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wi-Oct swilstis, 79-020 issed siarch 1, 1979. identifiled four Sechos ltess
associated With pipe Support bast plat*esin, solingBeneracse-  @NposSim
aebhr belts for holders of construction Permits sad operatin licams”
for nuclear poers plants. the Itin® waer as f.115W:

per pipe support base plates that go —concrtet expasal' sanchor belts tin

seiseic Clategory I syst?m as 4SII‘I|edd by Eegulatolr A &Aid. 1.249.ﬂ"'kidS%Jc
i ification" ftris ,, da _or as 4sflead 10

%eé'%”pp%c%%?g"fﬂ)i@” risios ted August 3. or

1. Verify that pipe support base plate flosib_ilitﬁ/ was accounted for

i th*e alculatise Of sachet belt leeds. 1s Heu of sulpertiin

saslysis Justifyiing the assipties of 7181dity, the bse" plat”
sou~ld be comsidered flernible if the motiffesed distance bews0s
the uSmoot Welded to the plate sad the edget of the bse” plate to
greater theo twice the thichases of the plate. It the bae" plate
To deteimifl  to be flesible. them recalculate the belt leads Sales
as appropriaet  analystds *1gb Wwill accounet for the effects, of
*oher-temies Interaction, Gasmis edge disaftee. and proper belt
sEecieg, IDis is to be d~eo prior tO teatia% of sancher belts.

1lhese C cla;lated belt leads ae referred tO ereafter as dhe belt
odosip 'eads.

2. Verify that the aesecrete expansio%samher belts ha's the follavioS
SiS13PA factor Of saffsty botwee the belt design lead sand the belt
Villtsat capacity daetalsed free static lead toots o[

belt ussufactuffet -) weic S-imlate the actual eeeditisin of
Installation, (I.€.* type of Sectaote adits strneth properties):

a Pert- wedge s~asloe" type sanchet belts. SIA

b. give - Pot shell type samher belts.

3.lecribe the designTskgques™ . if aplplicab|e for sacher belts te
Yé%hd%t)omd cyclic loadl (etg. sismic eads sad high *vcet eperetiso

4. Verify from_existin iIc decostgtiss ,Yobatdesign’ requiramete Dae’
beeni Set foir each sachet belt Isgthe fsllowiss %reass*

a. Spells loads ha's be"s considered (e.9.. achet belt prelood
is equal to ON greater theo belt design lead). ISOthewas  Of
fihe shelt types assure that It IS got is sevte ' with the bachk
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Itfsufficient deumasetarum does Not amiato ehas Initiatie —testims
orogram that will "sure that al.lma deeism requirements hav _beam
Ime with respect to suitem & sad b. abve. A samwilft toechige
Is aceeptable. One acceptable technimue tosto randomly select and
test "a asebor belt Is each base plate (0.€0.1 SOW@ArtO MY hew
more them Mes bass plate)-The test sheuld provide Wveificatis Of
abittm O and b. above. It the test falsg all ether bolt*sm
_that base plate should be siaiiorl7 tested. to emy VYT  the tot
'pOora ,spould, assure that eah catemat? | fysta will PerfetS Its
iStanted fumetiem.

we fellevimi V'A lespasse addressing the aetiem Stém to comrieed 'Of
Che follovimi Part@!

Cemetit $'ePoo"
5.quayah leapeel
Vetts gar lospesSe

mortevill* OWd ftipps Dead Response
yellow Creek ReSPemle
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GENERIC algSPOSz 10 NRC-olt NUMLTN 79-02
&deon item 1  Flesible Plates

&L-a-TOM1iDfl Interaction - There tosls diatiact di ff erealc( Is the
distribution Of atross iatransferring load from flexible plat*$ to
anchore depending €R the method of attachment. 1O bolted geOrmeCtUSs
the everaias hole to the plate gOenedly providesSspace for the lateral
plat* movement needed to accommdate longitudinal Plate deflection.
Uh-en the space between bolt and plate is closed at isstallatift or by
plate movement the plate transmit$ shear 0 the bolt through beaning
on the back side of the bolt (see figure 2). The hole oversize alse
provides space for rotation between bolt and plate effectivel reducinﬂ
the beadisS stresses Is the bolt whi ch would otherwise be In~duced by the
rotation of the plate at the asehor. beth plate rotatiem and amchor
displacemest are exaggerated 1O the attached sketches In order to clearly
demonstrate the location and direction of priscipal anchor lea& . 10 the
bolted coemecti s, W' is the horizontal ceompoent of the rSwultanft force
of the plate em the met sod "W&" to the shear Induced Is the bolt due to
late movements 10 enasee Of the Installed Space between bolt sed plate.
S act* em the compression face of the bolt sod tn vary Is asgitvde
without affecting Significastly the fotation of the bolt. thM ratatiem
o of the plate depends esthe type of lead application as well as
plate flexibility. Fer tessile loading (without boadiMg) the plate
deflects essena/a% as a cantilever and the maimsw plate rotation
at the sacker cam expressed as:

Ukere "a is the distance from attachment to bolt
" is the plate thickness

to" to the beeding stress to the plate
“Ns to the modulus of €lasticity of steel 6 V



Grop-hi a|| (got tiv-re 3) It can be sho'B tha fort (andom tg%nsj

sowrS8 'S@Mbna% stg%dmeft bam {o applled |nSMO|tS will
stresslyt hed cnplot. rotatlonat the anchor. .t also SWS Sreduc
oler3.ldjdliceflt(*P vesusAT)and reduced shear in the anchor

eAl&leersus A BQ}. eo}hus %@ea@mhfor flexnb&% p@eegevre?e (la&ee
dliect tenUs loading than with tadft suo~eted to b WD8*t~

The em% ?d stress cond|t|%c 0 Achors ts Q& P bol to reduc  @heaton
olted conn

1 t
Inthearlp n co eCthnSStrem } cl)?b ngeg\r/ erangI %te)lneéon E)DCIE:ur a

sowe IocqﬁJ &)n as shown on the at Zﬁef% sktetch. ~ suts 0 tensfiluetssyt
il anchegs QS T Bl SpLeVESMit ey Of tic tollowt*

12t-e)

where: (%o'?hthe aho”e%hed's%tt%gge free the centerlisc of the anchor

"t" is the thlcknels of the attedce3t PlAte.

ini to date with bolted onee
Sim ﬁfrh%eg %%at Wavm Pfeen perfoly %jOIted ccawections and welded
connections Of cgatilever atte "ents show a uisBtinct difference 'a failure
tendencies at anchor stresss ap 0 fctoesitedi %o bel  taB19C

str rqui when the wn f iafl
dueert]gthPI a?e ;%g%l#\g the dISpI gecr) t'ﬁ[é%chor ?f p?e

falctov In the ductility of the anchor and it abilty to develo msax|w
sile Capacn)é Anthors with lanet displacemnit Capaities Whear
y t

effected he stress cO*ination(5.dbr411444t

P ACtion mignat tﬁgtlgﬂgh'osr d?%ﬁ”ﬁfrgieo% (oo S ) (J\ﬁ\ Me attached

o) paichor to G yromthe previoc3  Uisce'o — n tealce
fr mc hori(t 43%—) it ev dent that prying %cuon tomole severe
Medtn ¢ Attacbmt éjII th i @ c fl atackwents It the Iate bus

iath tOwm mal ASC alloabiese &d the €lge
ben E# reg)oestlcte Et%tm%nr?romatéloo O plate thi ck"asgﬁ or two wacr%r

di stt nce theresryifict#t ion Vill be o MAIU as to be i~cmfequeni*i

rtatal cugnp of anchor %% ] lJ‘,ong y(;flvsn ancborI Sd M AC|uPace(:;Wt lat

spetific ande pl atae this dg distance may be varied CO0dwo
Waeln otiClSeUhw~r Witou snilcty affectinig Prying owtion.

C llregsion Trander - fte Iocat|on of the result Colt. the ofthorcei
aceft conecton Controls the stind Wﬁﬁjga%ﬂ éf{ fh R
Isjlkl turn, contrelled by base rotatlon and plate fleuibilitl.

rotatics is affected P|r|ff||~|fy by displacot of fte anchor ad secMady

4



s Xcitta a treat.5 emi eastic. I plate
ayee(ﬂn I%H%JQ)“%OL%E. r%%%s mﬁhghf{e?b\}v%ﬁ%'g pr5|e
of a tytheCofttdi eft If h (00 "

@4, ofgO f@%f I are V|||d|rr]n e torvv§a%| tﬁglgglr 5|ve

Tbt alculat Attaci 1) for location 0  the Paofthe t YOB50
forc Qe I(ocatur)nneBE:cu)rs at the point  regrte p .t ithaC?

balances the rotation of the ataCtinent Wt o ftthépanycrete sl

iforliIEReL 1 8BS (Fheng9plined FHE Athbrwetres!

&Kauf values an‘ca b conservativli PO€-

Ancho Dirpacient  -Anchor Oléplacinent is dependen Gatrains insthe
ad ~ €elas In steel and on any dip characteristic& associae

with a tvpe and size Of exans Inth re & stres
| rnethsepegflttle%tn);g tensile modulus Of CESH éflf'y ofachsspe t

be less than half Of the steel Sodulus.Alipnin nhr rdc

plastc o g‘ Stic. concrete stral § in the process Of settM_ & as &ntion
p|5|cha r-1" inistallation- astuc strams ay aso oCla tlg"S
headm|ef bddedbolsa @ resut of higb |nstallat|on torques.

|ladticity on inelasti does no

IC|£))Ioeat|yeo h Ih((:)lr%nder oaél eho?vcévgrhebelasnc Sl d o9 U _
proerseties 10ad orelt aion torque load oust occur before amy additiorAl
plastic di spI acel et Of the concrete occurs. pl aaivue preltoad

asso mst oes ow eff toferml
C|ate(1“ a”at'%riE ancg §/dems %q\/ltbn agh a
r~insilaion reﬁ 5to 30 percent &urin the flrst &thr two

flOrMinstal | atfsand aQ@vezuaent Stress loss of approimx~tel

50 percent. rt uM sel tc ogeo

The strain characteristics Of the cocreoyt dur Ma tal gy o g

of ex cﬁ'rsarea ecedy%uh % ﬁ\c al
Se‘ttm%alatl n'?n Z'Oc? th of anchor b d Or exptn Ionmcnnt below ethe
surface and the local density of the COnch4 ha et~ bol s$antd

mbedd boltt, out bolts arqu
of dg BfOl(%reeS!wusl 5 Ds'%{FSS [ erent cODcr~tOs %ar show ta oq(i
a%lChor |066 vary eipifiesntly with the coc" eMd NhRtp
?Qee loure 5).

vI  roaebytqu
g effectd byTor
UbeUI. tye%e ex%nsu% ef?ngpa%rt% Fanr??t eCh ls'YBé@@ment VB Gyse

beccors ‘?(ft r to serVice :Loading is the
101's created b Settm C the exPpansuiofnenfliss Thedis
Installato %~~Ced y gn the | oapcl!3 %‘” ﬁn Cd ot adl
placa~@ﬁtaenchorc how veT the genra Ieveb- of . erinelo

0o Vegde tllSW%alaH&@e%er X pShicesition. sp cna 0P
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When the applied load exceads the imstsll. Mwiigop r\VV1_ 1o N
' i I~ Occur' no atbavn

&la%:%rth %H\W’}? rtﬁé”%%ﬁ'l?”ﬂ%ﬂ rvgllnge (%%Jernds mthe tIS O c

ad strain cafteristics of the concretes

Sancd sta ich d i C re ty af cts the | -ocatioOf the 00of the

Scpesi O the type of anchor has a direct *f4 cdispl cemen ca acty5h
cl~resint@ o Pi ty i% galo directlY related to the gs'lgf%pct y
of the anch&-eil
raes xM aco

Dolt cil oad Fansﬂ%r tbrousl . flexible pltensil  folangog theg antchor

r ine_of anchors beyondtet eatc
Wtentfc’trsmintecotrr%t wit load transferythroug %é?&r FRes V;/hICIh produces

- - : ae.la

msinUstress in farthest line of anchor&. Wt*leil .

transfer to the second and thir dfesnalheasds plet stiff"S

of each precedirl line of anchors, the @Pacigo andbocapacitlt prelutesif
MeSS. Arl?chor spacing is limited by anchor dept% a gncﬁ T\VAI precldar

failure of the Concrete. (see _anchorage reiquireaents . nTA]E_?—v t andag's
Ds-6.| for Concrete AnchOrsp>,gAttac mentqz-) iﬁeldlbe ate aayi

of an andbor geC With more thin one line Of tensile a‘chors must balanice

-platedeflection at each anchor line with anchor disViaC4AMM* Il

2% Rg|ost anchorages have essenltiallyu~y €N 60signd @ i
ions -pl flexibility. has, generAl) . encasidreds allyo the
COQ)?eetCtBP Sﬁ)rgp%tﬁioning )SB'tIE';tYm Ckngesses to) Beet %%%3 s BEnh@5
The follO~ing Ciupgrisofls have been mis beteen reigidiyc ~ analhssor
flexible analysis to determine the_e]‘fect ofoplathe calcuggt d load 0cor
Stress.anc~ra|? l%%ﬂeetég%hty'hgsl’ll ec'lserIH er\gl‘?horlljt bendirq]ga W?goe
afnis Made for MCMMt O=0Oct~S oY

lms caesanchorageS aW standardized to be t(ialfr aCtic%IIyo
dtfferent Size sttgcemelnsofyryn cantilever Sye ¥& wet
al*wi conne a tﬁeycaal_ tyve. _esionsalttbw
theé\/ﬁ?gt Gaed MR 5= oading condn?onsyan mii&(o M ottac
si ctheeor batlg zed with the typical arichoraga, orm., e ints
{ize tnor) the coner for Uanderestimating nchor load by rigid analYVéi

should be for 'theMaximn attacbment $iz  @r~sponldig t l
anchorage configuration.ortedtlain

i ¢ ataku eft and anchorag eaes deulPnd fr th  sag lostii
If onlth&tGhenth stress aliowables 1N the achorage shouldbbae

on faltils teelhentthee aittadment. If the anchor has Suffici
an NUcws  calpacity at utist ?oadmg then plate flelbility ewl
uisVisredi&tCeapacity a1 uiltimateLly Increase capacity Where %her&e

- ' bevoM' the fttsdCL. Y O
énhpf?ﬁévm tensilg agehorg o(l\:/l anhors, Lincé 6.5ICMaare ba's~i
ser gcemloadt@ctbothiidal alables and mt @ ultimate capacity.

fan serviel oad orfacthred latche requiregthat the safety félctor of
the anchors equalsor |Sc~eegthat of the attacbhe~3.~

LAm



e by W e Wit s, G PG S Wb
i imit to provide the weladbase ion
orth 0 ﬁrgllsﬂg%i ¥o'rrge'ttot e outside edge of the plate. Sbe3.1-type

te  CG-of incbomresivene fill into this clasgificsti. T-or this type

anchors, - funleviloymi of the attachment requires that Ithe safpetysa
foranhorseviceerO%Enut and ?actored fOadi r?g%eeﬁncreased to (;:Jgt y CttOr

for the reduced capacit of tWWI=0—g acbo~rfiti ~ QikiBnateFo
digplaceftat capacity Tor shell-typ* exPnio ) Castiliith beous
this displacement . capacity there Is to reductjon in Swneat caaity becained

- N t 1 H ]
Pr]; H%gt?olfllo%'ntal iy (fagr anchorages meeting the Maxiu condit' © @iln

BEL- DMTL:J'CPIAZSI<C  AVICH

maximsm Anchor mcmeflts
Th.'?loate% 5 S service lo" d? lis
|C| 1 1 | .
ms Sze  SE2 | 08y, 1199 yHlefhecarahi
Inches Ithhies Inches Z i ps Pip
1 1/2 9 2 16 345 255 156
2 5/ 0. 2/ 53 11 239
5. 3i 102 1 85 68 382
1y8 34 le 174 1A6 786
11 7/8 21 8 259 2146 1167

*Based on G.32 anchor gualificatj requirements (Attacbment 3).
pDsed on TYA Design andard D&E%.1 a3llavi@b 2Attacb$'t :

For larger plates a rigid analysis Vill overestimgte Capacity of self-drilling

anchor& U shown In comparisonl table 2. The anchor d~isplacmen~t capacity

of embedded bolts and wedge bolt expansion aanc-frs IS sufficient to preclude

?gﬁeﬂlimaﬁon of capacity by rigid analysis @& shown In the smed CCEPISOM,
e.

The use of rigid plate assumptions in the analysis Of flexible plate attach
iments for bending Viii generally Underestimate 10ad In the anchor under
service loading conditions 'by & much as 25 percent. Uner factored loads
the underestimation W1 generall  be tram 15 to 20 percent depending ON
plate size, anchor type, and displacement characteristics. Any tensile
loadtigi  whi ch occur- 1N conjunctiont With bending Vi1 directly reduce the
error In calculad~flg anchor load by affectin the net caupressive force
in the anchoraec an%l by shiftling the CC of B> comipressive force towards
ibe edre of the plate to more ne-arly coincide with the location resulting.
rro't rl1 K~d plY% e arf=tti~Ujtona. The stiove mwurljCRs also do not consider tlie
allocation of the &hearin ?orce producing the bending mouwnt Usin
fricid plate asswuptionst this shear Is normaly divided equally to all
michora resuitilrC in a direct reduction of the service load Of factored
load Slovables. This shear to actualy takien by friction In the
caipressive zone of the anchorage Of Is _ent_|re|?_/ carried by the

anchort In the compressi~f orueA evhihnMi  sip~licSantly stiffer

ST POOR ORIGLWAL



ASslisgte  caacii e is balance It Uffke ver little difference
Asbttse PO eapac e%?'hes ancor loads tothe Se¥vice load  Wares

range are overestim of am ' i i ii
ana%, e it isaStae(ii/ery mﬁeeéﬁé%e inbg/iéter%eCIeFC%(?nS' or edijgpace
mate which are of a magnitude significatly loes thap fit up tolerances
SectesglY for system Installations Is all cases where flexible plates
are used. sodda close balance exists betwaee Capacities of attachient sad
anchorages. signifilcant yieldingt of the plate W || precede anchorage
failure and provide adequate Warning of problem. Ihis balance to assured
by TW's standard design allowables. The gas of the relatively SilMtl

Zl gid plate assumptions ppeaArs ta be fully justified considering the
consequenices and the many factors affecting anchor loads.

Action Item 2 "Spani on~ Anchor  factor of Safety

Desi%g al | owabl e* for expansion anchors are specified U TWA's Desi gn~Standard
for Concrete Anchorages S-Ch. 1 (Attachmenft 2)- Installation and testing
procedure* for these anchors aré specified In TVA's Centra  CoAMtruction~
0-32 for Dolt Anchors Set in Mardosed Concrete (Attactent 3). qtl)Jaitfication
tests described in 00-32 require that all expansion~anchors (€ach rand. type
and site) be tested to failure in job concrete. It further requires thet the
concrete for qualification testing be between 3WO sad 400 ps at the time
of installation and testing. Bach size sand type of expansion achor Sre
required to meet minimum Specified tensile capacities. these capacities &€
based on siniom factors of safety applied to the service loand design allow
ables specified In IDSC6.. If anchors Of a given Site and type fail to
meet the required capacities, then the design alowables for these achors
at that project are reduced to maintsin the si ni om safety factors. For
service load conditions a@niom factors of safety of 4and 4.5 are applied
to wedge-type and shell-type "xpanasi on anchors. reao_ectively_ Il increas

in design “allowable& 1S made for capacities IS gu ification tasting which
exceed Minimum requireseits and so Increase in design allowable* is made for
higher strength concrete. | sgeneral. TVA's qualificattoin requirtgm Of
approui nat el y 10 percent |o0es for a given siae sand ~e~meast depth anchor
than the quoted capacities Of mest manufacturers, Actual safety factors

are thus generally higher than the sl ni | om specified.

A Wopercest Increase In stress allovables is provided for factored leand
design which incorporates different muatiplication factors (individual
safety factors) On each type of loading for various couinastioss of |eads.
Individual 'oad factors are principally based on probability of occurreaCe
and accuracy Of prediction, Thi's iacrease |SStress al | onabl e* for unusual
| oadi ng_coadi tioss Of | oadi ng conbi nat i on* i sconsistent with all cede
approaches.



tcot"oled by nezla -~b lod. eCycl of
-100* at lower than Intalaio |02 levels Will We wuzU yt

' will t to iUrew* oncycliag a
%%rxig:t' %gtad S“\Xﬁedé%‘ep I Pgltaﬁgoo camrt* Y orH10

Mzoni e an rhor emotion. At load a 4 to soda=fIP lau I

t zeedel5t o be | ain it oil zii deflectic" for tbo usand
2biloa .y ['s. [lteoiede tolbe bin aficil ei nCycic testi ft
of laorad byas ~ti~iggiganafetiM  9aSreW TS a to
the anchors.

oU Mn me Iw" n exd

Andbor bolts owe mot_subjegt . ) N ii5~ of tOBkS
(\?irbrtid SO isfatigué ailn" a likely probim bel-ause }
relatively UMv VxeT of cycles ia—Yd of anecho bltGsip.—~lii~

t be refo res sam specifi & for m | 'eadn (asand f abtlts

Bolts are subject tO 100501131 under high f ewUC Vibrati dftige
failure is 4e|Joend t entirelf}1 s the level Qfe(ioad variati @S. ﬂ‘th
resiihalload N the  bor reSUlting frc installatico torqube aefedsh

th =xWibrattion load then sowill t . h
othen  xvibrattion a0y ot the bolt Or fatigue Tailure Wi

occurtyo e~i on ghors C OM be effectively p ycrélal by t 0" "l
A307 comegts . otsee 0 ih :
LadQrauls  of the SpP 1A S Fthe installgtimnbolts.  1bOthi

rea5C"athe tihtni" of these anchors. |s restrictiad to /i&tuzy bayod
finger tMii  bftbese nchors, 1S et Pration thead

positive mans of fasten isl requiredi to Prevent OSIM

A minl3'u torque is ragaired for intnstalatp of al Vwdg type expansion

anchorS.s
Action Ite it 1.-Process Testi, Of EXhOT

testing of Wazpmio anchorS is @pecified is TWA General
Dsc';r..?tcrﬁs&sid Spe%ificatio pNo. G32 *tic bas U'~ 1 nforce since,
Cosep~€ et r]”rlusc: ispecified In terms of lot givess

al  r~ 2 agnaiM.i freg © 1 tefor lot $c onid ti nglOf Tess
tSDl vanchos trom u  mwat* of 5 percent Of the lot ele ollt
cotdi&dB0150 toa 60 —chors. For shell-tw~ anchor' apull test

of 1.5 times the MUAIr-~seiiddsPfcol _ o
procr)f ilroéd ro load testing Qf shell anchors 1S r%}wred Prior t0
requfared . 00 atan F iotte by 5l plr & t oocc urif
(fe gage onth Of df—dvc dae drop, off or lack of advance

matof load while the anchor is bei51 Strained to pcfe [0
load. V*ede bolt anchors awe tested by t-ordW-O ta

installation torques were applied.
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13

II'li standard Igoverns the dapign of steel componenlts Which transmit

forces. to conctet*. Wherever possible ductility of the anchorage to
assured by limitilng capacities such that the failure machanize will be
iontrolled by the properties of the steel rather than concrete. Vhen
capacities are limited by fhe tensile strength of the concrete, a working

111

).

111

1.1

load safety factor of at least four | s used.

Where loads are linited by the properties Of the steel, applicable
provisioiL5 Of the AISC Specificationls and Coenentaty are used.
Where loads are limited Dy properties of the concrete, applicable
provi sions of the AC Standard Bui [ dinlg Code are used. Anchorages
to concrete have som peculiarities which differ from the usual
desi gn provisions of elther standard.

_All concrete anchorages are Single-shear Connections I nvol ving shear
transfer through relatively large plates whose dimensions are controlled
by bending Stresses. whereas the usual steel connection IS adOléJJtlJIe

; . shear transfer through, relativel am
BPS?Englane%m'f%? tlre“r{glyt'engoadi r?gr, e effect of "long" and "short”
connections and "single" or "double” shear on the shear strength Of
bolts isdiscussed | nthe AISC Commentery. Research testing by TVA
confirmy the AL5C Commentary recommetdatione for short,*singl e- shear
connections.

Rearing provisions of the AC! Building Code or* concerned with bear
IRA restrictions On exterior concrete surfaces. Research testing
clearly denpnstrate$ those restrictions Should not apply to bearing
stresses at the angbedded heads of anchor bolts.

Bolts with heads or auts, oOr @ailar etuds or bars, nbedded i othe
comcrot* uben the concrete |splaced. of grouted lato holes drilled
In hardened concrete, are termed standard anichors. Anchors, uhi ch are
rapanded laterally against the sides of ahole drilled i nhardened
concrete are ternmed expansion anchors.  Design load provisions of

thi ostatandard apply only to "eapnsion anchors listed in tables 11
and M~ Commrcially available, predesigned and prefabricated
oubt-dmohst  installed prior to concrete placement and which are
eesiiectally designed for attachment of bolted connections Ors, teroed
concrete - in-sers.  Provisions of this standard apply only to the

~ -~ D00R ORIGINAL

TIsMdesign standard was prepared by Clli's PAD) staff lit coordinatioa With

CIO

* R40 staff. The fequiremente of this standard &my be supplemested

or aliterd for agiven Project by written instructions froe the asgifteer
to char$e.

UNCONTR OLLE
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121 for standard anchors the heads of etude and bolts provide full anchorage
i nthe concrete equal to the tensile capacity of the bolt or etude
provided the linitations for the combined effects of spacing. enbedment
depths, and cover (or edge distances) are not sxcee,id. libere plain
it deformed bare are used, equivalent anchorage May be accompli shed
.by threading the end of the bar and using @ standard nut of equal
jPr higher strength steel. Threading of £615 bars Islinmted to bars
u( 40,000 psi yleld strength. Plain bars of A9 steel my be threaded
irrespective of yield strength.

1.2.7 Anchorages for expansion anchors end concrete Inserts are limited by
anhor 31 ze and the design values herein specified.

1 har bars shall not be used to transmit shear to any concrete anchorage
subject to tonstiel oading. shearing forces shall be distributed to
bolts, studs, etc.. Inaccordance with their ability to transmit the
comhined shear and tensile |oad& as herein described.

1.1.1 | nconpression menbers, prestressed nichorages. or]c anchorageisith
oL mini compression SONe, shearing forces nmy Dbé
?yng}sntﬂréHQhrolﬂ%umfnctign Y section 2.2) %r by distribution
to bolts, studs, etc. (see section 2.3).

1.4 Sterl plates are necessary for transfer of loads at the attachment R
surlaLe to anchor bolts, "bars, or studs. Ithey should not be useg at
the enbedded head of anchors for the purposes of reduced bearing stresses mo
since their Inclusion at this point reduces the tensile capacity of
the crincrete mod dc~a tot affect anchorage capacity.

15 The basic procedure for design Is: (1) determine the total orea of
bolts, bets, or studs required for a given configuration of anchor
| nAccordance with section 2.0. (2) determine the embedment require
0Odntu to limit the tonsils stresses in the concrete In accordance With
liratlon 1.0, (3) check bearing stress an the concrete surface Is
1 40 dat' 19 with section 4.1 mind (4) in the cast of flexural memers.

I1cut sisear i nthe concreite.

1.5.1 1llvaign by this standard may be made under either workingu Stress design
uriteri.. or siltimate strength doesign criteria by sic of an appropriate
0 (&coie'r mo herrin di-sCcribed. loaW  facl,0lrs and loadings ,embinatir'ns.
041 1110/ nultimate strength (or fartored lead) desistn ore specified Ity

site viontrollifl, rrsde ur project design rriteria.
101 Wht rminatton of  Nmbeded Steel -Are

3.1 lainsg conventional "straight line" theory for distribution of Stress
sn) strain, proportion the ancehrsat for this combined bending end
dive.t leads en the base plate, Ignoring shear,6 limiting waimum
seisshil  uatressem to *fy (oir the mulest —allowable tensile lead per
agiaashni), amd limiting bearing stresses as herein prescribed.



211 Determinle the resultant tensile load (T)in the o~chorage and the
reuultat't conpressive force (CF) under the base Plate which Ot
required to nNljpence the i nposed | oads.

). If the total shear load (V)acting | nConj unction With the InpoGed
S bending and direct |oads i sequal to O less than 0.5 o for the shear

planps betueen steel and concrete or 0.25 Cy for the shear pl ane between
two steel plates, no additional anchorage steel other than that required
for tensile loads I srequired Tor shear.

| Itthe total shear load Is greater than described above, determine tlit
total area of embedded steel required for cosihined tension and shear
| naccordance With &actions 2.3.1, 2.3.2. or 2.3.3.

2.1.1 Standard Anchors

9111 The total area of steel required for conbined tension and shear.

AC/+T
at of

where:
A The total area of steel required. ~[The area of steel @all

be the stress area of threaded bolts or bars (a** table |

%f the Appengi x} 2id the full cross-sectional ares of welded
ars and studs.

T a The total tensil# load lin the anchorage &S aresult of
conbi ned bending and direct load stresses.

V 9 The total shear Ioad.
ja 7e sininaia yield strength of the steel.
76- 3) kal for A307 bolts.
7fa 44 kal for welded stud anchors (headed).

0 a 0.90, where Vand T represent ultimate or factored loading
condi tions.

a 0.5$, where V and 1 ar* working | oads.

Ca 110 for embedded plates with the exposed surface of the
steel plate coincidental with the concrete surface.

Ce LIS- for plates with recessed arout pods with the contact
sort"# of the plate coincidental with the concrete surface.

POOR Cogiiit OALL



I- 1.s0 for plats$faStened to hardened concrete With bolts
prel oaded to yield.

ua; .tsfor plate, supported on apad of grout O Mortar Viih
}Shef contact surface of the plate exterjor to the concrete R
urface.

2312 Whsere shear Is directed toward an edge. consult section 3.3 for
designf requirements.

1.1.1.1 kegtitilronts for Tightening Standard bol ts

114, fulloving ro'gulrSemets for tOghteningl bolts shall be specified
imdr~evings whorer  applicable.

0) 1k standard bolted connections Shall be tightened less than
"esnug tight." For bolts jarger than 5/S-inch diameter, "snugt

tight" Is herein described as the tightness attained by a few
Inpacts of an Impact wrench or the full effort of a man using n
nen ordinary spud wrench. for mailer bolts "snug~ tight” Is
herein described as L/4-turn-of-the-nyt after finger tightening
ggnté}iftter the surfaces of attachment plate and concrete ar€é 1 n

ct.

(i s)AI standard bolted connactiof| 5 subject to VI brating |oads
shall be preloaded to Yield by an additional 21).-turfD of
the-nut after an Initial tightening 8 described 1N (a).

Where this cannot be accomplished, S0me positive wants of
fa,~tening the out must be devised.

2.1.1.1- S eeved connections must be completely fl i
Mirtar prior to Installation OPQheegftacH%%tWth grout or R

J. 1.2 l.Ppi~naior Anchorsa

91241 iwa~gn Of expansion anchors is herein limited to the design values

.| expanision anchors listed in tables It and 11l. The anchors

dividr essentially into two basic types: (1) expansion shell
.ndtor'. and (2) wedge bolt anchors. The design values are primarily
Influenced by anchor asio and embedment depth. The "shel | " anchors
<it. further divided into self-drilling and predrilled types. The
an~hof type and site oust be specified t0' accordane. with I RI

115, evolgisfff In dcharge 911 authoriai the woe of other type%of

.10,12f fOu 001041.1141111'% lithoof titan 111064 11siri In tithfs it mil HI.
10166y~ glll, liswt- eigitdnt WM™ In dwrisfetifl'n cWith'

A%% 1 4Ana-2. svilst,;. diontrstr ai~ft."thoN a titan 40k Pati art

mase Ition 4 iimwe low service load tkoign values of tables 11 @a



r. AHO~tcl* %STAMDRD avit DLS}D(S)-((;f).I

Jr.2i~pans~i shell anchors typically fail the concrete |0 teniioni
P Sb'cg)tl'ailre'te rlaivelyY shalloelv anchor d the, tbut failure by
sl pDyocu  tapproximately the same loadiungL.d-1-tO

measur ements i ndicate a progressive splittings of the c~nflsrtO
atlong~the failure cone.

vpapansion Wedge bolt anchors typically fail by anchor sliP. The
pullout force ts essantiall fesisted by steel-@saos friction
of the restrai Win~Wedge. X1’he resul tant Wedge pressure creates
tensile stresses In the concrete, and anchor slip I'sthe result
of progressive Splitting and spallage of the concrete into the
open~spare below the wedge. The restraint of the concrete against
Upglitting ts Primarily’ & function of the location Of the wedge

with respect to the concrete surface. R

Tables 11 and Il provide the allovables for tension (T)and Sshear
(Vo) for both factored load and service |oad design. for anchors
spaced farther &-art than the minimum Spacing given, US€ the
tabular values for To I'napplying section 2.1. Tor anchors spaced

4L10;f than the mininung, deternine |. inaccordance Wth section

Eoi conbined loanding deternine the tensile load (TI) Inecah
Indri]vidu Il at;citor under ,section 2.1 and distribute shehar to rail,
anchor ;

vl . To-Iti

xVit VvV

| ' Wiere shear is directed toward an edge consult Section 3.3 for
desi gn requirements.

d.1.' ~*Requireents for Tightening Expansioni Anchor bol ts

The following~ [~quirsmnts for tightening €xpansion bolts shall be
specified O the draw ngs.

(@) All bolt connections to “shall" type =penision anchor* shall be
tightened by 1,A-turfre-of-th*ut after finger tightening Ul
after the surfaces of the attachment plate and concrete Of#

in contact.

(b) All shell type expansi on anchors subject to vibratit* loads
must be tigr\tened_ 35 above and provided with a positive | naa4
to prevent loosening by vibration.

cc) Al wedse type expansi onl anchors shal| be torqu~ed Within the
range of valves specified i ntable |1l unless tests performed
en project concrete establish & SOr€ desiralble raage of values

S0R ORI TTL M~
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ner VIL DEDS‘.SI%é\’
KJ)MAGFS ==SSTANDARD -Lo.

. o . AnchOv
2125 Requitueefits for Testing an~d Designation of Expansion ANChVS

21 1.S1 Designatio n i £t

1.

The folloing letter dosglt~l il %l;n%hor r'tl:%g bT%ey

" I'nspecifications to identify the required e
are given i~ the order of descending strength reé}m r@é S Pk
anchor type of higher strength requirements May D€ USE

: ! - h
of a lower strength requirement anchor without consulting the
engineer.

Wedge Dolt Anchor o
\ggl Exp%msion Shall Anchor Eself-.drllllnt type)
Srrr)1 Expansi on Shel| Anchor (predrilled pe)
rA Unspecified type
Testing

' anchors
lant Category | structures @l expansion.

(8 bgsqgﬁlaigé %S% tand Sg) syhall require proof load tes&ngorl_?z
accor dance with CGeneral Construction Specification "

i anchors
lant Category | structures, €Xpansion
(b) Egsqéﬁlaigh {)/S shall bge t)ésted lnaccord%nceL\;IVIttrl IIGt-il‘_neral
Construction Specification No. 0'3% I'1Ite it ?t&r r?-lo%flthe
shall be considered Satisfactory If lift-o urn-of't
not) does nhot occur at the mininum torque Specine
table 1l1.

i . EA shall only be given to "approved"
(9 g?]%ﬂgrrsdﬁﬁ:)ggatdleg?gn loads do not exceed 2/3 of me Teglurirpggj
allowable values of table 1. Proof _test|r}glls !
of anchors designated @ &A lrrespective of " location.

t-ownerte Inserts

2310 Design of concrete Inserts herein designated_as standardr” aply

)1

only_ to continuous Inserts of "ljnistfut' SErtes P 3300 Channel
op its equivalent.

i ' " - » aPpl
1*sj on of concrete |nsertsdhaegem_ ?Gﬂtgnats%?igz Cugi\:]yeldtgylooo ply
i i | setedJ"nistrut”
33;% tN(l)-COB;I ri]EJi(l)wucS:h long Nelson etuds "eided to the chanoel Web and
spaced 4 Inches on centers.

They do Not apply to any Other file chamrel of type of Insert.
' ies O the connecting
i is lim by either the Steel properties & ( t
Egltlgr%flﬁy :’/b?ﬂt'etes(geely properties Of the Wdi f led N'nlotlut" €XCep

for slip resistance @ OSheari g&forcer acting along th €.nitVaio4
ascof the Umstrut #asoe|

got %



» 1111 @msll Of “"standard™ inserts is limited to One single It-iih’

1a

bolt connection per foot of channel length.

Eir combined tensile and shear forces use the alowable tensile
valouia (To) as Riven below In appl)éing section 2.1 and determine

the number Of 1/2-inch connecting bolts (Nb) by:
irvo
Tens~ile loading iohlnted by the strength of the channel "lip" for

i~ingly o _doubiCe bolt comWectiotns ©of 1/2-inch bolts preloaded to &

winimap torque of 50 foot-pounds.
P hips/bolt for service loads

0 3.6 kips/bolt for factored | oads

Tensile loading islinmited by the strength of the 12-gauge metal at
the "stud" connection for muti le bolt connections of 3 or nore
1/2-tinch preloaded bolts at 3l nch + spacing.

T 5hips/foot of channel for service |oads
70 hips/foot of channel for factored |oads

2)..3.'Sheat loading Is limited by the @hear Strength of the 1/2-inch

i th a transverse direction to the longitudinal saie of the
channel.

V1 2 hips/bolt for service loads

V O 3.6 hips/bolt for factored | oads

2 1.3.5Shear loading IS limited by the slp resistance of the pieloaded

~=kl

connecting bolts inthe | ongi tudi nal di rection of the channel.
L | kip/bolt for servi ce |oads
VII LN hip/bmit (fofactored loads

Wes . weal eea11¥Vvit ~7An#l10 "\ r, trann Isinghtudiluat #late 4.1
v C 2 kips/bolt for Service | oad

1*6kips/bolt for factored |eads

VIIA WL
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2. 1.j.? ItequivV'Wifll for TighteningS olts i e
The following~ requiremenits for tighteninfg bolts @hal be sPecfidl
ad the drawi ngs.

. tgtndb
141 connecting bolts for concrete inserts shall be 1 hgdb
i tminimum torque load of WO-foot pounds Of until a distinct
yricqi_np of the lip i sdetected by decreased resistance to the
applegd torque.

111kIhto-iUInfloton O Enbedment  3"guirl @-tt
[. 11 .11 .entllard AnCho~ot

wlatots embedment lengths of bolts and bars shall be based an develop
111n1.2% times the minl.pu required Ultimate tensile Gtruftith Of the
rphed Jav  steel by assuming  an aIIowableb uniform concrete tenilell stress
of 1 rica cingo a projected area ounded by the intersection Of
wierc  lines radiating from the heads of the bolts Of anchor* with
{im. aurfaces of the concrete (see figure 4). Wien the concrete area
bi-yuttit the outside perimeter Of the bolts | slimited, the full tensile
r.6pis.ty of the anichorage S be developed ! n concen~trically located,

futl v developed reinforcin stee| of equal capacity. Wadr so conditionis
4.al  the Ic?p distance bet\%een the bolt head and t%/e mechanl i cal anchorage

or the returni leg of the reinforcing bars be les" than the ~eOd-~ftfk
le~ngth requfebts for the belts without an edge condition (Se0tR

- te-noule strength Gf concrete Ina slab o wall s limited by the

S |blVa 0 the concrete and the out-to'0%|| dimensions of the anchors.
it Aa0dderree lines extendingl  from the beads of exterior anchOrs toward
110w f*"prsion face do Nt intellect within the eascrete. theft the
tgl, ISvetSees are t limited aShownto figure S

| 7hest @ml@dment requirements MY also be applied to grout%d-éo”t])glts
n i or epoxy trouts. proviae ,
« Loo eifner Sandeg, bortiand, “Ples’ e et diameter  Idiihe sides
$ the bole have been roughened and cleaned prior to agt-tir..

111 L, bolts or ancheith spaced further *part than 16 aector diametert, tOr
minlwa embedmeat length (Id) can be determined conservatively by the

em) li

9mbedded length (inches "wa to of $raster oftn €

_ . &&erx|C0 W6 1
mRe isa~e(56891001 VgMS "W
amé&&



a 0 bolt disamter (Inch**).

a he minmu ultimate tensile strength of teacosi a
¢ corresponding to specification requiremets.

3.L2 for bolts ofrancors  spceg clo to then 16 balt dieseti
the restralinin tenSIISép eldeutorrsi?trats %?ﬂ?ﬁ{% concret8e 6} Se&lo(:ﬁt'%s-i

will control the minimus embedwmnt length. ~ For £36 steel end 3MO
Psi strength concrete. figures 1thru 3 of the appendix provide a

quick method for determining anchor requiroentf. Figure 1 is based
gon the Condition'that so rchors ore located Closer to en edse than
the depth_of the anchor. Figure 2 is based on the conditioni that

the principal line Of stress anchors 1S located 3 diamters from a
concrete edge. figure 31sbas'd on the condition of tvo perpendicular
lines of anchors located 3 dianeter$ from respective adgs&.

i nusing figures 1thru 3the total number O tension anchors

is 7i

(a) For higher strength steel. multiply the required embedment Ld of
figures I thru 3by W |

(b) For hilher strength concrete, multiply the reuired amedeset Ld
of figures | Orou | by -pr

(c) lwe embedment *,qéjirsep~tb ior edge distencts 1V lose than Ld
but grfaster than 3d can be determined Cemaevattwll bY
laterpolatle”.

when) the anchors mat be located closer t @e mism OU distance
to an "aposed ege.#reinforceent NOst be provided to prevent a blowout
cowe failure. for standard anchors the side forc* at the head of the
anchor my be assumed as 114 of the sechsr capacity.  Suctility cannot

[ ' " fi 7). . # t i .th
be 4% Slé{?gng\%ﬁhosgtbéehngégrc{gedl%sig(s(r)neJ 96" e tritteod atno %Lgn?cﬁ?gwinge
AA

\r ¢ kd

ralr At
1114 VARIOUS "acing of $two a rE 9%dt %"

6 . a length of O i
1141 Sé;t OU(; %rggordsi el\v/lvong/S te 1159391%%%rageg.th Uni t|,0|lt)rh%zmately
gos tied diewors VM3 P4 8" tjedSsad* n to appfolks'tely

equal " SMI of An Ot" If Nowes, | On 3 ess, be us’ to [imit She

GWU* of 0lllor amste &rib sivise of double fttb oods dwre

ggisds art welded as ego". %Il a WARUM 4AMM4901 OfO Of 10-M
sorrespo”W 816IWAR to 16"W of sted diesels’

Uglgo'" 112 Us (I
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..he rd directly from the figures for a &lvan SUisher Of Otuds g[he
1110"¢f of ptuds "n" should be determined proscribed tos ection 1.2).
F-or concrete Stret'gthS other that' 3m Pai the siftiSol spacing c¢an be
piihiaifled by multiplying&the above spacinig by 1.a.

3.2 la:~isntof Anchors

| ' ' . Ab Aet%of
Ll OH fin;twatn' ffd te c(;1~{1'(o|ton5|lr:c fall_urﬁ angl? Varlesf
itdli ftioeofdmet  dept ggre s then® inches. for etpfs~‘anchor
dmaim11 fourl oredialdept “IT rumlngS the Concretep anals s

. it is riven' below correspon~dingB (0 dept of in t'the laailr
"611 will be bounded by thg Congrete surface at A%@oés
S~~~ qn—~ntrein ,db  aea urfaces or failure surfaces

is1.11ic4ift anchors, Tensile stresseg it' the ccrted .shol, he *SSSfor

h41114T nCWPIs projegted ared and ~hall be lisite to .4/i?r
Imietisged 10ads and 1.£1> ﬁf for service loads. When eaptl nlanchors

Al Kisaced closer that' the specified minism"” Of tables It oOr I%I. @oe
14t6 Itiniting tensile anchorage I5ad must be calculated US98 teabv
1

cierl41l.
fie zp * 1.7JEd

k1t iili~tan™.t we Sister Stronrtl’

. i~ f bg bars. Or studs in shear cartbe utlliAed
t el izrnath 9f DOMIS, A “greart than 1.25 times the

.. 1~iemb~i « " for full tensile 4evelopsot Of stadr
lsr —~rtethan' 10 diameters for expansilon aschors.
m~1.25 Ld

p W.r .sei~r Is directed toward an owg located lamw than sOwe.
gy fent reinfocfnmt MUst be provided to develop thbe eintire
lwi~is tete end located to Istermet the planie of potential

lallurt (see flgull 8). Limit the inawim00 allowable @hear
ts ehe Anche?s auth that:

01, t'tr it" 1014165 sSrarialt (f) leek t-han eke distance ©€

Vv + @70 factored leads
Vm * 3,0fatervite loads
. Per g actwr spaecies Bleaster tafpv~tt i
a 4,6 Onif* low (act*tedls
5 3. 1,,sevc od , _|)
A A

-. &.mum me
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4.1 Allowable /SaRKn Stress

4.1.1 concrete boating Strees, Iimitatiotr;shawe imposed by the Act building
rethei v, of both the Supportin concrete and
00@8%%‘% m}ftmg[ load. Whenpr%helm%mber applyin
tohe s conciet Y f  ear. tha the only mcne rn for co ncrete
strength |sthe integrity of the aupWtifil Concrete.

4.1.2 When the supporting concrete lot wider than the loaided sires o' al
the concrete confines the beating Siresanmd reduceg the splittingb tendi ncl es
of the aupporting concrete,  For building col snis the provisionis of the
A1 315 buildin' g Code SectionS 10. 14 and 1110 apply. for all *ther
anchoragtes base plates need only be sited for the shear provisions of
Wtion 11.10 and as outlined bel ow.

4.1.1 Wen the supporting concrete |saflexural winber, then failure (S ei ther
restricted to a tenisile concrete failure ating on a 45-degree line
radiating from the |oaded area for two-way beading or a diagonal

tension failure when one-way bending controls. beartlig to thus

limited by the shear provision of Section 11.10 of the building Coe.

4111 Men bearing stress i o flaxoral slabs or walls exceeds the above.
then the shear relnfor?em nt nat be provided sooutlined 1N
then. the 1P of the  Tiullding Code.

# 1  Theirs are no bearing restrictions at the heads of standard anchor*
Qrovi ed the slinimis ~embdmet requirements Of sectiein N0 aa

omplied with.
4.1.4.1 No bearin% rostfictil 14~be qgiplied to SVeyPtd4-44 ldvih
anchored bars or belts hSS~t 10 shearing forces acting through

a steel plot* affixed to the bar, belt, or stud i oquestion.

4.1.4.2 where owbhor plates aré used on the back surface of concrete, their
only function is to reduce the very hish surface bearing Stress
which would otherwise occur Vider the head of the bolt.” IMe
effective distribution' of stress throu%h the anchor plate IS
approuimetel? twice the Shickaces of the plate beyoud the hed
of the bolt. Anchor plotesay be proportioned by assuaing @
eslaul.  allawab~e miolte  Stress distribution ever this area

4.1 hpvcial reoisidpration should be given to the effect of large, heario;
forces and edge distance as the piropsrtloois Of bast plates.

C11 Were abase pl.9 is iftated Mot the edee of rigid sugppette she-11
low Wif will r*4*ee the rompressiue force 'l to product
failure OWthe 0l 1 0"ab0 beetles areas shoul d be reduend.  TWhe

fellalsg udeuld be Used to deteluioe al100ble bearieg let a €a
son faces "* getine tWed & esmeirto ar et



*G 910 Aoilu~4;?

Oh.

A The sore of reinforcingi Stool uinder the base Plote.

| . The base plati dinenssion parallel to the edge of concrete.

w The base plate dimension perpendicular tO the edge of concrete.

e The distance from the edge of concrete tO the edge of the
bearingS plate.

The total applied compressive load.
hgn the width of concrete Support "Il to loes than 2bw~  change

ltes v..... anife 21- NInth aov equation to bS

41 Wit-tv service load or working stress design is used, the allowable
bearing~ tretsses of section 4.0 should be reduced by 50 percent.

44 Vnr %ld-eved bolts the bearing Stress on the ares projecting post the
%it-vt sh-iol be limitee4 to a mamiuti of 6fc. The sinliain thickness
‘d sw Oc-thang-ingy  plate or washer at the base of the sleeve shall be
_g..0 to'the asuuism overhang.

Jim Van)lfz'),;/gy
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IAULYT) P.I~G1.bCIVIL DESIGN

xi~itis M AWIA RTA W " ADSo-ClL
NOTTONS

The1aisisii  Stress or#& of a single bolt O Anchor.
Al K reldved stresst Me for Imited depth.-R
Al aThe total steel are" relired for anchorage.
ablist area of reinforcingS Steel uinder the base plate.
b a The width of base plate parallel to a concrete edg-e.
i <s The width of slab or well supporting| a bearingl plate.

Ca The shear coefficient applied 0 standard anchors Which accounts.
for effects of cutting edges, threads. and strength factors.

U* The oinissup compressive fOrce expected 10 occur under the base
plate of an anchorage.

d a The nominal diameter of an anchor bolt, bar, or stud.
d The depth or thickness of a slab or well supportings a bearing r.late.

-The perpendic distance from the edge Pf Abase plate ie i
egge pofpguppourlt?rﬁg concrete.

al' sTallowashle average compressive SUeSS (beating pressur’) Ut T

¥ The speified msanai yield strength of steel.
I Te minsimum specified tensile asp~l
I's The thickmisis of concrete slab * av

IThe mini"su. ee6#ded length "reoird to fully develop the tensile
strength Of as anchorage.

11 noret , obi &tns-e from tow renter noranmer &t 11w vid'4 eo
4%tdl Q-1

H*Tht everag'v dimsers~ic of the base plate divided by the depth €f
glob or the thickness of wall.

% The total AMih of belt. soan ancherale.

| © The mosivev  Wlied Compromiesea €84 beee  plot*.

)"



NSOTATI ONS ( Cont i nued)

ralil spacing~of nultiple anchors.

T - The total tensile force | nanachorage as a result of combined
bending and direct load stf@5555.

71 The tensile force In an Individual anchor.
| The maximum tensile force alowed in an lirdividual anchor.
V 0 The total $hear in an anchorage.

Y, WT!}i maxi num & hear value of an individual anchor wi thout edge
(I “effects.

1. 0The shearing force acting on an individual anchor.

w The shearing force acting an any angle W0 from the longitudinal
auls of an Insert.

Vil The shearing force acting along the longitudinal axis of as linsert.

V * The shearing force acting perpendicular to the longitudinal axis
of an Insert.

W+ The bast plate dimension perpendicular to the edge of concrete.
. The width of concrete support.
e The capacity reduction factor. normally takes as 03.for factored Il

load design and 0.55 for service load design. Also ¢sd to
desionat- the map& &$14-  oad.
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"l in Lz Service ia
Solt Site *Vpt.- Lead :oslgn Lod Dig Ilru -cr
14 1-3,12 ).70  0.50 045 0.39
56 1-5116 1.05 0.30 0.65 0.50 3.5 ACCETABLE SEDA"M!
311?71 150 1.5 095 0.60 4.0 Phillips Self-Drill
31l t-17112 2.50 2.0 1.25 1.140!1-Dtl
it2.0 -Q@RO 145 . &06. OACCEPTABLE SPD  ANCHORS
S| B. 0001:. 23512 2-115.5Phil i ps won-Drill
3B14 .4~2.75 3.30 V.5 pawl Steel Drop-in
3/4 3-114 & 3.430.5 jiltt Hol Hugger
() Aloale oateW a -W ~ nly to alKchors %Al ch are to be proof tested In
Occordance. with Standad,4 i on Spesci fi cati oni No. Co-32.
1" ..t~ fAttte  h~vv i degtiin of anchors which are not to be proof tested.

(e)

~ A i mim- rwiffmrs in concrete having a coapre~sslvV ~ strength
Of YMW poi or Nar..

anchors. for self-drilled (SSD) anchors
AlloO1bl oGV Of# fq_l;) F'?y by 10 pet cent. )

the above valueS for

CL
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