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I:en3Io:. .c.c.cas I:. . A'iOER INSTALI.ATION*

The following atta:hed procedure is to be used to provide
instructions for persennel perf:::ing inspections of. existing
cenerete expansi:n anch::s.

.

This instruction ill not bacone a part of Engineering
specifications, but re .ain a C.. A. Instruction.

.
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.. . . . , ,
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3.P. P.unyan |

Field Q.A./Q.C. Manager
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PRCGF.i? FOR INSPECTION AND ACCEPTANC5 0F EXISTING CONCRETE
EXPAHSIONS ANCHORS IN PIPE HANGER INSTALLATIONSh . . ' ' '

.

. TIABLO IANYUK PSWER*PLAlti (tK;ITI'I &*TIl ~ ' ' t i T Y 7*
~ - ' '

F'J EPOSE

To detemine the integrity of each anchor installation on '

each support and thus accept or reject. If rejected, then
rst:fr or replace.

S**=i

, T' 's :rc;ri.m will define the felicwir.g: (?ef. CHART 1,'
-

l .

'

:. Mangers that are to have anchors inscected.

I:. .Mee.ns to provide hanger drawings.

III. Procedure for inspection of concrete anchors.

IV. Hanger identification and inspection assignments.

V. The acceptance criteria.

VI. Suggested methods of rework. FOR INFORMATION
VII. The means to perform rework. ONLY

VIII. The acceptance of reworked anchors.
.

.

| D.. ine complet1cn a''c suenittal of program to P 2. . & E. -W'

.

. _ - . _ - - - _ _ . -_ _ _ . _ _ _ . - , _ . - _ . .,.r . . _ _ . . _ - . , , . _ _ _ . . _ . . . _ . - _ . _ _ . - . .
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~ Refer' to PERFORMANCE TROCEDUFI, SECTIDN III.
.

.

PERFORMP:CE PROCEDURE

I. Hangers to have anchors inspected.

A. Large Bore design Class I, PG&E Ccde Class A, B, C & Section I.

E. Large Bore design Class I, PGLE Code Class E.

C. 'Large Bore design Class II, PG&E Code Class E.
(Individually identified by PG&E only.)

.

.. - . .

' 1. ' P.G. & T. - - - - - - .- - -- : .

2. Grinnell

D. Stail Gere design Class I, PG&E Code Class A, B, C & Section I.

! E. Sr.cli Scre de:ign Class I, PGLE Code Class E.

h F. An: hoe installation: creviously ir.spected in accordance uitn
the require-'ents of "Inspee:icn Proceoure for Installed Flush
Sh:cl C:ncrete Anchers," by T. E. Niemi will be reviewd bj
the inspection ::cedinat:r :: tne recuirement: Of this ; ::e-
dure. He will do one Of the foilcuing: (i) acce t es is.
(2) is:ue for reinstectier ;r (0 m :rk to : m:1y 'ith the
acceptance criteria cf II::i:n '.' Of inis :rogrv..

3. Unit II an:hcr installa- :ns irs:e::vd :y 0*. ('*.'.|. ''= i ' ; '.

and having ccmplied wi: '.:1d ::ir.: i: ss 2 an: 3 cf :he-
.

"Sup;;;rt :nspe::icn Jrc:ess D s: ," C* ?:rr. F-GE, Rev. 4,
; are to be exclu:ce 're.. -is :r:gri . -,

4 ,.

H. Hanger instalia: ices e :i:yi.; :.e use of anchors on plete: .9
that experience, under all c nditions, no forces other thcn

*

.
*compression will be ex:: aced froe this program. In this ,

situatien the an:hcr is never subjected to pull out Or *7
shear forces as a result of hanger leading. ;]}

II. Means to provide hanger drawings. ,O, 4
8%

d O-
-

The Hanger Crawing C ntrol Department will review every

Unit I & II hanger crawing on file pertaining to e: h cf the

categ.:;es liv.cd it. Se:ti:n ! Obev . M1 hwger M'-'^Cs A
%/

incorporating the use of con: rett: ex;tnsion anchers will be ex-

tracted and reviewed for the latest revisien; any pending P.in:.r

- , _ _ _ _ _ . _ _ _ _ _ _ _ _ __ _ . _ _ _ . _ _ _ _ _ __ . _ _ _ _ _ _ _ _._ _-
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,L..- . YariNtion or current' As Built must as used if .it concerns anchors.
~ ~

~
.

A cipy will be made cf each hanger drawing refle:; ting the latest
.

anchor requireronts. The copies of the drawings will then be
.

separated into groups by area and elevation and given to the

Inspection Coordinator.

III. Procedure for inspection of existing concrete anchors.
'(See REFERE':0E A)

.

.

Hanger identificatien and inspection assignements.IV.
. .

i 7he .Irispection Cnordinator will direct the progrm far ik ~,. .4
.

. - .- .

cating and identifying each hanger within an area and elevation.

He will issue the hanger drawings to M. W. Kellogg personnel

and they will in turn locate and identify the rane;er. Icenti-

fication will be r. ado by marhing the base plate with the hanger

sy-bol using either pemanent ink or paint markers.

If it c: e:rs -hat s:affolding may be re:;uired for in-

s:ection, it .i'' :.e- is n::ed en the dr:. sing. The dre.;b.gs

will tnen be sa:trate: int: sub-grou:s by ::r#i e cr.: ar.d re-
|

'

turned to tne I.s:e:ti:n Cocedinat:r.*

|
ine Ins:e::d:q 2:r:ina: r in :enjunct:O n v. i : . r. ) :. r:d. :4 :r.

Coordinator .-111 s~; ;; fer scaffolding and a: sign ins;,e: tier 3
.,.

teams to confine,ents. These teams will then perfom inspections
,

| as defined in tre :erformance Procedure, Section III (See i

.3 >dREFERENCE A). .

| 0Z
! i1 C>
l V. Ac:eptance cri:r 't. Z

.

Upon com- cn of the inspection and documentation of eacii T.
j

O.i
| V support accer: :; to Performance Procedure, St.ction III (See g.

1

t

.

,_ . . _ , . _ _ . . . _ _ , ,
_
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REFERENCE A). the auditor will a n ach the hanger drawir.g to the
.

.

1 |
Anchor In:pection Check List sheet, or sheets; thus takie.g a

-

package. The package will then be given to the Inspection

Coordinator for his review, he will do one of the following:
I(1) accept as is, acecrding to criteria within this se::icn,

(2) reject and request rework per Sections VI and VII, er

(3) when not clearly defined by acceptance criteria or in any

other way questionable, subarit to QA/QC Manager or his a;;ciatee
,. , ..t

.- p g h *i ;'.. . ' . for his dispdsition.' e d * - - J .-

.. .

The QA/QC Manager or his appointee will, upon receipt and

review of the pcckage from the Inspectica Co0rdinator, either

return it to the Inspection Coordinator with defined rew:rk,

h acecpt it as is, or transmit to P.G. & E. for their disp:sition.'

Failure of cne or more anchor installations to cast tne

fellcwing requirements will result in the necessi ; :: rawork.

A. Expander c'.ug driven dirensi:ns.

Flug de:tns are o be v.itr.in the f :::.M.; '** %. .'.rd

V

| maxir.um t:1ercr.cas te be ac:e;ta:1e f:r es:r 1r h:r
|

recorded on the Anchor Inspe::icn Che:; .'.::.

TABLE I

l
|

3CC PAGE 4A 0F S FOR TA31.E 1. .s . *-

coR tNFOrg;.0.iu.Nn
ONLY

'

-

v

1 Pericrmance Prc: dure,'Se:tien !!I "efere*:e A, Attac!nant 3
. . _ _ _ - - . _ - - _ - . . . . - - _ - - . . . __ _-- .
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,

r
- TA?l! 7 g- /*q -

, ,,
,

|
,,

' -

. , ;

4-
- -

'

)EA S'JR *D '*T'"J C.*"0E

PHTLLT?Sg'

gg

MIN, FULL ** FAX- M1n, FULL ** MAX ,

1/2 2 22/32 2 27/32 3 3/32 * 23/32 2 25/32 2 29/32

S/g 3 3/32 3 11/32 3 19/32 * 26/32 3 13/32 3 20/32

3/4 *1 16/32 3 29/32 4 7/32 1 3/32 4 1/32 4 6/32
,

1 13/32 4 3/32 4 14/32
- - - - ~~-- - - - -

*
7/3 -u u

. . , ." - - - - - +- - , - e e ., , ,.. 3 ,

.

"-

'

Psittius
grtre

.

* MEAscare vr u-"- cAc t*

s :r. -

MtN, FULL ** MA X , & fU,L,i" MA X ,

1/2 31/32 1 6/32 1 12/32 23/32 1 S/32 1 9/32

5/8 1 3/32 1 13/32 1 19/32 26/32 1 12/32 1 19/32

3/4 1 16/32 1 30/32 2 4/32 1 4/32 1 25/32 1 30/32

1 14/32 2 7/32 2 13/32
7/8 ------- ------- -------

FOR iNFORMATiON
ONLYc.

'

.

t
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, , ' ' 4 Add 2*po the above dimensions'wheri a'.te'rnate test gauge was
- '2

. .. .

-

,

usld, bfer to Reference A AtIachment 6. ' '' '
'-

* Measurement taken from top of shield to top of plug, refer
8

to reference A, Paragraph 6.3.8.

S. Angular misalignment of anchor.

0 -5 Deviation from perpendicular :: the plane of the

plate is ac:eptable.
'

0
6 15 Is acceptable provided the an:nce is otherwise-

'

'g ' .unmodif3edand'Ahe Axpander:plyg is drfyengo ""fulT' 'g,3 .. ,. , _ . .; ;
- - -

4
. ,

:.,
*

dimension in Table 1.

+15 Is unacceptabic.

C. Anchor: with thread end cut off.

Both Phillios and Hilti are ac:eptable if the thread and is

I cut cff provided there are at least four (4) full thre:ds

j remining. In addition, Me D Ng must be driven to within

:na "!'in" and "' tax'' di ent': .s fcr *'iiti ar.cnnrs and wi h'n

:ne "''.:x" and ". ull" titans":ns f:r Frillips an: bars div:n i

0 0in Table 1. It is als: na: ass:ry to be v.'ithin the 0 -5-

,

range (Reference Paragra-- ;, above), and no other rc:W-

cations have been tis::vered.-

1

i

D. The following miscell:neous conditions are unacceptable.

1. Stripped threads in inchor preventing bolt tightening.

2. Plate interferents with bolt installatien or renoval.

3. Loose anchors.
~

- -

FOR IN -une. lUNt
4. Anchors with ire rect expander plug. ONW,

'

; C. Ur.dar:t::d :. .:h:r: ':i:::::r).-

,

V
t' hen an anchor is fr.ad to be undersi:ad, t' e Anchor Inspection

Che:k Lt:t will ir.i:ste this condition. The Inspection

_ _ ._ _ _ _ . _ . ___ _ ._____ _ .__ _ __ _ _____
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I".pj - .C Coordinator will submit all sut.h drawing packages to the
--

. ..

QA/QC Manager or his appointee for dispositiert to rework
.

~

or transmit to P.G. & E. for their disposition.
.

F. All packages containing one or more inaccessible anchcrs ,

will be submitted to the QA/QC lianager or appointce by

the Inspection Coordinater for transmittal to P.G. & E.

for disposition.

G. Unmodified anchors overembedded 1/2 inch or less are

. acce,ptatle., -
. e , , -

. a .
. .. .

.

VI. The suggested methods of rework.

Wren an ancher installation is detemined unacceptable by the

ac:eptance criteria Section V, then rework will result. The

Q followin: are suggested methods of rework to be emoloyed.

t A. Install a new anchor either a kwik belt (Hilti) or a

wedge anch0r (phillipsj cf the same telt diamet2r cs the

originally requir:d an:.:r. The re10:ation installa:t:a.
!

'

| will :e made in a::ordar.ce witr. E3D.223, sc-agrarn 3.".'i..
i .

and the shield cf tne unacc2; ble an:hcr e.sy be : i-tdsr::
!

ccm arable t grout if left installed. This .- sy i s n:s

|

by drilling thecugh the plate and into the concr:te andj

in talling to manufacturer's' recommended procedure.
.

B. Remove the unacceptable anchor and replace with a n o Or,e

of tne size originall.y. required. A Hilti expan: ion ar.:r r

may be removed by drilling through the plug and extra:-ing

same. The ancho* shicid is then readily ramoved. A
.

Q Phillips expansi:n an: hor eay be rcmoved by using ar. all

FOR INFORMATION
nNLY

-



._ _ _ _ . _ - - - -

. -. - - - . .
. . . , . . .

-
,. >. . . _

-

w . %. .%- -w. a,

. o.i,.;e. ~ w . . . . .T
- . ..m _

_

. . :.. .. . . g .. - .7 . ..
..._e.,..- 4 . Eage,,7 8. , , , , . . , ,

. . , . _ _.
,

.. .. ,

. . . . . - . . ._ ,
_. _.. ,.-

. . z. ,, : x. . , ;. 7
' *

; - - W . d + . .. . -- . MMJ J . . ,;. . .- .. .I- - ,
; ..,=?- . ,,,, _ g,, 4 ,.j.a

-. -.a :. c.p~.. . . ..
.*

.. ..

p . .. . .. .. . i , . - .

- - ' ' . thread rod with threads removed from one end. Thread this.gf=
u - - -

modified red into the anchor slowly and thereby entract the .

.

anchor shield. Remova ths plug from hole. In both Hilti

and Phillips anchor removal, either the base plate will

have t: te removed, or the hole in the plate enlarged

enough :: remove the unacceptable anchor.

C. If due to inaccessibility the rework describcd in Paragrar.hs

' A and 5, above, cannot be pe'rfomed, contact the Chief

Field Engineer or his appointee for disposition. .,
- - - -j . .. ,, ,.. .-

VII. The means to perform rework.-

The Inspe: tion Cocrdinator will initiate the issuance of

any and all rewort:. He will log the rework pacts.c out to

the Froducticn Ccordinator who will detamine which type cf

'

rework (See Section VI) can be acoloyed with t.ho ::st ex-

:s:i:n:y and best results. The Production Conrcir::or vill

t 2 assign fitter work crews to rew:rk iters :er Section V::!.

( '.' * : * . ::s: :nce of reacrked anch:rs.

WP.en rework requires :P.e ins:hi'.cticn cf a re, n:h;r, :9

#i::er perfor.r.ing the ro'rk sha'.' n:tif., tr,e : t. : 9.o r . Tr.a
,
'

audit:r will witness the instsila:icn .f th.: an .t:r assuri ;
|

that the requirements of ESD-223, Paragrapn 3.2.1.1 and Pcra-

graph 3.2.1.2 and tne attached QA Instruction, .';umoer 97 are ret.

Wnen the installation is corplate, the auditor will intic:te

"P.ework Complete", staap " Accept", initial and date the Arcer
,

| Inspection Check List; he will then return ths *1cher Ins:ecticn
'

| Check List and hanger drawing to tho Inspaction Corrdi n ter for

v incorporation into the final packsge.

FOR INFORMATiON ,

ONLY
- - - . - _ - - - . . _ - - _ - - - --
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T IX. The ccm-letion and submittal of program to P.G. & E. |
. . . .. . ...

.
-

'11.5e all inipection and required rework is complete,
'

the "Acce:t" packages will be segregated by area and elevation,
,

indexec ar.d boxed.

r.:ex'ng will be numerically by hanger symboi number.

These boxes will then be transmitted to P.G. & E.

.

..,..--r-
. .

. ., ,. , . ,
. ,...

.

d
.

|

|

(

|

,

I

l

|

I

i

!

,

FOR INFORMATION
I

' ' '

ONLY
.
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DATE: 4-16-82q
ATIAC1 DENT 5 /'

.* .

.

PCandE RESOLUTION SEEET ,
<'' '..*i .

IDVP FILE Nos g (p'

1. Description of Concern _ .

[ %]) Open Itas with futura action by PCandE
.

Doriation[
[ ] Class Error"

'

b
.$ l 6(AA Q b MotAATEh 16 C0d W 6 @ I M

vW f6 t E 94.on4t, 90 M Aace we', CN vii, Arft40l* 6., .

2. Sirnificance of Concern _
.

initiated
[ ] Discrepancy Report i initiatedNonconformance teport i[ -] Discrepancy Report or Nonconf ormance Report not required.

*

, [W
[)() No Are there any (generic) items!

(s r/44/f PE4l44 66tTEff,,t& {0E dMcT6 Ad8M NM % DN
[ ] Tes

"
o

.

3. Description of Resolution

A06'JW MS Vigadat PATwgEd h6% %dUAM ado MR

@ %{Ltf {Au[gn r/p364@ id @(s.OGM
-

, -
..

,

.

4 *

.?
.. ! ',

.sy'
* .

4 Description of Physical Nodifications .

*

[ '] Tas [[] No Will phy ical modifications he~reguired?*

gh*
,. . .,

Scheduled Completion Dates '. '

gDescriptions ) .

,,

.,
. , > J'

.

e

'h
.

A 9 fvfl/ .

V
Task Leader . Dae.y

0[A.S/8 3. . M * M6%J _

DateGroup Landar '

i'
'
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REVISION: 2
'

ATTACHMENT 6 DATE: 4-16-82'
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-
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P.CandE Completion Sheet~ '

, .,. ,

s. > . (h 4 . , IDVP File Not
'

,, _ .
,

1. Description of Concern

[[]'OpenItenwithfutureactionbyPCandE
[ ] Deviation
[ ] Class _ Error
Descriptions

|*l,(A430.AMcCIATg6 lb CcMW,dW TdAT TdG GdMB AdMDE AMN4EE :

j Dd f6$In EWdi.05Elb DD dO'I /tM,66" WLTd Q(,M-Mi,8%plX 6.
2. Significance of concern

[ ] Discrepancy Report I initiated
[ ] Nonconf ormance Report 8 initiated
[W Discrepancy Report or Nonconf ormance Report not initiated
[ ] Yes [ )() No Are they any related (generic) items?
Comments:

WJl6UT 96$llnN (,$\T6d\h fd, DNWG1 NNY0$ (bdNOT %
ccteuiW60

3. Description of Completion

80p[7,6% ''Id6 91f6 M d M D h 6 0 N8
,

.
Thovim apdf Fufon u%thed60 i4 t?W4 0Dib

'

.

.

4. Description of Physical Modifications
,

,

[ ] Yes [[] No Were physical modifications required? ,'*A
Completion Date /*

*

~'
Description:

,

t,
,

.';

| .'
'

-:
.

, ,

i . . '

Task 14ader .[f/ f 8 [L
Date

Group I,eader b* M% b {W[8 *
. ;,, . ,' Date'

*

\ . a .,

Verification Program Manager h,.,
-

, _,
, ,

' Date9,
_ - _ _ _ _ - _ , _ . _ . _ - . _ _ _ _ . - . - . . _ . _ _ _ _ . - _ . . _ _ _ , ._ - - _ - .
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1AR change required () .Yes ( o
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, Approval ,
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'F'-
:~ , ' ERROR AND OPEN ITEM SHEE1
''

kffsha h"-

' '.

1. Classification .
..

Error- Error Classification-

Ocia== (A. 5. c. or n)or

{ ~0 pen Item . . ._

,

2. Description

The anchor allowables on PGandE drawing 054162 Revision 3 do not .
i

ogree with those on DCM-M9, Appendix C, Revision 7. .

-

.

3. Significance ,

.

'

The correct design criteria for anchor bolts cannot be' determined. .

; _-: . . . ..

*
..

-

. . .

4. Recommendation

.PGandE to address the differences between the two standards. -

.

.

. . .

. .

,

*

5. Reported

3 PGandE
' Transmittal Date 2/11/82

,

] NRC Ref. E Date

. .

6. Final Resolution
-

* '

. .

p'3 4 }., ;bf|-
*

,

CQ > '
-

' *

.w

.

z &/92-. )&pAlocn~2Nft2
,

v.s R -

y
Signed /Date Project Engineer /Date'

Prior to Release g g.4-; . . , . -

Froi e88_. Administrator /Date __ _ _ , _ _ , _ , _ _ _ _ _ _ _
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ED BT R. R. FRAY D P.
RCBERT L. CLCUD ASSOCIATES. INC. A-MCH Qas u mun,avauve

*g u-uv. ,.. . ..' MAR 101982 ft y;
.. .. .. .. . . .

- D.C. VERIRCATION'
PROGRAl.114ANAGER

kg # /05
.

~

Amdvix AMarch.10, 1982
.

*

F 105-4 -

Mr. Roy Tray
Diablo Canyon verification
?regram Manager
Pacific Gas and Elec:ric Cc=pany
77 3eale Street *
San Francisco, CA 94106

_

. Dear Mr. Fray:

Please address EOI 1016 by listing the safety factors represented
in.draving 054162..,

'

< .

Tours truly,'

< . _ ,

.
O cv en

Edward Denison

.

o
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s

|
.

*

i,
*
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-:_. ,.
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,
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'
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At sj;<
-

,

.

ROBERT L. CLOUD ASSOCIATES. INC. gggg gy4(.? 1g y ,

1
i

125 UNIVER$17Y AVENUE
W-W

SERKELEY. CALIFORNIA .4710
/- APR 191982.. . .......(

D.C. YERIFICATION
PROGRAM MANAGER

-O #/ff*

f

ddM k _ -'

April 16, 1982 .

P 105-4
.

Mr. Roy Fray
Diablo Canyon Verification
Program Manager
Pacific Gas and Electric Company
77 Beale Street
' San Francisco, CA 94106

Dear Mr. Fray:
-

.

'

Please find attached a list of documents that Robert L. Cloud
(, Associates needs to have formally transmitted frcm PGandE for

the Seismic Verification Program.
.

Yours truly,

-

.

Edward Denison
-

..
. .

<
-. .. A

.

-

.'3g

Attachment ,

Request Number 163
,,
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- \ ' L ;, . ~
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'

ToRoy[R. Fray Request No.
Diablo Canyon _| t

'
' ' Verification Pro' gram Manager Requested by C04 arc . Oh ' SO O

Date Y /6 1
-

.

Attentiorr of: 1) Civil /E.P. Wollak

( ) Drawings and Records /D.E. Peasant h O!
( ) Electrical /W. Vahlstrom

. . . ,
,

( ) I&C/T.N. Crawford

( ) Mechanical Systems /R.M. Laverty
,

.

~

( ) Piping /M.R. Trasier
.

'

d_) R . Frn.v Ear to IG
< . .

Please provide the following Drawings /Docu:nents for use in the
.<IItablo Canyon verification Program:
~

sade4y &cz es rep res ed e c- .%
.

,
, ,.

d tw.ny 054162
~

'M-
_

.
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'

9

.
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ATTACHME?.T 1 DCVP PROCEDURE NO: 1

.
. *

+-

REVISION: 1 - - -

- DATE: 3-4-82

;' IE .'=: . WOLLAA20

TROM: Verification Program Manager' h
TILE: MENE - 1.061 Cloud Sei.smic Verification Program

SUBJECT: Request for Information for a DCVP consultant. bhConsultant: Robert L. Cloud Associates, Inc. Request No:
.

-
.

. .

A. Plc.ase supply the following information:'

*
.

1. See attached Request for Information

2.

3.
'

.

4. .

Please notify by Telepho
only as soon as request

3. Name of Requester RLCA/ Dennis Peazant Extension fulfilled; Ext. 3377
,.-

, -

'

|

b bl~

C. Date of Raquest
_

|

D. Form of Request: Telephone Letter (attached) x

!

!

E. Remark:
'

I . .

. ~ . . .

4*

>
.

O.
5'

.

| -

9

* b

i

. g g

W$ z<.

*5 Y
y * ~'' ,-

,

.

&

' . '
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ATIACEMENT 2 MF PJtOCEDURE NO:
', ( REyfsIcele.I4L C' -

- ,

IWEEi7~ f f N4-82
~

.

k' b C ''/ *I*TO: Verification Program Manager
,

t

.

h.FROM: 3gg

.' , ,FII.I:- MENE - 1.061 Cloud Seismic Verification Program -

SUBJECT: Request for information for a DCVP Consultant.
Consultant: Robert L. Cloud Associates. Inc. Request Wo:

. .

A. List of information attached:. .

1. bfn ! U 'O f t, VNP Yvf"I fN V 4 4 5 Did O ( 0-| %

2. rNn _Q }th' f f'h
"

'r Vi k h3. $Nfyfutrz h '

& J

1s . .

.

3. Name of Person Supply Information b [L A 2xtensionh$@'|j
.

-

< . 9
' Wane of Person Checking Information t46/Ndk 1Mia Ixtension I'S130

'

' c. C.
v 4-

.

D. Remarks:

..

en

'

a
4 p'

.

e "

'
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av ,

O
_

e
' h

M'.,
,.

o

* e

.

. , ';a
_

( D

Ib
'

=
.

'

=.
Y' S



*
-

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

" " " * PACIFIC GAS AND ELECThiC COMPANY WT[*-
W- esse r

GENERAL C 6 N P O T A T I' d k ,, H E E T Nfs . '"*-
^ N ' ''

.

LCCA,teet

Bot toibe - .
-

.

m .,,,,

Gale feiefos f%d -& Wf' '

'

t&Q h k d.;;; W,l, tw eJe... ., au o V -, .a. ,,
o....,

a

.$.Arredw
b . A ffc W eix F;

.

-

.

m

D

9 P

f
s .

'\

l

,

4

9

9

| - s*

.

g

'

3 ><.4 .>J,,
M.,,a. \*.

'

,-
t-. ,

-

,,,

r.:..-
_

w

L.*
|

I
.

e

e

-|
| .



.

. .

. -

( -

.
-.

-
ppgapus 41.

. . . p. , , m.e
.

A.,.e aset ,emees

A.1.1 Concrete espansion anchors showls act be uses enesscresanately. For emo:rtaat eork , ac1ts shawls pref- '

'

. eracly se cast-en-place.,velsec. or growteo en or elles hcles or en cast-en-place sleeves. *nere those<. "' ' types of anstallatson are for goes reason amoractacal, espaation anchors any be uses.

P'rovessons of this stanears shall apoly to the shell or stwd type espansson anchors sessgnates en Part B.A.I.2
w

A.I.) Ancnors must be at least 1/2" deameter ehen used for structural connections er for, anchorage of pipes,
consuets or ducts greater than 2" esameter.

A.1.4 Aacnors shall not be anstalles in prestresses concrete elements nor uses to connect concrete elements
ensen must ha've a specaf ees value of f ers ressstance.

A.115 Emoeoces leagth of anchor s,hali ne esclusave of thectness of grout pas or etner everlay.

A.2.0 a gcent'.f LOA 25

A.2.1 A11oeasle loses sneen en Table A. as moos f ate by the proveseems of 1 Mas standard. shall assly to anchers
insta11eo in creanary concrete.

A.2.2 For. concrete strength beteren 2 ass and 6 kse. lenear anterpolation se f acle a may be weed. For concrete
strength greater than 6 has, we 4 kne allossole values. For sowns concrete of unanoen strength. use 2kse valwes. "

.

..mi .

a.2.3 411ovatle loss values geven en this stancare shall not be encreased Decause af short duration of loading
_(e.g. for wano or seismic loses).

< s'
A.2.4 For anchors subjectee to continwows or freewent (more than *0P. times per year) reversal of 2eading. t.' '' -

. . .

allosasle Icans shall be 1/3 of the allevaole values given en this stancars.

A.2.5 Allosa=le loaes given en this stanears are intences for use at " working loaa" levels. For " ultimate '.*

or "lamit" lose oesagn purposes, teece these valves may be uses.
i

A.2.6 Ancnors installes en lightweight aggregate concrett shall have alloestle loams equal to tnese precises
-

forancnorsinordsnaryconcreteeethfje2kes. *

~

A.2.7 Allocatle loses of anchors of 1/2* or larger diameter may be increased my 505 if proof Isaading is sene'accoreang to the instructions given en Part g.%

A.2.8 f f center to center spacing of ancnors is less than 12 seaceters and/or if destance free endges of concrete
to center of anchor es less than 6 asameters. the alloestle loans shall .be reduces en acca.reance entn thefoliosang formulas:

. .

FD e 2.25 Pa#L SD e 1.5 $41
, Ne6 E*3 te3
I

shore: Pg a allevable pullswt load reduced for espe distance ane/or spacang.
PA e alleeanle pullout loas from Table A
$D: allevanle shear load reewces for eage distance
$a e alloestle shear load free _Tatle A -'

s a no. of esameters of anchor spacing
(61eil2): if N>12. use N.12-

E e no. of dsameters of esgo distance ._

(31f16): if t>6., wee't:6
Anchor spacing- shall te not less than 6 tames nominsi diameter of anchor. [sge Westance.small be not -
less than 3 times nominal teamster nor less than 3 inches. 'If esge of concrete as chaef erees eege . ''
destance shall be measures from nearest egge of cMaafer.

. A 23-

. < :
e

.

.,eeeve. .
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'
1 . 'itM4.2.t.ror a* esses one:n well se s.t e:tes ses.Itanecosly to owllout ano shear forces the allo.aole loss*- val.ses uses must satisfy tee *:11:.emg formula trig.re 1):f

cpg)h5/3 [s] 5/3
'

p

o (So / *
o ore ,,. s, . ano.a=1. tua c,wuost. snea,1. re.x vo, s a=.n,

or eage sistance af appropriate

P.SC . ano. sele loses to se vue in caus .nere av11out aug
jheef, Jones may occur sanwltaneously., .. ..

g: For convenience en calculation escoaents in the
*

aoove forewla may. conservatswely, he reewces to 3.0.
.

e 's. . 9gg p ( .; Lio ,. p Ti

ALLCoa5LC'LDAD'(E sPS) Oh (18 A4510d Ti&dliti''.
,

s

=0pinaL CchtetTt stet =*,7w. fe'
C3 8WUI' 2 ess || 3 ksa ( 4 tot - 5 ks e 4 ese(lh:n) .

| 5 N P $ | 8 I 5 '8 5 | P 5 '
p

1/4 I .25| .3 0 .2?! .30 l .30 , . 30 .325 . ?:: | .35 .30
; 3/8 | 40 .54 0 .50 .60 | . sci

'

.67 .R ! .73 I .8C .30
.

1/2 I .70 .74 0 .87 .99 | 1.C5h.1.04 1.23 1.!* ' 1.4C 1.34 '*

5/g | 1.20 1.CC|1.50 1.25 | 1.0C*| 1.50 2.10 1.75 2.40 2.DC
3/4 | 1.80 1.53|2.35 1.80 2'. 90 | | - 2.10 3.a5 2. 4t' 4.C0 2.7C .

7/s | 2.50 1 2.00||3.35 2.35 4.20 ' 2.70 5.05 3.CS 5.90 3.4C
1 I' 3.3C | 2.50 I 4.30 2.90 5.50 3.30 6.60 -3.70 7.70 4.10

1 1/4 | 5.30 | 3.40 || 6.65 3.95 | 8.00 4.50 9.35 5.10 || 1C.70 5.70
n0T[: P. PULLDUT : $. $M[Am

.

for espansson. anchors installed in lismt.e ght aggregate concrete. assume f'c e 2 kai.i ,
1 See ear. A.2.6.~.
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8.1.0 ao't,Cattoms _,; . ?, '
'

* M(gg ' " u' = -n .. , ,,. t .u .t i es .
,

*

7
, *.}

. . . , ,

~
-

g.1.1 Previesene of this staneers snan asely to the fouseens concrete eseanseen anchors'. Otnei essaneseh ' ' ~
anenere enau not to uses entreut specif es authorisation of the Engeneer.

, , v.

Inta setweet .PMILLIPS SELF.DitiLLibt. PMILLIPS NO43tiLLies. Blances, ulLTI MDI. sawL Sattet.700TN.
; $rt D setuce$ t . Kels.30LT. Papa 80LT. PwlLLIPS eCDCC. PulLLIPS $LIrvt. sCJ l? AmKA. TITE.
'

PulLLIPS STUS amCmon may to weeg in saaes us to 3/a" esameter..

eCJ.lf (original style, eith sense-enase seeges) may se uses. eroveses emmesse t e s 12fK o f.
'

that sneen en Tatle 8. estn 305 of the ansesele less values sneen en Taale A.,

.

8.1.2 - Anchers e,ht be at least V2" slaaeter enen used for structural cenaectione er for ancwage of psees.
consuets or eucts greater than 2* esameter. -

,

8.1.3 aneners snau not be instan es en prostresses concrete elements noe uses to connect comrete elseewits
ennen must nave a sencefic value of fere resist.ance.

i
; 8.2.0 teS?ARAT'De

3.2.1 lastausteen of anchers enan to assereing to manuf acturer's instructions as to tools.terous ane
tientening procesure.

- .

.

8.2.2 If a nele sanaat to eranos to the serrect seeth (e.g.. if reinfe*ceng stee1 ss encounteM waele~

erilling). a noe nele snau to erinee. There enau te at least.V2*. of neune concrete eetween
ateaseaee ne's are neo nele. If an unuses hele as setnin a.5 neeenal asameters of en enmasissen sessier.ceter to senter, the unuses hele snell be f eces oitn grout er esta an eseanoes anener.

.

O.2.3 If asse of a erines hele seviates free nereal to eencrete surf ace ey more than 5' the sole shall met
to uses unless specificany autneessee by the tegineer.

B.2.4 Winimum reevices secessent, for shou type ancmre. is eewel to the longen of essen, rar east shell.

ancture two enen may be recesses not more than Va of tne nossaal esameter. saatanes eneus rosesses
y, to greaterseetne enau not to uses unless seecificauy autnersaes ey the tegeneer.

| i*

uinism reeweres esseement ,for etd type anchere is given .in Taale s.,

'

,tenoesent length is escluss%ee of tnicanese of any grout pas or etner seerlay.

B.2.5 anenees snau be snotanee ascereing to manuf acturer's instructione. If. af ter start M free finger.'

tientenee eessteen, ancner slipe more than act of einiew requires seeecenat snele se ent tagateace.
one of the tenseing roomssal actions snau to tamen

namove helt er nut. reset anener. rosest tegntensag:a.

' t. asenve anener, sutetitute larger einmeter er longee aneners

c. 'Driu noe hele and 'instan aseitional ancree oneen satisfies the reeveremente of tnse staneers.

8.2.8 sacher spacing. sentee to center. enau be not less than 6 times nominal esametoe of amese ner samu<

esgo sistance te lose than 3 temos nemenal esameter nor less tnan 3 enenes unless specificany outseer stee
,

by the Engineer. '

8.2.7 If este of senerete is snowforos. este sistance shall be measures free nearest enge of esiesfee.

5.3.0 e#00r LRARiss

When retteiros by the Engineer, proef leasing shall to Gene accorseng te the fenomeeg no trust a ene s

8.3.1 shonevee an instaustion stee starts instauing anonus at a see este each of the aaceers insta12ee
by that eroe shall at first be proof leases in tonesen to 2SCT of the allemaele pulleut 1ses
setignated by the Engeneer. After five successere ancher installations have been seenlotee eitheast
faslure, a ranese selection of lot of the ancmers of each asse instanes by the ereg 1pelreafter eenthe same pesject shall to teetos in the amore menner. W
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b arnef Isseing is sane sy'; ace eng 'against a surface tres of csacrets sure:uac eag tne anener. the
- .I Yh? 3.3.2

. s 1_'* *acsang.s' essure saal; se sistrisutes ove* an annular area of enner seameter at Isast 3 times twe - - - -.
*

f* ,rn .pimus reewares emeesse,(t/gieen en taale 3.
_ , ,

*
:_ - *

.c3 .. r . ,o. oi. ..,
,

3.3.3 Craterie for f ailure of an anener euring preef looseng are:-
. 1

' (1) concrete eresse; (2) anener tresse, or (3) anener elas auring the test is greater then SE '-

of the minimum resuerse seeeement.
;4

I

|

!.

.

Ta8Lt 8 ;

* *
Wininsuu tie Cashi RE UIR C FOR 57US-TYpt

.

Expansion auCM095 instaLLD la concatTC. .

moeinal Wenimum
Siameter (seeement
(inenes) (lacnes)'

.

i

Va 1-US

F8 1-3/a

U2 2 =U4

1/8 2 7/8

3/4 3.V8
-

7/8 4

1 4'-V2

l - j. 1-U4 S-5/8
. .

.

..

.
- "

|

'

.

l
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LABORATORY No. 93110 31 55)

ORDER Ns.CN 3871. CH 4457 94277 5 58), .
'

.

CLIENT'S No. P0 4903P, 821

!
REPORT-*

(Consohdated) , ,
,

TESTS OF: REO HEA0 SELF.0 RILLING C0NCRETE ANCHOR 3n''. -
*

, _

PULL 01T TESTS S84 EAR TESTS
!

I Tensile Average Sheer Aeerage

Cat. No. Bolt Size Load.Lbs. Load.Les. Type of Failure Lead.Lbt Land.Las. Type of Failure'
._

3.728 Hit ' *d i Concrete Failed 1.000 883 ' Se9 g belt. Sheer
5 14 %* 5.125 df/Z 4.001 t!.IIConcrete Failed 1.550 8W L363 Belt. Sheer

3.175*7.81a 4tfl Anchor Pulled out* 1.540 sisf- at t8 Best. Sheer.
,

4.625 4s8f Concrete Failed 1330 878e. Belt. Sheer' '
' ..

5 16 K.* 5.025 4981 4.429 Concrete Failed 2.240 s et. 2.073 - left. Sheer*

3.625 1ft. 1918 Coxtete Failed 2.050 s atI. g3 met; left. Sheer.

|p8e(,2 Best. Sheer86.125 5f4I p "oncrete Failed 3.27ty,or
10.b;oncrete Failed 3.320 o 47 3,443 best. SheerS 38 %* 6.425 67e7 6.175

5.975,;, g 5439 :oncrete Failed 3.740 nri gesg left. Sheer

2ncrete Failed * 6.660 y,,a pg;g (,,j" Beet. Sheer9.809 87 9 p@ 4| :oncrete Failed 7,020 gr3s 6A56 3est. Sheer3 12 %- 9.109 sevi 9.259 .

8.859 ars 81%f Anchor Pul:ed Out' EJ90crg.' 5e98 : left. Shear
t ,j

12.160 fe #L H5't f.+ la't Sheer
:.encrete Failed 11.500 4 88' 12.153 Best. Sheeri ( -> 15.025 83H7 g73

$.58 %- 11.075 MM 12.758 oncrete Failed'

,

12.175,e7 p 3113) . . Anchor Pulled Out* 12.800 er3w so sps Belt. Sheer' .

belt. Sheer17.325'W' g*.fqzb3 :oncrete Failed 14.600 *gr9 gggg II
.oncrete Failed 17.400 er4rs 16.515 best. Shear| 3 34 %- 17.675 er5or 17.675

Bett., Sheer
i 18.025 se## e5 r e, r :oncrete Failed 17.550 esy,, pqgyg 3

__

' 18.250 85344, . [(,)g 7,j Belt. Shear'

19.025849'* g,g::enerete Failed Beet. Shearoncrete Failed 18.900 es7st 18A15S 73 %- 20.725 as48* 19.442
.; Best. Sheer- 18.575'W'. :stte :encrete Failed it.70(W I6 yg4.

T-32 wire MIRO BROKE _
_

"
CONCRETE USEO FOR TESTS RAF GEO FROMB325 TO 42afLOR AN AVERAGE OFM 31

* Anchor capacities where -Anchor Pulled Out" were subptante illy the samps an the case of concrete fa~ ssures, oc high r. .*

A. 3.6 M
' **

.

Procedure for tensile tests was asial loading until ultimate failure of concrete or anchors. Procedure for stiear tests was loadirgte a ' steel'
'

! plate bolted to the anchors in a plane perpendicular to the asis of the anchor. Concrete blocks used for tests were of a 1:3.4 ensa, having a '
compressive strength as indicated in each table at 28 days. Compressive strengths were checked using seendard 6 x12 test cylinders.

,
,

NOTE: Tests show ultimate total loads-not safe working loads. See manufacturer's recommended safety facters.
.

! , . .
,

p , P,3 + ,sa2(P,44I) ri '
' -
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PULLOUT TESTS OF N* NON-DRILLING CONCREIE ANCHORS; .

.

- for .. ..
, ., . . ,

, , . .
i

- - ITILLIPS DRILL' COMPANY ..-i
'

-

. ~.
-

. -

MICHIGAN CITY, IND.IANA -

. . . . .. .
. . . .- g.jp, .... . . .. . .. . ...- -

.
.

- .: -

:... . . ..~ ~

Anchor Size P 11out Loa'd, '1be. - .Averaga lbs. ss4t[.2
'

-

.
'

1/4" '~ ' '

.'. - - 2810'- -. -, . - -
.- -

2860 : . -
-

-. .
... , .

,, . ..-- ,
;

330o;|,, ..
2s80 ' . . .. .

,

,. . . - - -. .. .

|
. -

-- -

2s12 - . lo,f
_ .

.

3/8" 5450' -
-

~

4550|
. . - ~

-

- .
; ,. 46001 # * - - -. ~, ,

|
'

4700f..

4825 TT-

| 1/2" 8140''
-

' . ~ ~ ~! O - ~
-

7520. -

-
'

-

'7320 -

'
. 7500 7620 '7 T.

-

5/8" 12000 1
.

-

- - , .

11400.. - -
.

.- - .

10600 '-. --- - -.

11280,f 11570 7, O
-

Block. cracked diagonally. On all other. tests, a conical*
-

concrete disc. failed. Size of concrete spall recorded by client. ,

- - - i
|

-

: .- asgp-
. ...

. .
.. . . .. .

.
- -

. - ---.

,
.. .-

,

|
-. . .

. . s .

.
.

-

..
- - -

..
. . . . ,- .. , ; .. - -'

,

. . . . . . . .. . .

, . . . ' _ Respectfully submitted,
- -

-

-
. .

-

PI BUR TES LAB TORY., . -
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NOTE: Tests were mode In concrete blocks having compressive strength ronging from 2440 to 3840 PSL
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PULLOUT AND SHEAR TESTS FOR 'M STUD ANCHOR 5'.''
,

,!
*

. . ..

f.or
-

, . .. . ..

| -
, .

. , . . .

*

PHILLIPS DRILL CCMPANY,* MICHICAN CI.TY, INDIANA' *
-

-

', .- . . . . . . . .
. . . ..

. . . . . . . . . , , ,
,

,*., .
. . .

* *; P. * - * *

* TENSILE TESTS *. .

* *
- '= .*>4|

. -
. . .. .. . . , ,

. . ., . .

Pullou
.

'Typeo(~,. An,c, hor 'Pul)out- 'p.
,,

| ,
Diameter

'

" Load / Lbs. T+erag e4 . Failure .V.
* * * *. -

P4 .- ,.i . -

' '

* '
. Concrete $"all'ed ~.1/4" *2370 -.

* *
-2850' ? I Concrete Failed' .-

* * ** *
<

-
., . . .

|
,300 2660' ' E, T Com' crete Tailed' .

* *

2750 *
. .

. .
~ '

.

,3/8" 4210 Camerate-Failed , * I' - ..
,

~ * '

.- .. - 4710 Cancrete Failed* *'
. . .

-- 3950 - ,590 42io -7,3 Concrete 'Faned
* - '~~ *

| ,
, ,

^ D, 1/2" 6220 Code $ ete Failed
.

~
-

.,

4850 Concrete Failed
5780 |0 M 5620 ' s

. .
Concre.te. Failed -. . .

'

* . .
. .-s. . .**I SHEAR TESTS -

, . - .. .. .
' e. .- .,, , - .-..

Anchor Shear Shear . Type of
OA FailureDiameter Load. Lbs. * A Averano.

.
. ..

. ' . h
*'*

~1/4" ~2260 . 5tud Sheared* ' * * *

h*." 1940 5tud Sheared
* '

*
-

. . .
'''

'.
'' ~

,- 1850 300 2'020- 6,7 .' - -

- ** .* * ' * * '

,
.

- -
5 tad Sheared- -.

,
-

.. . - ... .. .
. ~' '

J '4660 .
-; .- 3 / 8..

-

St d sheared .
- - --

. .

3590 5 tad Sheared- '
' *"

,
.

~ * '
,

.
. . . .

5270 (o fe D - $170 7 I.
.' ' '

Stud Sheared: ~

5. . . s .y, A;
.

;*.

'.
- - --

i. - 1/2" 8500 .
-

.

. Dh ared'
.

9180
-

g
d Sheared

4440
'

102.5 8710 F.5 5 =d sheared
'

.

' '

|
Concrete.used for above tests averageg910 compressive strength. .

% p .f. 910 dP - P )
~ y,. Tr~r muR'

g 45 TES c ORATOar.

A as " .

V he
, ,

W. H. velius. District Manager
*3cet Cuent .

Manu/eesurers reeemmen,ded se/e a,orkkg lead k 3500 PSI cenerene-2SV, of she awerage paga,a toege Ae ,a ese,,,
; * Currently being merlieted as Red 4 feed Seud Analiers.-
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'

a S, .m . .
- -

h p(f bchicago IL.LINols

,O ::t.==.: = :.::,:=.:e.:m.=.= ::: =.:,=:
"

c

! ,: ~ ~~=.::.:: .r.=,:: ::::::: .== ::::.:: - --
,4 ;I .fjusmM No. .ORDER No. CH 8539-

'

| | 100019, 100037cutwrs No.
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.. n
, 9 30-64
j sr . .

|

.
*

;
.

Test's of: . Concrete Anc' hors -
' ' '

^*
.

. ., , - -

|
. .. .

, , , , , , .
.

.

.
,

.I I *'
~'

i. ' * . ' , . Reported,to: .

i [
- -

' , . .The _Phillips'. Drill Co..
* ' ' ' . Michigan Ci4y, indiana

.. , ,
-.. . .. .

. ... .
-. -

. . ... - . . . .
.

.
. . . .. ..

. _

In,.accordance .with your -ins,tr,u,ctions we have completed Pull-Out ,| .. .

f,. .,
* . and Shear tests of anchors ;identifiad' as _ -|

.
.

- ' .

1) Phillips Red Emad' Non: Drill,} An' chore ,. * ',- . . , .., ,
'

-
,

~2) Phillips ' Red Head Stud / Anchors '

.
- -

,

;-
. .

, .. . . .

Com.
.

ges4 were conducted i.nmblocks supplied by the iclient,|
-

7.pression.* test [ cylinders ahd cor'es from actual blocks were used.*

~

to establish strength's of .the blocks. -
,. , ,

. _. . -

'

7 Pull-Out tests were conducted by applying tension loads to the . -

i anchor through threaded rods held in the jaws of the 300,000 lb''

.

,
Baldwin Testing Machine. (Calibr,ated September,1964) The block.I

*

.,

was restrained on the under side of the moveable crosshead with *j' -
.

'' the. rod producing through the jaw opening. Shear tests were con. -.

'ducited by applying a load through a_ " plate bolted to the anchor,
.

with~ the load travelling perpendicular to the anchor ancis.
. . . . . .

-
. . . . *

TEST RESULTS-*

.
..

.. ..
. ..,. . .

.
. ,,

'

.Concreto Compression Valuest
.

* -

*
-- .. . . ,,.

,',

1) Theoretical ~2000 PSI.'-' '
- . .. - -

'

Actual: ,1820 PSI (Average'of 3 cores) ' :'' ~ -
.

4000 PS p ' f 3 cores) M //.0/ h 'a2)' T2ie~ oretic 1 +
Actuals(060Cylinder compression wm@ yielded approximately the same results.

verage o
.

-

.

' '

-
.

'

Pull-Out Tests .

1) Non-Drill Anchors (J Series} ,

j. ,,
~ Pull-Citt Strength. lb s ~. " . ^ ^i -

y'
. ._- ,

* Size 1 000 PSI Failure Type 4000 PSI Failure Ty;

1/4 ,2580 SX7" Spall (NOI TESTED)
2310 3X3" Spall

-) 2540 4 X S" Spall
,

2476 Average[ .

(continued)
*

-

.. -.._-. _ __.= _ __ . c. . . . . = ~ - ~ .=..-.: . w _. - - = - , . - s ~ .
- -
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f.' > ?;. PITTsaURGH TESTING LA DRATORY #f. nff, -
fl[

',
, , , , , . < . 57 CNICAGO AY8!>(UE-

gg '3' !,' fCL INd)IN .)' M ! % Y'' _ ' ' l'E - *!
-

1. . . , ' - _ gC _g|
> --

....v.w ,,i ,. s.u.e ..v . .u.e,... . . . , ,.
-

-

. 6

. . m n.
.

..s n..
n ...

. , m., ... .. .u
....

. ..... w,,

.....6.... . . ...w...
- . ' . .

.. '

.s.. . - (' . 3. , a ,(rkvicod t=' cortast.10 9 4h)|2.0- .;..t .
,.

.

.

C!! 3 5 3 7
~,

'' hf;g,' 2 b3bE4 ~~

''

- '
-

Foiluro -

Failura.

- Si::e 200Q PSI Tyc
- 4000 PSI. Tyge

._

'

..

1/2 4030 Block (N8E TESTED)
'*

.

*

4020 51ocic; . . . .
* ' ' '

.- 3950 Slock
~

{
-,

. ,

4000r . ).ver age
.

-
,

,

.
. . . . . . .

. .

. .

3/4 7330 * .BlocN 17000, 22 I 22" spc. . ,
._ . .,* .~ .' 7100 B lo,ck. 17150 Black split-

*
.

I - -

. . .

. Block .. 17.350 - - Block split,
- 7180. - .,

.
*

i 7203 Average. 17166 Average'
. . ,

| . ' , . . . . .

* *
- * *- . .

. .
, ,

| !.
- , }- 2 Q ud Anchojcs.(JS. hories)' * " '" '' "-

. .. .
, ,,

Pdll Ottt S trengt.ts, lbs.. .
.

~ * -- .

.
.

.
*- .

.~ Sire 2000. PSI. . Failure 4000 PSI Failure-
. .

. . - - - - - -.
' ..

.
,

, Type
. ,

.

. . Type:.- .u. .

.
,

. - -
. . . . . .

- 1/4 ,
1414- 5X6" Spall (NOT TESTED)

dmhtdmirik * /kf
'

13 0 3X6" 'Spall .
.

I' 1462 A'verage'
-. ..

--

,. ..- . .- ,--
.,

1/2 3280. '6X9',' Span * hCT, TESTED)~
~ '

-
. - . .

,,, ,, - 2700 9X11G Spall ,-
---

,,

| . 2930 6X9" Spall
,

# -

, 2993 Average .

l *

1 -
-

,
. .. . .

-
... .

| 5/8 - - (NOr T!!SIED) . - 10480 fT 151ock

- - (2 k.,)
-

. S'770: ~ 4,T Ilock -
'

.~ . .
- -

s47.03 4.7 rx10.Spal;.
.., ., ,

. . ,

9240- g, / Mrerase
* - - - '

.
,

, ,

-%- * .* y

.
- 3/4 7400 9X10 Spall 13000 4,5 siocE.*

|
- -

6670 ' Bico!;
- .12750 4.4- Block.I -

[33 )
-, , ,

-

Block
-

12200 4.2 Block
.

~

6040'
6703 Avere.ge . 12650 4,f. Av'eraC#.

yy ".. - ,c

W!ic ic t.h.- f.d ? sirn .g' @=$cifilacd "Blo " th5 hmilicate n tt a block*

c.:. c!.ed os. r.4.ctu:rd "Ancho- " denc ca; ths: condit Lon of the
; - .s.ct:: tor p 111:29 ent f( v'l t'acist a CFall. P.

,

.sf{$j''
. .

g

6 5 48to 2.
, _

(cri:1 tinned)' -
.

,

.

.-
.:..., _. : 2..t:..-.-z =---~:"--:.:-:::.a.-. ,- m --"; u :- -- - - - - . = . - -
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o.s PITT:::iBURGH 'TESsTING LAdORATORY g'3 4
-

ir!

k IE' CHICAGO 31, ILLINOls-

e uoo WEST CHICAGO AVENUE

. . .. . .. . . . ~. ~. ... .... . . .
.. A 4p;x c./pm. e.. . _

.. . ,a . ..... m,,. .. .. .,....... m.....6....
........m.,............ . . .. . . , , . , . . . . . . -.,s ..o c .~.s.o.....m,,..... .... ....,

I.Gi0303 Mg= 3 p.3o.,c4 o

.

.. ,

'

Shear.Testc ' '

2) Stud f.nchors QS Stries) ' ' - ';.
*

- -
, ,- - - - Shear Loact. *1bs,

. ---- -----
.

. . .
, . . . . .- .

. .-.Si..p, h000 FSI Failure 400C FSI . Failu=a
.*-

.

'
*

*
_

R**>a ' ' - a , . . 'T.ype
-~' .*-

. . , ,
-. - .

.
. ..

-

. a
** *, , , , ,. ,.

. .. . -

5
.

.,
1/9 16*2O 1.ol. t (1;OI 'lESTED)**..

.'~
- * '' .' 1475 . Bolt .~ ~~ ~-

- _
.

. .

1250 . Bolt . .
*.

.- . . . . .
. -. . . . .

.. . 14t Ave:A.ge . - . ,-
~- *.., .

.,.
. - ., . . .

,,, . . . ..
. .

. . . . . .1/2 5'106 Bolt . - (NOI TE.STED) . !
.

*- -
,

5260- Bolt.
, ,,

'
3 .*

.' 1,5.1.0 - ' '' '

Bolt.. -
..

: 5323 - Ave = age
.'

.
. . . . . .

f-- - O/C (NOI 13STED) 11653 '7,7 Bolt .

(' 12CO3 3. 0 Bolt,
,,

. . 11803 29 Bolt
'*

- - * 11810 , '3 $ Average'., .,
, , ,,,

. . _

'

|
~

3/4 *10500 Block * ' 194b3 Y, 2. Bolt
~~- *

.

.

IO*!CO Bol 16703 /, T aalt..

*

11200 Block 17953 $;S Bolt
. . . 10633 hvarage 17350 f,3 ' Average.

. - .
, , ,

,
. ; m-,

" Bolt" .tppa inilurin denignaten bolt s' hear ; . "Blo :0
'- ~ *

desi gha3' ''
. .

the bl:ch :it.Qcd. ' . . ' ~ . ' 4' ' ' :~. -

'-. -

7s. 3 W $}.- -

-

05'4I(r2.. . -. . . . -

.
. . _ :.. ... . . .

., .

..ss.-

n. J .-.

't , . ., , M ., w P4ppc
...a..' , '

'

. iv . -Qgesed
ly.subruitted,

,'
-

- -

Test 1na uBcuTc:
, _

* '
. - - - y . y f J <. L 7 2 >,,

"

.

i
.

| *

. W . li , LE*E !US, IMm.
. C.ICnGO s/IEIRICI

b

.

.

A - -.,- _ . ._ -. . . _ . . . - -
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. \osm-
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#"/F. Io j ProwrAc Smo Re esexo .NoN- Dettu .:- . -

.

.3 a 2000 2500 3000. 3500 4000_ 2000 2500- 5000 5500 A000 }|35-

.

k. vc |5GO I800 EI|0 2A00 E830 2500 EG50 2850_ 3000 3_.I 2'O. fo...

'
1 4 2280 PGGO 3100 3550 4200_ 3500 3G50 4100 4500 4800 3

~

9 Va 33GO 3900 4550. 5200 G180 4400 5100 Sido 'G800 7400 7, ,
~~

@ % 4G00 5 300 .G.15_ 0 7 | 0 0 840. 0 15. 400 '.G G 00 '8 00 0. 8700 .tO,750 6.,,-

,
. .. . . . - , .

.

,

c2 4 7130 9300 9600 11,100 13.200 7700 9600 IF.Foo I5.500 17.800 5,' -'
.

,D k V+ IG50 1800 8980 Ello 2320 -

j % 3350 J700 407d 4500 4950 -
.

'
- ~~

: d '/a 5650 G350 7000 7700 8600 S e s.,T x a t e 11 -

!
'

5 Ys 8400 'l500 10,500 11.700 13,200 r14.'/ ts m e eT, . .
-

'

d5 % \ \,500 . \3,100 14,600 'G,20016,500
'

-

. . . .

,

- -
. . .

,.
- ,

. .

I -Re c omr > or m Woaxm g L on o s .E qux.c 2 5 */. t o r .
. ... .
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I %
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. ..
* ' -:.
.

-

Embe),unt i nn" c..Q ;w%-
- -

77 - - gA. -

s' -1:o v .-
-

-

;# '~ . i s- -
- -

h" 5.92-i.-
2%

s'2'
*

- , .

. 4.I W 4,7
''

:s %. 4,I; %' 4,5
.

-

3 Ksi .~%/ses4 k.si..

.'
G . (, ' k 7.7-

Q G,1 h 7A
u a r.3.

2 4. - % S,7-

.

. .

'T- g.I ,4- 9.1
*
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'
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. , * .
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-

:~
- *-

.. .

...i .'
.!, : '7, o .?I E" #8 4000 4450 4450 4+50 '

. - -
.
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'

-

5 'N 5G00 fo400 7300 8100 $,Y1.'
'.- --

;; .
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.PHILLIPS DRILL . COMPANY, INC. . m x;.; y !

! ih h}'y
.

,

General Offices ,

if 4 i
,p

.

Michigan City, Indiana 46360
- o

iiQ 1 L ,

I \' .-

,

Pullout and Shear Ultimate Capacities For The Phillips
-j [, 3 s _.

'
.- r -. ,.

^

Red, Head Non-Drill and Red Head Stud Anchors
- -

f|E i

; -7( k f5 :In Several Strengths of Concrete '

~
.

SHEAR CAPACITY 2. i ,h '*''

PHILLIPS
'

. . PULLOUT CAPACITY 1.
CONCRETE STRENGTH P5I G'' '

,

CONCRETE CAT, SOLT - cot (cnETE STRENGTH, PSI

'ANCHCR5 NO. -SIZE 2000 2500 .3000 3500 4000 2000 2500 3000 3500 4000 " f/
-

.

J5-14 1/4 1560 1800 2110 2400 2830 1650 1800 1980 2110 2320' E

J5-38 ' 3/8 2280 2660 3100 3650 4200 3350 3700 4070 4500 4950'
*

RED HEAD JS-12 1/2 3360$ 3900 4550 5200 6188$ 5650M 6350 7000 7700 860[y.' )

. STUD ' J5 58 : 5/8 ~ 4600$i)5300 6150 7100.' I,840CN 8400h{,1500 10500 11700 1320h f,
~

JS-34 3/4 7150*gs$ '8300 9600 11100 1320k$ i1150h 13100 14600 16200 '1850@ $

J-14 :1/4 2500 26'50 2850 3000 b120 2300 2300 2300 2300 2300

f

J-38 3/8 '3300 3650 4100 4500 4800 4000 4450 4450 4450 4450
I

RED HEAD J 12 1/2 440k '5100 5900 6800 740h 4700% ,5400 6200 7000 ik[ e

NON-DRILL J-58 ' ~5/8' .M$ M 8000 9700 (h)0750@ 560tfMid400 7300 8100 910% h _,

'b-
! J-34:* $4 :i M 9600 ,12200 15500 17 M 800d2 8900 10000 11300 IN 6|

'

,

f h All Pullevi Tests Reevithin The F/estwin8 or Coning 5:eekel spelline) Of The Censrete;

|
- 2. Tim 51=w T..t.'Resuh.d in:Tl= SlSeelnejof Tl= 8. lie or sevde Esc.pe Far Tl= Lars.st sizes wher. Frecewlas f & Concret.

o

'
-

g
The Above Velves Wwe,Dwived From Actuel Tests Condweted By Pittsbw8h Testin8 Leberstery, Chice8e, And 5mith. Emery Company -$Ocews.d. .,

,

.g .
,

1 o. . ,e ,.. A.d ...rese.t 1 ,s ver ,. , w ee re....
.

;
.

.
. . .

~h|Tim Menvieptww's Recommended Workin8 t,eed Eipals 255 Of The bleimeti Cepecley Velves Giv.s Above.
. ,
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ORDER No. CH.1557
CLIENT's No. 21060 LABORATORY No. 105228

- -

~

*REPORT '
,

, ,

TESTS OF: Cancrete Aachers
s

REPORTED TO: Phillips Drill Company, Inc.
P.O.Ber384
Michigan City, Indiana 48388

'

in accordance with your instructions we have completed pullout and shear tests of anchors identified as

PHILLIPS RED HEAD WEDGE ANCHORS
.

Tests were conducted in blocks of limestone aggregate concrete from a local bete'hing plant and poured in our facility.Cornpressaantest cylinders were used to establish strengths of the concrete.

The anchors were inserted into pre drilled holes and expanded by tightening the nuts with a 12" adjustable wrench.

Pullout tests were conducted by applying tension loads to the anchor through a threaded end held in the upper crosshead jews and
extending through the movable crosshead of the 300.000 lb. Baldwin Testing Machine. The block warrestrained on the underside of the
movable crosshead via a steel frame which placed the reaction load 5* minimum from the anchor location. Shear tests were conducted
by applying a load through a plate mounted to the block by the anchor, with the load applied perpendicular to the amis.

*.*

\
.,A'

f.

n, +-
f*].

~

*'
. --

?
- . ''.s

**

TESTS OF: RED HEAD WEDGE AN'CHORS *.,:P"
g&Uh.

.

.
w * .

. . . = , .z .-

l
,

, MAI1907 [ 's 1 g M" SHEAR -.

. Ancher Body Test Total Log. Kverage Lead T M "* Total Land Average Lead Location of'
Diameter No. Full out Las. Pull-Out Lbs. Failure Shear Las. -shear Lbs. Failure

%- 1 23D3 Concrete Failed
*

2250 3a8 2100 g Sheer
-- ' 1940 Sheer2 2393 $8 2346 $,| Concrete Failed

3 2343- Concrete Failed 2110 Sheer'

%* 1 3863 Concrete Failed 4640 <- ~ Shear2 A063 h, 3943 dr,9 Concrete Failed 3740 lo 0 3946 fa./ Shear-3 3903 Concrete Failed 3460 Shear
%" 1 5759- Concrete Failed *. 7500 Sheer

-

2 4849 ' O 5219 6,3 Concrete Failed 6700 = TTO 7067 '[, j Sheer3 5049 Concrete Failed 7000 Sheer
%* 1- 7429 * Concrete Failed

2 8289 @ 7782 4.8 Concrete Fbileti . 31h
1 Sheer =

fgD lo, BOD f(> Sheer3 7629 Concretagfailgl'3, 4 ~10.900 sheer
M* 1 12.679 Concrete 79ffed 18.600 Block Split

.
! 2

12.279 . * 2.069 4.4 Concrete Failed 17.500 2#i8 l9,133 % * Anchor Shear| 3 Block Solit11.225 Concrete Failed 21,300
|

.

| Tests were conducted in concrete blocks y.esmplesbive 1trength an average!o 3690 P.S.I.)[
,. - -

g .#./. .
' ,

,
r, PITTSBURGH TES'T.NG LABORNiORY

-

'
i . - .-4'

% . L ' . ' o., . b - :--- -

.

yw,a d54l 2.
.

'' ~; ''' ~ - District asaneser i
.

a g,

- -

nsaasfeeturers reeenunesded safe w.irklog loads la asso Fst eenerete = as91,s
'

.
.,th....r...... .h. -

y pg (C-a)(e -p d s r ,i*' '1n.
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KWIK-BOLT Report No. 8783R,

|
-, -

3:~ .+ .-o .
-

.

AVERAGE ILTIMATE TENSILE & SHEAR- LOADS *
'

~

| r ~
'

S
-

-
!W&yy|g

.
,'

> '
'

g.at~

M .7,

,

; CONCRETE STRENGTH - 2000 PSI 4000 PSI '6000 PSIi Ditmeter E 5 dment Tension i Shear Tension' S~tIEt a r i Tension Shear,

,.

&48
1/4" l- 1/8 "- 3,T 975, 18 1653 'M 1455 I.7 2612 6.0 1755 3.0 2389-v .-.

~1'1/2" l's75 1653 2225-. 26i2 2935 2389
'

. . .

1 3/4" 2275- 1653 $700 $12 3300 2389-
2" 2525 1653 N125 I 2612 3350 2389!

'
,

. -
- .

2 1/4" 2680 1653 3310'- 1 2!E12- 3350 '

2389
,

2,1/ 2" 2800 1653 'd350 2512 3350 2389
'

l
~

.

2 f"
I 7 er *? 51 M' M41 r

| 3/8" 1 5 8" 5. (, 2245 4,9 3748 p,9 2355 76 5107 3,S '220 $6,
.

'

gg
2" 27J5 37481 3025 5107 3650 6266:
.

. -
_> 2 1/2" * 3C175 3748 3900 5107 445n 62G6

> .

. .

3" -3300 3792 4300 5419 - 5000 6266

3 1/2" 3425 3792 4600 5419 - 5275 6266

4" 3520 3792 4750 5419 5375 6266-
*

4 1/2" 3580 3792 4800 5419 ' 5400 y 6266
- - g

Q .
.<.. ; ,

- .. yc. . .. u , .

rese
1/2" 21/4" /,,6 4_.54.5 /0.0 7444 f,2 5510 .8.0 m 314.i. ),T 6845 '7,0 9341s. r _

2 3/4" . 58I)$ 74.4.4 e. L,7i08 - . -],. S3,ls 9800 9141, . '4
'

-

h.. .M'
..

94[v% ".k M 13200 934143 1/2" 7000 0
w..

.

4 1/2" 7275 8897 11225 , 10232 14550 11522,

10'3,2 15150' 115225 1/2" 8250 8897 12050 2

6" 9000 '6397 12300 10232 15300 11522
,

-
i

- ; ;-

,

..

tual Concrete Stren9ths
' f$,e g 'pg*.), M & ' L A- -

3 7 " , .',
6119 ps, h Pj:%gi g to 4f(,Z-[WO.

e .

21
s. 7.8, p,.s.i, 4027 psi #= w , ,, , , .m . s. . aOSco sheet A-3, for notes N k " '' C -' I'* #d* f

_ _ _ . _ _ . . - __ -_ L d ) A es-^-1 n4-
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Rep >rt No. 878.. -

' N/L T| YJ,y ; .. ;

,
r'.WIK-BOLT T-

AmsporC
AVERAGE' ULTIMAT F: TENSILE & SHEAR LOADS * -

EWL
- -

' *

.1-
, ,.

# '2000 PSI 4000 PSI 6000 PSII CONCRETE STRENGTH

Diameter Embedment Tension Shear Tension Shear Tension Shear

2 18' . Nii (OM UN M W'l $% IMtf'

5/8" 2 3/4" 45,5410 fl.2 11198 5.1 6600 77 11562 3.2 7700 fr.7 13500

3 1/2" 6250 11198 9100 11562 9560 13500
|- - 4 1/2" 7000 11198 12000 11562 ~14500 13500

*

5 1/2" 7550 13378 14300 15437 20300 15437

6 1/2" 8025 13378 16000 15437 21000 15437

7 1/2" 9000 13378 17000 15437 21000 15437
'

sW _ $1Tt nW b tonb iean 1188I m te ni
-

n en. w -

3/4" 3 1/4" 4.6 8155 13 13257 3.6LO150 g,gl7133 it,7LO860 f,,7 18102t. . * *

4" 9700 13257 .L3400 17133 13700 18102

5" 11700' 13257 16500 ~17133 17600 18102.

6" 13800 ^ 15195 18000 18466 22500 21009
r

~ '

7" 15800 15195 21000 18466 23600 21009

8" 16000 15195 23000 18466 23600 ,21009

9" 16000 15195 .23500 18466 23600 : 21009
-. ..

,, ,

' i.
' ~

I',7 W500 7.I 321121" .'4 1/2"_ I4000' 27355 .6000 T.1 26879' '

5" 15500 27355 .18900 26879 24400 32112*

.

,- '-1
..

i 24654-1 ,,,16879 32200 321126" s 17600 273551 f
,

7" - Old 27 5 2 879 35000 32112'

'

8" 18200 27355 27500 34491 35000 36394

9" 18200 27355 27500 34491 35000 36394
,

10" 18200' 27355 27500 34491 35000 36394

Q
'

i

i
Actual concrete Strengths'

2178 psi 4027 psi 6119 psi .

,

*See sheet A-3 for notes A-2
--~- - - ~~ooca m on._am n -
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Report No. 8;
: ( gjg y ,*

'',
e # ~' -KWIK-BOLT $ '

*

.

| AW mxc
*

AVERAGE ULTIMA 7'S TENSILE En SHEAR LOADS *

-
.

gg,3*

> ,- .

8 I .

CONCRETE STRENGTH .
2000 PSI 4000 PSI 6000 PSI,

Diameter Embedment Tension Shear Tension Shear Tension i Shear
y

M36750
'

31 23000 5680' 31200 45195
1 1/4" 51/2" 30 19000

'

'

61/2" 21600 36750 27100 35680 36500 4519!~

.] 7 1/2" 23600 36750 31100 35680 42000 4519!
,

f 8 'l/2" 25100 39843 34600 35680 44400 47091

9 1/2" 26200 39843 37800 35680 44400- 47091
g

1 10 1/2" 26800 39843 40900 35680 44400 '4959~

.j,

Actual Concrete Strengths*
.

.t

i 2178 psi 4027 psi 6J19 psi -
.

i

. -
. .

* Tension values obtained from best fit curve through mean values of tes,

Curves and test data contained in A A. Hanks Report No. 8784 -

data.
(HILTI No. TR-lllA) . ,

,

Shear values are minimum mean values at each embedanent based on failure
across threaded section 'of the anchor. ,

:-

-

.
-

*
- ,.

; ,

; . .

.-

-
.

'
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,
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2 . . ,
,,

. ," '' g*.',,. T + -
'
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I . .
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- 3 TESTING LABORATORIES

,g
-

~ l Established 1866
I.aboratory Report

-

T 1115 INDIANA STREET, P.O. BOX 77265
. .

,

}, _ a SAN FRANCISCO, CA 94107 File No's. H22148-S01E
(415) 282-8600 H221100-02

.

' Report No's. 6099
6100, 6101,
6102, 1513,"

1514
March 24, 1977

HILTI FASTENING SYSTEMS
.

1 Cumings Point Road
06904Stamford, Connecticut

SUMMARY REPORT - HILTI HDI CONCRETE FLUSH ANCHORS TEST PROGR.SUBJECT:

and shear tests were conducted in three 8" thickTension (pullout)
non-reinforced slabs utilizing limestone aggregate designed fori

28 day compressive strengths of 2000 psi, 4000 psi and 6000 psi.|

Standard 6 x 12 inch cylinders were cast and tested in accordance
with ASTM C31 and C39 respectively to determine the actual average
concrete strengths during testing.

' The test program substantially meets the static test critera ibrtests in concrete described in ASTM E488-76, '' Standard Test Methods4
4

.

for Strengths of Anchors in Concrete and Masonry Elements".
y ~

Loads shown are average ultimate loads in pounds.

We certify that the test values reported are indicative of the
performance of HDI anchors when used in concrete strengths and.
under conditions as noted in the. applicable reports.

3 SSo G200 @
.

concrete Strength * 2000 PSI 4000 PSI 4HHHF PSI .

Anchor Size Tension Shear Tension Shear Tension Shear,

L

W2./d - -im ~ --17 2 225P -l?OP " 3 07 "'. j-3059--

HDI - 3/8 3174 397.0 4942 4225 5650'- 5900'

;

EDI - 1/2 3997 '5873 6751 6224 10200 9350
8

i
HDI - 5/8 5549 8883 9696 12205 ~1C400 13600

'

16400 2120016034 17609 '

I HOI - 3/4 8857 15195 -

2000 psi,N850 psi, 620'O psi* Actual Average Conerete Strengths:
. _ ~7. 9 73 f.~.4 4.4 fe . T 7: 3
,

I TrsTING LABonAToR
- tsE 7 71 ' > ' '/ 7. / 6F*

ABBOT A. HANAG, m .
-

4,6 S9 5,5 F. 3 42 4.G
, ,

V 4.9' 10 I 57 SG 40 7. 7t j

| j
PG4 E * FACT OR o F SAP-ENg M M STD #05' M 2*3f R - 110

''Lee W. Mattis '' l '

( Vice President / Engineering

@ F/s Aee 4200 pi es skeen ere h.~ sllswebles estrepelsted to 4.2. ks i ' n Ta|
** *

~

Y 2asa GLASCQCK STREET, OAKt.AND- m1w.wgis_
-
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Discrepimitlh., , , _~*- tc.M%.II.'L-Cancrete flush-shell ' anchors installed by Scott Co.
*

..

11 rhuir.cenditioning seismic supports.
.

,-, ,

.

: -

Explanation of Discrepancy: Tossible existence of incorrectly instelled concrete
anchors. (Continued on Page 2).y _, , .

... .

1

*-

k.

N 3-2.77
Field lingr./ Inspector Date i.'

CLASSIFICATION Si DISPOSITION
MinorVariation] . Deviation @

I

Disposition: Accept all Scott Cecpany installed air conditioning seismic .up --iM
chars m .is. . Data ormt=4w in the "2rocedure far h+-h14 =M"g acceptance arih, an-Cancrete Anchar Instate & W-W Canycn" on file in the %vaiG.t en siteM ya-

-for
-

h.. n

thered d= ring an' inspection performed by PG&E show that FM114ps anchors ince thei-"g
strength as they are displaced from their e= bat +msmt. Displacement of the ductwork up
The following cienbers of the Material Review Board concur with the above Disposition:

-

,
. O

(For Minor Variations, only Resident Engineer's signature required.)
O

to one inch is acceptable to the responsible Engineer. The duct work can easily toler-
ste the s=all movements that anchors might be displaced when subjected to design loads,

, p,
t s...

.

p Resident 'in r Date
! en r- ' % 343/n 3/24/n- --

i

nam u nate " / wy nate
, 'ES / APR - 81977

,,Jame-'7 f-' Date hame Date

f*2 W'
Wesponsibl'e Engineer Date

_ Y $~ 77
< k

Supervising Engineer bate
D!SPOSITION ACCOMPLISHED> .

t

Renarks: N/A .

. -
,

Field E.nnineer/Insnector Date
STEFS TO PREVENT RECURRENCE (Deviations only)
Scott Co=pany has discontinued.using Phi 1J.ips anchors and will only use anchors
manufactured by The Hilti Corp. Scott Co. has initialed an installation procedure for,

| * *

installing Hilti anchors, I-41-2 to assure [p Mbthey are installed correctly. 6-13-77i..

Resident dinginccr DateI wplus Attacilments Report Completed' Coor.Q.C. !!ngr. Dir.-Q.A. 1. Data Sheets 3. Scott Co. Procedure for Anchor InstallatiProj. Super. Icsp. Engr. '2. Telecen dtd 3-2-
N, Resident Engr. Proj. Engr.

__ 4 gQoA.-Site Supv.Insp. Engr.(G.O.) Loorninar2cf41C Eng2neer __ ] _ _ _'EM 6 _ _ . _
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- Of seventy-seven anchor installations inspected, Thirty-three did not have their expan-
sien plugs driven far enough to meet =%4mm acceptance li=its established for Fu n m-

Kellogg.
O ~

.
.

"

lugs further during the inspectien. Typi-
An atte=pt was made to drive the . expansion p/32" and then only with great effort.y
cally, they could not be driven more than 3**

1% .

Bit wear caused slightly undersized holes
*

Masone..y bits were used to drill"the holes.
.

and the drill point formed a conical shaped bottom. Both of these conditions prevent-

the expansion plugs frcm being fully driv.en.

Inplace pull out tests were performed on-eleven of the th4'tv-three bam 'in acco:s
}-~'

Installations 'Diablo Canyon Power Plast". 2 Eirht'sf de anchcirs frx~ enied%heTvilme~ s *

3 dance..with the "h ocedure for Is+mm Ng leceptance Or4teria 1txr -Concrete Arwkr
N c

. in Table 1.cf Ih awing No. 051.162 for 5 tip concrete withent being -dispilaced more than
M 0.010". All eleven enchors significantly exceeded the Table A values without being

dicelseed ore tnen 55 of their mini =2= enbed=ent (0.120" and 0.160" for 5/8" and 3/4"
anc'ers,'respectively). These eleven anchors were typical of the verst case conditionsh

- o encountered du-ing the inspection. ..

| 'dith the exceptien cf the underdriven expansion . plugs , the anchors were installed se-'

.
tisfacterily in all'other respects. Also reference FGE Deviation #282.

,

SUMMARhOFIN-PLACETESTRESULTS
ON INCHORS EXHIBITING WORST CASE CONDITIONS

Si:e of Distance % of Force - Factor Anchor % of
Phillips Plug was Allowable Developed of Displaced Allowable
Anchor Driven Distance by Test Safety by Test Displacement

5/8" 15/32" 94% 4320lb. 2.05 0.0 34" 28%

5/8" 13/32" . 81% 4330lb. 2.06 0.015" 13'5
5/8" 1/2 " 100% 4320lb. 2.05 0.026" 22%

c 5/8" 17/32" 106% 4320lb. 2.05 ::: 0.125" 104%
5/8", . . . 3/ 8 ." 75'5 . 4320lb. 2.05 0.010"

__

6%

8%

3/4" 1/4 " 50% 3770lb. 1.09 0.010"
3/4" 9/32" 56% 5800lb. 1.68- 0.16 " 100%-

*3/4" 9/.32' . -56%- 7160lb. 2.08 0.235" 147%*

3/4" 3/8 " 75% 4700lb. 1.36 0.010" 6%

3/4" 17/32" 106% 4350lb. 1.26 0.010" 6%

3/4" 15/32" 94% 4120lb. 1.19 0.007" 4%

3/4" 9/16" 56% :. 6960.lb. 2.02 0.008" 5%- .
,

.

* Continuation of test on preceeding anchor.
,

be. *

. ' - . -
. , /.

' - *
. .

, ,

*

, ..
- ._\_ __ ._. .- --

-
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REFERENCE ANCHOR HUMBER (Apply / 't
~

3
i

referencenumbersto; sketch)7

$ .AECHORgYPE kh1 h gNtSTAlly d .,.1 8 b d f I- N g h. G
_. .

,-,
-,

.

. - ,
.

~ #/
-

*0BVIDUS IRREGULARITIES (yes/no) Mg ll o 'll v...,/bg. g
~ ~ ~

g
_

THREADED END CUT OFF (yes/no) /)4 Mo .80 Ala
g (If yes, record number of threads
o remaining in entry. If less than -

4 full threads *.)
. = . .

ANCHOR DEPTH GREATER THAN 1/8" /Jo /Jo /)v f/o
BELOW SURFACE (yes/no) (Ifyes,
record in entry. If greater than
1/2"*.)

MORE THAN 5 DEGREES FROM PERPEN- /Jo /J , /lo do
DICULAR (yes/no) (Ifyes,regord -

in entry. If greater than 15 *.)

/ h / / / y-

AS FOUND PLUG DEPTH

AS LEFT PLUG DEPTH (If not / 'bY /d v /e'h> /h
within +1/16" of fully driven
acceptance criteria *.)

,

,

DISTANCE PLUG DPIVEN BY RESETTING '/!' . !!v > 3y-

.

POSSIBLE EXP. END C'JT OFF (yes/no) 00 0o d0 L'D

REMARKS 8parGs' Do j.is r' Kr rot;et+'Ese umt L. .

.

*If yes, describe in " Remarks" and DATA TAKEN SY/DATE: d/ -//.77
s , ,'check " Review Required" box. ,

. ,

REVIEWED BY/DATE: 35TM 7. 18 77
.

(Ifrequired) 'I,

.
_ __ _ _ _
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Sketch of Era.im-pattern if: applicable. [7 q hEdd'( J /A M 7 ").,
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.
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~T
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0 Y, (~.

REFERENCE ANCHOR NUMBER (Aa / Y /7

. reference numbers to sketch) ply
-

3

-
ANCHDR TYPE AND M, INSTALLED . 8b- #[ 'r k 1- 1 $

,
N

- -

M *0BVIOUS IRREGULARITIES (yes/no) //0 //v
'

3,: .y .... . .

) -/*

THREADEDENDCUTOFF(yeshno) //o /lo !- f.,

o (If yes, record number of threads i t

\ jremaining in entry.- If less than -

,

4 full threads *.) i

ANCHOR DEPTH GREATER THAN 1/8" //p /o ;
--

BELOW SURFACE (yes/no) (If yes, i
record in entry. If greater than )
1/2"*.) {
MORE THAN 5 DEGREES FROM PERPEN- //0 o
DICUt#. i es/nc) (If yes, regard / t

-

.f

in entry. If greater than 15 *.) \

IS/ I
/ '/

AS FOUND PLUG DEPTH / /JY //3 v /
,

v - (AS LEFT PLUG DEPTH ('If not / /
within +1/16" of fully driven

,

acceptance criteria *.) i

DISTAUCE PLUG DRIVEN BY RESETTING fv. '[? v '

\*

POSSIBLE EXP. END CUT OFF (yes/no) 00 CD '

REMARKS
*

- .. - .

,

. . .

/

*If yes, describe in " Remarks" and DATA TAKEN BY/DATE: 4/d/ - /-77
/ .rcheck " Review Required" box, M3 7]/L*L7-

.

REVIEWED DY/DATE:
(Ifrequired) ' '

- _ _ - - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ ___ __- x___
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, Sketch of anchor pattern .if applicable. ;
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REFERENCE ANCHOR N'JMBER (Apply /. '

y
reference numbers to sketch) $Q: 5 h;- f[h 1 f; - Ec~.- M i.- 1

.MCMOR TYPE-AND SIZE INSTAL 1.EB s. + ec- +. - ,

*0BVIOUS IRREGULARITIES (yes/no) /20 /lo lle- .
,

2/hw .,

g.
THREADED END CUT OFF (yes/no) /jo 8o /20 Xlo

o
(If yes, record number of threads ,f

O remaining in entry. If less than o''

4 full threads *.) p

ANCHOR DEPTH GREATER THAM 1/8" /.) O ( ~~ 9@ /2D A")o
2,

'

'

BELOW SURFACE (yes/no) (If yes, \ ;/

record in entry. If greater than
-

1/2"*.)
MJ //o -9 do'

MORE TH'AN 5 DEGREES FROM PERPEN-
DICULAR (yes/no) (If yes, regord-
in entry. If greater than 15 *.)

// ~// v
AS FOUND PLUG DEPTH

f / / >~ / Y
AS LEFT PLUG DEPTH (If not
within +1/16" of fully driven

.

accepta' ice criteria *.)

DISTANCE PLUG DRIVEN BY RESETTING 6- ",W O jv'

POSSIBLE EXP. END C'JT OFF (yes/no) Q0 I0 '~C dO
.

REMARK 5
.-

.-

DATA TAKEN BY/DAT'E: I//d 2-//.77*If yes, describe in " Remarks" and''
/

~

.

check " Review Required" box. REVIEWED BY/.DATE:d-9 Q2-[id [77
..

'

(Ifrequired).

- - - - - - - - - . - - . _ _ _ _ . _ _ , _ , , _ _ _ _ - - . . - - . . _ _ - _ _
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r REFERENCE ANCHOR NUMBER (Apply' b. [. _
/-

) .
.

.

reference numbers to sketch) , 2
. ,t.

- .. .# .. m

g , , 5 V t,V, ,. y -% ...: .:. .o
"3,._

.s.. 6 '_,
- _- .. ,

z.,

ANCH0il'ITE.@ FTy mn 1. , , , t. A .-
,.

-

, E"A- ~' #- - _.

[ FO *0BV1005IRREGULARIT5ES(yes/no) /(/o- .
I
,

THREADED END CUT OFF-(yes/no) A)OO
(If yes, record number of threads| o remaining in entry. If less than -

-

4 full th. reads *.)

L' ANCHOR DEPTH GREATER THAN 1/8"
/ Jo *

~

BELOW SURFACE (yes/no) (Ifyes,
'

record in entry. If greater than
1/2"*.)

MORE THAN 5 DEGREES'FROM PERPEN-
X) O

i

DICULAR.(yes/no) (Ifyes, regard
in entry. If greater than 15 *.)

8
.

/ 3Y.

AS FOUND PLUG DEPTH \
/ .iV

AS LEFT PLUG DEPTH (If not
within +1/16" of fully driven
acceptance' criteria *.)

.

O- -

DISTANCE PLUG DRIVEN BY RESETTING ,

,

POSSIBLE EXP. END C'JT OFF (yes/no) '/f5 ' h _'

j
L _ %. d ' A

REMARKS ._..,. -

. . -
,

b 2-//-77(' DATA TAKEN BY/DATE:
*If yes, describe in "Renarks" and /
check " Review Required" box. REVIEHED BY/DATE: bS d 2., f I h_ r J

- .

l
- - - _ _ _ - _ _ __ __

,
___ __
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REFERENCE ANCHOR NUMBER .(Apply / P [ /

1 reference numbers to sketch) \

. ARCHOR.ThEEM5%THEIAt1ED ,, [ F [ 4P i '-r i~'
-"

*DBVIOUS 2RREGULAiuue {yes/no) [h /]v ' .
*

/| -

!
THREADED END CUT OFF (yes/no) //D /./3f} !

O (If yes, record number of threads i
, ,

remaining in entry.- If less than .. ,

' '

a 4 full threads *;) #" #.4 p i--

Is i.- i
t

- ANCHOR DEPTH GREATER THAN 1/8" T'
~~ ,'J & //p-,

~ BELOW SURFACE (yes/no) (If yes, 9/ 5:- ~

/
;

*

record in entry. If greater than
+

1/2"*.) !

MORE THAN 5 DEGREES FROM PERPEN- /d ././b
'

DICULAR (yes/,no) (If yes, regard 4 .- - g' \o (
in entry. IT greater than 15 *. m,

/ /AS FOUND PLUG DEPTH - ,x
/ lh'

AS LEFT PLUG DEPTH (If not - I '

-

t a i

O ("(\ -

within +1/15" of fully driven -

**acceptance criteria *.)
'

'3YI' .DISTA!!CE PLUG DRIVE!i BY RESETTING -

'

POSSIBLE EXP. END C'JT OFF (yes/no) n'; "7

REMARU h \ 70 N k Shd '- 0 0\0"9 dI@Oh o ,0GN drM
.

- .. - .

.

DATA TAKEN SY/DATE: d2rd-//-77*If yes, describe in "Renarks" and
/ l

REVIEHED BY/DATE: & [d.g~check " Review Required" box. .

".
'

,_ If r_equired)._ __(,

- . _ _ - - - - - - - - - - - - - - - - -- . . - _.. ._.
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REFERENCE ANCHOR NUMBER

(Apply _

reference numbers to sketch)3

Vb' . 9b 5 '
.

=

, . . ANCHOR.TYEjE MD SIZE INS'{ALLED _ , . T- ; .- .-
q .- ~

* OBVIOUS IRREGULARITIES (yes/no) /Vb 20 j)o ' - ;,g: .

THREADED END CUT OFF (yes/no) //C /dd f
PO '

.i
(If yes, record number of threads

g )g
,

If less than -

remaining in entry; do 4 full threads *.)
. ' . ' ./)O i,_

d *

ANCHOR DEPTH GREATER THAN 1/8" i

BELOW SURFACE (yes/no) (Ifyes,- { *9 j
'

record in entry. If greater than y2
1/2"*.) to Y

//o !o /)O _ k

MORE THAN 5 DEGREES FROM PERP!N- 7., N
1

DICULAR (yes/no) (Ifyes,regord j-

aqIf greater than 15 *.) f
in entry.

/ 6 [
'

AS FOUND PLUG DEPTH
/

' /a
AS LEFT PLUG DEPTH ('If not \79.within +1/16" of fully driven g% ,

acceptance criteria *.),
,

C. !h C
DISTANCE PLUG DRIVEN BY RESETTING As

.

POSSIBLE EXP. END CUT OFF (yes/no) Vi 0 t9 r0 __

t

-

REMARKS ._.' -

<
.

/Ma/I!J.//-77,.

DATA TAKEH BY/DATE:
,

*If yes, describe in " Remarks" and /. .

check " Review Required" box. REVIEWED BY/DATE: E f(T
. .

~

'

___ - -- - :-_._ _ _ . - . __

(If required)
- - - - _ - - -
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N' (2)
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- .

'

c. s. \ -

% - _

_ _ sicm D:g-y . n ; ;.vaw
.

-



|-- _-_
-

? $USWNITOISC ZM1 M,3' . , >
,

:- m m, .-
~

.,
, ,

w a x . w - e,s ,,. -w r --w - m .
- ,_- - - ;,-* y, 'u . m-

, - - .[ , 6-2-
- .- - - ~

~V k,g Y 'k, c. , , . ,.
- - - =

*> :VY* [- G.n 2*~ - - : .m . - - 3;,,. ,+ k* ** '* *
- .- . :- -a . -~~ .- ., -,.

..- - . p . g. 1,
;

. p- 9 '.:.hw .;.-< L,,i.t
- .

-- m -

w.m ;.a. r- >. . 2. .p '. y
a-e-. . . --. . wW- 4, -m . . == .

-* . 2 s- # _.
. = .. m. .-e- .,v # . + x 4 ,-- r.,

w - a. - .. .. n .. .uo. - y op p g a u r, rd.sa _--- . ;c .m.n .- .:- -n,

% *.fy
,,

, q **
* -4 - - . = . ,* ,

[ , m . .. _ - - ... . ..c.,.-.. . . s e- r s . j
,

wf.P".U.E.12asle-
*

4 cott Co. 1-41-2.,._.z._~.+.m.-- m .- 2o .

%.
.j _ ,,c-:-g - Q Q. w s y .=_ g e.c 9 .

.

.
.

,

-

.-

~ ' :- m . -. .'-..- ,

p- z; Qg q=:. qy . - .
-

... ..
. . ...

,

u. -;. . -L- % %. 5,
-'

-. . s _g
i . s. D*

j
., s - z i-

.
~

MSTALLATICM & EIITI ANCHCRS
- ux ---

'

.+ ,
(LROP 2NS)-- -

p.
- --

-. . ., .

*
I

e (1) , Obtain proper drill and setting tool for size anchor being installed-

,

,using Figure 1 for reference. |
,,

I.t%

(2). Drill be.le indicated in Figure 1 ( hole depth indicated does not inc16de
-

conical section caused by drill point) keeping drill pigMicular to |IN
concrete surface. Finished hole rust be perpendicule ~ to concrete

. , , , , .

' surface with a naxi=um deviation of 5
'-

3 _ I
.

- (3) Insert anchor and assure that expander is in. anchor. (UcrE).. Top of
9 am-br sust be .finsh or slightly recessed 4not to me;d 1/3'! ) frtan u - _.

&- E- y- u- s::. . y --

-

concrete curface.- -3
- - - -- 3-

' ' re) (4) Using proper setting tool expand anchor by driving ngMer plug until'
shoulder on the tool is flush with top of anchor.

.

*

.o

,(5) Using your assigned I.D. Symbol sta=p the head of bolt in each anchor
''

you have installed."
,

i."
,( <(6) center to center spacing of anchors shall not be less than 12 no=inal

dieceters and distance to edge of concrete shall not be less than
3" or less than 6 diameters, whichever is greater, except when designs

or lack of space dictates otherwise. ( Refer to Figure 2)*

(7) When, due to encounter vita steel a new hole is drilled, a mini ~c.m
of 1" solid cencrete r.ust be left between holes. If new hole is.
within /.i diareters of the original hole the blank hole cast be grouted.

(S) If co=pleted installation appeares discrepant in any n.anner the e=ployee
shall notify Scot'e Co. Q.C. Inspector ic=ediately.
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' REFERENCE ANCHOR NUMBER (Apply ;

reference-numbers to sketch)

. ANClGRTYEE AND blN . iP ~
~

.

.-

i *-
l

~~ --

' ' fo *0BVIDLIS ~ IRREGULARITIES (yes/no) //$ l \
~\ ~,- . f :'

.
, - - - - - : ,~ - '

, 7:

!' . \ !

O THREADED END CUT OFF (yes/no) .d // |
,

(If yes, record number of threads \ / 1
,

-o remaining in entry.- If less than .

;

4 full threads *.) \ / ,

: .
1 #

.' ANCHOR DEPTH GREATER THAN 1/8"
/.I O ! fi -

li i

BELOW SURFACE (yes/no) (Ifyes, \ \ I

record in entry. If greater than \ \ i I

\ )

1/2"*.) \ s

MORE THAN 5 DEGREES FROM PERPEN-
/M / |

DICULAR (yes/no) (If yes, regord ;
t

; -

!
in entry. If greater than 15 *.) /-pN

[ !~ |

!

' /' [ l

AS FOUND PLUG DEPTH *
/ @. i.

.

\ s

i i

AS LEFT PLUG DEPTH (If not
within +1/16" of fully driven ,

~

/ ;

acceptance criteria *.)'

i.'

DISTANCE PLUG DRIVEN SY RESETTING
'7M . ,

i

.

POSSIBLE EXP. END CUT OFF (yes/no) V\C ;

REMARKS -
. - .

- -

e

t-
-_

DATA TAKEN BY/DATE: / -57
*If yes, describe in " Remarks" and . .

/
2. '/Il

-

check " Review Required" box. REVIEWED BY/DATE:
- - - - - - _ _ . _. - - ---- l- __._ _ _ _ (If rg uired)- - - __ - - _
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a
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y e_ : ~ --T.e.
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'g-k ,

-
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,

.g% dnWiuf 'L/P -

1 REFERENCE ANCHOR ?."JMBER (Apply ~/ Y ~ 3
'

reference numbers to sketch)m
/0,f 8f" )N . ANCHOR TJPE AND SIZE INSTALLED 8[ ,

M OBVIOUS IRREGULARITIES (yes/no) ))O # # 0

THREADED END CUT OFF -(yes/no) A/d //c //h ' jd/b ' '

o (If yes, record number of threads
remaining in entry. If less than .

4 full threads *.)= -

ANCHOR DEPTH GREATER THAN 1/8" 6 . //S //p ,hp
BELOW SURFACE (yes/no) (Ifyes,
record in entry. If greater than'

! 1/2"*.)

MORE THAN 5 DEGREE.5 FRCM PERPEN - O /)S /JO NO

[ k.M*t d+
DICULAR (yes/no) (If yes, regord -

,

-

in entry. If greater than 15 *.) d ev9'
'

AS FOUND PLUG DEPTH / v 1

AS LEFT PLUG DEPTH (if not [ [ -
.

| with'in +1/16",of fully driven \ N _.,,.-g '= g gfg%
. acceptance criteria".) vp AtA i

,

DISTAriCE PLUG DRIVEN BY RESETTING ' kiv. O v $>
.

POSSIBLE EXP. E!iD CUT OFF (yes/no) v1 O WO AO f.O
REMAR'45 d 3 M S k4e) ; \/>C.) kh. :() .0\0" t Ano" o ,osv ,

~

c ? Mscud O .*6Id' c0|v 56* . o.h c" @ &n=-.
.

$240% .o7.A"(c 4A72P--4CPolt ' ed; cioio"@ s:c-

*If yes, describe in "Recarks" and DATA TAKEN BY/DATEi 2-/5-77
check." Review Required" box .

/ -

REVIEWED BY/DATE: 7)k
| (Ifrequired) *

|
- -.. . . - _ - . - x- - _
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A4atA 944L. - huk f / kf.Sketch of anchof @attern if appl,1 cable. h^ /s /2

~ .
$EE $.,l.|iD=T~ 5

U]rn . ,

t.

3I v i

.

| N

/ ( )REFERENCE ANCHDR NUMBER (Apply
~

[ (reference numbers to sketch)-t

'6R - d . \^ ,-\;ANCHOR TYPE AND SIZE.INSTARED
) A:

ro . *0BVIOUS IRREGULARITIES (yes/no) ./IO / | ' -

,

; O THREADED END CUT OFF (yes/no) //O
'

(If yes, record number of threads i ,

'O 1remaining in entry. If less than -

4 full threads *.) : i

), . _ , s

!ANCHOR DEPTH GREATER THAN 1/8" /)S *- .

BELOW SURFACE (yes/no) (Ifyes, ).
record in entry. If greater than i

1/2"*.) ( |
\ \

P. ORE THAN 5 DEGREES FROM PERPEN- X/B I
'

DICULAR (yes/no) (If yes, regord !

in entry. If greater than 15 *.) {
'

AS FOUND PLUG DEPTH / l

AS LEFT PLUG DEPTH (kfnot / :- I

within +1/16" of fully driven -
.

,

acceptafice criteria *.) .

'

DISTANCE PLUG DRIVEN BY RESETTING ,- .

.

!
..

POSSIBLE EXP. END C'JT OFF (yes/no) IM
\

REMARKS

.-

*If yes, describe in "Renarks" and DATA TAKEN BY/DATE: b4/2.,. -//- 77
/, .tcheck " Review Required" box. .

. REVIEUED BY/DATE: b% (K Tl
(Ifrequired),

- - a. , __ _,
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REFERENCE ANCHOR NUMBER- (Apply [. } 3
I reference numbers to sketch)

$ ANCHQR ITPE AND SIZE INSTALLED . 3yF 3 yP 3 yP : #P
*0BVIOUS IRREGULARITIES (yes/no) O ,MO~

( M
THREADEDENDCUTOFF(yes/no) 8 Lbb /78g
(If yes, record number of threads 4 ti y'

AE wo remaining in entry; If less than -

...
4 full threads *.) u Qw4,a y

/!8 \' $ p /!p'
- ANCHOR DEPTH GREATER THAN 1/8"

*
s.

BELOW SURFACE (yes/no) (If yes, 'e #q "

record in entry. If greater than Q "q 4 'u
%b{1/2"*.) % a 4-

%
MORE THAN 5 DEGREES FROM PERPEN- //o wM ,//t>m

DICULAR (yes/no) (If yes, regard
'

'( f :s
t'

in. entry. If creater than 15 *.) 4
.

:J/ q .t 1 k 2'.
,

AS FOUND PLUG DEPTH / A'r
.

t7 * 4 /.'J

AS LEFT PLUG DEFTH (If not / .

- I /
4within +1/16" of fully driven V*

9{3
.

acceptance criteria *.) h? 4'g,g
wb1 .. T0

DISTANCE PLUG DRIVEN BY RESETTING Jv- S4 : d 0
ss ga o.

- s
Vw N NN 3 92 X0POSSIBLE EXP. END C'JT OFF (yes/no) CD

REMARKS
,

- . .

. . < .

(
*If yes, describe in "Renarks" and DATA TAKEN BY/DATE: Ud/ -//-7 7

'

check " Review Required" box. -
.

REVIEUED BY/DATE: G[[ '-

(Ifrequired) '

s _
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SYSTEM < M h YA.L.NlE 12.OOr^ beiv)CdSketch of andhor pattern if applicable.
2d 2 TH) m 9 5. t

NOM EAS,T c 0(2NVw OP 'EO N Q,'ATLcVE p'

gt

t.n - (pt?cinr4q -

UI
\.v n .s

091(d6 hOW|su -

REFERENCE ANCHOR NUMBER (Apply k^ b~-

1

reference numbers to sketch) .

,.,

YOk ~~6b 8 '' # * 52. s-

ANCHOR TYPE AND 5 ZE INSTALLED
N

*0BVIOUS IRREGULARITIES (yes/no) 40 tJo ( \
.

n
O THREADED END CUT OFF (yes/no) QO li ']

(If yes, record number of threads .

O remaining in entry. If less than ,

4 full threads *.)"

'

l30 O0ANCHOR DEPTH GREATER THAN 1/8''
BELOW SURFACE (yes/no) (Ifyes, ,

record in entry. If greater than
1/2"*.)

t

-

f l:DRE THAN 5 DEGREES FROM PERPEN- N1 i0
'

' DICULAR (yes/no) (Ifyes, regard
in entry. If greater than 15 *.) ,

t w
AS FOUND PLUG DEPTH Otv( +0 W i..W, \ y2,3 g 3g

|

AS LEFT PLUG DEPTH (If not I S3 \ ~~A
, within +1/16" of fully driven'

acceptance criteria *.)
I

'

DISTANCE PLUG DRIVEN BY RESETTING ID' 705L
-

POSSIBLE EXP. END C'JT OFF (yes/no) 9O Oh'

./

REMARKE - . _

s.

DATA TAKEN B.Y/DATE:' b L hi C N'
\

|
*If yes, describe in " Rec. arks" and

!

|
check " Review Required" box. .

REVIEHED BY/.DATE:M L.II./Vi-

:
- . - - -

_
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SYSTEM
Sketch of anchor pattern,1f applicable. ggc 4 g g ,, j .
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REFERENCE ANCHOR ?,"JMBER (Ao { . 1 3 .b-

reference numbers to sketch) ply iI

ANCHOR TYPE AND SIZE. INSTALLED Od3P k8F NSf NSF ,l
i

'yC
N '

No y0 go*0BVIOUS IRREGULARITIES (yes/no)g
THREADED END CUT OFF-(yes/no) NO NO N0 noo (If yes, record number of threads

o remaining in entry. If less than -

4 full threads *.),_,

ANCHOR DEPTH GREATER THAN 1/8" dO t3D- 6L NC
'

-
'-

BELOW SURFACE (yes/no) (If yes,
record in entry. If greater than
1/2"*.)
MORE THAN 5 DEGREES FRDM PERPEN , NO U.O !!') C
DICULAR (yes/no) (If yes, regard t

in entry. If creater than 15 d.) 1< -

| AS FOUND PLUG DEPTH k 3- k \ l'DL I. I'S-
~

\~
-

,,

I Y'l.!2e I lit \ L I hI
AS LEFT PLUG DEPTH (If not
within +1/16" of fully driven

'

' ..

acceptance criteria *. )
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. . . .
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~DICULAR (yes/no) -(Ifyes, regard #f' t.

\
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- REVIEl!ED BY/DATE:. M L fO'Vcheck " Review Recuired" box.



~-

'EE'E E~ g 2'r _ - _ _ _ . "% m 14st .,
_

--

-
-

W .- *$ W .-.2*". T X ' K.'. 7_ [~'

' b. - $-[ ELEVATIONOR;-: AREAC y . ,. . . .
_ ... . , ,

.

. . . . . _
- , . , -y, , . . ._ _..

-5YSTEM -~4 - ~ ;; J -
~

f gN /N h4M ./--/
.

'
-

Sketch of anchdr: patter.n if. applicable.
~ ludsT OxL L. gg g

.

b n

/|. y
.

N t .! t 8' ~
/V vY -

.T
- , e, s.j
D 4 O

I m
N D~

REFERENCE ANCHOR !! UMBER (Apply [ } A -

I reference numbers to sketch)
,

3y P 2 yP 3yF 4P
ANCHOR TYPE AND SIZE INSTAU.ED - -.

>}/O
,

.7 j-

g
*0BVIOUS ' IRREGULARITIES (yes/no) /VS*

V")
'

//5 L 3. k /VBTHREADED END CUT OFF (yes/no)
(If yes, record number of threads q ti gg

8w
: o remaining in entry.- If less than -

Qw04 full threads *.) g

/[p/!S
.

*. N
- ANCHOR DEPTH GREATER THAN 1/8" ~4qBELOW SURFACE (yes/no) (If yes, w
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-

fQ
e

DICULAR (yes/no) (If yes, regord
'

FA:
in. entry. If creater than 15 *.) .t 1 k 25

.
.

/ /:;> % *.l $ 44 /ajV t;

!'

AS FOUND PLUG DEPTH 'A .g
. 2g kY

AS LEFT PLUG DEPTH (If not / 39 5 $ w, /M

acceptance criteria *.) hp 9{gg,
V* 0

with'in +1/16" of fully driven
g,

s b
d DYb

| DISTANCE PLUG' DRIVEN BY RESETTING
-

x s 3 a e%
Vw N NN t tD Mdi -

POSSIBLE EXP. END CUT OFF (yes/no) n.D

REMARKS
. _ .-

-
,

!

.-
,

Od/J-jf-7
DATA TAKEN BY/DATE:*If yes, describe in " Remarks" and ~.

'
.

check " Review Required" box. M/REVIEWED BY/DATE:- '
'(If required)
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iO remaining in entry. If less than -

4 full threads * ) p ,
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ANCHOR DEPTH GREATER THAN 1/8"
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BELOW SURFACE (yes/no) (If yes, (
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record in entry. If greater than i
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i 1/2"*.)

MORE THAN 5 DEGREES FROM PERPEN- .dB
'

!
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DICULAR (yes/no) (Ifyes, regard - :

in entry. If greater than 15 *.) \ {
'

'

AS FOUND PLUG DEPTH / ,.

AS LEFT PLUG DEPTH (If not / I~

within +1/16" of fully driven g
-

| acceptailce criteria *.) ;
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,
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DISTAMCE PLUG DRIVEN SY REStiIING ..
.

POSSIBLE EXP. END CUT OFF (yes/nc) 1E
\

REMARKS| ,

-
...

,d .
-~

DATA TAKEN BY/DATE: h4/d,. -/,i- 7 7
*If yes, describe in " Remarks" and /, .

REVIEWED BY/DATE: b% [5(' *71
check " Review Required" box.
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| 4 full threads *.)
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ANCHOR DEPTH GREATER THAN 1/8"
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DISTANCE PLUG DRIVEN BY RESETTING #/fv . O &v
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4 full threads *.) i j |
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PURPOSE

b.
.

-
~.

.1. -

... e. (. ,- +
*

- . .- : .
,- . *

This procedure will develop inspection rriteria that can be used to
M evaluate concrete anchor installations .in the field.*

O

o SCOPE

This procedure will determine minimum acceptance criteria for misinstalled
concrete anchors for the fc11owing conditions in nominal 3,000 psi design concrete:
(1) wedge plugs not driven fully, (2) field modified anchors, (3) angular misalign-

-

ment, and (4) effects of overembedment on shear strength.

This procedure will test 1/2", 5/8", 3/4" and 7/8" concrete anchers
(flush shell type) manufactured by both the Phillips Drill Company, Inc. and the
Hilti Corporation.

TEST PROCEDURE
.

A. TEST TIXTURE

The test fixture censists of a base, support structure, hydraulic
cylinder with a hellow ram, pressure gauge, hand operated hydraulic
pump, hydraulic hose and threaded rods of required sizes to fit
anchors. (See figure 1)

Also, a dial indicator with a magnetic base and various accessories
to measure anchor movement will be used.

B. CALIBRATION OF TEST FIXTURE

1. Assemble the hydraulic cylinder, hand pump, pressure hose and
calibrated pressu-e gauge..

'
_ - - . _ _ _ _ _ _ _ _ _ _
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- 2;- Using %he'cmcrete. compressics1 tester in..the' concrete testing
.

-;'.-
" lab, determine the load applied by the cylindr- a,t various<- .

pressure readings as read on-the pressure gauge. . Record data
-

on Data Sheet So.1, " Hydraulic Cylinder Force."e
'

NOTE: Make ten calibration runs.
At each pressui'e l

I

plateau, record the hydraulic pressure and applied force.
-

.' e Average the ten readings at each pressure plateau and plot
the average value on Figure 2.

-

Using the data from Data Sheet 1, develop a curve for Figure 2M 3.
" Cylinder Force vs. Hydraulic Pressure."

.

-

C. GENERAL TEST INSTRUCTIONSy ,

Instali anchor of type and size required for testing.M 1.
*se I 5- k-

Position test fixture over embedded anchor and.
~

* 2.. anchor with threaded rod of required size. . ~. ~
*

g
The dial

Position' dial indicator to detect anchor movement.3. indicator should contact the shoulder of the anchor if possib1'e.o
Use the dial indicator accessories, (i.e. magnetic base and '
extension rods) as required to assure that equipment deflectionO

O- and rod stretch is not affecting the dial indicator.
v

Increase hydraulic pressure until the dial indicator detects
movement of the anchor. Record hydraulic pressure on applicable

4.

aata sheet at which movement is detected.

Continue increasing hydraulic pressure until one of the following'5.
conditions exist:

'

the anchor has slipped five percent of the minimum embedmenta.
depth,

b. 'the concrete cracks, or
.

the anchor breaks.c.

Record on applicable data. sheet.

6. Vent hydraulic pressure and remove test apparatus.

Using Figure 2, " Cylinder Force vs. Hydraulic Pressure,"7.
determine load applied to anchor at which anchor movement
is detected. Record the force on the applicable data sheet.

O
.

e
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Plug Depth Befon Deiving ,- :
1.1 ..

.

For each size of.Hilti. anchors, select ten at random.a.

N b. Insert the expansion plug (by hand) as far as possible.
Tap the plug lightly to-assure it is seated on it's
taper.

In
Measure and record the distance from the threaded endc.
shoulder to the top of the plug on Datit Sheet No. 2-

for ten anchors.
1

d. From the data obtained, determine the average dimen-
3 -- sion that the ping can be inserted for each-size. .

,

N .
- -, - af Rilti anchoes and record an. Data Shee@ 24 4

.

.

.

_.

Minimum Depth of ExpansionJPlug to Meet. Desihn'.Imad -- ~~M 1.2

O
.

Drill holes in 3,000 psi concrete of the requireda.
diameter for each size of Hilti anchors to depthso at which the anchors will be flush with the surface
of the concrete.

=

b. Install anchor and drive the expansion plug 1/8".
: Record on Data Sheet No. 3.'

NOTE: The depth'of the expansion plug is
| determined by subtracting the average dimension for

each size of Hilti anchor (obtained in Section 1.1)
from the distance of the plug to the anchor threaded .

I end shoulder after driving.
e

Perform pull test on anchor and record data at whichc.

anchor mevement (or failure) is detected on Data
Sheet 3. Record the pressure for both initial move-

_

ment of the anchor and when the anchor has been dis-
placed five percent of minimum embedment.

NOTE: The following are minimum acceptable
values for anchor strengths, both for PHILLIPS and
HILTI anchors. They are 10% greater than Table A
values for 3,000 psi concrete in PGSE Engineeringi

|
' Standard No. 054162, Revision 2.

Anchor'Sice Min. Acceotable Force
1/2" 965 lbs.

5/8" 1,650 lbs.

3/4" 2,585 lbs.
.

7/8" 3,685 lbs.
|

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

force'at initial anchor' movement '~ - .
.

~

*' t h .~. . _. F; ^ J- ~tmrith the minimum acceptable values. If the minimum'

- '--

P ." -acceptable fome is not met, rerunnhe testywith the,
anchor expansion plug driven deeper. Increase plug

,

-depths in 1/8"' increments. Use a,new anchor, ex - J
"

'

pansion plug and' hole for each test. ;

If the minimum pull-out force ic exceeded,run four !
.

CD e.
A more anchor pull tests with the plug driven the same

minimum amount. Record data on Data' Sheet No. 3.-

NOTE: Five consecutive pull tests at a
g selected _ expansion plug depth must pass the minimum

,.

acceptable pull-out force before this plug depth can-

>e established as a minimum field inspection criterion.
3 if, during testing, any anchor fa;'.s at the selected

~ plug depth, this depth is not sat 3 sfactory and the
~

m_ next deeper increment must be tested.''
.

t - ' , , - 4 -

[" ~

f. "Detennine the 1dnimum expansion p1WdepthWorEl/2?; ~

* - .

,

5/8" and 3/4" HILTI Anchors and record fi=Ma_rs co* To
- Data Sheet No. 3.
O

g. After once having determined the minimum plug depth
O to meet design load for each size of ancher, drive

the expansion plug deeper in 1/8" increments and per-
O, form a pull test at each deeper increment until
- 300% design load is reached. Record information on

Data Sheet No. 3.

h. 'For each anchor size, drive the expansion plug fully
one time and test per above. Record findings on Data
Sheet No. 3.

2.0 Unmodified Phillips Anchors

2.1 Plug Depth Before Driving
NOTE: Use Phillips test gauge as shown in Figure

- 3 for each size of Phillips anchors for ineasurements.

Select ten P'hillips anchors. Insert the expansiona.
plugs (by hand) as far as possible. Tap the plug
lightly to assure that it is seated on it's taper .

I

b. Insert test gauge in each selected anchor and neasure
from the top of the expansion plug to the shoulder
of the test gauge. Record the information on. Data
Sheet No. 2.

NOTE: It is extremely important that the
test gauge be inserted as far cs possible when ob-
taining measurements to ascure that the test gauge
is at the end of the threaded section.

.
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, ~ ~' ~ N' dimension that the p'b2g can be inse-ted for each size ~ ..~ --

of Phillips anchors and record on Data Sheet No.-2.

2.2 Minimum Depth of Expansion Plug to Meet Design Load.

. 1

Test Phillips' anchors as outlined in Section 2.1
|

'

a..
* except for the following.

(1) The depth of the expansion plug is the difference~

from the top of the plug to the shoulder of the
in test gauge (after driving plug) and the distance

determined in 2.1.-

'

I (2) Record pull out data on Data Sheet No. 4 and
develop minimum field acceptance criteria for

m. Phillips anchors. . ..

:
.

h
'

. .- 'n- h. z- se p
7%' ~ r -

'

(3) Perform Step 1.2.g for Phillips s-t- s and 1 d-
.

M on Data Sheet 4.

O (4) Perform Step 1.2.h for each size of Phillips
anchors and record on Data Sheet 4.o

3.0 Modified Anchors ,

, ~
"

3.1 HILTI ANCHORS - Establishing a Reference Point for
a Modified Anchor

Select ten Hilti anchors at random for 1/2", S/8"a.

and 3/4".
(

Record the distance from the face of the threaded
t

b.

end to the end of the threaded section for each5.anchor. , Record measurements on Data Sheet No.

Drill holes of required diameters to the depths-

c.

noted below.

Anchor Size Hole Depth
f 1/2" 1 3/8"
'

5/8" 1 3/4"~
3/4" 2 1/16"

Install anchor in the holes and drive the plug untild.
the end of the threaded section is just visible,

Perform one pull test on each size anchor with the plugse.
driven to this depth and record the required information

-

on Data Sheet No. 5.

|
|
\
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test with the plugs driven deep enough to pass minimum
~ ~ * acceptance criteria.;.

,
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, _
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3.2 PHILLIPS ANCHORS - Establishing a Ref'erence Point for
a Modified Anchor

NOTE: The distance that ' the expansion plug is driven-

o can be determined by measuring from the plug to the end
of the threaded section. Since this nicasurement has

N previously been obtained'in Section 2.'O, this test on
Phillips anchors is not required.

,

3.3 HILTI ANCHORS - Expansion End Cut Off
. (Perform this test for each size'of anchor)

''
T .

.a. For each size of anchor, detemine the minimum depth
M T that the plug must.be driven to meet'ainimum acceptable

design load Record'on. Sata Sheet pio. 45.'., (See Section
'', 1.2 and Data Sheet No. 3 for mhi==w plug deptli) ,".,

* to
b. Insert the expansion plug by hand, as far as possible.

O Tap the plug lightly to assure that it is seated.on-
it's taper.

'

O
Measure overall length of unmodified ancher and recordc.
on Data Sheet No. 15;

d. Measure the distance from the shoulder of the expansion
end to the plug. Record on Data Sheet 15.

e. ' Subtract the minimum distance that the plug must be
driven to meet design load (obtained from Data Sheet
No. 3) from the distance obtained in Step d. Cut
off this amount from the ancher expansion end. Record
information on Data Sheet No. 15.

f. Drill a hole in concrete to the required depth so that
the modified anchor will be flush or slightly above

.the surface of the concrete. Record hole depth on
Data Sheet No. 15.

.

g. Insert the anchor and drive the expansion plug fully.
Record the distance that the plug was driven.

h. Perform a pull test on the modified anchor and record
information on Data Sheet No. 15.

i. Repeat Steps e through h for the same size anchor,
except decrease the amount cut off in 1/4" increments

|
until 300% design load is reached.

O j. Perform this test for each size of Hilti anchor.

.

S
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,..emove 3/4", from the expansion and of the anchor.Ra.

'
~

b. Measure the overall length of the modified anchor

-
and record'on Data Sheet No. 16.

. .

~~
c. Drill 1) ole depth as required to allow the anchor

to be flush with the top surface after fully drivingN expan'sion plug. Recofd hole depth on Data Sheet No.16.

tn
. d. Insert. anchor in hole and drive plug fully.

-

e. Measure the distance that .the plug has been driven
"I~ using the appropriate' test gauge.. Record on Data

m. , Sheet No. 16.
..,

Perform a~~ pull test on the anchor and record'id:n dtion
'

S f.

.
- on Data Sheet No. 16.
PO -

O g. Repeat this test, increasing the amount removed from
the expansion end in 1/4" increments, until the anchor

o no longer meets minimum design load.
- , , .

3.5 HILTI and PHILLIPS ANCHORS - Threaded End Cut Off

a. Obtain one anchor for each size and type.

b. Cut off the threaded end until four full threads
remain on each anchor.

I c. Perform a pull test on each anchor. The hole depth
should be deep enough so that the anchors are flush
with the top surface of the concrete'after driving
their eypansion plugs. The plugs should be driven
fully for each anchor. Record information on Data
Sheet.No. 6..

NOTE: The pull test need not be performed
to failure. Terminate the test at 300% of the design
load.

i

4.0 Angular Micalignment'

!

4.1 15 Misalignment - Plugs at Minimum Depth to Meet Design
t Load. ,

a. Perform one pull test for each size and type of anchor.
The plugs are to be inserted to the minimum depths
that have been detemined to meet design load (Sections

| 1.0 and 2.0). The holes are to be drilled as close to
| 15 frem vertical as possible. The hole depths are to

I be flush with the surface of the concrete after driving

i the expansion plugs. Record information on Data Sheet
(

( No. 8
L

_ _.
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a." in.,m one pull East"for' each size ang type of
anchor with their. holes as close to 15 from vertical
as possible. The expansion plugs are to be driven
fully and the hole depths are to be deep enough for
the tops of the anchors to be flush with the surface

.

N of the concrete. Record on Data Sheet No. 7.

D 5.0 Shear Loading Over Dnbedded Anchors

tn 5.1 HILTI ANCHORS - Perform Once for Each Size of' Anchor.

- Drill holes of required size in a vertical concrete- a.
J-

' surface. Hole depths should be sufficiently deep to
embed the anchors 1/2" below the surface of the con-

m
crete.*'

NN: Drill the holes at 1:he wquired, height
g

~
--: - - 1- above the ficer so tint the ' ya.iulic cylinder luty M *u

to placed on the floor and apply a shear force w the.*

.
'

anchor bolt.
O

b. Drive the expansion plugs fully en each anchor to be
O tested.

Insert a bolt of the proper size through the shearc.
load test fixture shown in Figure 4 Tighten the bolt.

'd. Position the hydraulic cylinder under the test fixture.

Increase the hydraulic ~ pressure until the anchor ore.
the bolt fails, or 300% design load is reached. Record
information on Data Sheet No. 9.

! 6.0 Discussion and Conclusions

6.1 Anchor Uniformity

Data Sheets 2 and 5 indicate that anchors are manufactured
with sufficient uniformity to use various reference points
on the anchors to measure distances that expansion plugs'
are driven. Measurements were repeatable within 1/16" and
in most cases, 1/32".

6.2 E.xpansion Plugs - Minimum and Tully Driven Distances
!

The following table summarices test results for both
(1) fully driven expansion plugs and (2) expansion plugs
driven to minimum depths and still meet acceptance
criteria. The results are from Data Sheets 3 and 4,

including the remarks for each entry. An anchor was
' considered to have failed when it's total displacement

|
exceeded 0.010".

|
.

1
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Anchor Size 1/2" .5/8" 3/4" ,1/2" 5/8" 3/4" 7/8"
and Type HILTI HILTI HILTI' PHILLIPS PHILLIPS PHILLIP! PHILLIPS ,

.

Minimum Acceptable 965 lbs, 1650 lbs 2585.lbs. 965 lbs. 1650 lbs. 2585 1ha 3685 lbs.
f0 -

Force Required *

| N

ii/in.Acceptabl 3/8" 3/8" 1/4" 3/16" 1/2" 1/2" 1/2"
~? lug Driven *

*

-Eistance % of Fully
' ' '

- Driven Plug 63% 55% 29% 50% 76% 84% 73%
-

t- Distance
-,

me. Force Dev. 4010 1 3039 lb, ,3475 lbs 1606 lb. 3312 db. 6576 lb, 5692 -

4t Min. Plu % of
' Driven Di . Min. Ac -*

m ceptable
Force 416% 184% 134% 166% 201% 254% 154%

O
Fully Driven 19/32" 11/16" 7/8" 3/8" 21/32" 19/32" 11/16"
Plug Distance

Terce Develeped/ 4910 lb, 6140'1b. 11,000 IN 3740 lb. 2380 1 . 6750 lb, 5890 lb
'

Tor Fully
Oriven % of Min.
Plug Acceptable

Force 508% 372% 426% 358% 144% 261% 160%

.

Testing was performed in tnt. northwest corner of thes
' Diablo Canyon auxiliary building, elevation 64 Concrete

in that area is typical of 3000 psi concrete used through-
out the plant.. ;

Anchor slippage was the predominate mode of failure, even
for fully driven expansion plugs. Hilti anchors generally
held until the applied force was sufficient to cause them

,

to move. Once movement began, it continued quickly to
failure. Generally, the force required to maintain a
steady displacement was less than the force that initially !
caused slippage..

- Phillips anchors also failed by slipping, however, their
mode of slippage was different than Hilti anchors. Once
slipping began, and if the applied force was then held
constant, the anchors would eventually stop slipping. In-

creasing the force would reinitiate anchor slipping. Holding
. - - - - - _ . _. .. . . _ _ _ . - - - - - _ .
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the force constant ait 'a larger value would allow the anchor -'' ' '~ '- ~"

.

to stabilize again. Further force application would cause I**
~ ' the same effect until the point'at which the anchor no

'

longer stabilig:ed; it would either slip to failure (es-
pecially true' for small expansion plug. driven distances) or
the concrete failed because it's shear cone became too-

small (especially true for anchors with their expansion
plugs driven farther or fully driven).. ,

9;r- ,,
,,

1- ..

N Some Phillips anchors were tested into the slip range
and ultimately to failure. Several tests were performed

W in which the load was held constant after slipping had be-
After a short time, the anchor displacement stabilized.gun.

- -
.

The load was released and then, slowly reapplied. The .,

anchor was able to withstand the load at which slipping-had
4
- - originally begun without further displacement. The force

M required to reinitiate slipping was approximately the
, same as that at which the aricher had previously staM14and.

Larger forces arould then cause : correspondingly larger-wa'

displacements until the ultimate . force was reached causingg.

total failure,

O Conclusion - Anchors with their expansion plugs driven at
O least the distances shown in the above table will develop

sufficient strengths to meet minimum acceptable loads.

k 6.3 Modified Anchors Threaded End Cut Off

Results obtained from Data Sheet 5 indicate that if Hilti
t

expansion plugs are driven to the point at which the end
of the threaded section is just visible, only the 3/4"
Hilti anchor will develop sufficient force to meet the
acceptance criterion. The expansion plugs for 1/2" and
5/8" Hilti anchors must be driven 3/16" and 3/32" beyond
the end cf the threaded section, respectively, to meet

|
acceptance criteria. These additional plug depths were
required te meet the minimum plug driven distances previously

- , established.

Data Sheet No. 6 contains results of anchors modified by
cutting off the threaded end until four full threads

|
remained. Gen * rally, concrete failure, either cracking
or shear cone pull-out, occurred during Hilti anchor testing.'

| This can be attributed to the anchors being closer to the'

surface of the c.oncrete. Phillips anchors exhibited their
typical slippit ; phenomonon during this testing phase; their
failure occured with no apparent concrete damage. The

effective grip area of Phillips anchors is farther below,

!

the concrete surface than that for Hilti anchors, hence
the differences in failure modes. The following summarizes|

results of Data Sheet No. 6:

|

.
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- r ;.
,

~Torce dev. ' % of Min.
- Anchor Size Max. 4nount

,

and Type Cut Off at. Failure Acceptable Torce

1/2" Hilti 1/2" 2860 lb. 296%
.

5/8" Hilti 25/32" 4710 lb. 285%

3/4" Hilti 1 1/8" 7350 lb. 284%

1/2" Phillips 5/8" 3340 lb. 346%

5/8" Phillips 1/2" 5310 lb. 322%
3 3/4" Phillips 1 1/8" 7770 lb. 301%

to 7/8" Phillips 15/16" 11,200 lb. 304%

Conclusion - Anchors with their threaded end c.ut off to-

the extent shown above, will meet minimum acceptable loads.
'3 ~ However, their expans' ion plugs must be fully driven and

hole depths must be sufficient to allow the anchors to be
M flush with the concrete surface.~~

. , ,
.

h
6.4 Modified Anchors - Expansion End Cut Off-

M
Cutting off the expansion end reduced the anchor's ability

O to withstand loads. The forces required to cause initial
movements of Hilti anchors decreased as more of the expansion
ends were removed. However, the reverse is true for Phillipso

O anchors. In all cases, the modified anchors were able to
exceed the minimum acceptable test loads. The following;

summarizes test results contained in Data Sheets 15 and|

16:

Expansion End Cut Cff

|
Anchor Size Max. Ancunt- Torce Dev.' % of Min.

' and Tyoe Cut Off at railure Acceptable Force

1/2" Hilti 9 / 3 2 ',' 3210 lb. 333%

5/8"_Hilti 3/8" 3175 lb. 192%

3/4" Hilti 11/16" 3500 lb. 135%

1/2" Phillips 7/8" 2080 lb. 216%

5/8" Phillips 1" 2980 lb. 181%

3/4" Phillips 1 1/16" 3730 lb. 144%

7/8" Phillips 1 1/2"' 9570 lb. 260%

| Conclusion - The expansion end of anchors can he cut off
to the extent shown above and still maintain sufficient
strengths to meet acceptance criteria. However, the

expansion plugs must be driven fully and hole depth must
be sufficient to allow the anchor to be flush with the
concrete surface.

O -

,

1
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) - - r" ' 6.5 AngularMisaligunenk - -

Anchors installed approximately 15 from vertical were
still ab.t.e to meet minimum acceptance criteria. The
following summarizes test results contained in Data.

Sheet 7 and 8:
.

Plugs Fully Driven Plugs Driven Min. Distance

Anchor Size Applied % of Min. Applied % of Min.q'
y d Type Force Acceptable Load Force Acceptable Load

to
1/2" Hilti 3130 lb. 324% 3100 lb. 322%
5/8" Hilti 5725 lb. 347% 1740 lb. 105%

-

3/4" Hilti 8820 lb. 341% 2670 lb. 103%
-

I ,-
1/'" Phillip 2900 lb. 300% - 2170 lb. 225%
5/L" Phillip 5725 lb. 347% 2940 lb. 178%m

*I- 3/4" Phillip 7770 lb. 300% 4120 lb. 135%
N 7/8" Phillip 11,420 lb. 310% 10,,000 ,1b. 27.1% ; - .

'M. Phillips anchors did not exhibit the previously ex-
perienced slip phenomenon'when angularily misinstalled.O They generally were able to sustain larger loads than

o equivalent properly installed anchors.

( Conclusion - Anchors with expansien plugs driven at least
the minimum distances previously established can be
misinstalled up to 15 from vertical and still meet
minimum acceptance criteria.

6.6 0 er Embedment Effects on Shear Strengths

All Hilti anchors easily exceeded 300% minimum acceptable
shear strength values. There was no evidence of concrete
failure after testing, however, threads en the bolts were
slightly flattened. Several bolts were bent approximately
two to five degrees.

Minimum acceptable shear strength values are 10% greater
than Table A shear values for 3000 psi concrete in
PG&E Engineering Standard 054162, Revision 2.

Phillips anchors were not tested because their self
drilling feature prevents overembedment. However, the
same test results would have been obtained had Phillips
anchors been tested.

Conclusion - Over embedding anchors up to 1/2" below the
surface of the concrete will not affect the shear strength
of the bolted connection.

Ob 6.7 Testing in 5000 psi Concrete

Testing was not performed in 5000 psi concrete because design
did not take credit for the extra strength developed by
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encountered was anchor slippage, not concrete failure.'-

In the few cases where concrete failed, stronger concrete
should produce more favorable results.

Since testing in 5000 psi concrete was not performed.~

Data' Sheets 10 through 14 have been deleted from the
procedure.

N
APPENDIX

tt)

CONTENTS:
_

7- 1. Figure 1 - Pull Test Fixture . f,
~

E. 2. Figure 2 - Cylinder Force vs. Hydraulic Pressure ,

. .

N Figure 3 ,hillips Anchor Test GaugeP3.
'

P3
4 Figure 4 - Shear Test Fixture

O
5. Data Sheet 1 - Hydraulic Cylinder Force

Q 6. Data Sheet 2 - Initial Plug Depth

V
7. Data Sheet 3 - Minimum Expansion Flug Depth to Meet Design Load'

8. Data Sheet 4 - Minimum Expansion Flug Depth to Meet Design Load

9. Data Sheet 5 - Hilti Anchor-Threaded.End Cut Off
!

@ 10. Data Sheet 6 - Load Limits for Tour Tull Threads
b

|i 11. Data Sheet 7 - 15 Misalignment-Plugs Tully Driven
|-

12. Data Sheet 8 - 15 Misalignment-Plugs at Minimum Depth to Meet Design Load

13. Data Sheet 9 - Shear Strength-Anchor 1/2" Below Surface of Concrete

14 Data. Sheet 10 - Pull Out Force at Min. Plug Depth-5,000 psi Concrete

15. Data Sheet 11 - Hilti Anchor-Thread End Cut Off, 5,000 psi Concrete

16. Data Sheet 12 - 15 Misalignment-Plug Fully Driven, 5,000 psi concrete

17. Data Sheet 13 - 15 Misalignment-Plugs at Minimum Depth to Meet Design Load,
5,000 ps'i Concrete

18. Data Sheet 14 - Anchors 1/2" Below Surface of Concrete, 5,000 psi Concrete'

O

|
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Octo'oer 2, 1978
.

.

MR. C. K. MAXFIELD: .

1.
This letter supersedes.the.following documents:

.'

Ma'y 4, 1976 letter, E. P. Wollak to G. S. Bates on Diablo Canyon
a.

project - Spacing Between Concrete Expansion Anchors.
b.

January 7,1977 letter, E. P. tiollak to C. S. B'ates on ConcreteAnchors - Diablo Canyon.

c. February 25, 1977
letter, E. P. Wolhk to G. S.tBanes ac-

Anchors. ''te " 2
.

.

d. June 22, 1978
letter, E. P. tiollak to M. R. Tresler on drawingNo. 054162 -

Anchors and Raceway Supports. Design Criteria Clarification for Concrete Expansio
,

, n
.r

1 . *

April 14, 1973,e.

I. Sokoloff on Concrete Anchors.DC?P telephone conversation between D. t?right and
,

The' acceptance and/or repair criteria contained in the following dc,cu=entsare also superseded:
*

.

.

f. June 30, 1978, Civil Engineering t.enerandum to the~

file by E. P. :lollah
on Cencrete Expansion Anchor Testing and Acceptance Criteria - DiabloCanyon.

. ,

g. March 14, 1977.
Deviation Report No. 282, Revision 1. *

-

h. March 2, 1977. Deviation Report No. 283. *

.

2. General '

All noe concrete expansion anchors shall be installed to meet the crite i
forth on Enr.incering Standard Drawing No.set ra

054162.
-

.

3. Spacing * .

determined according to the rules on drawing No.If 12-diancter spacing cannot be met and allowabic reduction cannot be
a.

*
.

054162, or if theutilication of toicrances allowed by other rules are not
Installation shall be m.arked for the Responsibic Civil Enginecr's

,

possible, thc-
inspcction.

'

e.. ga . .e .MD # V - - - - _ _ _ - _ - - - - - - - - - -
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k[I The 1tesponnibic Civil Enr.ineer vill virus 11y inapect the marked ~ ' ~

, locations and designate what corrective action, if any, is required.
'' '

-or tihose only where at,s ir=iedicte decision cannot be made,'a,Conceruction
Problea Contro1' Sheet (DP) shall be submitted for further investipstionby the Engineering Departnent.

- !

b. Anchor spacing c= bedded to Unistrut:
*

I1) An e= bedded unistrut is considered loaded only at that point where
the raceway cupport, pipe support, etc. is attached.

2) Anchors may be instelled h" cicar frca eny enbedded unistrut, providei
there is no loading of the unistrut. within 12 uccinal diameters ofthat anchor. (Execption: Unistrut seddle brackets, see item col
below).

Minicum spacing of enchors for seddle brachets:c. '
- -

1) Uhere two unistrut saddic breckets cre installed the two outar
anchors chall.bc used to detered.nc spacing.

.~
.

.
.d. Method of attach =cnt trsys to supports:.

'

,

1) Mounting ctrap supplied with tray hardwarc cust be insta11c'd on the
inside of the support construction, not on the outer edge where it] r.sy slip off th2 cupport. (Alc' , cer:p must be attached to bottomo
of tray). See cable tray note 2, drawing No. 050029.

2) Square-headed bolts may be used with the above strap, provided they
are cet flush with the rcise.f ribs of the tray bette=s and do not
cause dn=sge to vire in trays.-

No raceway supports are to be =ounted to cny cicetrical equip =cnt. encept
re. .

where cpecifically authorized by the Ensincering Depart = cat on the designdraving.
'

f. Anchors cay bc installed within h" cicer of sleeve passing through
concrete valls, provided the alceve thickness is at 1 cast h".

.

<4 I= proper Installation
-

*

Expander plugs not fully driven:a. .

Unmodified anchora may be rated et full value if the expender plug
has been driven at 1 cast the amount shown below:

Site hilti _Phillips.

' ' 1/2 3/8 5/16
5/8 3/8 1/2,.

} 3/4 7/16 * 1/2
,

'

,

1/8 9/16
*-

,

.
.

.

.

.*

0 M- O 39 SL_ +
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$~
.

a p n n.g--

: .. .. - & ...en. .
'

2'
. ' ~

-- ; ' .-

l'-I' [ 7^ pts 0f anchor not normal to concrete sa face:--- -
-

3; .. . ../

:odificd* anchors which deviste frc:s the mornal shall be rated as
'*

,- ,

galloVs. .

. . , .,

'

? A11ovable Ioad i
.

'

Driven Distance (% of Allovaple Frotn' ' /J yistion

.I: of Expander Plug Dug. 054162)
a,c le

W | |

.f O' - 15* Full Distance 100%
.e

Full Distance Interpolate batvcen 60" j
> 15' 45*

at 15'and zero at 45'
,

'
;

)
f 0* - 5* As in Par *. 4a 100%

7 3 _ 15* As in Par. 4a Interpolate betucen 90% ;
- 'at 5'and 60% at 15* '

Anchor overenbedded:e. s .

* -
. .

- .

Unmodified enchors which have not more than is" overembedment may be *,
..

. *

rated at full value for chcar only and for combinations of shear and '.

tension. Anchors uhich s-ill be loaded in tension only may be over-

c: bedded to any depth without penalty. .

.
L'n ;uthori:cd Medifiactions (Shell Anchors) ,

'

Part of threaded end removed:n.

i' at least 4 threads re=ain in a cut-of f anchor, if the anchor does
! ' not dcviate =cre then 5* from nor=al, and if the expander plug has

been driven at least the.acount required in Par. 4.a., the anchor
eny be rated at full value.

h. Part of expan'sica cnd recoved:

Shell anchorn, which have been codified by cutting off part of the
expansion end, cay be rated at full value if the anchor does not deviate
core than 5' from nor al, if the expander plug has been driven as far

| cs ponsibic (flush vich the cut-of f end), and if the inferred icngth of
cut-off does not excced 607, of nominni diarcter for shell anchors (100%'

of nor.inal diameter for Phillips shell anchors).'

6 "enconforming anchors: -

.

a. If possibic, the defcetive anchor should be properly driven to cect
the criterfa for a fully acceptable anchor. -

b. If a. is no: possibic, the P.csponsible Enr.incer should he consul;ed
p'' to deterninc uhuther the ancher, either for full or rec'uced capscity

, Par. 4 and S above), was nccer,sary to rc.-ist the dcct;,n loads, or(
hcther the other nachars in the ss=c t,roup are cufficient to resi t

the design lends; or
.

e

- - - - , ---,,..,,,.,--,-----,_-~,,-,,a ,. _ , _ , - - _ - . , , , - - - , . , . _ , _ _ , - . , . - _ - - --,-,----n.,- .,
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'
' '

Replace defective anchor by installing an additional anche,r. '..
-

c. .
.

.
'

'

d. If an 'enchor has been properly installed to repisce a. nonconfoming
one, the latter :.ay be left in place and considered equivalent to,,

one which hcs been recoved end the hole filled with grout..

khenever an anchor is installed that is of a s-. aller size than thate.
shown on the design drawing, the Responsible F.ngineer must be consulted-
to deter =ine the edequacy of the installe. tion.

.
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f** p Cont./Supp. Scott Cont./Supp.I.D. No. FCGE No. 283
' INSPECTION SECTION .

* Discrepant Item: Unit I & II. Concrete flush shell ' anchors installed by Scott Co.
.

for the air conditioning seismic supports.; ' , , .

Explanation of Discrepancy: Possible existence of incorrectly installed concrete
, , , . anchors. (Continued on Page 2).

,

kb e 3-2-77
*-

. . -

N Field Engr./ inspector Date
-

CLASSIFICATION & DISPOSITION Hinor Variation Deviation X
1

Disposition: Accept all Scott Cc pany installed air conditioning seis=ic support an-
M chers as is. Data contained in the " Procedure for Establishing Acceptance Criteria fcr

Concrete Anchor Installations - Diablo Canyon" on file in the QA vault on site and ga-'

N thered during an inspection perfer ed by PG&E show that Phillips anchors increase their
g strength as they are displaced from their embedment. Displacenent of the ductverk up

The following nenbers of the Material Review Board concur with the above Disposition:C (For Minor Variations, only Resident Engineer's signature required.)
O to one inch is acceptable to the responsible Engineer. The duct werk can easily toler-

ate the small movements that anchors tight be displaced when subjected to design loeds.,,

~

A 3-2-77
'

Resident in r Date

3/b3 b _ 3/2.1|17% w --
_

Nam Q ' Dater 7' f Wh ~Date~

; _
2W APR - 81977

/ f Date hame Date

f * 7. * $' $ W
Responsible Engineer Datc Supervising Engineer ba~te

DISPOSITION ACCOMPLISHED.

.

' Remarks: N/A .

. .

.

Iield 1.ngineer/ Inspector unte

STEPS TO PREVENT RECURRENCE (Deviations Only) '

Scott Company has discontinued.using Phillips anchors and will only use anchors-

manufactured by The Hilti Corp. Scott Co. has initialed an installation procedure for,

installing Hilti anchors, I-41-2 to assure gg.Mb4*

6-13-77they are installed correctly. Resident 4nginccr Date
- |

.

Lopaus Attachments Mcport Loispleted .' Coor.Q.C. !!ngr. Dir.-Q. A. 1. Data Sheets 3. Scott Co. Procedure for Anchor Installatic
Proj. Super. Itcsp. Engr. 12. Telecon dtd 3-2- - -.

1:esident Engr. Proj. Engr. M. _.

Q.A.-Site- Supv.Insp. Engr.(G.O.) . J.oordinatin g Unpaneer_. . fDati
_
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, , . - EX LANATION OF DISCRESANCY:
.

Of seventy-seven anchor installations inspected, Thirty-three did not have their expan-
sien. plugs driven far enough to meet min 4=m acceptance limits established for Pu11ran
Kellogg.

.O ~

. .

'

An attenpt was made to drive the expansion plugs further during the inspectien. Typi-**9 cally, they could not be driven more than 3/32" and then only with great effort.

Masonary bits were used to drill the' holes. BitwearcausedslightlyundersiIedholes
and the drill point formed a conical shaped bottom. Both of these conditions prevent- -

the expansion plugs fren being fully driven.

3 Inplace pull out tests were perfomed on eleven of the thirty-three anchors, in accor-
dance with the " Procedure for Establishing Acceptance Criteria for Concrete Anchor

N Installations - Diablo Canyon Pover Plant". Eirht of the anchors exceeded the values
in Table A of Drawing No. 054162 for 5 kip concrete witheut being displaced more than

M 0.010". All eleven anchors significantly exceeded the Table A values without being
displaced = ore tnan 55 of their minimum e= bed =ent (0.120" and 0.160" for 5/8" and 3/4"

O anchors,respectively). These eleven anchors were typical of the worst case conditions
o enc untered du-ing the inspection. ..

'.
. . . -

With the exceptien of the underdriven expansion. plugs, the anchors were installed sa-
. tisfact:rily in all'other respects. Also reference FGE Deviation #282.

. ,

SUMMARh0 FIN-PLACETESTRESULTS -

ON ANCHORS EXHIBITING WORST CASE CONDITIONS

* Size of Distance % of Force Factor Anchor % of
Phillips Plug was Allowable Developed of Displaced Allowable
Anchor Driven Distance by Test Safety by Test Displacement

5/8" 15/32" 94% 4320lb. 2.05 0.034" 28%
5/8" 13/32" 81% 4330lb. 2.06 0.015" 13%|

5/8" 1/2 " 100% 4320lb. 2.05 0.026" 22%
| c 5/8" 17/32". 106% 43201b. 2.05 c0.125" 104%

| 5/8" 3/8 " - 75% 43201b. 2.05 0.010" 8%-

l 3/4" 1/4 " 50% 3770lb. 1.09 0.010" 6%
3/4" 9/32" 56% 58001b.' 1.68- 0.16 " 100%.

* .3/4" 9/3211 M%- 7160lb. 2.08 0.235" 147%.

3/4" 3/8 " 75% 4700lb. 1.36 0.010" 6%
'

3/4" 17/32" 106% 4350lb. 1.26 0.010" 6%
3/4" 15/32" ,94% 41201b. 1.19 0.007" 4%

'

~ 3/4" - 9/16" 56% :. 6960.lb. . 2.02 0.008" 5%
*

.
.

.

* Continuation of test on preceeding anchor. -

.
,. .

,

*
t

* ' '

|
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. . .
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A.1.0 appt s taf etNS

a.1.1 cencrete espansion anchors sr.ould not be useo inoescrim astely, for .ecartant scrk. ec1ts should pref..

erably be cast-en clace. ee.ceo. or grouted in erilleo ;M or in cast-en-clace sleeves, there those
types of installation are *c gess ressor iraaractical. ;.s:. seon anchors may oe useo.

A.1.2 Provisions of this standard shall accly to the snell :r st.2 type espansion anchors designated en Part 8.
a.1.3 Anchors must be at ' east 1/2" c.sweter enen used for stN: Leal ccenections or for anchorage of peces.*

concusts or aucts greater than 2* diameter.

4.1.4 Anchors shall ect be installed in prestresses concrete eletents nor used to Connect concrete elements*

ehech s'ust have a speca fies value of 'f ore resistance.
* A.1.5 Emnecces length of anchor sPall me esclussve of thicanass :f grout pas or other overlay.

A.2.0 SL0maett teacs
"" A.2.1 A11osatis loads sheen in Table A. as noosf eed by the proviseens of this standard, shall apply to anchorsanstalled in ordsnary concrete. - - -- -- - - --" --

I
"

A.2.2 For concrete strength between 2 kne and 6 kai. linear enterpolation in Table A may be used. For concrete
[. strength greater than 6 hai. tse 6 kai allowable values. For sound concrete of unknown str'eagth. Use 2
. kan values.

A.2.3 A11osable load values given in this standard shall not be increased because of short duration of loadingi (e.g., for sind or seessic loads).

~ A.2.4 f or anchors subjecten to continuous or frequent (more than !Dr, times per year) reversal of loading.
allaeatle loads shall be 1/3 of the allowable values given in.this standard.. ,,

,A.2.S A.11ovable loads geven in this standard are intended
,,

, . er "limet* load desage purposes, tosce these values may be used.for use at " working load * 1evels. ; For * ultimate *.
,

g A.2.6 Anchors installed in lightweight aggregate concrett shall have allowable loads equal to those provaded'h" for anchors in, ordinary concrete with f' e 2 kei.
r7 A.2.7 Allowable loads of anchors of 1/2* or larger deaceter may be encreased by SCf. if proof loadin0 is done__,j

_

according to the instructions given en Part 8.

g .45|| A.2.8 f f center to center spacing of anchors es less than 12 dianeters and/or of destance frorm edges of concretet **Ti.% to center of anchor es less than 6 deaneters, the alloestle loses shall be reduced en accoreance eith the*. fell:sieg foruulae: *

' A
De 2.25 Pg .,N,, ,[,, $g a 1.$ $g _b

- -tot 6 D 3 ; O3
,

g a $11ocaele pullout load reduced for eage distance and/or spacing.t>ere P,
*

Pa a alicoatle pullout lose friiu Tatle A*., , , , _ _ ,

Su a allosaele shear lose reduced for eege distance
Sa e allowanle shear load from Taele A.

. ' ~- ~

4 no. of dsameters of ancnor spaceng
80Qg gRMATION(6 88312): e f N >12. use N.12y 1 -

b.,
.

t a no. af esameters of edge anstance ,- QQ
*. .

(3 (16): if t>6. use C 61"~ *

O* ~ Anchor spaceeg shall be.not less than 6 teues nominal dianeter of anchor. [dge destance shall be not*

1ess than~J times nominal diameter nor less than 3 inches. If edge of concrete es chaefered. edge
distance shall be asessured from nearest esgo of chaefer.,

N N R0.0Yl COPP
~- ~

= . ...e s s t&.

ha a.
m an ans al

M e. 22r / m
k.

A S Gi .,'v
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il M A* Q erfet Irvopou s tea a ,$sitti34dACCEC JF BC v.%$
.
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A.2.9 for anchors shach es11 ne subjected simultaneously to pullout and shear forces, the allowable load,
, ,

; ' values used must satasty the folloesng formula (Figure 1):

(a)"' . (B)"'1
-.

-'
Where P . Sge allocatie leads (pullout. Shear) reduced for spacingg

or edge oastance af approaraate
P'3C . allosanle loses to be used en cases where pullout andC

shear loaos may occur samultanecuslyr

I
N For convenaence in calculation. esponents in theA:

) above f ormula may, conservatively, be reduced to 1.0.
,

- . , , *-

~*

TASLE A
ALL0ea6LC LDAD (KIPS) ON EXPAWSIOu asCHORS

NOuinAL Ccecatit STatustu, fe e

B MTR - 2 hel
~

3 insi ~ '4 hei 5'tsi ~ 4 hel
..

(stCM)
*'

.

P S P 'S P S P 5 P 5
.

,

i 1/4 .' 25 .30 .275 .30 .30 .30 .325 .30 .35 .30
-

3/8 .40 .54 .50 ' 60 .60 .87 .70 .73 ~-90 .00.,

1/2 .70 ;14 .87 .99 1.05 1.04 1.23 1.19 1.40 1.34 *
'' , _ _ . , _ .

5/et 1.20 1.00 1.50 1.25 1.00 1.50 2.10 1.75 2.40 2.00. ..

3/4 1.60 1.50 2.35 1.00 2.90 2.10 3.45" 2.40 4.00 2.70
-.. , ,

*
..

7/8 2.50 2.00 3.35 2.35 4.20 2.70 5.05 3.05 5.90 3.40.

1 3.30 2.50 4.30 2.90 1.50 3.30 6.60 3.70 7.70 4.10
. ..

1 1/4 5.30 3.40 6.65 3.95 8.00 4.50 9.35 5.10 10.70 S.70

NOTE: P. PULLOUT 5. SHCAR ^
,

For espansion anchors installed in lightseight aggregate concrete. assume f'c e 2 toi.
See par. A.2.6.

.
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0.1.0 AePltCAfl0N$
.

c.1.1 Provisions of this standard shall apply to the following concrete espansion anchors. Other espansion
anchors shall not be uses esthout specific authorizatsotof Pe I gineer.

$MELL ANCM0a$: . pMILLip$ $gLF.tHLLING, PHILLIPS NQNCRI' ' IN1. DI AllCND. MILil MDt. R Ae( $ABER.700TM,..

STUU ANCM0e$: . nelm-BOLT. P AA A80LT. PittLLIPS et:GE, PHILLIPg ILggyg, etJ.lf ANxR. TITE.
.

. PHILLIPS $7UD ANCHOR may be used in saaes up to 3/a" orameter. *

--
-

' . eEJ.lf (original style, eitn spada. shape wedges) srar te uses. provides ,emoeament as 125% of.

'' that shown in Table 8 with 50% of the allowable Icao values shoen in Table A.

g.1.2 Anchors must be at least 1/2" diameter enen used for structural connectsons or for anchorage of pipes,
condusts or ducts greater than 2* diameter.

,'

3.1.3 Anchors shall not be installed in prestressed concrete elements nor used to connect concrete elements
p which must have a speca f sc value of fire resistance. ~ ~~ ~ ^ ~ " " ' ' " ~

,

' " ' ~ ~ ~

~
.3.2.0 t wST ALL Afl0lf

-
.

.. .
'

B.2.1 Installation of anchors shall be according to manufacturer's instructions as ta tools, torque andtightening procedure., ;. - -

.

g.2.2 If a hole cannet be drilled to the correct depth (e.g.. if reinforcing steel is encountered ehile * ...
..

~

drilling), a new hole shall be dr:11ed. There shall be at least 1/2" of sound sort: rete between
abandoned hole and new hole. If an unused hole is within 4.S nominal diameters of an expanolon ancher.. ..

center to center. the unused hole shall be filled eith grout or with en espanded a9ther.,- . i...

.,

0.2.3 f f asie of a dellied hele deviates free normal to concrete surface by more than 5* the hele shall not
be used unless specifically authorized by the Engineer.. .

5.2.4 Winimum required embedmont. for shell type anchors. is equal to the length of shell. For most shell
anchors the shell may be recessed not more than 1/4 of the noernal diameter. Installed shells recessed
to greaterdepths shall not be used unless specifically authorized by the Engineer,

f

Wenieue required embesment for stud type anchors is given in Table B.
.

1 ,, Embedeont length is esclusive of thickness of any graut pad or other overley.;

; 0.2.S Anchors shall be installed according to manuf acturer's instructions. If, after starting free finger., , _

tightense pesation. anchor slips more than 10% of minimum r usred embeament shale being tightened.
one of the folleeseg rem'edial actions sh,all be ta% . .

* *-

, , , ,

a., Remove bolt or put reset anchor. repeat tegnteningt.
I.
'.s -.

b .' Remove anchor. substitute larger diameter or longer anchor:,

.
| *

. .
*-

De s11 new hole ano anstall aeditienal anchor ehich satisfies the requirements of this staneard.c.
-

. .

! 84.6
* .

Anchor tsac.ing, center to center / shall be not less tr.an 6 t e-es nominal asameter of ancnor nce shall
~

-

|
.

eage distance be less than 3 temer nominal diameter nor less tnan 3 inenes unless specif scally authorized
" " . '

by the Engineer. -
*

"
i

*
,

O .

0.2.7 f f edge of concrete is chaefered. edge destance shall be measures from nearest esgo of chaefer.,

I.3.0 Panor toAntes
g '. '., ,

|
;" ,

When requ red by the Engineer proof loading shall be done according to th) following instructionet
f,

-

| 8.3.1 Whenever an installation cree starts installing anchors at a job site. each of the anchors installed
by that cree shall at first be proof leased in tension to 250*. of the alleeable pullout load

t

designated by the Engineer. Af ter five successive anchor installations have been completed without
failure, a renden selection of 105 of the anchors of each sete installed by the cree thereaf ter onthe same project

j shall be tested in the abov.e man.ner.,
.

-

. . . . . , , .
..

,

t . -

*

CONCRETE EXPANSION ANCHORS FOR e
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* B.3.2 ,1f. proof loading as done by Jacking against a surface area of concrete surrounding the anchor. the
.

/*

Jack sng pressure shall be destributed over an annular area of inner diameter at least 3 times themenseum required emeedment given in Taale 8.,,

g.3.3 Criteria for failure of an anchor swing proof loading are:
(1) concrete cracks. (2) anchor breaks. or (3) anchor sits during the test is greater than 15'

of the minimue required esteesent. "

..

.

.

TAGLC 3.
.

-

'~
*-

MINtmas CMBCDMENT REQUIRED FOR STUD-TYPE

EXPANSIDW ANCHOR $ INSTALLED IN CDNCRETE

Nominal :_., Winimum
.. ., *

, . . . . . _ .

Blaaster , Embedeent
._ _ . . . _ . . . . . _ . _ . . ._, - ' . . . .

'

. -

. (laches) (Inchee)t ... *

* i ..
,

, .- 2/4 1-1/8
'

.
. s

-

WE 1-We
.,, . . _. . . . _ . . . . . . . . . .

*

1/2 2 1/4. ..

,--- ' 5/8
- --

2-7/8 *,
--

.*
F4 3-3/8 *

..

7/8 4

1 4-1/2.

1-1/4 5-5/8
-. -.

..

'
..

t. .

s -

Nr ,. . --. -
.

.

.., -.
*. . .

.
*

.

-._ -
_ -

,s .._. . -

.- ..
. .-

.- . .
.

..

* ,

;,. n . . -

*

.

*
-

.,. 1 ..
, . . ...

,

f ,
-.:

. .

.

-
. .

,
,

, . .
.

.-. ..
,
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288 R1t( , e +
cont./Supp. H.P. Foley cont /Stippi.I'.D. No. PGGE No.

-3
INSPECTION SECTION- Unit I 4 II ,

H.P. Foley installed concrete wedge stud anchor bolts.
Discrepant Itca:

, ,

w
* .

H.P. Foley Company ordered and installed someExplanation of Discrepancy:
concrete anchor bolts which were too short to meet minimum embedment criteria

.

of:the installation drawings.-

fMk 4-19-77
DateFieldggr./ Inspector. 1

,

Minorbriation Deviation X
CLASSIFICATION & DISPOSITION x

Disposition: see attached. .,,

, -

x

The following ciembers of the Materini Review Board boncur with the above Disposition:
(For Minor Variations, only Resident Engineer's signature required.)

-x
.y

5

INDEXED RMS [ Sledhd 4-= n~

-

' Reside Engineer *- Q Date

W hf2/fYY4/ s'--n =->
'Oate' " ' ' / 'N. g /Dat(' g

/ JUN 14197? NM-4 vM' /r/
'

" N I Date Name Dat's-

, ,

h |dh| b ow' b As /.//4/%
N *' mW ~

Date 3upervising Linginect / ' Uftte
Resporisi?rlylingineer -"

DISPOSITION ACCOMPLISHED .

Romarks: /6 4- .

.

%

~~

Field linginecr/lcspector
'

unte

STEPS TO PREVENT RECURRENCE (Ucviations only)
The majority of ths improperly installed anchor bolts were installed prior to imple-
mentation of installation procedures by the
H.P. Foley Compar.y. This procedure is now f/ 'fThdh /7)M 6-22-77

in effect. itcsident lingineer llate
,

Y L.,u plu:s At taclimCitts 1(cport Completed
Coor.Q.C. lingr. Dir.-Q. A. WA-1 . /

g/g/Proj. Super. Resp. Engr. E-72 -1/2" s

Resident Engr. Proj. Engr. E-72 -3/8" g g,
'

Q.A.-Site Supv.Insp. Engr.(C.O.) Coordinating QC linntngpr / u.fte
__
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Discrepancy Report"*I I!'' *
-

~! - m;u ,, ,; . .

'
.

y DR-288
*

5' x
,

3' A test was performed (Electrical Department
Explanation of Discrepancy:
Test Procedure WA-1) to determine the minimum embedment required to meet
design loading by H.P. Foley Company installed electrical raceway an'dThe maximum design loadings for various sized anchors
equipment supports. fy the
was determined by multiplying the Table A values in 054162 by 1.66As a result of test
direction E.P. Wollak, Supervising Civil Engineer. 8

WA-1 it was determined that embedments of 1 1/8" for W8" behors and 1 1/2
for 1/2" anchors would give adequate pull out strengths.

A field inspection was made of 5081/2" anchors and 514 3/8" anchors to deter-
As part of the inspection the nuts were removed from theDuring this inspection no stud 9mine embedment.

studs and the exposed studs were measured. %

anchors were found to have embedmonts less than the values determined in DUpon reinstalling the nuts on the studs and torquing the nuts, five'

1/2" and two 3/8" stud anchors were discovered not to be set in the concrete.
WA-1

f the 3/8" studs set with
In further torquing two of the 1/2" and both oThree of the 1/2" anchors were

,

adequate embedment after some slippage.
pulled out of the wall and later replaced by H.P. Foley in accordance with
their installation procedures.

1/2" and 3/8" stud anchors were inspected because these sizes represent w ll '
e

over 99% of the stud anchors used for raceway support.

Disposition: Accept as is.
An inspection of a representative sample of installed stud anchors shows that

*

A vast majority of the stud anchors
less.than 1% are improperly installed.
installed by H.P. Foley are installed with embedments exceeding those requiredThis and the conservation of the raceway support design means that
it is unlikely that the failure of one anchor in a support would cause theIt is extremely unlikely that the small number of improperly
in 054162.

|

support to fail. installed stud anchors would lead to failure of mutually redundant circuits.
*

|
j

..
.

4

.

-- , - , , - - - , - , . - - , - . , . . - - - - - . . - , . - --. -.----...,-n---,_ ,--.- ,_.-.,,_..._ -- -
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. ', .s ' ' . INSPECTION REPORT- '

., . . . . ...,

hata'_''4-12 Discrepancy Report No. DR-288*"'' -

,

Description of Work to be performed: ,

' .
. ,

I Inspect enbedmont of 3/8 inch wedge stud anctiors.
,

'
-

. .

i .

j -

. .
|,

|
*

Inspection iloid l'oints:
1

Determine stud length using ultrasonic transducer. Measure stud length
exposed from concrete. Calculate stud enbedment. Accept enbedments of,

i 1 1/8 inch or more. Reject enbeeents less than 11/8 inch. i
NOTE: Any 3/8" stud anchor with less than 1 inch exposed will be accep' table
and it is'not necessary to measure stud length ultrasonicly. Mark. acceptable

*

studs with green paint. Mark rejected studs with red paint.

Inspect 500 anchors.
-

.

3
anspectcr assigned B. Whited Inspection plan approval ) h-

$sident' EngMeer

' Summary of Inspection Results:-

.

See attached
,

I

e

.

.

o

, ,- / .

l

Repair work completed by: MfA Date

b k ',) 16[7'7
^

.prov:d by: naco>

. . .a
i

.

.

E-72 (Rev. 3-25-77) .
.
*

-
. _ . . . . . . . - . - _ - _ - - _ - _ _ _ - . - - -- --. -. .. .
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ER-288, }%,, _* '

,

Ih ''. Summary of Inspection Results (Continued)
\* .

/

l Results of Inspection of 3/8 inch wedge stud anchors
I514 bolts were inspected per DR 288 and the following listing of amounts"

and. location were found to be acceptable by visual measurement criteria:

ElevationAmount Area + .

69 D 85

42 C 85

42 8 85'

24 8 82

6 A below 85
44 FE-FW 85

10 K 100

.26 K. 73

65 H 128.

'60 H 115

60 H 100

W
ne following list shows amounts and location of studs that were' '
inspected with an ultrason{c measuring device and. were acceptable: .3 ,

Amount Area Elevation
,3 D. 85

;2 C 85

2 8 82
FW 85

F4W
5 ,

G 1152
4 K 100-

9 K 73
* K 643

13 K below 64
15 H 128.

5 H 115

1 H 100

64

2 suspect studs on K6679, when nuts were torqued to specs. (25 pounds),
pulled out of concrete two inches. When checked ultrasonically it was
noted that they were 3 1/2 inch studs and the enbed was acceptable.
However, with that much stud out of. the concrete, it required two
washers for spacers between clamp and threads in order to tighten nuts.

.

Additionally; visual inspection of acceptable anchor bolts, by measuring
thread length,' indicated that the enbed of these bolts exceeded 1 1/2".
The ultrasonic tests showed that, in all but the two above mentioned

*

bolts, the enbed was two inches or more.

.d

.

, - - e
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INSPECTION REPORT7 ' '
'

) Discrepancy Report No. * DR-288
-

*

April 8) 1977
**

gg3

criptien cf ifork to be performed _:es
Chick 500 anchors at random

Inrpect inbedment of 1/2 inch wedge stud ar.c, hors.
in various locations in the pfant.

-

.

'

- .
,

.. i
e

Tsp;ction Hold Points: If exposed length is less than or equal to li" then accept.hieasure exposed length. If thread lergth 1 1/8 then reject.
If grtater than 10 then measure thread length.2h" accept. If exposed length is between-If thread length 1 " ard exposed length is
2h ard 2 3/4 reject. Between 2 3/4 ami 4" accept. Reject 4".

(see attached)
.

.

)
C. Holmes Inspection plan approval .,

Bnspectcr assigned Residens Engincbr

Sumnary of Inspection Results:

.

S:s attached.
-

|
.

M / j.
~ v v

A)k Date ;

\Repair work completed by:

) .

d, n ',n,nato
Approv::d by: . A _ A, r,

v g

.

i se an Sg ryry)
_ _ _ _
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5,* - INSPECTION REPCRT DR-28'8. .

,' (Continued)
.

-
.

i ,| * .

Eysed length i . Thread langth Accept / Reject1 '

Acceptniin -

11/8 Rejectylha -

Accept
62h" l 1/k * .

2 3/47EL7 2 11/4 Reject

4 2 ElR2 3/4 1 1/4 Accept

11/4 Reject
>4

Paint ord of acceptable studs green, rejected red. Note the $ication of
all rejected studs.

5120ERY OF INSPECTION RESULTS (Continued)-

508 wedge stud anchors were inspected, at random, in'the following amounts
by area and elevation: Elevation

,

Amount Area
9 H 128

i

A 85
41 >

1 8 85
3

80 K 115

43 K 100

41 K 85

41 K 73

43 F4G 117

124 GW 115

70 GE 115

15 GE 100-

T5T

DISCREPANCIES:

|2 . 2 3/4" x 1/2" wedge stud anchors were found in area GW, Elev.117' on J*

wall between 15 15 lines that pulled out to 1 3/4" before setting up. |7
|1 - 2 3/4" x 1/2"' wedge stud anchor was found in Diesel Gen 1-3 room at approx.

88', over s. compressor, that pulled out same as above.
1 ~- 2.3/4" x 1/2" wedge stud anchor was found in Diesel Gen.1-3 room at approx.

88' over n. congressor, that would only spin in hole. The threads were
damaged on this stud and a thread chaser was used to clean up threads, when nut
was replaced and tightened the stud set up to torque spec's with acceptable

;

i

enbed.
1 - 2 3/4" x 1/2" wedge stud anchor on right upper support for LPH65C (n. wall

ds1. gen.1-3 rm) pulled out of wall as nut was tightened. This happened; ito be the first suspect stud we came across and nut was not tightened to
)see how far stud would move before setting tight. After experiencing some

similar' situations we returned to this stud, tightened it to torque set and |
-

j found it to have an acceptable enbed.

|
'

|
-

|

- _ _ _. .. . _ . _ . . _ _. _._ _ _ _ _ , _ _ _ - _ _ _ _ . . _ , _ , _ ,
._,.__l
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!, . STATION CONST. OEPT.
PACIFIC GAS c2d ELECTRIC CO,

C ELECTRICAL
0:43LO CANYON PROJECT TEST PROCEDURE o INSTRUMENTATION

'.

UNIT * GM-.
- -

.
..

)
..

TEST PROCEDURE WA-1

. CONCRETE HEDGE NICHORS ,

~ -

,

.

'

PURPOSE:
.

,

Detemine the minimum entedment recuired to Peet desion loadinc required by
,

H.P. Foley Company installed electrical raceway and equipment supports. .,

.

SCOPE:

This procedure will provide data to develop acceptance criteria for concrete
.

anchors f6r the following conditions in nominal 3,000 PSI and 5,000 PSI design concrete:

,

(1.) effects at various stages of less than minitun erbedment and (2.) ancular

] misalignment. '

-

,
. .

.
,

.

MATERIAL SPECIFICATION:
.

Anchors, drills and drill bits, of proper size and. type, fren recular construction
*

supplies normally used for installation. .During this test Hilti Kwik Bolts and Phillips
.

Red Head Wedge Anchors will be tested.

Concrete test slab to be selected fren an area on the construction site of theI

|

) c ncrete strength noted in Table 1A:

f TABLE OF CHANGES

Nc.| DATE DESCRIPTION SY APPD.

N [2400 3-4-77 Orininal Typina

kd
1 3-29-77 General Revision

1

i

I
PREPARED BY ^L 7/M DATE 3-24-77 T.P. N o. 1.'A-1 REV.

) APPROVED BY k'k . 2 G y ,DATE 3-29-77 PAGE I OF G j
..
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)ItiSTALLATIO(IPROCEDURE:
,

,

Anchors are to be installed in predrilled holcs of the depth and diancter for
.

1.

.each anchor as listed in Table 1A. After the hole is drilled, it must be cleared

cf all 1cose material. !!inimum anchor spacing *to be no less than 12X normal hole

diancter. -

/
.

Insert anchor to a sufficient depth that the expanded anchor, by tightening to2.

. .tha t:rque value shown on Table 1A, is within 1/16" of the depth specified in
'i

I Table 1A. .

3. !!casure the exposed anchor length. Record in exposed length column in Table 1A.
.

TEST PROCEDURE:-
,

- ,

Position test fixture over cabedded anchor and connect to anchor with threaded,1.

red of required' size. '(Refer.ence Figure 1) Anchors will be pulled perpendicular to

}theconcreteunlessotherwisenotedintheremarkscolumn.
:

2. Position dial indicator to detect anchor movencnt. The dial indicator extension.

rods shall be attached on the threaded nart of the anchor.
.

3. Increase hydraulic pressure until the dial indicator detects movement of the

ancher. Record hydraulic pressure in applicable column on Table 1B.

Continue increasing hydraulic pressure until one of the following conditions exist:4.

the anchor has slipped greater than 5% of ninimum enbednenta.

b. the concrete cracks
<

the hydraulic pressure reaches the equivalent of 1.CG timos (or greater)c.

the force specified in P G & E drawing 0541G2 for the appropriate' concrete
. .

strength,

d. the ancher breaks.

Particular care uhould be taken when using the dial indicator on shallowCAUTI0ii:

-set anchors so thiit a quicE~ release will not damage the dial indicator.

' '

T.P'" IIA-l REV._ I

PAGE. 2 OF 6
_ ]
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.- 5. ,Vint hydraulic pressure and remove test apparatus. ,
,

6. , Using ' igure 2, " Cylinder Force vs.' liydraulic Pressure," determine loadF
} .

'

applied to anchor at which anchor failure is detected. Record the force in the

applicable column on Table 18. (Figure'2 was developed usina Hydraulic Jack

listed below and a calibrated gauge. See Pro'cedure for Establishing Acceptance
'

Criteria For Concrete Anchor Installations. Prepared by Thomas E. Nieni, 12-10-76.)
/

TESTEQUIPM5NT . ,-

The test fixture consists of a base, support structure, hydraulic cylinder with

| a hollow ram, pressure gauge, hand operated hydraulic pump, hydraulic hose,'

threaded rods and long nuts of required size to fit anchors. (See Figure 1.)

Also a dial indicator with a magnetic base'and various accessories to measure.

anchor movement. ,

Hydraulic Jack - Enerpac 20 Torr, Model RCl!-202, OGI.
,

) Pressure Gauge - Ashcroft,2,000 PSIc Duragauge.
"

,.
,

.

.

. .
,

' .

I

.

.

(
.

|

|

|

) - ..

T. P* u^ 1 REV. I
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F l DISCREPANCY REPORT,.v.,,(,!,.!P,cc.No.o
. PRELIMINARY N -

.. .
.

Cont./Supp. Cont./Supp.I.D. No. PCT,E No. 288

INSPECTION SECTION
. SUPERSEDED BY RE% /Discrepant item: Units I and II Various anchor bolt.3 of 1/4",

, . ,3/8",1/2" diameter purchased by H. P. Foley Company.
.

Explanation of Discrepancy: Anchor bolts which are too short to be
properly embedded per Dwg. 054162-2 have been on the job and may
have been installed.*

,

Me C 3-1n 77
Field Engr./In.iipector Date

CLASSIFICATION 8 DISPOSITION Minor variation Deviation X

Disposition:

The following mer.bers of the Materini Review Board concur with the above Disposition:
(For Minor Variations, only Resident Engineer's signature required.)

'

3 31.77(/ Resident Engineer Date

Name Date flame Date

Name Date Name Date

Responsible Engincer Date Supervising Engineer Date

DISPOSITION ACCOMPLISHED

Remarks:

Field l'ngincor/ Inspector Date
STEPS TO PREVENT RECURRENCE (Deviations only)

Resident lingineer Date
WP2cS Mtachments

Coor.Q.C. . lingr. Di r. -Q. A. neport Completed
Proj. Super. Resp. Engr.
Resident Engr. Proj. Engr.
Q.A.-Site Supv.Insp. Engr.(C.O.) Coor lin: sting QC lingsneer Date

OA-2 (nev. 12-16-76)
- -

_ _ _. ___ _ _ _ . _ . -
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INTEROFFICE MEMORANDUM

Diablo CanyonProject .

-

(
PACIFIC GAS AND ELECTRIC COMPANY
BECHTEL POWER CORPORATION

Mike Yan p,ie no.

ro

Anchor Bolt Verification oa:. September 10, 1982
se,.c,

s<om R. D. Etzler
ne tetter et

ces,.i To G. H. Moore wo/a of General Construction
G. L. Parkinson wo/a Diablo Canyon Site4:

J. K. McCall wo/a
. File wa

As per your verbal request we have completed the investigation of all
supports that our documents (S.I.W.S.) indicated as as having less than
21s" anchor bolt embedment.

Anchor bolt types and length were ascertained with the aid of an ultra-
sonic tester.

Seven (7) supports were inaccessible because of pyrocrete or equipment.

Seven (7) supports could not be located, one of which, GE/GW-140-3-6 can
be assumed to be an inspector error.

Seven (7) supports are noted abandoned based on material evidence in the
field.

Anchor bolts in seven (7) supports will'be modified in the field to meet
the criteria of Dwg. 050030.

TheEorty-four (44) supporj;s have bolts with-less than 2h" embedment.~

"A1.lujMi" indicate type ofToTt IH TRiTt1TP. R.~ffi = ~PWilfpps
-

.- nf]O5 aja

Red Head) and their respective projection from face of concrete.

The remaining supports meet existing criteria per Dwg. 050030. (73)

k tD. h
R. D. Etz er
Project Superintendent
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INTEROFFICE MEMORANDUM*
,

DiabloCanyonProject
PACIFIC GAS AND ELECTRIC COMPANY
BECHTEL POWER CORPORATION

To F.M. RUSSELL, GENERAL CONSTRUCTION o. ,

912s, F.A. MORSY , ,,, u,,

ONSITE PROJECT ENGINEERING GROUP Requested OPEG/ CIVIL responseo, 3,,g,
to document # HVit. C-IS.36

JOBSITE ,,,,,,,(805)S95-7351 UNIT - 1,,

x3137

SUBJECT: NVk C-INO
A m " W " , Et . 126- r (csR3LOCATION:

DRAWING NO.: 5 % 58
, DESCRIPTION OF SUBJECT:

6EE HN/ R C- ISS,6,

1

|
.

DATE OF REPLY: [Abd bb
OPEG/ CIVIL RESPONSE:

6EE_ AT tac.t4ETD Gk t . i c_.+4

eD - . _

SIGNED MIb MMf
SMF g

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



.

.

't

EN6|MEERING b/SPostT|oM 70 MVR No. c1339'
s

|} ZA6PECT EXPANSleN dNcRMS OF PROCESS ClwrRot .4ND PfDTECTIDN /MWELS
IN AcCMMNCE To 1NS f'o4LDW/N4 ANcag 8o47 Satspuig:

total. NUMBER OF tot 4L Nt>HBER of ANCHORS RE&wRED
'

PANSLS MRotJP FOR E4cn SUPPORT BE&f W/TNINfo'ofE.S

4- to

6' /2
4 /5
S /1

'

2) AM ExPAMG/cH dNcHpAG MUSTLE INSTAMEb PER PS$E ]]W4, Na DSNh2,
ABY. 6

(3) W$6 JN5pFFICIBar }/VHb6R OF EWPAWS'oN A+'CHpMS 4R DEF/bEHT

EXAWSloM ANCMML5 Ex57, .ZdSTALL NEWAWCJM% PER 7?/Ej@LLLw/Hf

OffloMS I

OPfleH 1 ' REPLACf DEf/C/ENT ANCHORS Mb ZHSTALL. ADWTloNAL-
'ANCNoAS AS REQu/ RED 70 MEET M/N/MWH Nt/H8EK

PER M $ E hw$. No. 03/J62,AEK $

Of f/DM 2 | |Ns74tl. Mf.W EX4425 tom ANCHMS PER DETAIL "1"
of; kV4. NO. SKJT- EPA - q - | . , REY. O.

i
I

i

:

|

| APPROVED SY
~

I
tI

g e /M6At /SSU59 MK BMGINEdA/M4 D/SPrS/OW79HVR d Cl%R lbysg ff" m @
| REY. DATE DESCRIPTioM GM ITiih. CHKD. SUPY. A!'vD.

BIMIGM lle T0l>J B

DJABM CANYoM UN/T MO.1. ows usrx surv. n

Io*a**n* j.42 EN4/NEER/H4 b/SR25/7/tw ToMVR No.cIng 2,*so*,,
, SHEET A. SHEETS'

l s epuo. r, use -
sota. liiiEihe numaEn nEv.'

TE SCAL.g PACIFIC GAS AND ELECTRIC COMPANY
11 /gg, SAN FRANCISCO. CALIFORN:A

MicRomME__Da-mon::o_1-m



._

. .

$Y < e'"* =

CO W~

PACIFIC OAS AND E LE C T RIC CCMPANY
frLeracar ursi ni.nin state stater, saw raaneisco. cauronnia e4tos

,gg

February 7, 1984 -

'

PGandE Letter No: DCL-84-047

Mr. John 8. Martin, Regional Administrator
U. S. Nuclear Regulatory Commission, Region Y
1450 Maria Lane, Suite 210
Walnut Creek, CA 94596-5368

Re: Docket No. 50-275, OL-DPR-76
Occket No. 50-323
Diablo Canyon Units 1 and 2
Welding in the Cable Spreading Room

Dear Mr. Martin:

As a result of the recent NRC investigations into the allegations listed in
SSER 21, the Staff has raised questions regarding the installation of class I

The enclosure toequipment on class II material in the cable s> reading room.
this letter provides the PGandE response to tiese questions.

Kindly acknowledge receipt of this material on the enclosed copy of this .

letter and return it in the enclosed addressed envelope.

Sincerely,

J. O. Schuyler

by J. D. Shiffer

Enclosure

ec: T. W. Bishop

,

chier11ng.
..s

,
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PGandE Letter No. DCL-84-47 |
-

:
' '

ENCLOSURE

USE OF NON-CLASS I MATERIAL TO SUPPORT
SAFETY-RELAILU EQUIPPENT IN THE CABLE SPREADING R09tS_'

Background v

Th'a NRC has requested' additional information based on their review of the use
-

of non-Cla:s I steel to support safety-related equipment in the cable
spreading rooms. The information requested is:

Show qualification for the materisis and installation.1.
Explain why resolution of the problem has not been accomplished in a2. '

more timely manner.
Why wasn't the problem discovered by the IDVP or the ITP73.
Address generic implications, including late identification of the4.
issue as a nonconformance.

Resolution

The following discussion provides a response to each question.

1. Show qualification for the materials and installation.

The non-Class I steel beams used in this installation have been tested to
determine chemical and. physical properties. The steel was found to have ASTM

The beam installationsA-36 properties as required by the design drawings. .

Calculations haveand equipment attachments to the beams have been as-bufalt.
.

Referbeen performed which show qualification of the as-built installation.
,

to Attachment 1 for details. ~

Explain why resolrtion of the problem has not been accomplished in a more
.

2.
timely manner.

On October 6,1983 H.P. Foley ' Company identified to PGandE a concern
regarding the adequacy of anchor bolt installations which fix the steel beams

This initial concern was broadened to include the issue of
-

j in place. Resolution has required
non-Class I material in Class I in:ts11ations.
preparation of additional as-built drawings, material removal for testing andAlthough resolution has taken approximately~!
analysis, and design reanalysis.
four months, when considering the complexity of the issue, we find the
duration to closure to be reasonable.

Why wasn't the problem discovered by the Independent Design Verification3.-

Program (Iuvr) or tne Internal Technical Program (ITrJT-

The IDVP was based on a sampling approach. This installation was not included
,M in their sample. However, their review did identify a generic concern for,

As a result of this generic concern, the;

adequacy of equipment supports.
equipment attached to the cable spreading room platforms was reviewed by the

The welds from the equipment to the steel beams were found to require(
;

ITP. In addition, the design of the
modification for structural reinforcement.
cable spreading room platforms was reviewed by the ITP. The design of the

'

1-

0205d
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platform consisted o'f steel beams installed in a grid pattern fixed to theA senior engineer reviewed this design
floor by closely spaced anchor bolts.,

and judged that margie exists in the design such that as-builting and detaffedi

The steel was specified as ASTM A-36, but no~ reanalysis was not wirranted.Since A-36 is a standard comercial grade steelcertification was required. The
and no weldine problems were apparent, the material was judged adequate.
revjaw descr16ed above was completed prior to identification of the MRC

,

Y$*!

cified, and
Thefefore,thisinstallationwasreviewed,weldmodificationss equently, theSuth5' remainder judged adequate by the Diablo Canyon Project.i

more detailed January 30, 1984 structural analysis and material testing has
confirmed the judgments made in the earlier review. Refer to Question i for ',

details.

4. Address generic implications, including late identification of the issue
as a nonconformance.

The unique nature of the steel-frame raised-floor configuration led to the
acceptance of the design and material without the detailed type of as-builtingThis type ofand analysis that was performed for the other structures.
configuration exists only in the cable spreading rooms. All other platforms
which support Class I equipment have been thoroughly analyzed. Therefore,
this installation is not a generic issue. The Nonconformance Report (NCR)
associated with this issue will be completed by February 17, 1984.

The Project has initiated a separate NCR to assess the adequacy of the steps
taken in addressing timely identification of this issue as a nonconformance.
This NCR will establish cause, investigate generic implications, determine*

corrective action to prevent recurrence, and review reportabi,11ty.

.

3

.

g .
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ATTACHMENT 1 @
.

INTEROFFICE MEMORANDUM

DiabloCanyonProject
PACIFIC GAS AND ELECTRIC COMPANY
BECHTEL POWER CORPORATION

January 30, 1984D. Rockwell/M. Leppke m
h

, J. K. McCall . ., 52.19

Civil Engineering - Unit 1 Supports for Class I
Electrical Panels in the Cable8

45/23/335 8-1414 Spreading Room - E1. 127
''"'**" Unit 1A'

Reference: Minor Variation Report - MVR No. C-1338
Non-Conformance Report - NCR No. DC1-84-SC-N001'

Engineering has evaluated the above referenced reports and following is our
engineering disposition:

A. 10UT21 Supporting Beans

{. Structural Evaluation: Based on as-built information from the fieldand new panel loads furnished by Westinghouse, supporting beams are,

found to be structurally adequate when subjected to Hosgri/DDE
*earthquake.

2. Material: Our calculations are based on the material conforming to
It hasASTM A-36 which requires a minimum yield strength of 36ksi.

been confirmed that the material does meet the requirements of ASTM
A-36 by the mechanical and chemical tests performed on coupons taken
from the supporting beams. The test report will be available upon
request.

Based upon the above information, existing supporting beams are
considered acceptable and therefore, use as is. The portion of the
beams where the coupons were taken shall be ground smooth to remove
any irregularities and sharp notches. The cut out portion need not
be welded back.

B. Concrete Expansion Anchors
.

Based on as-built information from the field and new panel loads
furnished by Westinghouse. all expension anchors are found to be

.

otracturally adequate when subjected to the Boogri/DDE aarthquake. The_
capacity of expansion anchors are based on the report "Use of Concrete *

;

i

Empsasion Anchors at Diablo Canyon" contained in PGandE Ietter No.*

DCL-84-031 which accounts for embedment and angularity. All existing
as is.expansion anchors are acceptable and therefore,use

,

[ MISC 10020]
- -

.
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-2- January 30, 1984
D. Rockwell/M. Leppke

.

For year reference', the calculation number for the above is EFA-9. Rev. 2 and
filed sa 32.19.;

v%. **

!
' If there are any questions, please call Ali Vanek at Ext. 8-5953.

.
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J. K. McCALL
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8CE NTiPo AT.CN 8 Locat.on Unit
i ;s ereace
- ea pa;e et

__ _
l Diablo Canyon . ! No- I s c. No. 8802 ! J -} -

,PTGC Electrical I con: a: tar i ! vv. -gpNo..E-2773
: :a -a ps

m oort No.

se-a c:ov to car.t actor C * es I No |
N'"

N/A
--

CESCRIPTroN OF OtSCAEPANCY
"

. t. ,

_E, lass I Electrical Raceway Supports attached to Non-Class I steelC
ic a:,e n

NRC field inspection has' revealed Class I Electrical Raceway Supports attached to the
Non-Class I steel supporting the. diamond plate in the cable spreading room, elevation
127'. Example: CSR-127-3-634 detail S-415

.-

CSR-127-3-573 detail S-235

| -

' ' ' ' * *
-

gh% |' January 17. 198f
_,

C. sacs Tc4
-

/'
Refer to Engineering for disposition.
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__Radion 3. m ate slet
DCM No. C-15

March 1,1983.

Dem
52.7.11.2 x 40.2.4
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Fils. No. :

PAC 8Pic GAS AND ELECTRIC COMPANY

.

DESIGN CRITERIA MEMORANDUM

_Diablo canven PP - Eldetrical Raceway sonnnetc _
Date [ 3[JS!83Structure,5ystem,or Component:

~ N IA/[ h.Michael K. YanPrepared by: aineerirQpte _,3/2 ~5N 3ca i 1 *

Group Leader / Supervisor Review _ h &:NO'*)?"*' .,

'

*

Reviewed by Interfacing Disciplines: 3 k
# / Date

*

Group Leader / Supervisor
* *' dh _Date 3 h %

Grc[upY r/ Supervisor
r*

b - Date

Group Leader / Supervisor

Approved by: g. g 3' 3 /~ O)Date:
Department Chief: R. V. ttinger

Approved for Project use:
.

Date:

G. V. Cranston
- gG. H. MooreProject Engineer: "

inputs. Other attachments as indicated below.
Page 2 through 1sttached; describing

with Attachment A thru HI
l

cc:
'

ApprovirEOc'NT4rn~ sX n ren . _

O CDM' ~ wuN!-

A -

TTY ->

O. Chief,EngineeringQuality s. w y
<

O Project Engineer .n.......,. __

Discipline Group Leader (s)/ Supervisor (s) _. ---

O
-

_

| --

O Manager, Stasm Generation _

1

-

|
- _

s
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DESIGN CRITERIA FOR SEISMIC REVIEW'
*

OF CLASS 1E ELECTRICAL RACEWAY SUPPORTS' ' ~

t.
' AT DIABLO CANYON POWER PLANTq

1. Introduction .

A. This set of. design criteria is applicable to design review of
Class 1E electrical cable tray, conduit and pull box supports at .

#
Diablo Canyon Power Plant. Design of conduits, cable trays, pull.

boxes and'other raceway system components is not included..

'

Design of these supports shall.be assumed to conform to the
configuration and general and special notes.shown on PG&E Orawing
050030. Rev.29.(generic condition), except as modified by
as-built data. ,,

B. Loads to be considered are:

(1) Dead l'oads of conduits, trays, and weight of insulated
copper conductors (see Attachment A - . letter dated
10-29-81 Herrera/Vahlstrom to Bettinger); applicable
dead load of support shall also be included.

(2) Seismic loads are:

a) The current floor response spectra for the Hosgri
Earthquake event contained in DCM C-17

-

,
b) The current floor response spectra of the Double

Design Earthquake (00E) contained in DCM C-30.l

The review shall be based on 7% damped floor response
spectra.

C. In determining the amount of dead load which is tributary to a
support, the assumption shall be made that supports are spaced
at the mar.1 mum allowed by the drawing and that the numbe'r of

|
cable trays and conduits allowed by the drawing are present on,

the support (generic condition), unless as-built data indicates'

otherwise.

2. Seismic Response Calculation .

A. Response acceleration in horizontal direction
.

Total response acceleration in either north-south or east-west
horizontal direction shall be computed as follows:

For north-south horizontal motion:

b=ANI + 9NS , gjg
.

.

i .g

-2-
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f

For east-west horizontal motion:
.

AU=AU+SU . Y/9-

where:

qS = Total north-south response acceleration ,

AU = Total east-west response acceleration
T

ANS = Translational spectral acceleration due to north-south'

ground motion

AU = Translational spectral acceleration due to east-west*

ground motion

SNS = Torsional spectral acceleration due to north-south
ground motion

SN = Torsional spectral acceleration due to east-west ground
motion

X = East-west distance from center of mass

Y = North-south distance from center of mass .

g = Gravitational constant
;

i

Separate calculations of A, shall be made for Blume and for
Newmark spectra.. The greater of these shall be used in
subsequent calculation of seismic loads.

;

The above method of calculating response acceleration
including effects of structure torsional acceleration is
applicable only to structures for which torsional response
spectra have been provided. (Torsional effects of Hosgri
Earthquake in the Turbine Building have been included in the
translational response spectra for that building)

8. Response acceleration in vertical direction

(1) The vertical response acceleration for Hosgri Earthquake
shall be obtained from the vertical response spectra in DCH
C-17.

(2) The vertical response acceleration for DDE shall be 0.36g. |3

.i

-3-
4
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C. Transverse seismic Loading |3

In determining the transverse seismic loading on an electrical
raceway support,the more severe of the two horizontal
acceleration components described in Sec.,2A shall be assumed,

acting transverse to the raceway support unless the support is
.

| being evaluated based on as-built conditions, in which case, the'

! appropriate horizontal component may be used.

D. Longitudinal Seismic Loading

(1) In the longitudinal direction, conduits and supports shall
be considered as systems. The systems shall be analyzed in
one of the two ways.

(a) For systems that have a first mode frequency in the
j longitudinal direction of not less than 33 Hz,

equivalent static analysis is used' The total seismic|

.

load in the longitudinal direction is calculated using
the zero period acceleration (ZPA) of the appropriate ,

floor response spectra. The total seismic load is o

distributed among the supports proportionally to their
longitudinal stiffnesses.

Alternatively, dynamic analysis is used to determine(b) seismic load on each support of the system from the
appropriate floor response spectrum applied in the
longitudinal direction.

Cable trays have been provided with separate longitudinal(2) supports and do not require seismic review of transverse-typeThe longitudinal-supports in the longitudinal direction.
type seismic tray supports shall be reviewed for their
tributary longitudinal spans.

In detemining the spectral acceleration, the spectral ordinate |
E.

corresponding to the calculated natural period of the raceway
support shall be used with the following exception: ,

o

If the support is being . evaluated for its generic condition
and if the calculated natural period is greater than the
period corresponding to 75% of the peak, the peak valueI

shall be used. See Figure 1

Wherever more than one set of response spectra at a particularF. floor level has been provided, the spectra located closest to the
support location shall be used (without interpolating).

Interpolating between the spectra at different floor levels to!
: G. derive spectra at intermediate elevations is pemissible and

shall be done in accordance with DCM C-17 and DCM C-30.

For floor response spectra at Elevation 85' or below, groundH.
response spectra shall be used (see Hosgri Evaluation Report).r

V

-4-
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3. Load Combinations

All raceway supports shall be evaluated for the transverse seismic..

For each 6loading and the longitudinal seismic loading separately.'

seismic loading condition, the load combination shall be as follows:
y

Maximum stress or member force at each critical location in the
support shall be calculated, separately, for seismic loads in the
maximum horizontal direction and-in the vertical direction. -The

i

resulting stresses.or member forces due to loads in the maximum
horizontal direction.shall.be combined with the stresses orStress ormember forces due to vertical loads by absolute sum..,

member force due to dead: loads-shall be added to the results
'

described above'to get total stress / force.

The above paragraph may be expressed symbolically, thus:
| |0

U = D + DAH (max hor) + DAy' m

D = Stress due to dead load of applicable supportwhere:
weight plus tributary weight of raceways spans
adjacent to the support. -

.

y = Absolute stress' due' to applicable verticalI DA
seismic load.

g = Absolute stress due to applicable horizontal |!
DA.

seismic load.

U = Total stress due to seismic loads in horizontal |!
i and vertical directions, and dead load.
I
,

i
l 4. Design Specification

Applicable. design specif':ations for this purpose, adapted to reflect
the approach described above, are:

For hot-rolled steel members, AISC 1969 Specification for theA.
Design, Fabrication and Erection of Structural Steel for
Buildings. -.

j

| For cold-formed steel members, AISI Specification of Design ofB.
f Cold-Formed Steel Structural Members, 1968 edition.

5. Material Properties

Structural steel (ASTM A-36) used in these raceway supports has aA.
yield point of 36 ksi.
Cold formed steel (ASTM A570, Grade 33) used in these raceway
supports has an average yield point F ,, as shown in Table A for

B.
y

each cold-formed channel section. Virgin yield point, F , is 33y
is 52 ksi.ksi. Ultimate strength, Fult

-

-5-'
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Concrate stmngth, based on test reports, varies throughout theC. When applying acceptance criteria, the designer shall use' plant..

the. applicable concrete strength as shown in Attachment E (Table,

vi 4-3 of'the Hosgri Evaluation.R.eport).*
' ' ' '

*

6. Acceptance Criteria-

A. - Member stress shall not exceed the following acceptance criteria.

(1) Acceptance criteria for hot-rolled steel members.

The provisions of Part 1 of the AISC Specification for the
Design Fabrication and Erection of structural steel for
Buildings are applicable with the following modification:
allowable stresses may be increased by 60% for acceptance
limits applicable to load combinations which include
seismic. Reference: NRC Standard Review Plan Sec. 3.8.4.

Minor local yielding may be permitted if it can be
-demonstrated that local yielding does not affect the member
strength or its function.

(2) Acceptance criteria for cold-formed steel members

(a) Bending about major axis (ksi)

2
F 3
ya t2, xc

F =F - ,

24.05w ECb
.

where: F" = average yield po~ int, ksi
I (see Table A)

-

E = elastic modulus, ksi-

| C = bending coefficient; conservatively
C = 1.0 (see AISI Sec. 3.3)| b

' d_=sIctiondepth, inches
L = unbraced length, inches

= compression-side section modulus of
S*C entire section about centroidal axis

perpendicular to loading plane,''
. ,

'L- m- -
3

inches
.

I = moment of inertia of- compression
IC portion of section about its

.controidal' axis parallel to'the-
4

loading plane, inches

.

< e$

-6-
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For particular_.Unistewt-(or equivalent) profiles, the above formula reduces | 5
to:

2, ,

- P1000, Fb = 41 .0028 L -~'

2
41 .0010 LP1001, Fb= ..;.sg "" -

45 .0096 LP3300, Fb=
2

33 .0011 L 3,,. NoteP5000, F =
b

33 .0008 L2 See NoteP5001, F =
b ,

2'
39 .0012 LP5500 Fb=

2
39 .0009 LP5501, F =

b

NOTE: When Unistrut P5000 and'P5001 or their
.

!

equivalents are used as beams, the acceptance
limits shown above have been reduced by 12.5% to |

avoid local buckling of the compression flange.
'

i

Conduits and cable trays which are attached to !

;

cold-fonned channel members and are continuous across !

the support may be considered as lateral bracing of the
member.

(b) Bending about minor axis (ksi)
'

F =F,b y

(c) Shear (ksi)

F, = 0.6 Fy

NOTE: Use F here, not F ,. .

y y

(d) Axial tension (ksi)

F = F , on net sectiont y
Axial compression (pounds)(e) Column Load Table, Unistrut General EngineeringRefer:
Catalog No. 9 (1978 edition), page 120, and Super Strut
Framing Channel and Pipe Hangers Catalog No. 3 -
Revision 3. Table III. (See AISC Steel Manual, Table-
C1.8.1, for advice on selecting K values.)

f

118 P, = 1.33 x Column Load in TableIf <

''m1n

s

-7-
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KL: shall not exceed 200
r,9,

Acceptance limit stress on fillet welds on cold-formedB.
steel members shall be 60% greater than given in
Section 4.2.1 of AISI specification of Design of Cold-Formed

!

Steel Structural Members. Effective size of a fillet weld shall
not exceed the thickness of the thinnest element to which the'

weld is applied.

When axial and flexural stresses occur simultaneously at aC. critical location in a cold-fonned steel menber, the following
interaction formula is applicable:

p,/P, + f /F i 1.0b b
is the calculatedwhere p, is the calculated axial load, fb

flexural stress, P,is the acceptance limit axial load, and
,

F is the acceptance limit flexural stress.
b

Loads on Unistrut (or equivalent) bolts shall not exceed 90% ofD.
the proof loads (i.e., shall not exceed 2.7 times manufacturer's
allowableloads). Interaction of pullout and slip loads shall be
evaluated by the following formula:,

P 1 (P,/S,) (5,2 , 3 ) F Ref. Comentary ol AISC Spec.1.6.32
'

P. S are interaction limit values of pullout and slipwhere:
loads, respectively, for:1oad combinations including seismic.

18 ads"arethreetimesmanufacturer'sallowablepulloutandslipP S
respectively.

Neither P nor 5 shall individually exceed 2.7 times
manufacturer's allosable load." For load combinations- not

-

including seismic, P,, S, shall be 1.0 times manufacturer's
allowable loads.

Loads on Unistrut (or equivalent) concrete inserts shall notE. exceed 2.7 times manufacturer's allowable loads in pullout or
slip. For evaluating interaction of pullout and slip, use same4

'

formula as for Unistrut bolts, above.
i

Design loads for Unistrut (or equivalent) channel connectionsF.
shall not exceed 2.25 times the manufacturer's allowable loads.

i

-8-
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Loads on Unitstrut (or equivalent) conduit clamps shall notG.
exceed.the-values shown .in Table B.

s ..i..- .

H. _itoa'ds'on concrete exparision. anchors sha11' not exceed twice the
allowable pullout and sheer' leads specified in PG&E Engineering

054162 - Rev: 3. Interaction of pullout andStandard Drawing
shear loads shall be evaluated according to Section:A2.9 of Dwg

*

054162.-

If a support detail shows loads applied in such a way that moreI.

severe stress conditions would occur if the loads were shifted to
another location on the support, the designer should check
as-built conditions unless-the worst position of loads can be
accommodated. SeeFigure5. . 4

...>..

Vertical supports using vertical. rods;are not horitpntal seismicJ. i,<

supports. f
Unbraced joints made of angle fittings (e.g. P1331. P2626) shallK. be checked for rotation and fatigue resistance. No checking is
necessary for a braced joint. See-Figdre 3.

The Moment versus Rotation curve and The Fatigue curves of |3
various combination of angle fittings have been derived from test
data and are provided in Attachment G and H respectively.

The fatigue resistance of an angle fitting shall be checked with
the following equation:

"EQ < 1.0 Ref. IEEE Standard 344-1975EQ
N,

-

N
DE HOSGRI -

,

or

SnEQ ,"EQ- < 1.0
"DE

N -

DDE

nEQ == total number of load / stress cycle per earthquakewhere: 7

10 Ref: NRC Standard Review Plan Sec. 3.7.3.

DE = allowable number of load / stress cycles per DE event
.

iN

HOSGRI = allowable number of load / stress cycles per HOSGRI eventN

DDE = allowable number of load / stress cycles per DDE eventN

,!

_g.
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9_.dp G .c R
uIZ.r- rf,i=I'Esehielion Procedures

; : "" -~Stip~Nof'l-
Use spectra with appropriate damping given in Section 1. i63 1. Use acceptance criteria given in Section 6.- z

2.
"+3. -4se. weights cited in Attachment A.. - - -

Compute R, ratto of acceptance criterion to corresponding
''

computed stress or force, for each critical location in the- - - - -"4.
~ ' ~

support assembly.
If any R-value is less than 1.0. go to Step No. 2.5.

Step No. 2.
.Use spectra with appropriate damping given in Section 1.1.

'2.' Use acceptance criteria given in Section 6.
.*

Use as-built data obtained from field (General Construction
' ' - , '

3. ~

' ~

Department).'
Compute R for each critical location in the support assembly.

~" :,
.

4.
If any R-value is less,;than 1.0 go to Step No. 35.

Step No. 3
Provide design modification.- ..

Repeat Step No. 2 on as-modified configuration. |6I..' .- .

2.
~

|

l

-.

b.

1

I

\

. . .

.

en e

(.
10--
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Table A
AVERAGE YIELD STRENGTH

0F COLD-FORMED STEEL MEMBERS-

BASED ON AISI SPECIFICATION SEC. 3.1.1

UNISTRUT F ,(ksi)y

P1000 41
P1001 41

P3300 45
P5000 38

P5001 38

P5500 39

P5501 39

1

TABLE B
UNISTRUT CLAMPS.- ACCEPTANCE LIMITS

1

Unistrut Corp. Test Reports C-13-H, C-36-AReference:
(dated 10-6-77 and 5-13-77, respectively).

Limits shown are 90% of test ultimate loads.(pounds) '
|

CONDUIT SIZE PIPE CLAMP NO. PULL OUT TRANSVERSE SLIP LONG. SLIF|

1/2" P-1111B 1620 315 180

3/4" P-1112B 2340 335 315

1" P-11138 2585 605 560

1-1/4" 'P-11148 2160 405 315

~1-1/2" P-11158 3150 380 270

2" P-1117B 3780 470 270

2-1/2" P-11188 3510 855 495

3" P-11198 3780 945 875'

3-1/2" P-1120 4725 990 920

| 4" P-1121 5355 1665 1485

5" P-1123 4455 855 630
'

6" P-1124 4320 1190 830

t

:

|-:
.

-11-|

!
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Cable Trsy & Conduit weights,, m ,

.ensomme

October 29, 1981

M . R. V. 3E2TINGZ1:

Eers ars weights which should be used in designing supports for cab .
mys

and conduits:
i CCNDUIT .
'

| (Dis. in.) 1/2 3/4- 1 1-1/4 1-1/2 2 2-1/2 3 4 5 6Siset

|
vt (1bs/ft) 1.0 1.4 2.1 3.1 4.1 6.0 S.6 12.5 19.0 28.1 39.7

TRAY

Sise
(Vidth, in.) 6 9 12 18 24

Ut (1bs/ft) 12.5 18.8 25.0 37.5 50.0

These weights are based on the following considerations:
.

Conduit

- assumed to be filled to the sozianas (421 by area) with insulated copper
senductors.

- conduit assumed to be rigid iron.

g ble Trav f

- tray assumed ts be NDIA Class II (3 inches high).
These- filled weights assumed to be 25 pounds per square foot of tray botton.

f
weights are approziastely equal to values calculated assuming anzimum fill
(321 by area) of insulated sepper senductors.

j
i

M
= these weights will provide very sensarvative values since average actual

j unights are about 303 less.
|

,

J. R. EERRIEA

By
'I* IN

/ W(1214):ds'j sa: Jucelwell. FJDen
.
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TABLE 4-3 i'

.

'

Averste Concrete ftYesstb N Mo'duluis of Elasticity*

-)
Average f I |Coenrete (toetvalui) a '

sim* (sei) (set) _ _
Structure and Coseonent

|

Containment Structure 6
A 6330 4.53 x 10;

0* Base Slab to Elavation 87' A 6330 4.53 s 106Skis Four at Elevation 89' A 6330 4.53 x 10
6Zaterior ~

B 3850 3.54 x '1C
Skia Four
Soldier Beans : 3 3450 3.54 x 100

3 3850 3.54 x 10 '6Exterior Walls 3 3850 3.54 s 10
Doom

,

Ausiliary' Building 6
3 3920 3.57 x 10

-,

0Skin Four
Valls and Slabs selov Elayation 85' 3 3920 3.57 z 206

Slabs 4 Feet and Thicker at Elevation 85' S 3920 3.57 m 10
6

C 5650 4.2'8 u 106Colums Belov Elevation 85'
Valls and Slabs Above Elevation 85'

C 5650 '4.28 s 10
6

Slabs Less Tham & Test Thick at C 5450 4.2% z 106Elevation 85' C . 3650 4.2s : 103
Colummis Above Elevation 85' C 5650 4.28 x 14 6
East Valls Above Elevation 115' C 5650 4.28 x 106Other Esposed Walls

C 5650 4.28 x 1C6Exterior Slaba at Elevation 140''
~;

C 5650 4.28 x 10
Other Boof Slabs

Turbina Building 6
A 4590 4.43 x 10

Slab at Elevation 140'. 6
3 3470 3.55 x 10

'

skia Four 6Slabe Except at Elevation 140', Colums 3 3870 3.55 x 10
and Pedestal 6

Exterior Valls Above Elevation 85' 3 3870 3.55 s 10
Except Shear Vall Along Line (1) & (35) 6

C 5500 4.23 x 10
Shear Wall Along Line (1) and (35)

6Shear Valls Along Lines (5), (17), (19),
C 5500 4.23 s 10

and-(31) 6
3 3870 3.55 x 10

na=atador ~ 6
3 3430 3.43 s 10

1 stake Structure

*8aference 1'

,

a

__ _ _ _ . . . . . _ _ _ . _ _ - . . _ . . . _ _ _ . . _ . . _ . . _ , . _ . . _ _ . , _ . _ , . _ . . _ . . - - _ _ _ _ . _ , - . . _ . . _ _ . . _ _ _ , . _ _ - , - . _-
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Attachment G..

.

Moment versus totation
.

.

d

.

T 7
70.0 - *

,

m I

43.0 =*

P1331 Both sides

34.0 =

. 49.0 " -

m

042.0 -

a
se

b
.

3 25.0' --

.

2s.o
-

21.0 =

.

14.0 -

7.0
I

l t t I L f f I- -I -l' I I - . ... . . .'

.122 .140 .157 '.175''.193 .210
0 .017 .035 051 .0'/0 047 .105 *'"

Estatism" (radian)
.

.

= Sheet 1 of 8
v
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Attachment C_.! '

Woment'Tersus Rotation
.

1

J

i

42.0
~

- --

i

37.8
.

33.6 W
.

P1325 Both Sides
29.4

-
25.2,

.-

~

0
a* 21.0

_1
-

16.8s

..

12.6 _

8. 4' _'.

.

4.2

12 - - 'l:.c'-l. I f_ l i t i i i :L
.

0 .017 .035 .052 .070 .087 .105 122 .140 .157
.175 193 210

,_

Botation (radian)
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*f(1.0 ~ .;,. fa. . . '.
g.p

. ..

1.1 To provide instrue:ie- to personne1 @erformir.g inspections of
existin; ceners:e en; nsion anchors.

2.0 SCOPE.

2.1 Inspection cf all ac:essible concrete anchors as defined and
cutlined by the ti. U. i;cilogg progrc:t for inspection of existing

car. crc 2 cOchors.
_

3.0 R E" *~> F""! W T-5.I.\ L

3.1 Tac iollo. ing reference caterial will be u:mi in providin: instruction
and for performing inspeccions of installed concrece anchor:.

3.1.1 Anchor Manubc:urcr data and inctructions.
j. . .- ., = .- -

. .
- -- , r.

3.1.2 P.G.& E..and M. W. Kellogg hanger drawings.
.

3.1.3 M. W. Kellogg progr:m for inspection of existing cercrete
expansion anchers.

4.0 PCI C""'

% 4.1 Per:ennel performing and documenting anchor inspections shal
QJ eee: the following requirements.

'

t. . '. 1 Pass visual acuity test as eutlinad in M. W. ;;ellogg
procedure E.S.D. 256.

..." H:ve a reneral mechanient or engie:erine, back;rcund
sufficient :o unders:and and co . ply m t:. :he ree:tr. wen:7

_

ef :his procedurc,

a.'.3 Fave received sufficient instrue: ion on thic rocedurew .

:o deve' op an uncers tanding c f ti.e see ri. ;s end pre;u.hrn
recaire: to comple:a :he recairerints outlined h. rein.
Tna, u '.1 not datermine the final dinpu ,it ion o f the anchee:.

5.0 M ? c': c T c':

5.1 P.ander inspections cf installed expansion anchers have indicated that
cor2 existing installaciens do not meet minimum requirements.
Recren.:ing this, we have performed and anchor failure analysis test.
:c de:ereine to whc: ex:ent an anchor can deviste from perfcc:
and s:i'.1 reet design recuirements. Because of these findings a
ce- .::e incpaerion will be performed. Ancher:. found to be outside'

t'.-e ::::cric defined hereia vill be evaluated and, if required,
retairs made to assure compliance wi:S desist requirements.

FOR)NFORMi W
ONLY .
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6.1 HILU ANCHO2S (See Attachment i ~1)
- ~

--
-

- . ..
- .

6.1.1 These anchers are designed to develop maximum stren:;th-

when installed as shown in steps 1, 2 & 3 of attzchment # 1.
.

- a. "'he hole must be drilled to the proper depth ..nd size.
~he depth being the length of the anchor. (Steps 01)

'~ e hole should then be cleaned to remove any remainingb. a

chins or powdered concrete. (Steps # 2)

c. ~he anchor in then pisced in the hole, tl.c pluc
inserted, s= ll end first, and driven to expand the
cachor inside the co'ncrete. (Step i) 3) This is
accostplished with the proper sized setting tool,
shown at 4:he bottom of sheet, Attachment 151. -' '

, _ , . - . .- . - .- - e <- = r

6.1.2 A perfect installation would be one that le:ves the anchnr
*'

flush, to not more than 1/8" below the surface of the
concrete and has the plug driven uhere the cmall end is
flu:h eith the be.ck of the ar.cher, and the angle of the
anchor is perpendiculcr to the surface of the cenerste.

.

6. 2' P11ILLIPS A::C::CTI (See Attachment 6 2)

6.2.1 These anchors are designed to de elop maninu:: strength when
installed as sho . in actschern: 0 2.

,

a. The anchor itself is used, in a machine designed ice
installing these anchers, to drill :he hole. The imly
sheuld be not greater than 1/16" - 1/5" deeper tha . c .c
length of the anchor. (Step # 1)

b. After :he hole 1: drilled the anchor is re.ovd and
''

:he hele cle,aned. Care should be taken :o esrure W.:
:he ::ro is removed from the cen er of the hole.
(See Step 9 2)

c. Af:c :Se hole is cleaned the er.psnsion plug is inser:ed.
s:wil end firs:, into the back cnd cf :he anchor (Crep 2.a),
placed in the hole and, unlike :he !!ilti, the anchor
is driven dcun on the plug r.o cr.pand it.

6.2.2 A perfect installatier could be one char leaves the ancher
flush to not esore then 1/8" below the concreto surface and
has the anchor driven where :he back, ic ge end, of the ple:
is flu:h wi:h the back of the anchor, and the an;1c of the
anchor is perpendicular to the surface of the concreto.

*
. 6.3 ter eHna and Pm :~ nt:tfen

FOR INFORMM
v

ONLY
. .. - __ _. _ __ . .- . .. -. .
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7-M - 4.3.1 All Accessible anchors will be inspected a .d findings
*

-4 . - racerded as follows.
%-

.

. . .

6.3.'1. 1 ' Prepare an Anchor Inspection Che..k Li:c.
(Attacheent # 3)

.

-

6.3.1.2 Record the hanger symbol, area an.' elevation.
Line " A "

*

6.3.1.3 Sketch the base plate and bole pect rn.
Line " B "

6.3.2 ?:c=bor each bolt in the pattern. Facing the pino n: rt
with nu=ber 1 in the top icf: cc ncr, cnd prc .:,:... clock

vi:2. If the plata is f1por or ceiling mounted c neidar
1: orth as the top of the place. Mark the number acjacent
to ecch bolt with a perinanent, ear.ily identifiable erker.

If a yupport has r. ore than one base piste, identify each j_ ;.

plate using letters A', A-etc. Record the number en ate* * - '

check list Line " 3 ": complete Lime " C ".',

6.3.3 Koreve cach accessible bolt in the hanger ins:..11ation.
Record the type and size on the " Check List". IE: h" 3
or h" P. "d" betag Hilti ard "P" being ?hillips. Lin: " D ''

!:0TE: Hilti plugs are unpain:cd and dark grc/.

f: Phillips are either " red" anodized or painted.
'

Occasionally a rus:c:1 I!ilti cay appear to bc rt.d.

Re-ove only o-o bolt at a tin's unless it c:n be decertined
that the hanger will not meve if ecre than ene bolt is re oved.
I f, for any ren:en, the hanc,er neve: durin:; the ine'actica
it shall be noted in the "F.emerki' see:1cn of the "Oheck
* is:" and the "Revieu Recuired" box checked..

If charc 'is reason to believe tha: the ' colt er ancher will
|, .

| be dara;ed durir ; bolt rc== val, ::hcr 5:1 : nsy be ic.c.:ene
| to relieve bind n . !! the ::1: stil. bind: and cannot be
| removed leave as i: and ne:e :: en :he check litt, circ 11

the notation, and check the "~::.terk .woutred" box.| .

f If any or all bolts cannot be rcr-oved because of in:arferrnce
or accessibility note it on the check list and check the

l " Review Required" bc>:.

6.3.4 After the bolt has been removed, visually examine the anchor
for obvieus irro; ult.rities such es; oversize holes in the
concrete or loo:e aneberr., stripped threads or t.nchor: vith
the wrong type expansion plug. If any of there or other
obvious irregularities exist note it in the rc:arkt sectica
nf the check list and check the " Review Requirud" hox.

| g o p M W ,,
..

V -

OW.

- __
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- J" - >- 6 2 M.- 'If there is evidence that an anchor has 1:een cut

'', ~. . .
.

.'- - . ~ .m ~ . r ~ .

." A.- .

off on the thread end; determine the number of~ ' ' ~

re=aining threads and record it on the check
list. Line ".E "

-

KOTI: Unmodified Hilti anchors have a 45 internal
chamfer on the shoulder. Unmodified Fnillip:
anchors will have a rough shoulder caused by
breaking off the driving pertion of the enen 'r
after it has been set. The number of re=sinin;
thrcads shall be determined by fully insertiac
the r.nchor test :;uage and counting the number
of turno required to re=,vc it. I f the ra-

maining number of throcds is speatar than the
number in the chart belok it can be recorded
as "All" threads remaining.

..

.~. i,... . .,,
. - - -

I. wr sta mre
--

5 ZE I MILTI 11 WII.'.I FSO

1/2 8 9

5/8 9 9

3 /4 13 11'

127/3 ------

I

.. .I Ch::k the depth of the an: hor below the surface of :he
| concretc. If it it. no: possible to me :ure th'.: :.cher dupf.,

es:ine:e the depth end nerc : int the neasurr.2.c h:s been
estimated. If the d yth i.; great::.- ::an (" r c :,:rd (c.e d.. ::'.-

' "in :he enti; . space and c.ir:le :he <mtry,1. int- Chec e..'

the "Revicti R0.; 2i' red" bc::.
.

i.3.e Check for Angular Misali;nmen a6 follcu=:

1. Insert the test tool (See At:cchment r 4) in o the
anchor.

(

2. Measure .ha ngle between the honrcr place ..nd the test
ool.

3. If the angular mi::lignnent tu greater then 'f from
perpendicular to the plane of the plate, rocc-4 r! u
degree of 6=via: ion in the sn:ry spoca,1.ina " G ".
and check the "Revier rec,uire.d" bcx.

.

| 4. Recove the test tool,

l V - .a. ~

c ~p % t-u . ' "| r
;

L

[
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.6. : . ' Check th'c bn15 for Lan;th and thread damage. .The length
< ..

.33 -

p;f - .* cust be-sufficient to assure ~4t leset I- full threadsc
b engagement in the anchor.

If bolto are found to *.e sher: or h ee :hread damage,
discard them and af:er completion of the in:pection

'

install new bolts. It is not neccc:ary to record this on-

the check list.

If bolt threads are stripped and i: 1: determined th t
contact with the base place 1: the reason, leave the bolt
out and note the condt: ion in the ::: narks section of the
check list. Check the " Rework Required" bor..

6.3.3 C:.in: the appropriate tyre and si:c drivir.g tool. the fitter,
will drive the plug or anchor to a::ure it is fully driven.
Cautien should be exercised to prevent over driving.

- - -

. . .

, ,. - Visually examine the hole mo determinevif the Nugh ' A i *
r-

below the bottom thread. If not, ceasure the length of
*

the exposed remaining thread from the top of the plug
to the edge of the anchor, record this di=ension and not:

that the di=ennien was measured wi:.hout the use of the cost
guage.

If the botten thread is visible above the plug, and the thr:.ed
-

end is not cut off, ceasure trith a depth g:uge the distence, , .

frem the top of the ancher to the plug. Record the retsdin;
en the ch:ck lis:, I.ine " H " (Sce Typ Inspection I.id At :.ched
to For= 110).

ICTE: A : hor test :au;e (Attoch ent # 5) is to be
| used f: all inspections tehcre the th: cad

cnd of tha en:h:r is cc: off.;

1

I

|

.,

if the alte nete su 3c fA:::ch:en: (: 6) is used so indica:e
on' the chech li:;: a: d add 2" :o the re: din; b elc::.

,

!

1:0TE: The c .cher :est ;ua:;es will be checked for
excessive waar at :eriodic intervals not to

,

e::ceed I weck. Uhen there is evidence of ur.arI

the w:rn gua;;c will be replaced by a new one.

If the readings are cu: side the ranges given below circle
the entry and chech the "Revicw Required" bo..

i ..

!

| ' SEE P/.0E 7A 0F 14 T~~ f *E1.D Q.A. ACCEPTA"CC CRITLT.lA.
1 %.J

pog'tNFORMATO"-
. . . _. . . - .- ONW



-__

'K R?1dKi-M Mc M ' M k W M 5 % K Ei X W )
-

- ~k ' -

- -- - --

- =1 ;,T 'i .-L 1. L Y 4 +1 11 1ih '
~ hhD-A-

b i . N. g . e. C . d . d d M d, w : Y k 4 '
_

k - '$ $ $
g%q _a- __ __ _ . _ _ . 20r, .

_ , .;3 7,
/ .' .

-e ;- w - = , - -3sct'7Kp?m ==~'- u-*- 2. -
---

,

- - -

a r*
g.- .- - -3 .w w ,.73 . -

.. . .... . ,..m.. - -~. - -
-- - - - - - - ". y .-.

- - - -
- -

.=. .

--

.,z _ ; - .... y..>.>.
- c . - , .- ...

,-
.

-

~--4 .+--c---
.

, '. . ~ 2- ..,z w . ,. . - . - - . -
-*#

a .= n . : : - - -

._ . . .,..e. . w -. .
- - .

-
.

-, . , . ,
- - -

-

.c_,.,.., ....;-
'

;
~

' FIELD Q.A. ACCME CE!TERIA. ._
MEASURED WITH CAUGE.

*

WILTI w;t tm

sTzE yT:- itu . s _z r yt y:, yte.

1/2 2 22/32 3 3/32 1/2 2 17/32 2 31/32
.

5/3 '3 3/32 3 19/32 5/8 3 1/32. 3 20/32

3/4 3 17/32 4 5/32 3/4 .. 3 17/32 4 6/32 r < - 7 -
, . , . ,.

7/8 7/8 3 17/32 4 14/32
~

- ------ ------

i

N

MEASU!!ID W!THOUT GAUOE

t--* -- . . . . . .
..

| !i j
* * - ' y.>. y ||r--- - - - - ..- - . , , ;.

|
'

\
~

1/2 31/32 1 12/32 1/: : /1: 1 1:/32-

5/E 1 3/32 1 1?/22' i, 5/5 25/32 1 18 /n

3/4 1 14/32 2 c/22 3/4 1 5/32 1 29/32

17/S 1 12/22 2 11/327/8 ------ ------
,

,
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I
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| t; y 6.3.9 After all messure.=ents have been recerse? replace the bolt:
|

except td.are it is obvious that repcirs nor.c be inade. 'l' hen"'

spray a spot of orange paint on the hanger plate to indicate
that the hanger has been inspec:cd.

6.3.9.1 If the "Revicu Required" or Rcwork Required" box-

is checked on the check liet, the inspector will
hang a red flag on the han;cr edjicon: to the

'

ba:e plate.

7.0 ECCtN T .iTION

7.1 Upon cenpletica cf en in:pection the in:.:pec:nr r.h.111 revicu the
in pection check.li:: to cusure ths: all recuired entric; are nade.i

Then sign and dt.:e tha sheet. -

.

7.2. During the shift the check lists u111 he collected by Q.C. _ . .

+ eurviellanets fier review .and er rework acheauling as rt mirsd. , 94 ,
1. .v
. .

.

8.0 UmT*:

8.1 Tne 11. W. F.ellogg Q.A. Depsr: cent will perfor = sudi ef the

inspection pro;; ram. This will be perfc.r- :d- by auditor.. who vill
randomly obse vc the inspection ten =s.to assure t'a:t all inepcetion.

requirescats are ciet, that measurements ar- accurate and that the
inspeccion check lists are properly documented.,g (b^ 8.2 Uhen an auditor observes an inscactica he vill initisl the check
list as an indication cha: he has observed thet in:pactien and that
it was performed correctly.

3.3 If he finds the.: inspection: are bein; ;-rferntd or docu=en:.'d
incorrectly he vill have the inspection ::ce reinsp et all pr:viot::
cu poc: work.

Repee.ted discrie ncies by en inspection team will b: =ause fer j'

re:rsining of the individunir, er rca::ign. ant.

_..
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