' axis)and torsional moment are applied at the center of span (=20")
shown as center line section on E-1 (c).
RESULTS AND DISCUSSION

The results of the three cases namely ~
,

(1) Pure torsion
(2) Shear at center line of tube, and

I (3) Shear and torsional moment at center of tube
!

; are detailed in Figure E-2 pages (a) through (e).
PURE TORSION (Load 1)

.

i A torsional moment of 4000 in. lbs. is applied at center of'

20" span through nodes 544, 555, 560 & 564 shown in center
{ line Section on E-1 (c).

Two conditions are analyzed:

(a) There is a clearance between the bolt and tube'

(b) There is no clearance between the bolt and tube (i.e.
bolt bearing against the tube). '

; The results are compared with case (c) which is the valuei
obtained by using three design equations of Attachment D and
are shown on Figure E-2 (a).

ANALYSIS OF THREE CASES ..

,

LOAD 1
Case (A)- (Bolt with clearance)

The applied torsional moment is resisted by a couple produced
by compression in the concrete and tension in the bolt. Thearm of the resisting couple being the distance between the
center line of the bolt and the tangent point of the round

, corner. With a radius of-2 x thickness, arm = 2 - 2x.375 = '
'

1.25".

The' transfer of forces between the tube and top washer plate
takes place along a'line corresponding to the1 tangent point

'

,

^E'

'

.. . - __ _ . _ . - - ._ _ _ _ _ _ _ __
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of the interface. These forces are plotted in Section D-D,
on E-2 (c). Except for the extreme two spikes the contact
forces are relatively uniform.

The concrete reaction forces are shown in Section (1)-(l),,

(5)-(5) and (9)-(9) on E-2 (b). Maximum forces being at the
edge and reducing.toward the center.

LOAD 1
Case (B) (Bolt bearing against the tube - no clearance)

The applied torsional moment is resisted by the combination
of a bolt tension / concrete compression couple and a moment in

i the bolt. The arm for the couple is same as 'in Case (A).
| The transfer of forces between the tube and topewasher plate,

top washer plate and concrete is similar to Case'(A). This
condition is an-extreme case and provides an upper bound
value for the moment in the bolt. Normally the bolt would
' not contact the tube steel because the lateral displacement

| of the tube steel at node 261 shown on E-1 (b) is only
0.0035" whereas there is a nominal all around gap of 1/16".
LOAD 1
Case (C)

The axial value shown is obtained by the use of three design
equations. The value obtained from the finite element analy-
sis'(Case A) is 18.3% higher than the value for Case C.

Shear at Center of Tube (Load 2)
i A shear load of 10009 is applied along 'Z' global axia at

nodes 546 and 561 shown in center line section on E-1 (c).Because of the applied shearing force, the clearance between
the bolt and the tube is assumed to have closed.

Applied shear causes'a turning moment which is resisted by
the' combination of the couple produced by compression of
concrete and pull in bolt and by the moment in the bolt
itself. . These results are shown in Case (a) of E-2 (d) .
A comparison with the current design method of analysis is
shown in case (b). In the current design method, an equiva-

- lent pull based on the three design equations and calculated
- from torsional moment of 1500 lb. in. caused by the lateral

! force would be used. The 1500 in-lb torsional moment is!- caused by the shear force |of'500 lb acting 3 in above the
concrete on each' bolt.

1

!-

t

L_
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Transfer of forces between the tube and top washer plato, top
t washer plate and concrete is similar in nature to Load (1) as

shown in E-2 (b) & E-2 (c).,

I'
Shear and Torsional Moment at Center of Tube (Load 3)

A' shear force of 10006 is applied at center of 20 in. span
through node 566 shown in center line section on E-1 (c).
The node 566 is 2" off the face of Ts 4 x 4 x 3/8 tube. This

; case is basically a combination of Load 1 & 2. The torsional
moment caused by the lateral load is resisted by the combina-4

tion of the couple and the moment in,the bolt similar to Load
2. Transfer of forces between the< tube and the top washer
plate, the top washer plate and the concrete is similar in
nature to Load 1. These results are shown in E-2 (e) Case

, -(A).

A- comparison with the current design method of analysis are
[ shown on Case (B). In the current design method an equiva- '

lent pull based on three design equations and calculated from
a torsional moment of 3500 lb. in is used.,

t

j B.- Analysis of Richmond Insert Assembly
'

Ts 4 x 4 x 3/8 Tube with 1 1/2" dia. Bolt Radius = 2t
Eccentricity = 3/4"'

The finite element model and its method of analysis is the'

same as in part (A) except that model is modified to move the
| bolt hole to an eccentricity of 3/4".
1

j Load points and the three load cases are same as in Part (A).
; 3/4" eccentricity is used to understand the behavior of the ,

-

! assembly and to determine the limiting value of eccentricity.
Results and Discussions

1

: For all three cases of loading, all the applied loads are
L resisted by the bolt itself. The resisting couple provided

by-the compression in concrete and tension in bolt, which is-
evident in'non-eccentric condition has disappeared due to the
very'small lever arm. The applied torsional moment is trans-
ferred by. shear couple produced by. lateral forces due to
rotation of tube against the bolt. <

1-

L

4

4
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Ts 4 x 4 x 3/8 with li" Dia. Bolt (e = 0")
.

Figure E-2
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| Ts 4 x 4 x 3/8 Tube with |}" Dia. Bolt
.

'

e = 0"

E - 2 (a)
4

i

Bo LT RrAcTrow- (rh." p)

(fuRETessce)r GE brat. McuarT Str%LOAD 1
[ t-G) (L6 iN) d- 2d

@ l600 O O'

,,

4,0 \
> .

:
s

b 984 767 O;

b mtv
MT * 40C0,

,

.

@ less o . e
.

.

-. . _ . . . - - . - . . . ..- . - -

* Ratio of @ to h is 1.18. The 18% increase is less
than what would have been obtained by ratioing the lever
arm from bolt centerline to the taagent line to the old
lever arm used (neutral axis to center of triangular
distribution) which is 25%.

.
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Ts 4 x 4 x 3/8 TUBE WITH 11" dia. BOLT
e = 0"

*

E-2 (b)

CONCRETE REACTION (Case A) Load |

These values are obtained from the finite element analysis for ground
spring nodes shown on E-l (d). Reactions for two boundary sections
(I)-(l) and (9)-(9) and the center line section (5)-(5) are plotted to
show the trend of compressive forces. The values shown are not to
scale. These sections (1)-(l), (5)-(5) and (9)-(9) are shown in E-l

(a) s E-l (e).

-

40 ' s

kr(%, e 0 .( %y&pQ *m,e -*,,

(WOES) .4N 3rts 32s3 3m 5573 3g4g
s,s.cw e-c seew D.$ sscw6-@

.

.

NOT TO SCALE
Only Two End Nodes Are Shown For All Sections

,

Due to three dimensional nature of the problem, the concrete reaction
forces goes around the bolt.

|
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Ts 4 x 4 x 3/8 With 11" dia. Bolt
e = 0"

-

E-2 (C)

Force Transfer Between Top of Tube and Top Washer Plate
Case (A) Load I

' ' These values are obtained from the beams connecting the tube to top
washer plate interface. Only compressive forces are transferred
through these beams. These beams are shown in E-l (d) and the
nodes are shown in E-1 (c). The values shown are not to scale.
Beams |160 to 1340 exists in Section D-D between beam 1130 & 1370.
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The spikes shown at the ends are from the fact that concrete ,
reactions are not uniform and are higher near the end section as
shown in (1)-(l), (5)-(5) and (9)-(9) shown in E-2 (b).-

The finite element analysis shows that only the beams (1130 to 1370)
j along the tangent line carry the compressive forces.
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' Ts 4 x 4 x 3/8 Tube with li" Dia. Bolt ;

,

e = 0"

E - 2 (d)
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* Moment in bolt is set up by a shear couple with approx-
imately 85 percent of the shear going to the upper tube

! steel face and 15 percent going tothe lower tube steel
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Ts 4 x 4 x 3/8 with li" Dia. Bolt
.

e = 0"

E - 2 (e)
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ATTACHMENT E-3 1

FINITE ELEMENT ANALYSIS OF BOLT (11" DIA.) FOR |
'

Ts 4 x 4 x 3/8 TUSE U5ING SOLID ELEMENT 5

!

| INTRODUCTION

A Richmond insert essembly has been analyzed using a finite element model
whose analysis and results are provided in Attachment E. The purpose of'

the model was to determine the behavior of the assembly for various
,

loading conditions. The 11" diameter bolt is modeled as a beam element,-

i The finite element result for all three load cases in Attachment E,(1) Pure !

! torsion but bolt leaning against the tube,(2) Shear at center of tube and I
(3) Shear and torsional moment at center of tube, show some moment being
resisted by the bolt.

Because of small span to depth ratio the behavior of the bolt will differ
; from the condition where simple theory of flexure for a cantilever beam can
; be readily- applied to determine bending stresses, in order to determine

the magnitude of stresses caused by lateral loading of the bolt, a finite
; element analysis of the 11" dia, bolt is performed using solid elements via.

.
STARDYNE program.

FINITE ELEMENT MODEL
,

The belt length between the center of (tube) bottom flange and face of
: concrete is divided into seven slabs of varying thickness and shown in
; E-3 (a) through (1). The last slab near the concrete face is i" thick and
. shown on E-3 (h) & (1).
: i

| The base of the bolt is connected to the insert through springs with came '

spring constant used in the Attachment 'E' model le Ts 4 x 4 x 3/8 with i

11" dia, bolt and zero eccentricity.. A typical connection at base is shown :>

on E-3 (1).
r

.

A 1000# lateral load is applied along global 'Z' (X,) direction through
nodes 24, 25 & 26 shown in E-3 b) to represent 16ad from bottom

3 flange.

RESULTS s ' DISCUSSIONS ;
~

i . 1
'

Applied Moment = 1000 x 4.8125
= 4812.5 lb. in.

.

.
.

1

1

.
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.

Using simple bending theory

mentBending stress =

Section Modulus
For 11" O Bolt based on gross area

l.7671In.2Area =

I.5 inchDiameter =

0.098175 x (1.5)3Section . Modulus =

0.331 in.3=

4812. 5Bending stress =

I4539 p.s.i.=
0.331s

Based on finite element results the average stress acrcss the furthest node
(311) shown on E-3 (1) is about 10,836 p.s.I. This stress value is obtained
by averagi.ng the results. of the elements (287), (297), (307) & (317).

Comparing the results it can be seen that stress obtained from finite -

element analysis is much less than that obtained from simple flexure
theory. Hence it can be concluded that simple flexural behavior is not the
case in this bolt and MC alone, without modification should not be used to

I

calculate bending stress. Actually the 14524 p.s.l. stress calculated would
be higher if it was calculated on the basis of finite element model area
which is 1.687 in, 2 and not 1.7671 in.' as used for comparison.

!
.
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FINITE ELEMENT ANALYSIS FOR l}" DI A. BOLT

For Ts 4 x 4 x 3/8 Tube Using Solid Elements
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FINITE ELEMENT ANALYSIS OF 11" DIA. BOLT
4
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FINITE ELEMENT ANALYSIS OF 11" DIA. BOLT
*
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IFINITE ELEMENT ANALYSIS OF l}" DIA. BOLT
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FINITE ELEMENT ANALYSIS OF 11" DIA. BOLT
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FINITE ELEMENT ANALYSIS OF lt" DI A. BOLT
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FINITE ELEMENT ANALYSIS OF lt" DIA. BOLT
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FINITE ELEMENT ANALYSIS OF 11" DIA. BOLT

E - e (h)

.-.

'
til

27 271

@@ @@e @. .

a
'

%9 27 3g g2so.

y e, e eg
.

@ O '@o @,
255 t '*-246

@ e G. @.

@wg @ @,

@ @ @ + @m u,as , - .

zug g
-

@@ @@
. 2% %4

2GT
*

-

_

,

9

t 9 M

PLANE b 4 5425
:-

[

'

o

_____ - . _ . . . _ , . . _ - . _ . , .~. . ~ ,-



.- . o .--
-- -

a

b

FINITE ELEMENT ANALYSIS OF lta DI A. BOLT
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1. Test Description

The following tests were performed on four Richmond

Inserts / Tube Steel connections:

o Shear load applied to 6"x6"x1/2" Tube Steel with bolt

hole on TS centerline - Test No. 1

o Shear load applied to 4"x4"x3/8" Tube Steel with bolt
~

hole offset 3/4" from the TS centerline - Test No. 2
Torsional load applied to 4"x4"x3/8" Tube Steel witho

,.

bolt hole on TS centerline - Test No. 3

o Torsional load applied to 4"x4"x3/8" Tube Steel with
L

[ bolt ho!e offset 3/4" from TS certerline --Test No. 4
I
! Figure'l shows photographs of the test set up and the final

configurations of the assemblies after the test. Attachments

F-1, F-2, F-3, and F-4 provide results for the four tests.

2. Summary of Results

Table F-1 presents a comparison of the test results with the
.

following 4~ Insert Design Methods. Columns A through D refer to

. each of-the methods listed below:

, Method A.- This method assumes the torsion is resisted by a
!

couple whose moment arm is 2/3 the half width of
'

the washer plate.

j ' Method B. This method assumes the torsion is resisted by a

|.. couple whose moment arm is that predicted by '

| strain compatibility as described earlier in |

|
! Attachment D. ;

. . .- -. . .
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Method C. This method asst.mes the torsion is resisted by a

couple whose moment arm is the distance from the

bolt centerline to the point of tangency between

the tube steel and the washer plate.

Method D. This method assumes the torsion is resisted

partially as described in Method C above, and

. partially by bending of the bolt. This is the

method utilized in generating the interaction

ratios shown in Table F of this Affidavit.

Table F-1 also contains the Design Loads based on the insert and

bolt capacities for the four methods and a factor of safety for

these Design Loads based on the test results. The table also

provides the tube steel deflection for the various loads.

. . .

3. . Conclusions From Test.Results

The test results indicated that little or no deformation of
the tube steel occurs at loads corresponding to the design loads.

.

The tests also indicate that the initial design methods have a

factor 'of safety in excess of 3. They further indicate that the

point of. tangency-methods has a factor of safety in excess of 4

when bolt-bending is neglected and a factor of safety in excess

of 12 when bolt bending stress is considered by calculating it
1

using MC/I where M is the bending moment, C the bolt. diameter and

I the bolt moment of= inertia. 'The test results indicate that the
failure mechanism is by shear-type deformation for the.6x6 TS

.- -
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shear test-(Case 1) and by bolt bending for the 4x4 TS with 3/4"
,

eccentricity (Case 2 and 4) and Case 3 (4x4 TS with 0

eccentricity loaded in torsion).

' Cases 2, 3 and 4 were designed to be analogous to the finite

element analysis discussed previously in Attachment E so that

they could be used to validate the following conclusions reached

from the analysis.

The finite element analysis predicts that for the 4x4 TS

with high eccentricity loaded either in shear or torsion, the

bolt bending governs the design. The test verified that this is

the failure mechanism, however, the failure load predicted by the

test is considerably higher than that predicted by the finite

element analysis. The analysis predicts that failure of an

elastic-perfectly plastic round section loaded in bending is 2

1/4 times the load which produces a bending stress of .75 Fy (Fy
is the yield strength). This load is defined as the Design Load.

The test results indicate that the actual load for the bolt is
. -

12.5 to 12.8, or about 5 times higher than the Design Load. This

discrepancy is due in part to the conservatism involved in using '

MC/I to calculate the bending stress in the bolt. This

conservatism is determined by comparison with the results of the

bolt finite element analysis. It is due in part to the

assumption of elastic. perfectly plastic behavior of the bolt

material, which in reality strain hardens, and it is also due in
|

,part:to the assumption that all the torsional moment is carried

by the; bolt in bending. Although this is what the finite element

. . - - .

j



. . _ _ . _ _ _ .. _ - ._ ._ .. _ -~

= '
, .

|

i

i

-4-

analysis predicts, some of the torsional moment is taken by a

bolt tension / concrete compression couple, particularly at the

higher' loadings where the deformation of the tube steel provides

a compressive area that establishes the couple. Since the finite-

4 element analysis is purely elastic, once some local yielding

occurs, the analysis would not predict the redistribution of the

torsional moment to the tension / compression couple that would

result in higher load capacities. The discrepancy is also due in

part to the fact that the finite element analysis, in predicting,

ij the bolt moment due to shear, does not account for redistribution
i

of the shear between the upper and lower tube steel as

deformation occurs. In addition, the discrepancy is due in part

to the fact that-friction is-not included in the analysis. In
-

| summation, al1~of the above factors show why the test results

verify.that-the calculation of the design capacity using a method
based on the finite element analyais is very conservative.

j The other two. test cases also demonstrate that the

calculation of the design load based on finite element analysis
~

is also very' conservative regardless of tube steel size and
;

eccentricity for the same reasons as stated above.

- When the test results are compared to either of the initial

: design methods (A or B),'the test shows that the design load I

capacities of these methods have reasonable factors of safety
I

and,-therefore, there is no safety concern with the initial

. design methods.

9
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-In addition, comparison of the test results with method C

which neglects bending of the bolt, shows that there is no

concern if bending of the bolt is ignored.

In summary, the test results demonstrate that the original

design methods used for the design of the connections were
.,

adequate and that the design method based on the finite element
~

analysis-is very conservative. c-

I

I

|

l
|

|

.
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TABLE F-1

TEST ETHOD A ETH00 B ETH00 C ETHOD D
ULTIMATE- STIMIN POINT OF TANGENCY POINT OF TANGENCY

CASE- C/PACITY 2/3x1/2 WIDTH COW ATIBILITY W/0 BOLT BENDING W/ BOLT BEIOlNG

6m6xt/2 46.37 11.00 12.04 11.00 2.45 Max. Design Capacity
. 1. 0 Offset

,

FS = Test Ultimate Capacity t'

Shear 4.2 3.8 4.2 18.9 Design Capacity
Tube steel deflection at design

.09 .10 .09 .01 capacity based on test curve.

4x4x3/8 23.85 7.14 NA* 4.53 1.91 Max. Design Capacity
~ 2. 3/4 Offset FS = Test Ultimate Capact ty *

Shear 3.3 - 5.2 12.5 Design Capecify
,

Tube Steel deflection at design
.07 - .02 .01 capacity based on test curve

4x4x3/8 25.17 5.124 5.62 4.829 1.38 Max. Design Capacity
3. O Offset FS = Test Ultimate Capac1ty +

Torsion 4.9 4.4 5.2 18.2 Design Capacity
Tube steel deflection at design

.07 .07 .07 < .01 capacity based on test curve

4x4x3/8 10.6 3.28 NA* 1.99 .824 Max. Design Capacity
4. 3/4 Offset FS = Test Ultimate Capacity *

5.32 12.8 Design CapacityTorsion 3.23 -

Tube steel deflection at design

.02 - .07 < .01 capacity based on test curve

Loads are in klps, Deflections are in inches

'The strain compatibility method was used only for eccentricities 4 3/8"

<

..

_____._____.___________m- _ _ _ _ _ _ _ _ _ _ * _ __
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ATDGMENT G

RAY PETER DEUBLER
PROJECT MANAGER - NPS INDUSTRIES

EDUCATION

B.S.,-Mechanical Engineering, Cornell University, 1969.
M.E., Mechanical Engineering, Cornell University, 1970.

4 ' EXPERIENCE
1

Mr. Deubler has 14 years of experience in the area of
Mechanical Engineering. Mr. Deubler is currently Project Manager - -

for NSPI.for the Comanche Peak Project. As such he is
responsible for all NPSI Design and Fabrication activities for '

this project.

Previously Mr. Deubler was Director of Engineering at NPSI
and as such he supervised the engineering, development and
qualification of standard pipe support components, field service
activities, and the design and fabrication of supports including
their conformance to ASME Section III.

Earlier at NPSI, Mr. Deubler supervised the design and
fabrication of piping supports for various projects in both the
nuclear and fossil industries. His responsibilities included the'

overall supervision and management of the design, fabrication,
and detailed engineering work on all phases of the design,
fabrication and quality assurance aspects of component supports.

Mr. Deubler was.an Instrumentation Engineer at Gibbs and
Hill. Principal work was performed in control valves,
instrumentation, control systems,.and components for power
plants. Other. work included the selection, specification, and
procurement of components as well as the designing of

, instrumentation and control loops for fluid systems.
?

.

At the American Electric Power Service Corporation,
Mr. Deubler was Mechanical Engineer in charge of specifying,
selecting,,and purchasing piping equipment for major power plant,

' projects! including valves, piping, supports, and miscellaneous
piping systems components. He alco designed plant fluid systems.

-Other experience--includes design work in the areas of
plumbing and HVAC for Buchart and Horn.

. PROFESSIONAL

Professional Engineer, New York.
,

E Member of?ASME'and AWS.
Member of' working group on component supports of Subcommittee III

of the ASME Boiler and Pressure Vessel-Committee.
= Member: ofL Committee 8C3 -1 Pipe Hangers and Supports of-

Manufacturers Standardization Society of the Valve and ',

Fitting Industry.(MSS).

,
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TABLE 1 1 of 54

PART A

SUPIORT 'IUBE STEEL FnPRNTRICITY BOLT SIZE INSERT BOLT
MARK NO. SIZE INTERACPION INTERACPION

AF-1-006-010-S33R 8 x 4 x 3/8" 1 3/4" 1" .51 2.45 FE
OC-1-008-013-S33K 8 x 4 x 1/2" 7/16" 1" 1.53 4.32 FE
OC-1-197-005-C52R 4 x 4 x 3/8" 0 1 1/2" .21 .924
OC-1-197-014-C42R 4 x 4 x 3/8" 0 11/2" .196 .3786
CE-1-197-019-C52R 4 x 4 x 3/8" 1/8 11/2" .32 .53
OC-1-197-020-C52R 4 x 4 x 3/8" 0 11/2" .143 .309
OC-1-197-034-C52R 4 x 4 x 3/8" 1/16 11/2" .19 .89
OC-1-204-003-C52R 4 x 4 x 3/8" 0 11/2" .239 .673
OC-1-205-016-C53R 4 x 4 x 3/8" 0 11/2" .059 .779
OC-1-206-001-C53R 4 x 4 x 3/8" 0 11/2" .259 .779
OC-1-207-014-C53R 4 x 4 x 3/8" 0 1 1/2" .029 .171
OC-1-207-021-C53R 4 x 4 x 3/8" 0 11/2" .102 .031
OC-1-212-001-C53R 4 x 4 x 3/8" 5/8 1 1/2" .12 .70
OC-1-215-032-C53R 4 x 4 x 3/8" 0 11/2" .07 .30
OC-1-215-033-C53R 4 x 4 x 3/8" 0 1 1/2" .03 .17
OC-1-217-003-C53K 4 x 4 x 3/8" 0 1 1/2" .21 .43
OC-1-217-012-C53 S 4 x 4 x 3/8" 3/8" l 1/2" .10 .995
OC-1-218-009-C53K 4 x 4 x 3/8" 0 1 1/2" .15 .33
CC-1-218-010-C53K 4 x 4 x 3/8" 0 1 1/2" .011 .07
(r-1-218-012-C53K 4 x 4 x 3/8" 1/8" 1 1/2" .75 .14
OC-1-218-013-C53K 4 x 4 x 3/8" 0 11/2" .223 1.74
OC-1-218-014-C53K 4 x 4 x 3/8" 0 1 1/2" .04 .38
OC-1-226-004-C53R 4 x 4 x 3/8" 0 11/2" .31 .61
CC-1-226-005-C53R 4 x 4 x 3/8" 0 1 1/2" .13 .42
OC-1-227-003-C53R 4 x 4 x 3/8" 0 11/2" .26 .56
OC-1-231-002-C53R 4 x 4 x 3/8" 0 1 1/2" .015 .06
OC-1-233-001-C53R 4 x 4 x 3/8" 3/4" 1 1/2" .084 .7
OC-1-233-004-C53R 4 x 4 x 3/8" 0 11/2" .073 .27
OC-1-234-016-C53R 4 x 4 x 3/8" 0 1 1/2" .18 .44
OC-1-237-001-C53R OC-1-235-001-C53R 0 11/2" .06 .41
OC-1-237-004-C53R OC-1-233-001-C53R - - - -

OC-1-239-005-C53R 4 x 4 x 3/8" | 1/4 11/2" .03 .30
OC-1-239-008-C53R OC-1-233-001-C53R - - - -

FE - Requires further evaluation.
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TABLE 1 2 of'5
PART A.

SUPPORP 'IUBE SIEEL m NIRICITY BOLT SIZE INSERT BOLT
MARK NO. SIZE INTERACTION INPERACPION

OC-1-242-002-C53R 4 x 4 x 3/8" 3/8" 11/2" .03 .32
OC-1-242-003-C53R 4 x 4 x 3/8" 1/2" 1 1/2 .02 .32
CC-1-245-010-C53R 4 x 4 x 3/8" 0 1 1/2 .03 .38
OC-1-245-018-C53R 4 x 4 x 3/8" 0 1 1/2 .009 .16
OC-1-249-003-C53R 4 x 4 x 3/8" 0 1 1/2 .26 .35
CC-1-249-700-C53R 3 x 6 x 5/16" 0 1 1/2" .12 .48
OC-1-255-007-C53R 6 x 6 x 3/8" 3/8 1 1/2" .37 1.17
OC-1-271-008-C53R 4 x 4 x 3/8" 0 1 1/2" .26 .81
OC-1-272-008-C53K 4 x 4 x 3/8" 0 11/2" .024 .176
OC-2-040-401-A33K 4 x 4 x 3/8" 1/16 1" .27 .52
CC-2-040-405-E33R 6 x 4 x 1/2" G 1" .54 1.72
OC-2-048-402-A33R 6 x 6 x 1/2" 0 1" .52 .70
OC-2-048-403-A33R 6 x 6 x 1/2" 0 1" .08 .52
OC-2-048-408-A33K 6 x 6 x 3/8" 0 1" .29 1.17
OC-2-105-406-E23 P 6 x 6 x 3/8" 0 1" .06 .43
OC-2-107-403-E23 S 4 x 6 x 3/8" 0 1" .23 .52
CS-1-001-003-C42 K 4 x 4 x 3/8" 0 1 1/2" .008 .058
CS-1-001-Oll-C42R 4 x 4 x 3/8" 0 1 1/2" .16 .44
CS-1-001-012-C42R 4 x 4 x 3/8" 0 11/2" .36 .61
G-1-001-024-C42 K 4 x 4 x 3/8" a 11/2" .15 .45
CS-1-001-027-C42K 4 x 4 x 3/8" 0 1 1/2" .15 .386
CS-1-001-035-C42R 4 x 4 x 3/6" 0 1 1/2" .24 .67
CS-1-012-003-C42R 4 x 4 x 3/8' 0 1 1/2" .11 .39
CS-1-077-004-C42R 4 x 4 x 3/8" 0 11/2" .0315 .1498
m-1-077-005-C42R 4 x 4 x 3/8" 5/16" 11/2" .03 .30
CS-1-077-006-C42R 4 x 4 x 1/4" 0 1 1/2" .05 .31
CS-1-078-003-C42R 4 x 4 x 3/8" 0 11/2" .24 .92
CS-1-078-018-C42K 6 x 6 x 3/8" 0 1 1/2" .048 .43
G-T -079-006-C42R 6 x 4 x 3/8" 0 1 1/2" .062 .6
CS-1-079-007-C42R 4 x 4 x 3/8" 0 11/2" .48 .65
CS-1-079-020-C42R 6 x 6 x 3/8" C 1 1/2" .13 .51
CS-1-079-037-C42 K 4 x 4 x 3/8" 1/4 11/2" .09 .64
CS-2-033-408-A42R 4 x 4 x 3/8" 0 1 1/2" .073 .037
CS-2-085-402-A42S 4 x 4 x 3/8" 5/8 1" .06 .31
CP-1-018-005-S22R 4 x 4 x 3/8" 0 1" .17 .8
CP-1-038-003-C52R 4 x 4 x 3/8" 0 11/2" .037 .15

hl-038-402-C52R | 4 x 4 x 3/8" | 0 1 1/2" .037 .15

FE - Requires further evaluation.
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TABLE 1 3 of 5
PART A

SPPORT 'RBE SPEEL IKXENPRICITY BOLT SIZE INSERT ILur
NWtK NO. SIZE INPERACTION INPERACTION

CP--l-038-415-062R 6 x 6 x 3/8" ~13/16" 1" .30 .15
G-1-038-430-062K 4 x 4 x 3/8" -1/4 11/2" .25 .59
CP-1-038-431-CS2R 4 x 4 x 3/8" 0 11/2" .053 .18
CT-1-039-008-C42R 4 x 4 x 3/8" 0 .1 1/2" .07 .21
C-1-039-020-C42R 4 x. 4 x 1/2" 3/4 11/2" .112 .81
CP-1-039-402-C42S 5 x 5 x 3/8" 13/16 11/2" .02 .17,

CP-1-039-405-C42S 4=x 4 x 3/8" 0 11/2" .2 .144
'

CP-1-039-407-C42R 4 x 4 x 3/8" 0 1 1/2" .19 .31,
,

CP-1-039-413-C42A 10 x 6 x 1/2" 0 1" 1.4 3.03 FE
CT-1-039-415-C42R 4 x 4 x 3/8" 0 11/2" .24 .93
CP-1-039-424-C42R 4 x 4 x 3/8" 0 1" .28 .69
CP-1-039-432-C42K 4 x 4 x 3/8" 1/8 11/2" .09 .086
CP-1-039-433-C42K 4 x 4 x 1/4" 0 11/2" .358 .506
CP-1-039-434-C42R 4 x 4 x 3/8" 0 1 1/2" .209 .477
CP-1-039-435-C42 K CP-1-039-402-C42S 0 - - -

CP-1-039-436-C42R 4 x 4 x 3/8" 5/16" 1 1/2" .07 .58
CP-1-039-445-C42R 4 x 4 x 3/8" 0 1" .21 .82
c-1-039-447-C42R 4 x . 4 x 3/8" 0 1" .351 .99
CP-1-051-406-C72K 4 x 4 x 3/8" 1/2" 11/2" .024 .285
CP-1-053-408-52R - 4 x 4 x 3/8" 0 1 1/2" 2.13 3.88 FE
CP-1-053-41G-062R 6 x 6 x 3/8" 0 1 1/2" 1.48 4.12 FE
Cr-1-054-401-C42R .4 x 4 x 3/8" 1/4 1" .17 1.26
CP-1-054-404-C42R 4 x 4 x 3/8" 1/2 11/2" .083 .616
CP-1-054-406-C42R 6 x 6 x V8" 1 13/32 1 1/2" .06 .21
CP-1-054-409-C42K 4 x 4 x 3/8" 0 1 1/2'' .26 .364
CP-1-054-413-C42R E x 6 x 3/8" 1/2 1 1/2" .09 .86
CP-1-054-420-C42R 6 x 6 x 3/8" 1" 11/2" .17 1.49,

CP-1-054-424-C42R 4 x 4 x 3/8" 0 1" .54 .61
CP-1-054-429-C42R .4 x 4 x 3/8" 5/8 11/2" .0975 .51

*

CP-1-054-430-C42R 4 x 4 x 3/8" 3/8 " 1" 2.78 8 41 FE
; CP-1-054-431-C42A 6 x 6 x 3/8" 1/2" 1" .55 3.39 FE

CP-1-054-438-C42R 4 x 4 x 3/8" 0 1" .23 .63i

CP-1-054-442-C42R 4 x 4 x 3/8" 0 11/2" .03 .219;

; CP-1-ll7-403-062R 4 x 4 x 3/8" 1/8" 1 1/2" .11 .80

FE - Requires further evaluation.

.
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TABLE 1 4 of 5
PART A.

SWPORT 'KBE SIEELi mrWPRICITY BOLT SIZE IEERT BOLT
MARK NO. SIZE INIERACTION INITRACPION

CP-1-ll7-404-062R 6 x 6 x 3/8" 1/8" 11/2" .05 .22
CP-1-117-405-062K 4 x 4 x 3/8" 0 11/2" .077 .394
CP-1-ll7-410-062K 4 x 4 x 3/8" 1/2" 11/2" .07 .52
CP-1-124-412-C72 K 4 x 4 x 3/8" 0 11/2" .026 .21 ;
FW-1-097-018-062R 6 x 6 x 3/8" 0 1" 1.39 7.93 FE |

E-1-002-004-C72 K 6 x 6 x 1/2" 0 11/2" .34 .44
E-1-002-005-C72 K 6 x 6 x 1/2" 3/4" l 1/2" 2.22 6.36 FE
E-1-002-006-C72K 8 x 8 x 1/2" 0 1 1/2" .47 .38
E-1-002-013-C72K 8 x 8 x 1/2" 0 11/2" 1.22 1.38 FE l

E-1-073-007-C52 K 4 x 4 x 3/8" 0 1 1/2" .145 .434
E-1-074-001-32K 4 x 4 x 3/8" 1/8" 11/2" .16 .43 i

'E-1-074-002-CS2S 4 x 4 x 3/8" 0 11/2" .196 .25
E-1-074-003-C52 K E-1-074-002-C52S '- - - -

'E-1-074-010-CS2K 4 x 4 x 3/8" O 1 1/2" .072 .33
E-1-074-012-C52K 4 x 4 x 1/2" 0 1 1/2" .28 .52
E-1-150-002-C52S 4 x 4 x 3/8" 3/16" 1 1/2" .15 .5
E-1-150-004-C52S 4 x 4 x 3/8" 1/2" 11/2" .19 1.48

i

E-1-150-025-C52 K 4 x 4 x 3/8" 0 11/2" .095 .354 '

E-1-150-029-C52K 4 x 4 x 1/2" 3/16" 1 1/2" .05 .4 i

E-1-150-044-CS2R 6 x 6 x 3/8" 0 11/2" .16 .68 |
E-1-150-045-C52 K 4 x 4 x 1/2" 1/16" 1" .187 1.56 i

E-1-150-058-CS2 K 4 x 4 x 3/8" 0 11/2" .18 .53
E-1-150-059-C52K E-1-151-043-CS2 K - - - - |

E-1-150-064-CS2 K E-1-150-024-C52K 0 11/2" .65 .275
E-1-151-002-CS2R 6 x 6 x 1/2" 1/8" 11/2" .37 1.11
E-1-151-005-C52R 4 x 4 x 3/8" 5/16" 1 1/2" .27 1.15
E-1-151-008-CS2R MS-1-150-010-C52S 0 1" .34 .39
E-1-151-018-CS2R 4 x 4 x 3/8" 0 1 1/2" .23 .67
E-1-151-019-C52R 4 x 4 x 3/8" 0 1 1/2" .34 .95
E-1-151-038-CS2R 5 x 5 x 1/2" 0 11/2" .18 .74
E-1-151-043-C52 K 4 x 4 x 3/8" 1/2" 1 1/2" .23 .66
E-1-345-005-C52K 4 x 4 x 3/8" 3/8" l 1/2" .07 .71
E-1-416-005-S33R 6 x 6 x 1/2" 11/16" 1" .64 3.42 FE
RC-1-008-002-C41S 4 x 4 x 1/2" 3/8" 11/2" .24 1.2

i
RC-1-018-020-C71R 6 x 6 x 1/2" 0 11/2" .03 .31
RC-1-018-021-C71R 4 x 4 x 1/2" 0 1 J/2" .17 .45
BC-1-075-044-C51K 6 x 6 x 1/2" 3/16" 11/2" .22 1.09 !

RO-l-075-052-C61R 6 x 6 x 3/8" 0 1 1/2" .6 1.66 l

FE - Requires further evaluation.

. !
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TABLE'1 5 cf 5
PARP A

_
'

SIFIORT 'ItIE SPEEL prNNIRICITY BOLT SIZE INSERT BOLT
N dtK NO. SIZE INTERACTION INHRACTION

RC-1-087-004-C81K 6 x 6 x 3/8" 0 1 1/2" .386 1.63
BC-1-088-006-C81K RC-1-087-001-C81S 0 11/2" .17 .61
BC-1-162-004-OllK 6 x 4 x 1/2" 0 1 1/2" .21 .67
RC-1-164-001-C81K 6 x 6 x 3/8" 0 1 1/2" .1426 .412'

RH-1-005-007-C42R 4 x 4 x 3/8" 0 1 1/2" .023 .14
RH-1-005-013-C42R 6 x 6 x 3/8" 1-3/8" 11/2" .07 .94
RH-1-006-010-C42 K 6 x.4 x 3/8" 0 '1 1/2" .37 .77
SI-1-051-012-C42 K 6 x 4 x 3/8" 1/2" 11/2" .11 .37
SI-1-087-009-C42R 6 x 6 x 3/8" 1/8" l 1/2" .89 1.72
SI-1-095-017-C42R 6 x 6 x 3/8" 0 1 1/2" .46 1.22
SI-1-102-007-C41R 6 x 6 x 3/8" 0 11/2" .38 1.24
SI-1-103-008-C42 K 6 x 6 x 3/8" 0 11/2" 1.54 4.63 FE
SI-2-178-714-A32R 4 x 4 x 1/4" 0 1" .26 .61

'FE - Requires further evaluation.

4
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TABIE 1 1 of 5'
PART B

SPPORT REV. 'IENSION !MEAR MDENP
MutK NO. (KIPS) (KIPS) (KIP IN)'

.

AP-1-006-010-S33R 2 1.398 .694 -

OC-1-008-013-S33K 5 8.633 .46 1.021
CC-1-197-005-C52R 3 .113 .889 11.911
OC-1-197-014-C42R 3 6.0 .444 4.0

' OC-1-197-019-CS2R 2 2.0 .246 4.0
OC-1-197-020-C52R 3 2.0 .246 4.0
CC-1-197-034-CS2R 3 1.0 1.0 4.0
OC-1-204-003-CS2R 5 2.0 1.0 8.0
OC-1-205-016-C53R 4 2.0 2.0 , 2.0

,

CC-1-206-001-C53R 5 2.0 2.0 f 2.0
OC-1-207-014-C53R 4 - .243 2.189
OC-1-207-021-C53R 4 1.0 1.0 4.0
OC-1-212-001-C53R 3 2.0 .247 2.0
OC-1-215-032-C53R 5 - .256 4.0
OC-1-215-033-C53R 3 .25 0 2.5
CC-1-217-003-C53K 2 1.0 .5 4.0
OC-1-217-012-C53R 1 - .319 5.583 i

CC-1-218-009-C53K 2 l.0 .5 4.0'

CC-1-218-010-C53K 4 .144 .335-

CC-1-218-012-C53K 2 6.0 .02 2.0 '

OC-1-218-013-C53K 2 - 1.0 7.98 |

OC-1-218-014-C53K '2 1.0 1.0 4.0
CC-1-226-004-C53R 2 1.0 .5 8.0
OC-1-226-005-C53R 3 - .487 5.511
CC-1-227-003-C53R 3 6.0 .17 4.0
OC-1-231-002-C53R 3 .235 - .883
OC-1-233-001-C53R 2 .651 .337 2.321 |

CC-1-233-004-C53R 6 .4 4.0-

OC-1-234-016-C53R 4 - .879 5.264
OC-1-237-001-C53R OC-1-235-001-C53R 2.917 .765 2.16
OC-1-237-004-C53R OC-1-233-001-C53R - - -

OC-1-239-005-C53R 3 | .22 1.87-

CC-1-239-008-C53R OC-1-233-001-C53R - - -

-
.__- _ _ - _ - _ _ - - . . _ . - _ _ _ _ _ _ _ _ _ _ _ -
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TABLE 1 2 of 5
*

PARP B

St.FFORT RE'/. 'IENSION SHEAR KMENT
MutK NO. (KIPS) (KIPS) (KIP IN)

OC-1-242-002-C53R 3 .273 .273 .956
CC-1-242-003-C53R 3 0 .338 1.01
OC-1-245-010-C53R 2 1.0 1.0 4.0
OC-1-245-018-C53R 2 .204 .373 .714
CC-1-249-003-C53R 1 6.0 - 4.0
CC-1-249-700-C53R 1 1.408 .817 4.496
CC-1-255-007-C53R 2 .433 1.59 0.0
CC-1-271-008-C53R 1 1.0 1.0 10.0
CC-1-272-008-C53K 2 - .15 1.882
C-2-040-401-A33K 2 2.0 .073 1.751
CC-2-040-405-E33R 1 .266 1.3 5.65
OC-2-048-402-A33R 2 3.0 - 5.0
OC-2-048-403-A33R 2 - .493 0.0
CC-2-048-408-A33K 5 .04 .678 4.066
OC-2-105-406-E23 P 4 - .395 0.0
OC-2-107-403-E23S 2 1.0 - 5.0
G-1-001-003-C42K 6 .076 .127 .67
CS-1-001-Oll-C42R 6 .50 1.0 2.0
G-1-001-012-C42R 6 6.0 1.0 6.0
G-1-001-024-C42 K 3 1.0 1.0 2.0
CS-1-001-027-C42K 3 2.0 1.0 4.0
CS-1-001-035-C42R 5 2.0 1.005 8.0
G-1-012-003-C42R 2 .356 - 5.696
G-1-077-004-C42R 3 .626 - 2.2
G-1-077-005-C42R 3 .474 - 1.6
G-1-077-006-C42R 3 .287 .114 3.957
G-1-078-003-C42R 4 - 1.591 11.0
CS-1-078-018-C42 K 3 - 1.028 0.0
G-1-079-006-C42R 4 .5 .05 3.0
G-1-079-007-C42R 6 2.0 1.005 8.0
CS-1-079-020-C42R 4 1.0 .50 4.5
CS-1-079-037-C42 K 3 .975 0.0 3.862
G-2-033-408-A42R 4 .98 .086 .667
G-2-085-402-A42S 3 1.0 .895 6.0
CP-1-018-005-S22R 2 .186 0 3.314
CP-1-038-003-C52R 4 .50 .50 -

_ cr-1-038-402-CS2R 4 .5 .50 -

<
. - _ _ - -
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TABLE 1 3 of 5.

PARP B

SUPPORP REV. TENSION SHEAR MOENP
NdtK E. (KIPS) (KIPS) (KIP IN)

C-1-036 ~415-C62R 5 - .38- 2.115
C-1-038-430-C62 K 3 6.0 .035 2.0
G-1-038-431-C62R 3 .8 .4 2.0
G-1-039-008-C42R 4 1.0 - 3.0
CP-1-039-020-C42R 2 1.394 .25 4.52
CP-1-039-402-C42S 4 .37 0 .674
CP-1-039-405-C42S 4 2.0 2.0-

CP-1-039-407-C42R 4 4.0 - 4.0
C-1-039-413-C42A 4 1.441 .55 1.0
G-1-039-415-C42R 4 2.0 2.0 4.0
CP-1-039-424-C42R 3 .144 .425 2.676
C-1-039-432-C42K 3 3.0 .20 2.0
CP-1-039-433-C42 K 5 6.0 .180 6.0
C-1-039-434-C42R 3 2.0 .48 6.0
CP-1-039-435-C42K CP-1-039-402-C42S - - -

CP-1-039-436-C42R 1 .515 .44 1.76
CP-1-039-445-C42R 3 .102 .72 2.458
C-1-039-447-C42R 3 - 1.0 1.5
CP-1-051-406-C72 K 4 .328 .031 1.312
CP-1-053-408-C62R 3 1.82 2.479 9.249
CP-1-053-418-C62R 3 3.0 1.72 46.068
CP-1-054-401-C42R 3 - .304 1.357
CP-1-054-404-C42R 2 .50 - 2.0
C-1-054-406-C42R 4 .383 0 1.186
CP-1-054-409-C42 K 3 6.0 .187 4.0
CP-1-054-413-C42R 1 .1 .152 4.15
C -1-054-420-C42R 3 1.5 1.025 3.0
CP-1-054-424-C42 R 2 .523 - 4.7
CP-1-054-429-C42R 2 3.323 - .786 ;

CP-1-054-430-C42R 1 6.581 .274 9.889
CP-1-054-431-C42A 3 .227 .407 3.608
CP-1-054-438-C42R 2 .5 2.0-

;

CP-1-054-442-C42R 2 - .5 1.0
''

CP-1-ll7-403-C62R 3 .370 1.482 4.627
i

_ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _
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TABLE 1 4 of 5
PARP B

SLPPORP REV. 'IENSION SHEAR MCMENP
E RK NO. (KIPS) (KIPS) (KIP IN)

Cr-1-ll7-4 A-C62R 2 .429 0 2.014
CP-1-ll7-405-C62 K 5 .225 .04 5.43
CP-1-117-410-C62K 2 2.0 - 2.0
Cr-1-124-412-C72K 4 - .687 2.06
FW-1-097-018-062R 3 1.46 1.95 36.941
E-1-002-004-C72K 9 12.16 1.0 2.3
E-1-002-005-C72K 7 19.37 2.37 9.80
E-1-002-006-C72K 7 4.069 .455 2.048
E-1-002-013-C72K 9 23.975 4.301 3.295
E-1-074-001-C52K 4 2.128 .757 -

E -1-074-002-C52S 5 2.0 4.0-

E -1-074-003-C52K MS-1-074-002-052S - - -

E-1-074-010-CS2K 2 .031 .372 4.253
E-1-074-012-C52 K 3 1.0 1.0 6.0
E-1-150-002-C52S 2 .477 .09 6.55
E-1-150-004-CS2S 3 .246 .839 8.461
E-1-150-023-C52K 5 .5 - 4.0
E-1-150-029-CS2K 4 .8 .2 2.2
E-1-150-044-CS2 K 5 1.0 1.0 4.0
E-1-150-045-C52K 4 .274 1.436-

E-1-150-058-C52K 3 2.0 1.0 5.0
E-1-150-059-C52K E-1-151-043-CS2 K - - -

E-1-150-064-CS2K 4 6.0 .059 2.0
E-1-151-002-C52R 5 6.0 .605 5.0
E-1-151-005-CS2R 4 3.0 1.3 5.62
E-1-151-008-C52R 6 .186 .318 4.364
E-1-151-018-C52R 6 2.0 1.0 8.0
E-1-151-019-C52R 4 1.0 .2 13.0
E-1-151-038-CS2R 4 .71 7.174-

E-1-151-043-C52K 2 .014 1.64 6.614
.27 3.309E-1-345-005-C52 K 4 -

MS-1-416-005-S33R 3 .812 - 5.027
RC-1-008-002-C41S 3 1.939 2.169 5.899
RC-1-018-020-C71R 6 1.497 .742 -

RC-1-018-021-C71R 4 1.373 1.308 6.0
RC-1-075-044-C51K 4 2.25 .334 7.821 |
RC-1-075-052-C61R 3 | .998 2.291 10.212 |

. _ - - .
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TAEE.E 1 5 of 5
PARr B

i
SPPORT REV. 'IENSION SHEAR MMi|Nr
DeutK IK). (KIPS) (KIPS) (KIP IN)

RC-1-087-004-C81K 8 .095 1.5 15.0
BC-1-088-006-C81K 4 .327 .68 7.808
PC-1-162-G04-C21K 5 2.36 10.0-

E-1-164-001-C81K 6 1.83 .082 5.49
BH-1-005-007-C42R 2 - .18 1.27

- BH-1-005-013-C42R 2 2.08 .05 5.253
BH-1-006-010-C42K 3 1.961 1.124 6.11
SI-1-051-012-C42K 3 1.497 1.655 .749
SI-1-087-009-C42R 3 2.67 1.55 9.84
SI-1-095-017-C42R 7 2.855 3.678 16.687
SI-1-102-007-C41R 7 - 798 13.59
SI-1-103-008-C42 K 5 3.933 10.63 2.306
SI-2-178-714-A32R 2 .664 .227 2.512

.

!
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TABLE 2
I
l

TUBE STEEL & RIONOND INSERTS

CODPARISON OF AISULTS OBTAINED W!TH

STlWOL WITH AND WITHOUT ELEASING M
z

A. ~ ENERIC STUOY

Probles | Problem 2

'

' ''
All tube steel is

#.g 4"x4"xl/4" @
~ S' '

' R 'jo @ O

q s
@ @h % 9

9 g @ l All moment constrainedo g
2 All moments released

/ @$ 4

e. Member results

.

Member Mex. Stressi Max. Stress 2 Member Max. Stressl Max. Stress 2

5 448.6 448.6 7 2729 2902
6 448.6 448.6 8 2729 2902
7 640 9 897 2 3 1453 1477

'

8 649.9 897.6 4 1453 1477
9 448.6 448.6 5 540 497

10 448.6 448.6 6 579 384

Max. Incrosse 1/2 405 Mex. Increase 1/2 65

b. . Deflectfons et Pt. 5
I

.000902 .001184 .00569 .00607

Max. Increase 1/2 = 31% Max. Increase 1/2 = 75

c. Tension in Each insert
.

838d 250d i113d 500d

Max. decrease 1/2 = 3405 Max. d. crease 1/2 = 2205

|

_ , _ _ . . . _ . .
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TABLE 2 (ctnt'd.) i

|

B. ACTUAL SUPPGRTS

The following tube steel frames have been STRUDL
,

analyzed with tube steel to Richmond connections I

considered pinned in all directions. These
frames were originally analyzed with the joints
pinned in two directions, but resis ting rotations
about the member's axis.

INSERT AS INSERT AS
ONE DIR. FIXED PINNED

INSERT HILTI INSERT HILTI
SUPPORT NO. INT 3R. BOLT IN. INTER. BOLT IN.

CC-2-323-112-A43R 0.54 0.27 0.03 0.24
*

DD-1-016-700-S33R 0.56 N/A 0.45 N/A

FW-1-019-700-C42K 0.44 0.95 0.086 0.85

FW-1-095-700-C62K 0.34 0.74 0.12 0.89

FW-1-096-706-C62K 0.66 N/A 0.62 N/A

FW-1-098-700-C62K 0.22 0.79 0.05 0.86.

SF-1-004-700-C46K 0.37 h/A 0.22 N/A

INSERT AS INSERT AS
ONE DIR. FIXED PINNED

SUPPORT NO. MAX 4 MAX I' MAX d MAX O'
3

CC-2-323-712-A43R 0.021 8179 0.0477 8179

DD-1-016-700-833R 0.0019 5333 0.002 9918

FW-1-019-700-C42S 0.0042 4752 0.052 6400

FN-1-095-700-C62K 0.0002 5388 0.0004 8423

FW-1-096-706-C62K 0.0028 7702 0.00231 7757

FW-1-098-700-C62K 0.0018 5651 0.0019 5916,

SF-1-004-700-C46K 0.032 4950 0.032 4816
(INCH) (PSI) (INCH) (PSI)


