
..

,

-

.. .

~
'

.

.

.
I *

1

.

TEST RE?CRT

5 HEAR AND TE.ISiC': LOA 01 :G j'

.
v .-

r i.u. ..v.e..,e .!e. .R . 3
-

<. ..s .,

' I/~ . LCM TYPE EC-6W"

1-INCH TY:E EC.r,4
-

:p o. ,. . : .::.
. . . . . . - .

!

.

-

r

i

;

V

Prepared by Acoroved by-

F

|

s/' m -s.-

'y t
~-f~ o I /$p In hfi/syft~ & f C.

. ij. ,
,

!
-

.,r. Acsee 'R ..'i . M s s i n g e r / P . E .'

!Civil Engineer Project Civil Engineer

,

E
.

L

-
- - - ~ ~ -- , , - . , . , , , , _ . , , _ _ , _ _ _ _ _ _ , _ ___



TABLE OF CONTENTS

R: :.- ."4C.St . .] sw..

2.0 GENERAL

* c .; ? tl t - * S..ti c9 . *. w. .i 16 la.

? .O O t.t 0.0 0.c f .I'{ O C a * E C.I .L.- . . < .

; a
n . . r 0.(l S +t ; * iet...Iagaa *=

...

- 06 - P 3 . P.n- . .e
-- -, .

iv...- .

2 . a . i. c'..t.c rav r..a11.c. . . . .

?. ..? .t u.r..;;. s : . . ;' 3 ; .1 s "..tr n. . . .

...- ...,....,. --..q...,
.A..v* . :s .~ r * - r.n . . . .a:..

-- l S . . .l .. . . . P 3 . P n. .l,ee . .. ..c. o y . . . . . ... : . . : '.- - . .....
:. . . . ;;;i m . e .c. .- .s

. .: . a c.n e.r.a no.t..3
-

f. Jw .w. ..

. . . . .L . .=.).

ML

', ' C'.Mp "1) * *J.C C. . . .:. ' . '. ?. ./ 7. . ' 'i C '4'.
*

. ...J. 4 .A

.e..... ...... . .
. :S K .:.....

. :.lc . e.l . :.: . S.3,

..w,. .

4.1.3 CC!! BILLED SHEAR AND TENSIOfl TESTS

4.2 1-I!!CH RICH. YOND I'lSERTS

4.2.1 SHEAR TESTS

-n. b- ,iv~il 6 :. l :-d.2.., l. .

4.2.3 COMBlilED SHEAR All0 TENSION TESTS

L e.|L,. n.e n.II.e-r - .: -
z .l..V



T. ELE OF CD.'ITENTS (Cont.)

:..] 2po:.l0, %:.:-
. .

. APPENDIX 1 - ORAWING '10. .:SC-0Ca6a SHT. 1, 2 L 2

: p p e."iv ",( 0 - C'.'lC.: . :. . ~.~'do::::"/:. :.~ n' .:0**..t x... ....t . ..

..e. Un,..in :...._,
.

it. nt i.

n r . r..10. r .-( 3 . i.,0 a 0.v:.::. :.- . :0.i1 e.n.Ru. r.e-e
. . .. . .

APPENDIX a - ?!C7'JRE5 0F ACTUAL TEST AFFARATUS
'

-

,
-

- - , , - , , . - - -- - -. ~~ -



- -_ . _ _ _ _ _

| _

.

1.

v.

TEST REPCRT

SHEAR AND TENSION LOADING

OF

RICHMOND INSE?.TS

1 1/2-INCH TYPE EC-6W

AND

1-INCH TYPE EC-2W

1.3 REFEP.ENCES

A CP-EP-13.0 Tes- Control

E 0?-EI-13.0-13 1 1/2" anc 1" Richmond Insert Shear and
Tensien Tests

2.0 GENE?.AL

. ;. . . . .e , - ,a sLc;.e= . , . 4....

Ulimate Lead - The load acclied to the specimen which causec
a :nysical ru:ture of the saecimen.

Failure L:ac - The loac accliec to the soecimen :eyone wnien,
deflections increasec c:nsicertoly without
su:s antial increase in the a:olie: loac.

2.2 PURPOSE AND SCOPE

These tests were cerformed to determine the characteristics
of 1 1/2-Incn Tyce EC-6W and 1-Inch Type EC-2W Richmond Inserts
when installec in concrete reoresentative of that useo in tne
power block structures at CPSES. The test saecimens were sub-
jected to snear, tension, and comoined shear and tension loaoings.'

The strenath, ceflections, ana type of deformations crocucea by
these loacings were tne cualities to be determined.
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2.2 3.E3PONSIB IL:TY

The tests were :erforneo uncer the cirec-ion of the CP Project
Civil Engineer. Witnesses to the tes:s were: A TUGC0 site
quality assurance re:resentative anc c:ner site engineering
:ersonnel.

, , - - - , , - - . R e. ., , ea: e . u.z.-

, . --c. . u v ,.C. .:- 4 :- . , , & ,,- : .y . .L.5:.. : v = . ...

The ar-angemen anc te: ails Of :ne tes: 3:caratus are snown
on rawing .Nc. .:5C-C0264, Shee- 1, 2 anc 3, wnicn are inclucec
in A::encix 1 :: :his recor . (Mote that only .vK C-la, C-15,
C-15 anc Assemoiy ''' on Shee: I were usec in :nis test.)
The inser s:ecimens tested were taken at rancem frcm the
Constructor's s::cx on site are nerefore, were recresentative
Of : nose installed in :ne lant struc ures. They were olaced
in a c ncrete siao cas: s:ecifically for these tests and unicn
was c ::ose: Of a:erials anc reinforcement similar to those
eieren s of P.e :ian :uilcings. The c:ncrete use: was :asec
:n nav r.; a min um :esi;n s:reng:n cf 400' :ouncs :er scuare
inen 3: 23 :ays. The '.ae:ra::ry :es: -e::r :n :ne concrete r

Of wni:n :nis st a: is :: :ese: is inciu:e: nere in Accencix }. .

,

e
. 2..- ::::

. . . ..... . . .-i ;re ::: . r..e

An a::aratus for acolying.snear 1cacs to :ne s:ecimens was
desi;nec anc buil on site. This facility emoloyee a c0-ton
ca:aci y, manually c: era:ec hycraulic ram wncse :nrus agains;
a cross nea was ransmittec by tension ::s :: a 1 1/2-incn
tr.icx snear cla e :cliec :: the insert s:eci en. The case
sa: ::n :f :9e jack was transmi::e nr:ugn a struc ural s:sei
'tri e" :: :ne :v:er #a:s f :ne ::ncre a :ss s'.a:. This

t ar-ar.ge en:, ss snewa ' n 1::e r. i x '. , : r v: :e: 1 9eri:On:3!
L snear 1:ac cn ne vertically :csi:icneo inser: wi rcut Or -

Oucing sec ndary or reac:ive c:ncre:e stresses in :ne vicinity
of the s:ecimen. Ran thrust was cetermined by multiolying
the fluic ressure (?SI), as inoicated by a calibratec gauge

,
on the cumo, by a numcer ecual *o the ram ciston area in scuare

! incnes. Deflections were measured by a calibrated cial inci-
! cator mounted on a remotely ancnored bracket and with its scring

loace: oroce in contact wi:n a lug welced to the snear plate!

directly benind the bolt head or :nreaded rod.
|

^
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2.4.3 TENSION TEST APPARATUS

an accaratus for acolying tension loacs to the specimens was also
designec anc Ouilt on si:2. This facility emoloyeo a 60-tcn
cacacity, manually : eratec hycraulic ram wnicn serves as an enc
loacing en a :uil -uo s tei :eam. The 0:ner enc of .ne team was
: earing agains: a well-su::or:ec ecunc car whicn servec as a
fulcrum anc Or0Vicec :ne 0:ner enc reaction of :ne team wnen
:ne jacx was c:eratec :o loac ne soecimen. A :nreacea rec
crotrucec threugn :ne beam at mic-soan, tnrougn a nu: anc tearing
Olate On ne beam witn -he Octosite and threncea into the Rich-
One Inser . Inis ar-angemen: causec :ne loac en :ne ecc :: :e

ecual :: twice the #:r:e tooliec :: :ne jack. 1.0ca icn of the
case cla:es for the reactions of the team orevidea clearance
frem :ne inser of at least a :imes :ne everail ir.ser nei;n:,
i.e. , at leas: ~9 '/2 incnes f r the 1 1/2 inen inserts anc 23 4.

incnes for :ne 1 inen inserts. Ram Inrus* was deteminec Oy
mii-iolying :ne #lui: :ressure (PSI), as incica ec by a calibra ec
gauge en :ne :u o, :y a numoer ecual to :ne ram oiston area in
s: care incnes. :ef'.ections were easurec by a calibra:ec :ial
inc ca :r cunte: c r. 1 e.c ely ancncrac bracxe: an: ai n its
soring leacec or :e in ::ntact wi-h a bracxe: ani:n sas securely
.'..-.... .. ... .... ,,. ... .. 34..... ... ... ..... .. r.., .se. . . .a r..s.,., .n .... ...... . < . . . . ... . . . .. ... .
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2.1.4 COMBINED SHEAR MD TENSION TEST

The accaratus for :ne ccm inec snear and :ension test utili:ec
the same scui: ment as :na usec on :ne incivicual snear anc
tension tests. :or ne snear :ortion, the scui: men; aas set
up identically to the incivicual sneer est. For the tension
certion, the ecui: ment was arrangec in a sligntly cifferent
fasnien. The nycrauli: cam was n0: placea uncer one enc of
:ne beam, bu: instead, on *.he center of :ne beam en t:o. The
ram thrust was aco ied cirec:ly :: the thresced roc, wnich
:assec :nreugn :ne center of :ne can, :y neans of a ola:e
wn1cn aas :lacec on 00 of :ne ram. The :ase reaction aas
resistec ty the tensten team, Icacing whicn was su::or:ed by
two wide flange stands at sufficien: Ois ance fr0m :ne inser;
so as not to incuce secencary or reactive concrete stresses
in :ne vicinity of ne s:ecimen. This ar angemen: :ausec the
leac en the roc to te ecual to the ram :nrust. Ecth rams (one
a:: lying :ension anc One a:: lying shear) were c:erated :y a
single hano :um: wi:n a calibrated cressure gauge. In this
fasnion, :ne snear anc : ansi n Icacs a:: lied to :ne tes: 5:ecimen

.cui: :e ecual a all times'.

.n . :. .- . 3 : r. e. :. . L3. .:s ..

:n :erf:r ance Of al' of ne :es:3, inser s were cleanee of

c:nc e:e cr:ar an: ::r.er rasn :na: woulc affec: ::i: :hrenc
engagement. A new bol- (1 490) or :nrencee roc (SA-ig2 Grace
37) was used for eacn inser:. The fas:eners were all tigntenec
"snug ;ign:". The atelica:icn of all leacs was accliec by the
ram :y ::eration of :ne manual hycraulic Oumo. As :he loac
increasec fr:m :er: (0), in:i:s i:ns of 'iuic oressure ('ater '

| ::nver:e: :: ':ac) anc simul:3neous :ol: neaa cafiec:10n aere.

'

| eac a: -egular intervals. These ir:ervals were a 1C0 05: :n
- e :ressere ;auge, ::r es::ccing : 52CC ::unes :nrus ni n,

l :ne exce : ion of :ne irec tension tests. On :ne cirect-

:ension :es:, these in:ervals were a: 200 :SI on the :ressure

gauge, whicn also corres:encee :: 5200 :ouncs thrust on the
specimen due to the configuration usec. The loao as inaicated '

, by these gauge cressures was maintained as constant as possible
( for a cerloc of two (2) minutes. At the end of this time Oeriod, ,

| the deflection was again ooserved and noted. Load acolication
! on eacn s ecimen was carrieo out until ultimate failure of the
| s:ecimen oc:urec (excect s ecimen no. 1, wnich was tested in

snear). A: :nis point, observations were made of the condition
of the scecimens and the failure moce.

I
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a.0 RESULTS

4.1 1 t/2-INCH RICHMOND INSERTS

1 a.1.1 SHEAR TESTS
.

As can be seen :n the :es cata sheets, the ultimate loac acclied
to the specimens ranged from 90,100 lbs, to 106,000 lbs.. The
failure loacs can ec frem 54,300 lbs. to 106.000-lbs.. All colts
snearec acructly exceot scecimeu al; test was haltec orf or :o
ultimate failure), witn einer s:alling of the concre:e on the
c:meression sice of the Richmonc insert. All five (5) ssecimens
were uttii:ing A-3?0 :017.s.

D
SPE0! PEN NO. ULTIV. ATE LOAD (1bs) CAILURE LOAD Mbs) -

1 90,100 34,300

2 95,400 90,100

- ...n, ., n .

::,- v v,,o.v .
.

<. .

. ,.c.. nv, . . 0 , < n. ,0- . . .

'~
:

i. . c. . - e. r.s 3. . . e. n. 0. .

.

Average 95,530 94,310
4

6

: Using the allowable inser: laces given in s:ecificatien 2323-55-30
i f r 1 1/2-inch Richmonc Inserts, the fac: r of safety is cetermined,

kallowaole Shear = 27.0 ,

aver 300 E!ilura (d,
3e ,y I; e$egg..p .: e n -/a- -

:esign -iicwaois .:.-. .

i SPEC: MEN NO.'s AVE 0 AGE CAILUCE LOAD (k) TACTCR OF SAFE Y

ca 3*+1 thru 5 94.34 W = 3.ag-

I

I

t

-

e

{
;
I

i

|

I

!
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|
.
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5.

a.1.2 TENSION TESTS

The ultimate leac acclied to the tension test s:ecimens rangec
fr0m 37,550 lbs. to 114,150 los.. The f ailure loacs ranceo from37,650 lbs. to 103,350 lbs.. The failure mece for speci5 ens 11
anc 12 aas :/ s:rtaing :ne threacs :etseen :he :nrenceo rec anc
the Ricnmonc Inser . 50ecimen 13 failec in :ne Ricnmonc Inser:
cy a failure Of :ne welcs :e: ween :ne axial s: rut rocs to ne
u::er threnced coil. 5:ecimens la and 15 failed by concrete
snear ::ne failures. All soecimens were utilizine SA-133 Grade
37 :nrenced material.

~

c. ; . .. . v. e. l. 10. ". L . ".d A . . '. '. .a 0 :: 't "..:.~ '.n. AD1
.

r

*3
i n. e . .- r. 0 i 0. . .: .: n.. .. .

12 11a,150 108,350
'

s. .e 3. . . , 3 .:..0 3. n..o . .s e n..

'

:i .:.:u : < ,: : n.
'.-. . . ..

?. :. . . .:s. 3 s .,0 , .: n. s .... ..

: y a. e. ., . . < n. : . :. , n. n. 3. . .::. e. . . . s

Alicwa0le Tensi:n = 31.3k ' ;'. ''' '

rac:Or or Sar. ty (..5.) = ,averace r ilure Lc.a. .

e -

.esign s..iscwacie ':..

.--....:.I..,.L.
.

.. , , ,
. : c2 --. -

,.,,,, .n., ,.3 ....--n..- . . - - . ,:rt : .. s . v < -u.us :-r. .

:
. . . . r.) t. r i. . :. :. . n. s. . :. :. , . . . . , . . . :.. .. s .

.. .. >
''

4 . '. 3 COMBINED SHEAR AND TENSIOM TI573 ''- :

The snear and tension loads acclied to the soecimens under this
loading concition are ecual and the ultimate loads ranged from
60,950 lbs. to 63,900 lbs.. The failure loads ranged from 58,300
lbs. to 57,575 lbs., S:ecimens 6 througn 9 failed by an abruo:
shearing of the tnrenceo roc. There'was some deformation of the
roc in bending at the shear :ene (ranging for 20* to 45' beno).
U:cer inser: wasner movec frem 1/2 inen to 3/4 inen with some
concrete soalling on :ne comoression side of the insert. Scec-
imen 10 failed by stricing :ne threacs between the threaced roc
and the insert. This failure lif ted the uccer insert washer frem
the struts, but the insert remainec in place.

_
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SPEC: MEN "0. ULTI.'4 ATE LOAD (1bs ) FAILURE LOA 0 (ibs) : ~ . .'c-

6 63,900 67,575
- :g ,q/--: -) :, , 4 :,1 o . 4

#
3 60,950 53,300 -J'-

o. : 1, :. n. ., :, :t.-. ..,.

3. .s : , 2:. s e. . .e , .::. . .

Average 64,793 53,262

Al'owacle Tension = 31.3k -

Alicwaole Shear = 27.0k -

Fac:Or of Safety (F.S.)
r iiure ensi:n l/3 ,2ve-see 1'ure Shear ,l/3*.LI .. .:e a ,

~ ! esign -i'.cwaoie 3r. ear x ?.i.3es ;n si;;waoie ' ens; n x ?.i.' 3
*~

- . . b . .I '. .J O. e. .. . S'; ' ' ' ' ' '. . . . . .g .1 '"' O ' 5 ' -**~'~ *- ~'-- Y" ' - * - " - ' - ' * ** 2"AVE:AG E ::IL'.'?.E '.0-0 ' k )
.
", ,.

, . .. .. .

'.,.03-';,'-:. . h r .' '. n e. .' * *4 's . - X

';

.'...')
*.. * y;

XA.. . ...

=1.3

. . .C . 1. : .:a
. .

4.2 1-INCH R!C:-FOND INSERTS
-

: .3.. c. .u. r ::, . :. - . -
. . .

Fr m :ne tes: ca a snee:s, the ultimate 1 cad aopliec to :ne
'

soecimer.s rangec fr:m 39,750 lbs. to 50,350 lbs.. The failurec

loaas ranged from 37,103 lbs, to 42,400 lbs.. Soecimens 16
thru 19 failed by snear failure of the A-490 bolt. The too

'

portion of the inserts deflected from 1/8 inch to 7/8 inch witn r,

some scalling on the comoression sice of the insert. Soecimen
16 snowec scme rotation of :ne too of :ne insert. Soecimen 17
and 13 snewea no accarent sign of rotation. Soecimen 19 failed
by breaking the weld between the uoper coil a.1d the struts. The
bol :nen failed in bencing after rotating with the uceer portion
of the ceil. Soecimen 20 failed by crusning the concrete on the
comoression sice of the insert. The insert then rotatec intac:
anc :ne bolt ultimately failed in bencing.

|

|
!
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C.

SPEC:ME.'l '10. ULTIMATE LOAD (lbs) FAILURE LOAD M bs) -

-

16 46,375 42,400

*7 43,260 37,100 .'.

,3 : 0 , ,. . .::v - - c ,-C.0
. .. .

.

**
.: vo ,;, - *c,-20

., .- , na
:

20 39,750 37,100 . .

-verage -:,.:c , 4 , ,.
. .. ... .. .

.

A11cwaele Shear = 11.5k

( .S.) = Averace Failure Ld.actor or. Sar. t*yer r
Design n,licwaais :.

SPEC:ME'l *10 's . Averace Failure Lead I'<) Fac :r of Safe *v
1

15 :hru ^^ 40.23 20.23/11.5 = 3.50

4

4.2.2 TENSION TESTS

The ultima:e icac a::liec :: ne s:ecimens rangee fr:m 41,270 lb .
:o 23,920 1:s.. The fai'.ure f0acs rangee 'r : 39,?50 lbs. o

| 43,920 lbs.. S ecimens 26, 23 anc 29 faileo by concrete snear
~

.

c:ne failure. 5:ecimens 27 and 30 failed by Ricnten: Inser- faii-
ure. The inser s failed by a failure of :ne welcs Oe:.veen the'

struts anc the lower coil . There was scce surface s:alling ssscc.
. intec .vi:. :nese failures. -
!

. ; . . t.i ; - '.w,- 7 _'; ., . *.-
. ; ; . . .,. ; . l . . n. . n. i i . ,. . . . . n f . %. 3.. .m.

. . . ~ ... - . v .. ... _
-

25 22,500 42,500

27 43,920 43,920
. -

28 42,500 39,950 --~''

29 ,
42,600 39,950

30 41,270 39,950
'

Average 42,598 41,276

.
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Allcwaole Tension = 11.3k

ractor or. Safety (F.S.) = Averace Failure Ld.-

Design Allewaole ca.

SFEC: MEN '10's. AVEFAGE AILURE LOAD Ik) FACTOR OF SAFET''

25 thru 30 al.276 41.275/1'..! = 2.5:-

4.2.3 COMBINED SHEAR AND TENSICN TESTS

The shear anc tensi:n loads 3:Oliec to the s eci.9 ens under
:nis loading concition are ecual anc the ul:ima:e !cacs rangec
from 27,325 lbs. : 30,475 lbs. . The failure loads rangec fecm
27,325 to 29,150 its.. S:ecimens 21 thru 25 failec aoruotly
cue to snear failure of the threaded rod. All inserts remained
intac with only surface soalling of the concre e.

SFEC: PEN NO. ULTIMATE LOAD (1bs) FAILURE '.:A0 (1:s1

;3
7. ..:-: ; ::: .-

,

/ c.. ......

.S .e .s e. 3 :s, . . . . . . .:: :
..

e. .- . n. . . < : ;; :..
. ......

.s - .o c. . :0 e < , .: .: :.
a

.. .

9: .so,-8,4
; .:.::../... .

Average 29,317 23,355

Allewaole Tensien = '.'. 54 -

Ailewa:le Shear = l'.5k.

Fac:ce of Safety (F.S.)

(Averace Failure TensienDesign Aliewaole Tension x F.5.)4/3. (Averace Failure ShearDesign Ailcwaole Snear x F.5.)2/3=1.0+
-

T NSION AND S G Rc p ee ,'*'t '40 ' s FAC''''R or CAF:r/- - ~ ' - ' '
AVERAGE :aILURE LOAD (k) '' - '

SE'(11.$3 3! .)#/3+ (11.o x ! .S.) /321 thru 25 28,355 m x r.s
=1.0

F.S. = 4.15
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5.0 C0tlCLUSIONS . l,

'

These test results show that the performance :30 abilities of

the 1 1/2-inen y e EC-sl and :ne 1-inen type EC-2W Richmonc
Inserts in snear, ension and ccmoinec shear anc tension exceed
the design allowable by a ratio of more tnan 3 to 1. These.

'

c:nclusions are valid for :ne cesign allowa:les snown in 5:ec-
ifica icn 2323-55-30, basec :n a scacing of ne Ricnmonc Inserts
sucn :na: a full shear cone can deveico.

; Basec on :nis :est, the design allcwaoles for snear, ension
anc c:moinec shear and :ension are accectable for use w1:nou:
fur:ner inves-1;ation Or acci-icnal calcula icns. Riccmonc's

,

rec:mendation of a minimum safety fac cr of 3 has been c:m liec
with. |
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Jack Thrust (Lb.) = Gauge Pressure (PSI) x /J.df ' , ~ ,'; *

Total weign: of Load Eeam = Epp
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