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RICAMOND INSEDTS
1 1/2-1MCH TYPE 2C.8M
AND

1«IHCH TYPE EC-24

RETIAEUCES

A CP.2P-13.0 Test Control

i

CPe27213,2-13 ! 1/2" ang (" Richmond Insare Shear and

Tansicn Tests

L

- '
srysweae
L] «vite

¢ad - The Toad applied to the specimen wnich causes
3 pnysical rusture of the specimen,

Ulimate

Failure L2ag - The 10ad 31021ied %o the soecimen seyonc wnilh,
deflections increasea sonsiceradiy without
$udstansial increase in the ac2iies l0ac.

PURFPOS

MO SCOPE
| C
i “wWwfe

i

These tests were performed %0 determine the characteristics

of 1 1/2-Inch Tvpe £C-6W and l-inch Type EC-CW Richmond [nserts
when instaileg in concrete representative of that ysea in the
power block strucsures at CPSES. The test specimens were Sub-
jacted to snear, tension, and compined snear and tension joaaings.
The strenath, deflections, and type of deformations oroduced Dy

these 12acings were the cualities to be determined.
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WIPONSIBILITY

The tests were cerformedq under the direction :‘ the C? Projece
Civil fﬂg1neer Aitnesses to the t2sts were: A TUGCO site
Juality dssurance recresentative ana other site engineering
sersonrel,

The ir=angement ing 2etails 3¢ the 28t 1003ratus are snown
on Trawing No. F3C.2C384, Sheet 1, 2 ana 2, wnicn ar- incluce
in Apgencix | %3 this resors. ‘lote that only MK C-id, £-15
C-18 ano Assamoiy 7' on Sheet . were usad in tnis tast.)
The insert specimens tested were taken at rancom from the
SOnSTructor’s $Tack 0N site ard therefsre, were resrasentitive
of these instaiied in tne 2iant structures. They were placed
in 3 conCrete 3140 cast specifically for these tesss and whigh
wads composes oF matearials and reinforcement similar to those

an
-

,

e ; . =
eiements oFf the siant suileings. ne cIncreta uses was Hases
M KAVING & MNITUM sesiIn strancth of <G00 sounds cer sauare
- o X | - "
nea 3t 22 zays ‘MQ TA20rATSrY ST TE00rT SN ths consrete -
- - - .- - ., . . 1
°T WRIgA RTS8 §.22 T3 cimposes ‘i inciuzes nere in Apcensix 1.

An agcaratys for 120iying.snear 10acs %0 the soecimans was
desizned ang tuilt on site. This facility emnioves a &0-ton
cascacity, manually 2cerated hycraylic ram whose tnryst acainst
3 Cross Neac was Transmitted Sy tension ~3¢s %0 a 1 i/2-inch
thicx shear 2lata 301teq I3 the ‘ntart ssecimen. The dase
FRACTICN of the jack waf transmities through 3 siructural stse
Srigee t0 the lulee face 3€ the sancret a8t §haS.  CRid
jresngamant, 18 snowr ‘n Sosemgix L, sravices 1 horicsanta!
inear 12ag on the ver:t:ai‘a sesitiones insert withrout Jree
Jucing secondary or reactive cincrete stressas in the vigcinity
of the scecimen., Ram :wrus~ was determined by multinlying

the fluia sressure (2S1), as inaicatea by a calibrated gauge

on the oump, by a numper equal tO the ram piston area in sauare
inches. 19*19;"ons vere measured dy a calibrated acial ingie
cator mounted on 3 remotely anchored bracket and with its soring
loades prode in contacs with a 1ug welged to the snear plate
directly benind the boit head or threaded rod.



2.4.3 TENSION TEST APPARATUS

in acparatus for aoplying tension loads to the specimens was 3150

cesignea anc duilt on site., Thais facility emploved a 80-ton
:acactty, manually coerates hAveraylic ram whicn serves is ar ang
10aging 2n 2 syilteyd stzel 2eam. The other eng of tne seam was
searing 3143178t 3 wellesyusoerses r~oynd dar whicn serveq is 3
fulcrum ang orovicec she sther 278 reaction 0f the Deam wnen

the jack ~as Jceratas %0 1o

nig-span, through a nut ang tearing
po0site and threages into the Aich-

T C3usea the loag con the 7»2a 20 e

9 %0 the jack. Location of the

¢ the beam orovidea clearance

imes ne overall irsert neisnt.

3
arotruges through the deam 3
slate on the beam with the o
Tene (nsers.  Tatg irrangenm
squsl 22 twice the “croe 3

vase clates for the reactio
from the insers of at least d

r
e
@ the sdecimen. A threidea rog
0
~
1

.
3 0w

.., 3% least 3P 1/2 inches ‘or <he L 1/2 inch inserss ang 22
incnes for the ! incn inserts. Ram thrust was Jdetermined By
niltiolying the *luie sressure (PS1), as indicazed By 2 calibrated
J3uQe 2N tne Sumb, Sy 3 NuMDEer egudi 0 the ram piston area in
saulre incnes. -eflestisns were measures Sy 3 calisrates zia)
PNQILANSr TouNtes In 1 remOtely ANCACres bHricket ang with i3
goring 1caced arote in 2antacs with 2 Sracket «nizn +as secyrely
S1AMOES 13 MR MWL SN R threddes rag, 28 $hSwh Tn o sne Sketen
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COMBINED SWEAR AND TENSIOM TEST

The aoparatus for the combined shear and tension test utilizes
the same 22yisment as tnat used an %he ingivicual smear anc
tension %ests. For the shear 20rsion, the 2gquicment ~¥as set
Jo identically o the ingivigual srear %2s%. for the tansion
portion, the 2ayicment was arringed ‘n 3 sligntly aifferent
fasnion, The ayaraulic ram was ~ct placed Jnger he ang of
the Seam, Syt instead, on %he center 3f the beam on t20. The
ram thrust ~as apoiied gdirectly %3 the threaded rod, which
225584 throush the center of tne raim, 3y means of 3 dlaze
wn1cn was s'ac2q 2n 302 of the ram, The nase reaction w~as
resisted Sy the tansion Seam, lcacing which was supsorted by
tw0 wide flange stands at sufficient gistance from the inserse
$O 2% NnOt %0 inguce seconcary or reactive concrate stresses

in tne vicinity of the soecimen, Thnis ar=angement zauses the
1cag on the rod to de 2cual to the ram Shryst, 32c¢th ramsg (one
asclving tansicn ind 2ne a231y1ng snear; were operates oy a
singie nang cumo with 3 calibrated cressure gauge. In this
fasnion, the inear ing tansion lcags asclied o the a8t sotecimen

AQUIS S@ 2CUd: 3T 41 Times.
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.
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‘n serfarmance 2F a1l 3F sce t28%3, inserts were Cleanes of
COnC=e%8 TOraAr 4ng Jtrer Arasn hat would 2ffecs 550t shreic
2ngagement. ~ new 201% (2-4%C) or threaces roc (SA-123 Grace
87) was used for eacn inser:. The fasteners were all tignteres
“snug tignt”. The asolicatzicn of a1l loads was asclfed by the
ram Sy ooeration of tne manual Aydraulic oumo. As the 1dac
‘necreases from zern 0), ingizaticont of #1yig oressure (ater
sanvertas s 'sac) ang simylcanecus 01% nedo caflection sere
@30 3% ~82ular intarvals, These friervals wers 2% 200 2851 2n
TER SPELILre 23LCE, SOPPRRIZAUING %o 2300 SHURCS Shruss Wi
sme exc20tion Of tme airect tansion tests. On the sirect
sansion test, these intervals were 3% 270 2SI on the cressure

-

gauge, which a1so corresscncec ¢ 3200 pounds thrust on the
specimen due t0 the configuration ysed. The loag as ingicated

by these gauge Dressures was maintained as constant as possible
for a period of two (2) minutes. At the end of this time oeriocd,
the deflection was again observed and noted. Loac applicaticn

on eiach specimen was carried out until yltimate failyre of the
specimen occured [exceot specimen no. 1, which was tested in
gnear). At this point, observations were made of the coendition
of the soecimens and the failure mode.




RESULTS
1 Y /2«INCH RICHMOND INSERTS
SHEAR TESTS

A5 C2n 3@ seen 21 the %est 3ata sneets, the ultimate loaa 2anglias
t0 the specimens ranged from 90,100 1bs, to 106,000 1bs.. The

failure loags rangea from 24,300 ibs. t2 106,000 1bs.. Al zeiss
snearec aocruptly [excest scecimen #1; tast was naltea orior %0
Jltimate failyre), with =inor scailing of the concrets on the
comgression sice of the Richmong insert. All five (§) soecimens
aere utiii2ing A-380 Solts.

ARs

v

anmae o - - - A - \ I - -~ ra
SPECSIMEN NO, ULTIMATE LOAD (1bs) FAILURE LOAD ’'Ss

- a2 ‘CO A, e A
-

é Tey. Vs

P ar aAm -n -

) s O

- PR T R

. 1AL ApA -~ ..
- cevw Y ww sew syl v
-4 12R AAA AL Aan
2 196,500 + 06,390
aver:ss 38,330 §e,340
Using the allowadle insers laccs given in sscecificasion 2322.585-20
fer 1 1/2«inch Richmong Inseris, the factor of safety is cetermined.

Allowable Shear s 27,0F
Tyesar af Safary /€. 8. % o Averace Tiflure Ld,
S8S13N =1 CWaD € .2
SPECIMEN NC.'3  AVEDAGE FAILURE 1920 [i)  FACTOR OF SaFg™
L thry § 24,34 Syt = 3,49

/.
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Siive

he yltimate 1cag aoolied to the tension test stecimens ranges
from 57,530 1bs. %o 114,180 H Trhe faflure lcags ranges from
27,850 1bs. %0 108,380 1bs.. ne failure mode “or specimens !!
Al -
3G 12 Wa5 Iy 3Tri21ng the threiss setween the threaged read ing
the 3ichmone Insers. Soecimen 11 faileq in tne Ricnmong [nsare
Sy 3 fatlure 3F tne welds zetween she axial strut reds o tne
uooer threaged coil. Sgecimens 14 and L& failed by concrets
snear cone faiiyres. A1l soecimens were utilizing SA-132 Grage
87 threaced matertal.
SPECIMEN MO, JLT MATE L2AD SaILURE LOA
9 1AR 27H 03 227
- - yme aWw gwww
12 114,150 108,850
i3 1.4,1%0 160,283
'3 gy &g 37,229
a'w ! ywwv wl!l gwew
oh L% San P
-w -V reww - L
svarizs 184,410 0.8
A1Towabie Tensicn = 31,3k - )
a Tads {
:acoau - caf!:/ ’='S.) ;Ve'!ce"éﬁ‘JrQ A:F
' v8S1GN ~aiiQwalbie L2,
EpeCIMEN L. '3 AVERAGE EAILURE 104D '« FACTOR OF sifs”
iv NPy L% 1el.98 191.598/31.3 s
COMBINED SHEAR AND TEZNSION TESTS Y.

The shear and tension loads appliea
‘oaciﬂg c:nc*:icr are equal ang the

SC.S J ] to 53.9C0 TCS.. |h! ‘31
ibs. %o —,,575 1bs. Soecimens 4 th

shearing of the threaced rod. There

ultimite oads ranged

to the specimens under this
5pﬁm

lure loads ranged from 28,100
rougn ¢ failed by an abdbrupt

was some deformation of the

rod in bending at the shear zone (ranging for 20° to 45° bend).

uuce' insert wasner moved from 1/2
concrete spailing on the compression
1men

and the insert. This fatlure 1ifted
the struts, but the insert remained

tncn

to 3/4 inch with some
side of the insert. Spec-

fiileg by strioing the threacs detween the threaded rod

e
rom

the ucoer insert washer

in place.

i
n
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SPECIMEN MO, ULTIMATE LOAD /Ybs)

$ 63,300
7 £7.578%
3 60,350
3 81,613
18 ga,22¢

Average 64,792

Allowanle Tansion = 21,3k

FAILURE LOAD [1bs)

67,875

~, . %8 "ailyre Tangisn 4/3 iyarasas Ti¢' e IR
T - —— - (= - s ——
veSISN A i JwdDie (8NSICN X f.3. «85130 =) CWaR 12 Sned” & *.5.
-, . Ay Aa. -
SASATULY UMY . ..JS.,,‘ -lu S-;-? TrAman s almmey
- e = v $ ASSaas Bagy ae A~ 3 \ PRL  oR JGF Sahs
UYL ASS "5 o8 wemY €
& 5’ g :Je =
- ' - -
~ :‘r: 10 " ;7 ( - 4 ) fag ¥ -
saee X ¥F.3
-arw - - -
-
Bl

1«INCH RICHMOND INSERTS

Feom the test gata theets, the yltimate lnad applies %o %ne

scecimens ranges from

39,750 1bs. %0 53,320
loads ranged from 37,150 1bs. to 42,400 1bs..
thru 19 fatled by shear failyre of the A-490 bolt.

18s.. The failure
Specimens 15§
The too

portion of the inserts deflected from 1/8 inch to 7/8 inch with

some soalling on the comoression side of the insert.
186 snowec some rotation of the 200 of the insert.

and 13 showed no acparent sign of rotation,
by breaking the weld between the yoper coil aand the struts. The
bolt then failed in benaing after rotating with the upper 20°%ien

of the ceil,
compression sice of the insert.

arg the dolt yltimately failed in bending.

Soecimen

Scecimen ..
Specimen 13 failed

Scecimen 20 failed by crushing the concrete on the
The insert then rotateg intact



SPECIMEN 0. ULTIMAYE LOAD (1lbs) FAILURE LOAD ('bs)
- 46,378 42,400
. 43,460 37,100
- | 4 asga A aAs
- 20 5350 “c =00
8 g aes A ams
- - Vel » WLy oV
29 29,7%0 37,00 .
~yerice +5,:.88 w1689
Allewadle Shear = 11,8X
s " Average Failyre L3
Factor of Safety (F.5.) 5 miter—iZ i
’ Jesign Aligcwadi2 .3.
SPECIMEN 0's. Averace Failyre Load k) Facisr of Safety
1§ thry 20 0.2 40,28/11.8 & 3.80
4.2.2 TENSION 72373
The yltimaze 1cac acolied %2 she scesimens ranged from 41,270 18-,
to 43,730 18s.. The failure foads ranges “rcm 37,350 1bs. %2
43,520 1bs.. Specimens 28, 28 ang 29 failed Dy concrete snear
cone failyre. Scecimens 27 and 30 failed by Richmeng Insert fail-
ure. The inserss faiied by a failure of tne welds Detween the
stryts ang the lower 2211, There was some surface scalling issace
1ateq with these “iilyres,

caApasuIPY A ..o-.,:-r hie ‘he - g d . %
e w it Ve ot | o > wely 3 twola eev -
Pl . A

-= AN E2Aam s mAaA

- - ) -

- L swiv SLywvy

Average 42,588 41,276
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Allowaple Tension = 11, 3%

o Averace Failura L4,
Design Allowaoie 3.

Factor of Safety (F.S.)

SPECIMEN "0's. AVESAGE FAILURE LOAD (k) FACTCR OF SAFITY
25 thry 30 a1.2? 41.878/1%.8 » 1.5}
COMBINED SHEAR AND TENSION TzsTs
The snear ang tansicn Toads 2coliec %0 the soecimens urier
this 1031ing conciticn are squal anad the ultimate 'cacs ranges
from 27,825 1bs. tc 30,475 Ybs.. The failyre loads ranges frem
27,225 to0 22,130 18s.. Scecimens 21 thru 25 failed adruotly
due t0 shear failure of the thr2aded rod. 2311 inserss remaines
intact with only syrface soalling of the concrece.
SPECIMEN MO, ULTIMATS LOAD (1bs) FAILURE L2A0 /‘2s!
gl 87 1828 27 ,32%
22 29,180 28,123
- - yaww e e w
4’. QA‘-I’.. Aﬂ‘ :.
23 ¢%,i50 &7 13438
28 28,487 27,328
iverage 29,317 23,353
Allowapie Tengign = 1. 32X
Allowanle Shear s [ 3¢
Factor of Safety (F.S.)

(Average Failyre Tensicn \4/3, (Averace Failure Shear :
‘Design Allowadle vension x r.5. Jesign Allcwanle snear x r.3.’
. . .E"S:QN AND SHEAR - " ! -

SPECIMENNOS  AvERAGE FAILURE LOAD (k) FACTOR 0OF SAFCTY
28.36 (473,  28.36
- ags -t w - -
21 thry 2% 28,383 ( gl r.=.) * s
s].0



CONCLUSTIONS

These test results show that the performance :1pabilities of
the 1 1/2-inch type EC-44 ang the l-ingn type EC-2W Richmone
Inserts 1n snear, tension and combined shear and tension exceed
the design 2'lowable bv 3 ratio of more than 3 to 1. These
conclusions are vali¢ “or the design allowascles snown in Scece
1fication 1323-55-3Q, Saseq 2n a snacing of tne Ricamong [nserss
such that 3 full shear cone can Jeveico.

gasead oan this test, the cesign il'owadles for snear, t2nsion

ang comoinea shear and sensicn are accentadle “or yse withous
fursher investisation sr acgitional calcyiations., Rigmmons's
recammencation of a minimum sarfety facstor of 3 has Seen comoiies
with,
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