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wi-Oct swilstis, 79-020 issed uiarch 1, 1979. identifiled four Sechosi Itess 

associated with pipe Support bast plat*esin soling5 generacste~ anpo5im 

aebhr belts for holders of construction permits sad operatin licams" 

for nuc lear poers plants. the Itin' waer as f.115W: 

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

seiseic category I system as 4sf lied by Regulatory &Aid. 1.29. "'kiSUc 

Design Classification" ftrisios I,, dated August 1973. or as 4sf lead to 

the applicable IM*.  

1. Verify that pipe support base plate flosibility was accounted for 

ton th*e alculatise of sachet belt leeds. is lieu of sulpertiing 

saslysis Justifyiing the assipties of 7181dity, the bse" plat"O 

sou~ld be comsidered flernible If the motif fesed distance betw5Os 

the uSmoot Welded to the plate sad the edget of the bse" plate to 

greater theo twice the thichase5 of the plate. It the bae" plate 

to deteimifl" to be flesible. them recalculate the belt leads Sales 

as appropriaet analyst$s *1gb will accounet for the effects, of 

*sher-temies Interaction, GasmiS edge disaftee. and proper belt 

specieg. Ibis is to be d~eo prior to teatiag of sancher belts.  

1hese calculated belt leads ae referred to hereafter as dhe belt 

odosip leads.  

2. Verify that the aesecrete expansion samher belts ha's the follavioS 

SIS13PA factor of saffsty botwee the belt design lead sand the belt 

viultsat capacity daetalsed free static lead toots WeWI* ace 

belt ussufactuffet -) weic s-imlate the actual eeeditisin of 

Installation, (I.e.* type of Sectaote adits strneth properties): 

a. Per* - wedge s~a" sloe" type sanchet belts. SIA 

b. give - Pot shell type samher belts.  

3. lecribe the designTss reques"t if applicable for sacher belts te 

vithatoold cyclic loadl (etg. sismic leads sad high *vcet eperetiso 

leado).  

4, Verify from existing 10C decostgtiss %bat design' requiramete bae" 

beeni Set foir each sachet belt Is the fsllowiss greass* 

a. Spells loads ha's be"s considered (e.g.. achet belt prelood 

is equal to ON greater theo belt design lead). ISO thewas of 

fihe shelt types assure that It is got is sevte t with the bachk 

of doe #owpes plate Prier to praieod tsting.

b. Speified desipw 
Olsonr Ob0t ¶009,rDUIGINAL



Itfsufficient deumasetatum does Not amiato ehas Initiatie testims 

program that will "sure that a1.1ma 4eeism requirements hav beam 

Imet with respect to suitem a. sad b. abve. A samwlft toechiqe 

Is aceeptable. One acceptable technimue tosto randomly select and 

test "a. asebor belt Is each base plate (0.e0. 1 sowp~ owto MY hew 

more them Mes bass plate). -The test sheuld provide wveificatis of 

subittm 0 and b. above. It the test falsg all ether bolt*sm 

-that base plate should be siaiiorl7 tested. to emy VYT the tot 

'p0oragm, should assure that eah catemat? I fysta will PerfetS Its 

istanded fumetiem.

"we fellevimi V'A lespasse address ing the aetiem 
Che follovimi Part@!

Cemetit $"ePoo" 
5.quayah leapeel 
Vetts gar lospesSe 
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GENERIC aIgSPOSZ 10 NRC-olt NUMLTN 79-02 

&deon item 1 Flesible Plates 

&L-ar-TOM1iDfl Interaction - There tosIs diatiact diff erealc( Is the 

distribution of atross ia transferring load from flexible plat*$ to 

anchore depending eR the method of attachment. to bolted geOrneCtIUSs 

the everaias hole to the plate gOeneally providesSspace for the lateral 

plat* movement needed to accommdate longitudinal plate deflection.  

Wh~en the space between bolt and plate is closed at isstallatift or by 

plate movement the plate transmit$ shear to 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 effectively reducing 

the beadisS stresses Is the bolt which would otherwise be In~duced by the 

rotation of the plate at the asehor. beth plate rotatiem and amchor 

displacemest are exaggerated to the attached sketches In order to clearly 

demonstrate the location and direction of priscipal anchor lea& . to the 

bolted coemect is, MY" is the horizontal ceompoent of the rSwultanft force 

of the plate em the met sod "WS" to the shear Induced Is the bolt due to 

plate movements io enasee of the Installed space between bolt sed plate.  

YS act* em the compression face of the bolt sod cmin 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 essentially as a cantilever and the maimsw plate rotation 

at the sacker cam be expressed as: 

Ukere: "a is the distance from attachment to bolt 
"t" is the plate thickness 
*to" to the beeding stress to the plate 
"Ns to the modulus of elasticity of steel 6 V



Grop-hiegall (got tiv-re 3) It can be sho'B tha rt for (andoin thensl 

eweUi~OdIsplacowt and plate beadift cCDi1r~ o aco esl 

sowrsess) t Ftm rotation of the s.ttadimeft bam to applied inSMOltS will 

stresslythed cm plot. rotation at the anchor. ,t also shoWS S reduced 

oier3.ldjsliceflt(*P vesusAT)and reduced shear in the anchor 

( IVersus ^ BT). It thus appears that for flexible plate's the (bZe 

teAM~l 
ahar an edn te sin the sachor are sore severe odfer 

dliect tenUsi loading than with tadft suo~eted to b ied UD8*t~ 

The embined stress conditioc n 10 Achors ts or 00& P bol to reduc @bearton 

tha inbolted connections becausO there is 1no overusizblet tor tc hea 

Inthean co In maxiula stresses for botb e, ear and tension occur a h 

sowe location as shown on the attached sketch. suts o tensfilue tsswt 

wede atud anchors attached to flexibleptewesonifiu 
1 

They idite eue capacity for plate flexibility Of tic tollowt*' 

12t-e) 

where: "o" is the ahortest distance free the centerlisc of the anchor 

to the edge of the sttacbsent 
"t" is the thicknels of the attedce3t PlAte.  

Similar tesl tet wavnt been perfolued to date with bolted onee

tion; ho e test s conarat peflfce of bolted ccawections and welded 

connections of cgatilever atte -'ents show a uis8tinct difference 'a failure 

tendencies at anchor stresss ap o fc1 rorsi eatedi %bei tas 1119C 

strength rquirewaut when the wngeofrtiC tte aco sis iafl 

due to Plate y~elding, the displa."t of the anchor If sipfe 

faicto? In the ductility of the anchor and it abilty to develop msaxiw 

tensile capacity. Anchors with lanet displacemnlt capaities do mot Wpear 

to be effected by the stress c0*ination(5.dbr411444t 

P Action -prying action is dependent OD ( i) anch) the plaC s 

ry onat the anchor, (3) Plate thick'2*81 MA (. the attached 

2ro) patchor to Gg of at*. yrom the previOc3 Uisce"o n teatce 

fr manc horifl (to~ t3 O ed)e it I ev dent that prying section to mole severe 

Ms t ire ttn sie ( Attacbm t ejt IL th i n e c. fl attackwents It the plate bus 

ben p#repot1 isu athectmens tOw mee nmal ASC alloabiese end the efge 

4lstneis esticte to aproxiatel too pt O late tbick"e5es or two wachor 

disttnce the resryifict# ion Vill be so M AlU as to be i~cmfequeni*i 

the alcuatin of anchor stress- for a givsn ancbor d ciupacefVt. lat 

rtatin candplate mhe $$~s maxl.U' Prying action Is MAsoIatdwt 

spetific ande platae. this dg distance may be varied COOe to two 

wlaeIn otiCISeUhw~r witou sinilcty affectinig Prying owtion.  

C 11regsion Transfer - fte location of the resultant Colt the ofthorcei 

a ceft conecton Controls the resistind wMemi3 usm ofteanh 

Is, ilkI turn, contrelled by base rotation and plate fleuibilitl. Rs 

rotatics is affected Piriffii~lfy by displaCOt of fte anchor ad secMady

ii
4



by pltO fe~iblitY s Xci;ta p at treat.5 emai elastic. If plate 

yiedilC n heCmuq)1ssioI sone precedes anchor iedi;thentecig 

yfraiedin (Is o the 0 ~es5i'e force will shift towardth pr5ie 

of g ai ty COf the a tta lieft If anchor Yielding o Or S'n 'iastic dipl ses et " 

ofC~@ plte aieldiD tha tIf C viii move tovwad the cOre55ive 
@4;. ofg the plGe 

Tbt alculationg (Attaciment 1) for 1ocation o the Plaofthe "tY@55o 

forc assjme the location occurs at the point regrd the p .t iuWtati' 

balances the rotation of the attaCtinent wt o ft ther toanycrete sil 

defomaiOC o te ocrete. (The confined state ofth ocextre ill 

lifomitccpW5
1  eODt5 in the plane of %be atchorWPt ir3l 

&Kauf values an"ca b conservativl poe.  

Ancho Dirpacient .Anchor Oleplacinent is dependen Go strains ins the 

conret ~ ellas In steel and on any slip characteristic& associae 

with a Specific type and size Of exansionanchr In r th e asti stres 

rnethe effective tensile modulus of elasticity ofachsspe t 

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

plastc oriT ,stic concrete strains in the process of settM expa&&ntion 

plsicha or in5 r-l inistallation- Inelastic strains May also oClaTthis 

headmis of bddedbolsa a result of higb installation torques. bi 

pladticity on inelasticity does not effect the elastic diolerloa d n tb 

ploeatieo h anchor under load; however, bteciause a bite la ta 

proerseties lOad ore it aion torque load oust occur before amy additiorAl 

plastic displacelet Of the concrete occurs. owue plati preltoad 

associated with installation does however effect the abort ofermla 

~ailiM in he ystn.All anchor systems e"Mbit aShrteI 

r~insilaion stres lsys of 25 to 30 percent &urin the first &W or two 

flOrMinstallation $rand a08r poezuaent stress loss of approimX~tel 

50 percent. rt uMiseltc oqeo 

The strain characteristics Of the cocrebyte duriM ngtalai tfonrete Ot 

setting of exansion anchors are affected by.hebtanth ofw cc te a 

insalatinthe depth of anchor bead Or exptn"ionmciint below ethe 

surface and the local density of the COncDC4 e ha p ift bols$antd 

of orue erus ncorstress for inbedded boltt, groutdi bolts anrqu 

ofdg bolteesu anctho r isictly different cODcr~tOs clearly show ta oqi 

and anchor lo66 vary eipifiesntly with the coc"eMd nhRtp 

(see fioure 5). vl roaebytqu 

UbeUl.type expnsion anchor& cannot be effectdis'Yplacement byTorquse 

bcuethe Sttactfleft plaste lixutlt the anchor ipauat o hs 

beccors te aLIilodtese prior to serVice :Loading is the 

installation 101's created by settingC the exPpansuion mehflisS There dis, 

tt~,~f~e C it~~'C sratuf in' the load odcIi 1  
Co Iotad1 

placa~@h ~0 lUta.enchorC; how"'.veT the genra leveb- of erinelo 

OW0168le is established to produceelsi sp cna tjB i 

0o1. et .tr wCtb' under service load conditlion.  

POOR ORIGRINAL



When the applied load exceads the imstsll. MWtii gop rVI 1o08lod n h 

aco.then @iirin5r diuplacinineft will Occur' gno atD wt e lorn 

&iplcbr .,t .wV in the nonli nearY range depends mn the tIS o c 

ad strain cafteristics of the concretes 

Sancd sta inch r ct d p1 C re ty a f cts the l -ocatio Of the 00 of the 

Sic pesi O the type of anchor has a direct *f4 c displ cemen ca acty5h 

cl~resint@ 0 pity is galo directlY related to the gslctcpct

of the anchor-eil ?.e raes xMaco 

Dolt pcil Load transfer tbrOu&1 flexible pltensil folango theU antchor 

strsS n te frst line of anchors beyondtetnirfag 
fteatc 

wtent. min cotrhe wit load transfer through rigid Plates which produces 

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

transfer to the second and thir :ijes of anchors deands plat e stiff"S 

of each precedirl line of anchors, the @Pacigo andbocapacitlt prelutesif 

mess. Anchor spacing is limited by anchor depth a Ind 5 iTVA toig precldar 

failure of the Concrete. (see ancborage reiquireaents nTAD~ tandays d 

DS-C6.l for Concrete AnchOrSP5,q Attacbment 2.) A fleidlbe Plate aayi 

of an andborgeC with more thin one line Of tens ile a"chors must balanlce 

-plate deflection at each anchor line with anchor disV'laC4MM* ii 

?%Rg )Iost anchorages have essenltiallyU~Y en 60signd a ii 

Connections .plate flexibility has, generAll) encosidreds ally o the 

exet Of proportioning Plate thicknesses to Beet ASC ite s allnh@5 

The follO~ing Ciupgrisofls have been mus beteen reigidiyc analhssor 

flexible analysis to determine the effect of plathe calcublited load cor 

stress. Plate flexibility has SO influence on g d theaultdleoad o 

anc~ras mb~etedto "enile loading Vithout bendingad h:eoe 

4 fnis Made for MCMMt 0=0ct~S sy

In os caesanchorageS awe standardized to be t(ialfr acticallyo 

dtfferent size sttgceme1nsofvryn cantilever sye spas- weatial 

al*wient connections a"' Of the caa1.5 tye. esions alttbw 

theefre baed Do maxis= loading conditions an mii&(o M ottac r 

sictbeeor be g utlized with the typical arichorag. 
ints orm te 

tize tnor) the coner for uanderestimating anchor load by rigid analYV&i 

should be for 'the Maximn attacbment $siz 0or~spon1dig t i 

anchorage configurat ion.ortedtlain 

if ot ataku eft and anchorag e ares deu1Pnd fr th sae lostii 

If onlth~ &tGhenth stress aliowables in the achorage shouldbbae 

on faltils teelhento thee aittadment. If the anchor has Suffician 

an NUCWS calpacity at utiSt loading then plate fleIbility Vill 

uisVtsredi&tCeapacity and uiltimateLly Increase capacity where %here are 

t' lines Of tensile anchor3 beyoM' the fttsdCI y loig o qa 

anhrtipav ~ 3  t~~h13co anhors, Since 6.51CMa are ba's~i 

on ser &cemloadto actboth litOad alables and not an ultimate capacity.  

fan servie load orfacthred 
lattche require$ that the safety factor of 

the anchors equalsor ISc~eegthat of the attacbhe~3.~ 8 
LAm



plate flexibility Will effect ultimate capacity if the displaaunt capacity 

of he ncorSisnot MffIimit to provide the weIddbase rotation to WO'e 

orthe CG of s th i~s5i force to the outside edge of the plate. 5be3.1-type 

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

anchors, funlevl .1oymiSZt of the attachment requires that Ithe safpetysactor 

foranhorsevice loadinut and factored loading be increased to Cel t 

for the reduced capacity Of tWWI=o~g acbo~rfiti 3is B 0.ltimateFo 

digplaceftat capacity for shell-typ* exPnio Cacor, psa.2itch beous 

this displacement capacity there Is to reduction in swneat caaity becained 

of plate flexibility for anchorages meeting the maxiu' condit' @iln 

in the following table.  

BEL-DMTL :ý"CPJAZSI~IC ANOIOH10 

maximsm Anchor mcmeflts 

Plate service lo"d? lis7 

ThiciOme5s Size SE2 rj.Toa Tig d y7" lexbleCarahiL 
In Tension*Total -igi 

Inches Ithbies Inches z; ips Pip 

1/2 1/2 9 2 16 34.5 25.5 156 

2/ 5/ 0. 53 1.1 239 

5/. 3i 12 102 1 85 68 382 

1ý8 3/4 1e 174' 1A6 786 

1./1 7/8 21 8 259 2146 1167 

*Based on G.32 anchor qualification requirements (Attacbment 3).  

p'Dsed on TYA Design Standard DSC6.1 a3.llavbl@5 (Attacbsa't 2).  

For larger plates a rigid analysis vill overestim8te Capacity of self-drilling 

anchor& u show'n In comparisonl table 2. The anchor d~isplacmen~t capacity 

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

overest1imation of capacity by rigid analysis as sbown In the sme0 CCEPISOM, 

table.  

The use of rigid plate assumptions in the analysis Of flexible plate attach

iments for bending viii generally underestimate load In the anchor under 

service loading conditions 'by as much as 25 percent. Uner factored loads 

the underestimation W11.l generall be tram 15 to 20 percent depending on 

plate size, anchor type, and displacement characteristics. Any tensile 

loadtigi which occur- in conjunctiont with bending viii directly reduce the 

error In calculad~flg anchor load by affecting the net caupressive force 

in the anchoraec and by shiftling the CC of tb* comipressive force towards 

tbe edre of the plate to more ne~arly coincide with the location resulting.  

rro.'t rIK~d p1%te arf=tti~Ujtona. The s*iove nwurljCR5 also do not consider tlie 

allocation of the &hearing force produc ing the bending mouwnt. Using 

fricid plate asswuptionst this shear Is normally divided equally to all 

michora resuitilrC in a direct reduction of the service load or factored 

load silovables. This shear to actually takien by friction In the 

caipressive zone of the anchorage or Is entirely carried by the 

anchort In the compressi~f on ueAe whihMi sip~lic5antly stiffer 

Uha Owe tensile anchors.  

POOR ORIG1!WNL



AS lng s sste caaciieSare is balance It Uffke. very little dif ference 

Aslsso attac tO pe 5capac hthes ancor loads to the Service load Wares 

range are overestimasted of amdereeti5tan by tefecIt5ionsioredispace 

anat, the result is a very small change in syetm elciSo ipa 

mate which are of a magnitude signif icatly loes thap f it up tolerances 

SectesalY 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 will precede anchorage 

failure and provide adequate warning of problem. Ihis balance to assured 

by TWA's standard design allowables. The gas of the relatively SiIMtl 

zlgid plate assumptions appears ta be fully justified considering the 

consequenlces and the many factors affecting anchor loads.  

Action Item 2 "Sbanion~ Anchor factor of Safety 

Design allowable* for expansion 
anchors are specified U TWA's Design~ Standard 

for Concrete Anchorages DS-C6.1 
(Attachmenft 2). Installation and testing 

procedure* for these anchors are specified In TVA's Central CoAMtruction~ 

0-32 for Dolt Anchors Set in Mardosed Concrete (Attactent 3). quaitfication 

tests described in 0o-32 require that all expansion~ anchors (each brand. type 

sand site) be tested to failure in job concrete. It further requires thet the 

concrete for qualification testing be between 3WO sad 400 psi at the time 

of installation and testing. Bach size sand type of expansion achor Sre 

required to meet minimum specified tensile capacities. these capacities are 

based on siniom factors of safety applied to the service loand design allow

ables specified In IDS-C6.l. If anchors of a given site and type fail to 

meet the required capacities, then the design allowables for these achors 

at that project are reduced to maintain the siniom safety factors. For 

service load conditions ainiom factors of safety of 4 and 4.5 are applied 

to wedge-type and shell-type "xpanasion anchors. respectively. 11 increas 

in design allowable& is made for capacities is qualification tasting which 

exceed minimum requireseits and so Increase in design allowable* is made for 

higher strength concrete. Is general. TVA's qualificattoin 
requirtgmt or 

approuimately 10 percent loes 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 slnilom specified.  

A W0percest Increase In stress allovables is provided for factored leand 

design which incorporates different mualtiplication factors (individual 

safety factors) on each type of loading for 
various couinastioss of leads.  

Individual load factors are 
principally based on probability 

of occurreaCe 

and accuracy of prediction. 
This iacrease is stress allowable* 

for unusual 

loading coaditioss or loading 
combination* is consistent 

with all cede 

approaches.



Sysan efect tcot"oled by nezla -~b lod. eCycl of 

-100* at lower than Intalaio loa levels Will We uzU yt 

4sf ect. Sst enfection will tma. to iUreW* on cycliaS at 

maxia ~ load &Ws to creep fatfigo of camrt* ors b10 

M azoni e an rhor e m o t ion. A t load a ,q al to s o d a = ft IP l a u l 

tzed q el5t o be ,ain i t oi l ziii deflectic" for tbo usand 

2 biloa y l s. l e i l t ote soe toU be b in afic il e i n Cy c ic testi ft 

of laorad byas ~ti~i6qiC in tranafetlM r aS 9 reWT5""a to 

the anchors. oU Mn me lw" n exd 

Andbor bolts owe mot subject 
of t0515 h l ij5~ eia 

vibrtid so isfatigue failn" a likely probim bec~ause f 

relatively UMv VxeT of cycles ia~Yd of anecho bltGsip.~ Iii~ 

t be r efo r es sa m sp e cifi ed f o r m i i 'e l o ad i n C na5 a n d f abtlts .  

Bolts are subject to 100501131 under high f equsUC vibrati gdftige 

failure is 4 ependent entirely .s the leVel of load variati@S. Ifth 

resiihalload in the .bcor reSUlting frc installatico torqube aiefedsh 

the m =xl vibrattion load then sowillc t 5 h 

due tovbrtd an 30 osUwing of the bolt Or fatigue failure wl 

o c c u rtyo e ~ i o n gn c h o r s C O M b e e f f e c t iv e l y p y cralO S d b y t o " "1 

adtOrqulS of the abort A307 comedt5 otsee o ih 

aeurnd~ s a result in failure of the installgtimn bolts. lb0thi 

rea5C"athe tihtni" of these anchors Is restrict'ad to /i& tuz" bayod 

finger tM ight bftbese wahlS e to be subject to vibration thea a 

positive mans of fasten is 1 requiredi to Prevent oSiM 

A minl3'u torque is raqaired for intnstalatD of aLl Vwdg type expansion 

anchorS.s 

Action Ite it . 1.-Process Testi, Of Exiw- 50 "onOT 

Ds-rocess testing of Wazpmio anchorS is @pecified is TWA General 

C~ltructiol Specification No. G-32 *tic bas U"~ in force since 

Cosep~ e 92 et frIusc ispecified in terms of lot givess 

gaibv.1 r~ aq 2 matiM.i fr teq e of 1 ae t for lot $ c onisi ti ngl Of less 

tSDI vanchos trom a u mn rat* Of 5 percent Of the lot ele o1 lt 

cotdiali 53015o to a 60 ~chors. For shell-tW~ anchor' a pull test 

proof load of 1.5 times the MuAIr-~seiiddsP'fcol 
odi 

rewired. ro load testing Of shell anchors Is required Prior to 

requf aired . orO a t an ott. F i ire by 5l p1'r PIs Cu~ t o occ ur if 

kLthe gage on th Of df~dvc slae drop, off or lack of advance

matof load while the anchor is bei51 strained to Wh pcfe ro 

load. V*ede bolt anchors awe tested by t-orqu o 1f ta W~D 

installation torques were applied.  

55SL0pOOR ORIGINAL



u131 ~~~~~~~~~ ~ 6ta~S~i-7s 1 1nm5Is erntl@11d 

by ~ ~ ~ ~ l ha te 318f 
ots to ib tw@ UsS~at 

~l~lbl l s otf~ mp 131iptsw t olt .m tiolM b it tI' 

oof ~sz bl o b oitt 
Iflsti.  
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1.11 ukW1R aI 

1.3 lI'Ii standard Igoverns the dapign of steel componenlts which transmit 

forces. to conctet*. Wherever possible ductility of the anchorage to 

assured by limiti1ng capacities such that the failure machanize will be 

iontrolled by the properties of the steel rather than concrete. When 

capacities are limited by the tensile strength of the concrete, a working 

load safety factor of at least four Is used.  

1.1.1 Where loads are limited by the properties of the steel, applicable 

provisioiL5 of the AISC Specificationls and Coementaty are used.  

Where loads are limited by properties of the concrete, applicable 

provisions of the ACI Standard Buildinlg Code are used. Anchorages 

to concrete have som peculiarities which differ from the 
usual 

design provisions of either standard.  

)..~ All concrete anchorages are single-shear 
connections Involving shear 

transfer through relatively large plates whose dimensions are controlled 

by bending stresses. whereas the usual steel connection Is a double

shear connection Involving shear transfer through relatively amall 

plates aimed for tensile loading. The effect of "long" and "short" 

connections and "single" or "double" 
shear on the shear strength of 

bolts is discussed In the AISC Commentery. Research testing by TVA 

confirmw the A15C Commentary recommetdatione for short,* single-shear 

connections.  

1.1.1 Rearing provisions of the AC! Building Code or* concerned with bear

IRA restrictions on exterior concrete surfaces. Research testing 

clearly demonstrate$ those restrictions 
should not apply to bearing 

stresses at the angbedded heads of anchor bolts.  

1.1 Bolts with heads or auts, or @tailar etuds or bars, mbedded io the 

comcrot* uben the concrete Is placed. 
or grouted lato holes drilled 

In hardened concrete, are termed standard anichors. Anchors, uhich are 

rapanded laterally against the sides of a hole drilled in hardened 

concrete are termed expansion anchors. Design load provisions of 

thiostatandard 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-serts. Provisions of this standard apply only to the 

insect types listed in section2...I MA POOR ORIGIN AL 
TIsM design standard was prepared by C11i's PAD) staff lit coordinatioa with 

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

or aliterd for a given Project by written' instructions froe 
the asgifteer 

to char$e.  

UNCONTR OLLE
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Censeva II 

1.2.1 for standard anchors the heads of etude and bolts provide full anchorage 

in the concrete equal to the tensile capacity of the bolt or etude 

provided the limitations for the combined effects of spacing. embedment 

depths, and cover (or edge distances) are not 
sxcee6,id. libere plain 

sit deformed bare are used, equivalent anchorage 
may be accomplished 

.by threading the end of the bar and using a standard nut of equal 

jPr higher strength steel. Threading of £615 bars Is limited to bars 

u( 40,000 psi yield strength. Plain bars of A449 steel my be threaded 

irrespective of yield strength.  

1.2.? Anchorages for expansion anchors end concrete Inserts are limited by 

anhor size 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.. In accordance with their ability 
to transmit the 

comhined shear and tensile load& as herein described.  

1.1.1 In compression members, prestressed michorages. 
or anchorages with 

8 substantial minimum compression sone, shearing forces my be 

mi~nsmitted through friction (see section 2.2) or 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 used at 

the embedded 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.  

1 .5 The basic procedure for design Is: (1) determine the total orea of 

bolts, bets, or studs required for a given configuration of anchor 

In Accordance with section 2.0. (2) determine the embedment require

04ntu to limit the tonsils stresses in the concrete In accordance with 

lir& t Ion 1.0, (3) check bearing stress an the concrete surface is 

44 4 Ordat't9 with section 41.1 mind (4) in the cast of flexural memers.  

,l1cut sisear in the concreite.  

1.5.1 11vaign by this standard may be made under either workingu stress design 

uriteri.. or siltimate strength doesign criteria by svic of an appropriate 

0 (.&cot ie'r no a herrin di-sCcribed. loaW fac1,01rs and loadings ,emmbinatir'ns.  

0#11 1110. In ultimate strength (or fartored lead) desistn ore specified Ity 

site viontrollifl, rrsde ur project design rriteria.  

J.01 Wht rminat ton of IVmbedded Steel -Are 

3.1 Uainsg conventional "straight line" theory for distribution of stress 

snJ 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 

agi44shni), amd limiting bearing stresses as herein prescribed.



2.1.1 Determinle the resultant tensile load (T) in the o~chorage and the 

reuultat't compressive force (CF) under the base Plate which Ort 

required to n1ýpence the imposed loads.  

2... If the total shear load (V) acting In Conjunction 
with the ImpoGed 

S bending and direct loads is equal to Or 1ess than 0.5 Cf for the shear 

planps between steel and concrete or 0.25 Cy for the shear plane between 

two steel plates, no additional anchorage steel other than that required 

for tensile loads Is required for shear.  

.~.I It the total shear load Is greater than described above, determine tlit 

total area of embedded steel required 
for cosibined tension and shear 

In accordance with &actions 2.3.1, 2.3.2. 
or 2.3.3.  

?.1.1 Standard Anchors 

2.1.1.1 The total area of steel required for combined tension 
and shear.  

A CV + T 
at of 

where: 

A t The total area of steel required. [The area of steel @hall 

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

of the Appendix) anid the full cross-sectional ares of welded 

bars and studs.) 

T a The total tensil# load lin the anchorage as a result of 

combined bending and direct load stresses.  

V 9 The total shear load.  

7f y a 7e sininiaia yield strength of the steel.  

7f - 3) kal for A307 bolts.  

7f a 44 kal for welded stud anchors (headed).  

0 a 0.90, where V and T represent ultimate or factored loading 

condi tions.  

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

C a 1.10 for embedded plates with the exposed surface of the 

steel plate coincidental with the concrete surface.  

C e LIS~ for plates with recessed arout pods with the contact 

sort"# of the plate coincidental with the concrete 
surface.  

POOR CoQW!111 0AL
Opt



I- I.S0 for plats$ faStened to hardened concrete with bolts 

preloaded to yield.  

u a; * .ts for plate, supported on a1 pad 
of grout Or Mortar viih 

the contact surf ace of the plate exterior 
to the concrete ,R 

surface.  

2.3.1.2 Whsere shear Is directed toward an edge. consult 
section 3.3 for 

designf requirements.  

1. 1.1.1 keqtitilronts for Tightening Standard bolts 

114. fulloving ro'guIr5emets for t0ghteningl bolts shall be specified 

imdr~evings whorer applicable.  

0.) 1k) stan4ard bolted connections shall be tightened less than 

"esnug tight." For bolts larger than 5/S-inch diameter, "snugt 

tight" Is herein described as the tightness attained by a few 

Impacts 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 1/4-turn-of-the-nut after finger tightening 

ur after the surfaces of attachment plate and concrete are in 

contact.  

(is) All standard bolted connactiofl5 
subject to vibrating loads 

shall be preloaded to yield by an additional 2/).-turfD'of

the-nut after an Initial tightening as described in (a).  

Where this cannot be accomplished, some positive wants of 

fa,~tening the out must be devised.  

2.1.1.1- Sleeved connections must be completely filled with grout or R 

Mirtar prior to Installation of the attachmnt.  

J. I.? I.Ppi~naior Anchorsa 

2.1.2.41 iwra~gn Of expansion anchors is herein limited to the design values 

.,,l 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 "shell" anchors 

sit. further divided into self-drilling and predrilled types. The 

an~hof type and site oust be specified to' accordane. with IRI 

116.. evolgisfff In dcharge 9.11 authoriai the woe of other type% of 

.10,11f Ou f r 001041f.1141111'% lithoof titan 1110'64 I Isiri In tithf'S it mill Ill.  

10166V gI III, liswt- *'I111 si 410tvt Kw ptif'm" In dwrisfetifl.'n cWith' 

A%I% 1 4Ana-?. svilst,;. 4iontrs'tr ai~ft."thoNla titan 4101k Pati art 

masse Ition 4 iimwe low service load tkoign values of tables 11 @ad
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Jr.2i~pans~ioI shell anchors typically fail the concrete in teniioni 

bet'aR' i te rlaivelY shallow anchor d the, but failure by 

slpDyocu tapproximately the same loadiungL.d-l~tO 

measurements indicate a progressive splittings of the c~nflsrtO 

atlong~ the failure cone.  

vpapansion wedge bolt anchors typically fail by anchor sliP. The 

pullout force ts essantially resisted by steel-@U5OtO6 
friction 

of the restraiWnin~ wedge. 
The resultant wedge pressure 

creates 

tensile stresses In the concrete, and anchor slip 
Is the 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' a function of the location of the wedge 

with respect to the concrete surface. R 

Tables 11 and III provide the allovables for tension (T) and shear 

(Vo) for both factored load and service load design. for anchors 

spaced farther &I-art than the minimum spacing 
given, use the 

tabular values for To In 
applying section ?.I. Tor anchors spaced 

4LIO,'f than the minimum&, determine I. 
in accordance with section 

' ..  

Foi.'. hr combined loanding determine the tensile load (TI) In ecah 

Individuall atitor under ,section 2.1 and distribute shehar to rail, 

anchor (VI) by: 

VI . To-Iti 

xVi t V 

I' W.' here shear is directed toward an edge consult section 3.3 for 

design requirements.  

d.I.'~*Requireents for Tightening 
Expansioni Anchor bolts 

Trhe following~ r~quirsmnts for tightening expansion bolts shall be 

specified on the drawings.  

(a) All bolt connections to "shall" type =penision anchor* shall be 

tightened by 1,A-turfre-of-th*ut after finger tightening orfl 

after the surfaces of the attachment plate and concrete 
of# 

in contact.  

(b) All shell type expansion anchors subject to vibratit* loads 

must be tightened as above and provided with a positive inaa4 

to prevent loosening by vibration.  

cc) All wedse type expansionl anchors shall be torqu~ed within 
the 

range of valves specified in table IIl 
unless tests performed 

en project concrete establish a sore desiralble raage of values 

for gostrollifg def lections under service lead effdittissO.  

POOR OR! I!LM~l;;
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2.1.2.5 Requitweefits for Testing an~d Designation of Expansion AnchOVs 

2.1 .1. S.1 Designatio n ift o * s a l b U e Fis l g n 
: The folloing letter dosglt~l 

hl eue ndig n 

In specifications to identify 
the required anchor type. They 

are given in~ the order of descending strength requir@UIts- Any 

anchor type of higher strength requirements may be used 1n Place 

of a lower strength requirement anchor without consulting the InR 
engineer.  

we Wedge Dolt Anchor 

S51) Expansion Shall Anchor (self-drilling type) 

srrn Expansion Shell Anchor (predrilled 
type) 

r.A Unspecified type 

2.1... Testing 

(a) In nuclear plant Category 
I structures all expansion anchors 

designated SSD and SD shall require proof load testing In 

accordance with General Construction 
Specification No. 0r-32.  

(b) In nuclear plant Category 
I structures, expansion anchors 

designated VS shall be tested in accordance with General 

Construction Specification No. 0-32. The I~nstallation R 

shall be considered Satisfactory If lift-off (turn-of-the

not) does not occur at the minimum torque specified In 

table 1ll.  

(C) Anchor designation EA 
shall only be given to "approved" 

anchors whose design loads 
do not exceed 2/3 of the minimum 

allowable values of table 11. Proof testing is nt required 

of anchors designated a &A Irrespective of location.  

1. t-ownerte Inserts 

2.3.1.0 Design of concrete Inserts herein designated as 'standardr" aply 

only to continuous Inserts of "ljnistfut' 
series P 3300 Channel I 

of its equivalent.  

1*si0n of concrete Inserts herein designated as "heavy-duty" aPply I 

only to continuous ilseteot OfJ"nistrut" series channel P 1000 

with M/- by i-inch 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.  

~*).)1 Failure is limited by either the Steel properties Of the connecting 

bots of by %be steel properties of the Wdif 
led N"nIotlut" except 

for slip resistance @j 9hearig& force* acting along th e 1.nitV4i04 

ascof the Umstrut #asoel 
AIs 

got %



?. 1.11.1 T e dmsl1 Of "standard"' inserts is limited to One single It-iih' 

bolt connection per foot of channel length.  

Fair combined tensile and shear forces use the allowable tensile 

valouia (To,) as Riven below in applying section 2.1 and determine 

the number of 1/2-inch connecting bolts (Nb) by: 

irV 0 

1... Tens~ile loading io hlmted by the strength of the channel "lip" for 

i~ingly or _doubiCe bolt comWectiotn5 of 1/2-inch bolts preloaded to a' 

winimiaP torque of 50 foot-pounds.  

T' P h ips/bolt for service loads 

T 0 3.6 kips/bolt for factored loads 

1. ;*.1 .1 Tensile loading is limited by 
the strength of the 12-gauge metal at 

the "stud" connection for muti le bolt connections of 3 or more 

1/2-tinch preloaded bolts at 3Inch + spacing.  

T 5 hips/foot of channel for service loads 

T0 h ips/foot of channel for factored loads 

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

bolt tn a transverse direction to the longitudinal saie of the 

channel.  

V 1 2 hips/bolt for service loads 

V O 3.6 hips/bolt for factored loads 

2.1..3.5Shear loading Is limited by the slp resistance of the pieloaded 

connecting bolts in the longitudinal direction of the channel.  

"OIL I k ip/bolt for service loads 

VII 1.N hip/bMlt (fo factored loads 

1.1 .~3.41 West .wsale6 .64111 s wit ~7Any #110 "V r, tran n IsinghtudIluat #late. 4.1 

V CI 2 kips/bolt for Service load 

& 1*' .6 kips/bolt for factored leads 

VIIA WIL
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2. 1. j.? ItequiV'W'fll for TighteningS oIts i e 

The' following~ requiremenlts for tighteninfg bolts @hall be sPecfidI 

ad the drawings. tgtndb 

1All connecting bolts for concrete inserts shall be 
ihgdb 

it minimum torque load of WO-foot pounds or until 
a distinct 

yricdingP of the lip is detected by decreased resistance to the 

applied torque.  

1.11lkIhto-iUInflOton Of Embedment 3*gUirl@l~tt 

I .1l .11 .entIlard AnCho~ot 

wlatotS embedmenft lengths of bolts and bars shall be based an develop

1I1n. 1.2% times the minl.pu required ultimate tensile Gtruftith Of the 

rphed'Jdv steel by assuming an allowable uniform concrete tenileII stress 

of 1. rica ctingo a projected area bounded by the intersection of 

I,'wde~IrrC lines radiating from the heads of the bolts or anchor* with 

tIm.. aurfaces of the concrete (see figure 4). When the concrete area 

bi-yuttlt the outside perimeter of the bolts Is limited, the full tensile 

r.6pis.'tY o'f the anichorage say be developed In concen~trically located, 

futi v developed reinforcing steel of equal capacity. Wadr so conditionis 

,4..aI the lop distance between the bolt head and the mechanlical anchorage 

or the returni leg of the reinforcing bars be les" than the ~eOd~ftfk 

le~ngth requfe5ts for the belts without an edge condition (seotR 

nue te-n0ule strength oif concrete In a slab or wall Is limited by the 

SIIbIWA o the concrete and the out-to'0%Il dimensions of the anchors.  

it Aa044erree lines extendingl from the beads of exterior anchOrs toward 

110.rw f*"prsion face do nt intellect within the eascrete. theft the 

*.g1. 1~ ISV* at5 fees are t limited aShownto i figure S.  

I.. 7. hest @m1@dment requirements may alSO be applied to grouted-to bolts 

" log either sanded Portland cement or epoxy trouts. provided the 

drilled hole is approximately 2 times the belt diameter "id the sides 

$$I thet bole have been roughened and cleaned prior to agt~tir..  

1.1.1 1;,,r bolts or ancheith spaced further *part than 16 aector diameter*, tOr 

minlwa embedmeat length (Id) can be determined conservatively by the 

em) * li 

9mbedded length (inches "Vual to of $raster oftn e 

- -~~ &&er*IC O W5 1

am&&



a 0 bolt disamter (Inch**).  

a * he minmu ultimate tensile strength of teacosi a 

st corresponding to specification requiremets.  

3.L2 for bolts of rancors spced closer together then 16 bolt diesetirs.  
the restralining tensile "eutomitats of the concretOe of section 3.1 

will control the minimus embedwmnt length. For £36 steel end 3MO 

Psi strength concrete. figures 1 thru 3 of the appendix provide a 

quick method for determining anchor requiroents. Figure 1 is based 

gon the Condition' that so nchors 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 is located 3 diamters from a 

concrete edge. figure 3 Is bas'd on the condition of tvo perpendicular 

lines of anchors located 3 diameter$ 
from respective adgs&.  

in using figures 1 thru 3 the total number Of tension anchors 

is 7i 

(a) For higher strength steel. multiply the required embedment Ld of 

figures I thru 3 by W l 

(b) For hilher strength concrete, multiply the reuired amedeset Ld 

of f igures I Orou I by -PF 

(c) Iwe embedment *,quirsep~t ior edge distencts IV" lose than Ld 
but grfaster than 3d can be determined Cemaevattwll bY 

laterpolatle".  

wh*)~ en the anchors mat be located closer t Oe the 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 may be assumed as 114 of the sechsr capacity. Suctility cannot 

be assured without ,eimfercment (so" figure 7). #10 an alterma6ti the 

.. 4.ld strength so be used is d~esig mey be restritted to the following 
?--

AA 

\r c kd
ra I At 

it 0 i 
1,114 VARIOUS "acing of $two a rF %g 

6 atsed4rd length of Opprozinately 
1.1.4.1 stud anchors M owns te 119 anchorages. Unit, the 

a go's tied diewors VMS P4 for as 
ultimate tomello otfw*tb of ibe tied sad*n to appfolks"tely 

equal " SMI of An Ot"If Nowes, I On 3 ess, be us" to limit She 

GWU* of 0111or amste &rib sivise of double fttb oods dwre 

ggisds art welded as ego". %I a WARUM 4MM4901 OfO Of 10-M 

sorrespo"W 8161WAR to 16"W of sted diesels" 

... Us Ug.1go"" 112e (I

I
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s..t he rd directly from the figures for a &Ivan SUisher Of Otuds (the 

1110"ef of ptuds "ni" should be determined as proscribed tos ection' 3.1.2).  

F~or concrete stret'gthS other that' 3m Pai the siftiSol spacing can be 

piihiaifled by multiplying& the above spacinig by 1,a.  

3.2 Ia;~isntof Anchors 
- Ab Ai et% of

II' In~twatit' f te cn~rto tonsil* failure angle varies 

711..lItdli ftion eofdmet depthsa less then' 6 inches. for etpfs~'anchors 

sIm.4-im11 fourI orevn faldept *frdruiningS the concrete tensile 

4.106 tilt is riven' below correspon~dingB to dept of inemt'the foailr Is 

-.611.' will be bounded by the concrete surface at Aihtelods 

.s~~~~~q'I~~~ t.d ,db n ntretn aea urfaces or failure surfaces 

,is1.1 1,1c~l-rift anchors. Tensile stresses it' the ccrted shol be *SSSfor 

*.4,1114T" nCW?1 this projected area and *hall be lisite to .4/ifr 

Imietisged loads and 1.5 /f~T for service loads. When eaptI nI anchors 

At,I Kisaced closer that' the specified minism"' Of tables It or III. thoe 

14t6 ltimiting tensile anchorage load must be calculated us98 teabv 

cierIt 41I.
1R 

fie ZP * 1.1 Ed 

k.1* ii1i~tan'*.t we Sister StronrtI'

I

V 

V m

* O170 f. ~~~ actored leads 

* 3.0fa ,,~otervite loads

it., Per g actWr spaecies
Bleaster tafpv~ 

L ;t i

a 4,6 On If* low (act*ted1s 

*i 3. tj,,sevc od

-. &.mum me

t. .1Theful i~rngth of bolts, bars. Or studs in shear cart be utIliAed 

lisnth I mearIelt edg ditanct'i"i great*r than 1.25 times the 

,. 1~iI'. emb~i set.." for full tensile 4evelopsot Of stadr 

~ Is'. r ~rtethan' 10 diameters for expansilon aschors.  

m~1.25 Ld 

I. 2 W..r ,sei~r Is directed toward an OWg located lamw than sOwe.  

944111 fent reinfocfnmt must be provided to develop thbe eintire 

,.Iwi~iS 6 trte end located to istermet the planie of potential 

lallurt (see fIgull 8). Limit the inawim00 allowable @hear 

Its elhe Anche?5 auth that: 

01, t.'tr it" 101416s srarialt (f) lee'k t~han eke distance oe

4

r -'QJ1 -!) ;.iJV.J ý

IL



A.1) siin hof IM IStaBs 

4.1 Allowable ISoaRKn Stress 

4.1.1 concrete boat ing strees, limitations awe imposed by the Act building 

* Coe t enuretheintgrity of both the Supporting concrete and 

Coet Ssf the cocet tme trnsmitting load. When the momber applying 
tohe s concrete IN M Y f ea -r. th an the only mcne rn for co ncrete 

strength Is the integrity of the aupW ftifil Concrete.  

4.1.2 Whlen the supporting concrete lot wider than the loaided sires Of' Oll 

the concrete confines the beating 
siresanmd reduce& the splittingb 

tendincles 

of the aupporting concrete. For building colsmis the provisionis of the 

ACI 315 buildin'g Code SectionS 10. 14 and 11.10 apply. for all *ther 

anchoragtes base plates need only be sited for the shear provisions of 

Wetion 11.10 and as outlined below.  

4.1.1 When the supporting concrete Is 
a flexural winber, then failure 

ts either 

restricted to a tenisile concrete failure ating on a 45-degree line 

radiating f rom the loaded 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.  

4.1.1.1 Mhen bearing stress io flaxoral slabs or walls exceeds the above.  

then the shear reinforcement nat be provided sooutlined In 

Section 11.11 of the lluilding Code.  

4*.1. Theirs are no bearing restrictions at the heads of standard anchor* 

provided the slinimis ~embdmet requirements of sectiein 3%0 aa 

complied with.  

4.1.4.1 No bearing rostfictil 14~ be qiplied to SVeýPtd4-44 ldvih 

anchored bars or belts hSS~t to shearing forces acting through 

a steel plot* affixed to the bar, belt, or stud io question.  

4.1.4.2 where owbhor plates are used on the back surface of concrete, their 

only func tion is to reduce the very hiSh surface bearing stress 

which would otherwise occur vider the head of the bolt. IMe 

effective distribution' of stress through the anchor plate is 

approuimetel? twice the Shickaoes of the plate beyoud the hed 

of the bolt. Anchor plotesay be proportioned by assuaing a 

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.  

C.1.1 Were a base p1.9 is iftated Mot the edee of rigid sugppette she-11

low Wif will r*4*ee the rompresslue force "11ui9e to product 

failure 0Wthe 0llo"ab0 beetles areas should be reduend. TWhe 

fellalsg udeuld be Used to deteluioe al100ble bearie& let a ea 

son faces "* getine tWed a esmeirto aret



*G 910 .1 AoilU~4;? 

Oh. vIt 

A The. sore of reinforcingi Stool uinder the base Plote.  

I. The base plati dimens5ion 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.  

hugin the width of concrete support "II " to loes than 2bw~ change 

ltes v..... anife 1- 2 l Inth aov equation to bS

When -i-W w to less than *9 siodify the above equation by Oeftr 

4.1 Whit-tv service load or working stress design is used, the allowable 

be.aring~ tretsses of section 4.0 should be reduced by 50 percent.  

4.4 Vnr %1d-eved bolts the bearing Stress on the ares projecting post the 

%it-.vt sh-i0l be limitee4 to a marniuti of 6fc. The sinlia'in thickness 

.d 99w oe~rhang~ingU plate or washer at the base of the sleeve shall be 

.. g...0 to' the asuuism overhang.

.13"'

-. 0 
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IAULrT) P.I~G1.bCIVIL DESIGN 

1xi~iti8 M AWIA 
RTA W "A IDSo-C11.  

NOTTONS 

The:11 t.risisil stress or#& of a single bolt Of Anchor.  

Al K reldved stress1 Mre for Im~ited depth.-R 

AI aThe total steel are" reUired for anchorage.  

ab list area of reinforcingS steel uinder the base plate.  

b a The width of base plate parallel to a concrete edg~e.  

is s The width of slab or well supportingI a bearingl plate.  

C a The shear coefficient applied to standard anchors which accounts.  

for effects of cutting edges, threads. and 
strength factors.  

U* The oinissup compressive force expected to 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.1ate.  

-The perpendicular distance from the edge Pf A base plate ie' ii'.  

edge of Pupporting concrete.  

aI' sTe allowashle average compressive stress (beating pressur') ust-, r 

VI Y The speified misamiati yield strength of steel.  

I Te minsimum specified tensile asp~I 

Is The thickmisis of concrete slab * av 

. IThe mini"su ee6#ded length "reoird to fully develop the tensile 

strength of as anchorage.  

11 noret o ,diat *ims-e f rom tiow renter n on an .mer sit * 11w vid.'4 eo 

4 $tell f*. 0-1.  

H*Tbt everag'v dimsers~iC of the base plate divided by the depth ef 

glob or the thickness of wall.  

% The total AMIub of belt. s toan ancherale.  

Is 0 The mosiivew Wlied Compromiesea en4 so baee plot*.

.1)"

h

I



NSOTATIONS (Continued) 

_r alil spacing~ of multiple anchors.  

T - The total tensile force In anachorage as a result of combined 

bending and direct load stf@5555.  

71 The tensile force In an Individual anchor.  

I The maximum tensile force allowed in an Iirdividual anchor.  

V 0 The total $hear in an anchorage.  

V1  V W Thie maximum &hear value of an individual anchor without edge 
(I effects.  

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

V A The shearing force acting an any angle V0 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 U 

of an Insert.  

W * The bast plate dimension perpendicular to the edge of concrete.  

I,..a The width of concrete support.  

e The capacity reduction factor. normally takes as 03. for factored II 

load design and 0.55 for service load design. Also esd to 

desionat- the map& "P4- eslI oad.
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t. L 1

"I in Lz Service ia 

Solt Site *Vpt.- Lead :oslgn Lod Dig I.Iru -cr 

14 1-3,12 ). 70 0.50 0.45 0.39 .  

5,6 1-5116 1.05 0.30 0.65 0.50 3.5 ACCETABLE SED A"M! 

31 11?1 150 1.5 0.95 0.60 4.0 Phillips Self-Drill 

311 t-17112 2.50 2.0 1.25 1.l40l-Dtl 
it? -01 2.0 220 145 .&O5.0ACCEPTABLE SPD ANCHOR.  

SIB -1512 3.0001.95 2-115.5Phillips won-Drill 

31 314 .4~2.75 3.30 V'.5 pawl Steel Drop-in 

3/4 3-114 &.3.430 4 0.5 jiltt Hol Hugger 

:(a) Alloa le a~e ode W a, -w ~ nly to a1Kchors %Aich are to be proof 
tested In 

Occordance, with Standad,4 ion Spescificationi No. Co-32.  

1:..t~-httd .1the h~vv i degtiin of anchors which are not to be proof tested.  

~- A. mI mlm~ rwiffmrs in concrete having a coapre~ssIV strength

Of YMW poi or Nar..  

(e) Allo01bl lMaW 1004 Of# fpr P 
the above valueS for To "y

anchors. for self-drilled (SSD) anchors 
by .10 pet cent.

CL 
0

S



tAL 1 04 

WEDGE~~~S SOTDSC;DI

6

Sell ~ in. 'ti 'q ~faVctor ed Ser ,.lc e V~n n T orquei 

Si o Le~ ~' D p h M o.I 
t to d I) e S Load tre; ifl sp aci ng or~ 

Sil WVt in. ft.-Ibs 
Kin. ý Max.  

0 .9' 0 .8 
1 - !' 1.60 

0.50 3.0 5 t0 

316 3 li 1-3l' 7S 1.45 1.90 0.90 1.20 4.0 is 30 

311 3- ji2 2-111. 71- 1 1 .35 3.20 2.10 2.00 5.0 40 60 

516 S- 1 3- 1/4 71 8/ 4 0 4.60 2.75 3.00 7.0 70 100 

Sle S-6 &-1/&/i 6 6.65 4.20 4.15 8.5 120 1 SO 

1 9 7 1 10.70 6.30 6.70 95 2. 6 

-l'12 9 1-3/4 15.60 8.20 9.75 1. 0 

inI () eph ncst@4to the bottw anwchor.  

( 1) L oD ept b o tSqec a e e ulg! th icke r att ach ment s must be Color coded for iden tity.  

(3) Huai pr e ti io th teett actU#1nt after nt~etaletiI on should not e~iceed 

counra~heinSa mnimW~ oumtEive Stt@Wilth Of 3000 Pole 1A.  

1'(.,Alovebl* boeds are based on~ ij 

phllijpS Wedge Anchotr ~IP0 

RalsudPl
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9 10 11

%t'AIIWCr of IIPAr'r AWCWORq 
VIa.V DISTANCE a * t%81.39

F igure I

5 6 7 1
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STRESS AIREA

PLAN
BASE CW DJ.CIOAGE' 

SECTION 

TENSILE LOADING

9MFT m CA. --- "' 
(Ld 100Lz 

PLAN SECTION 

COMBINED SMEAR AND TENSION 
EDGE EFFECTS 

AN04WOtAr~V P14 tuvy c(W' 
ISTAILS

floor# 16

sri 4,,



*11
* EFFECTIVE PRESS

PLAN

EFFECTIVE $f TRESS 
AREA

-2th)

EFFECTIVE $TRESS AREA

EFFECTIVE STRESS AREA

A-A

*;lol AR IiA Oi ,ulrTlflhFO 1.1NItyrr Mm~l ( 

Lg uB V VII UTA R.AfhN(. ARIA Of TKl AKI0BK1 

MUEL

flw"V 5



Fb ut

SECT"O SECTION SECTION 

Poww" e C
ft"Come

PLAN 
Flour* 4 

(ftf. soct. 1.1.0)

PLAN 
fisgwv 7 

fee(. sect. 3.1.31

PLAN 
Flour* 8




