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ABSTRACT, 

MOMEttT.,- lŒSISTANT CONNECTIONS ,IN PRECiS'! .. COfiCRETE 

Emile Langlois 
Master Engineeri'ng Department of Civil Engineering 

Tests are performed on two commercially available column-to-

base connection arrangem.ents. The st'nl'Ctura-l char.acter1:stics .o:f both 

systems are, presente~d',~±n: ,the",'form of'moment-TOtation curves. A me-thod 

by which these conmreti'ons"can be :used in a practical design problem 

i s proposed. 

One type 'Ofmometl't-resistant beam-to-column connection 

for precast concrete isdeveloped and" te'sted in the laboratoryo The 

structural characteristics of three different sizesof' prototypes 

using the samearrangem:ent are present-ed in'theform:of'moment ... rotation 

curves. The'applicabi'1ity to deai:gnof these connections is ,Qutlined 

through a brie! theoretical studyo 
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CHAPTER l - INTRODUCTION 

1.1- Introduction 

For the past few ye&rs, the North American inqustry of' 

preeast 'cou'cre-te1ia-s m:aoDqllisàed a great step.fomrdo "Especia1.17 
. 'Î 

in Canada,...oèue te)" i t s elimat.e, th-e" lI&1t''Of prêtal:lricat.d uni t s has 

spread wi.de-ly,o 'This" ra.th8.r. 8U44en ex~i'oa: a.s e~pl'aine-cl by the 

fact that the c~p'ice of prefabricated reintorce'd concrete members 
if:': 

as the structural material results in appreciable economy in certain 

types of builùings~ 

Alcrng wi~"~'spread of a building material through the 

spheres of construction, design--pro"cedures and erection techniques 

pertaining to this. materia.l.must be 4~velopeù si-multaneously, in order 

to insure sate' and"'e'conomi-cal StTUctU"S •. 

One· of tae"most' intricat"e' -and mostdifficult problems artsing 

in both -design"an-dconstruction of pre-castconcrete is the joining up 

of the elem-ents... Unt'il nov the development of connections ha& been 

carried out: by" 'engin-eers' and contractors in many countries strictly 

to meet ,the needS"':of" a part1cular' structure 0 , Thi:s devel-o:pment work 

included afew t-est's', usually desi-gned-,to"check the 'adeq,uacy of a 

specific 'arrangement: :subjecte-d t'o, a- parti--cular s1-st.em of .forces. 

But nov that the -precast concrete industry is undergoing.expansion, 

more pre:cise de,sigu ,standards must' beesta'-bl.ished. It is recognized 

that only a, systematic stu~y of the most common types of connections 
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can provi-de--the-:exhaustive test data _n-eeded to develop general design 

methodso 

In preca:st -reinfor.ce-d concrete frames, the structural behavior 

depends largely on techniques of joining th~ individual memberso On 

this contin-ent", until re-cently, thejotnt-s-used -have be-en -of" a simple 

type, prov1ùi-ng little -or -nooth-el' cont-t-nui ty than that developed by 

bond and -fri-cti-OIl" Th-e-:-evtdemre--of"cata:stTophi'c failures of structures 

1 exhibi ted-in -the- -ea-rthquakein-Anchorage - -pointa -out the -clear need f'or 

moment rigid connectionso. 

l, 2 - PurAA"se __ af_ _I-nve'si'gati:en_ 

A research program was -initiated at McGill University during 

the summer of 1967 ta dealwith the prob1ems- pertaining to the development 

of various moment-resistant -conne"Ctions between pre-cast concret'S membe~s. 

The objects of this study -are tel: - Investigaote the -moment-resistant 

propertie-s of some cmnmer--eial1y avai'lable co1umn-to-base-connections, 

2g - Design a suitable moment-reststant beam-t"O-co1umn connection and 

study Hs struct'ura1 characteri-sttcs, bymeans of a laboratory studyo 

Two- dif'fe-rent coiumn-to-bSiS-e -and -f'i-ve :beam-to-column- full-scale 

prototypes are test'ed to f'a"ilure o The:-fixity prol'e-rties o1'-a11 -the 

arrangement15-are o pre:serrt-ed -in -the form of moment--rotation curveso A 

compari sOIJ of- the ·-actual-:':m.omen't:.-t:ransmi1ited --t~ t he-et:mne'ct ion -wi th 

the u1timate resistingmoment of the connected me~ber is alwJ giveno 
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CHAPTER II ~ ~~iVIOUS WORK. 

\thti:e -"1'IUIIlerou~ ·~t~ùi.o:e.15- 'cm' -~ ... rt:8i"d···eontre ct i ons in 'St e\l 

have been repoTte'd- i:n:·'the :pa.-st,:th-er li'terature survey on -preca-st 

con.cre te joints' Y'l:e'~d-B ·f·ew:'p&;.pe'l"So 

E:berbS:C'h2. repoTtS'nln.·re·sml..:ts····o-f';·t'e-sti·ng· 'S'qua'" ,( 6'"x6'"') '. 

columns. whe-r:e- _the·s,teel.base, plate --.thiclmen is used as test vari"s'ble. 

Lafraugh. ami~ ·lrIagJn!a3, . .rapcmt:·ou :an· .. ext.ensi ve labO'l"atory study of base 

bolts and thè' rat.io· o-t.·M/Po 
4 Birkeland -and Birkeland di&cus's the. design . 

and use of the tlkni'fe .. c.onnectiontl in the Washington State University 

dormitories. T'hi-s---type .. of.". 'joint conslst essentially of one embeùded 

steel pla.te pro1iru'di-ng from. .. ~th'e end, of.. the" beam and of two similar plates 

of bolts. No test· data is"'rep'ort-ed' • 

. -:HU'lme'S' atl'ct:·.B'Ond!pre"Sent.. a. iab-orat ory stlIdyou·-tne:' st ru-ct'Ural 

behavior of sixc:ancre-te-. columns .whe-r..eload" i·:s-'applmd'J;hrol1·gh· e. 

which cause tlm:ri:~e cracking: of th-e---column,by 'analogy withthe'B·razi:lian 

test of concrete cylinliers. "'. 

In re-spanse to the 'nee-ù" expre:ssed' _by . the"':memhers.: ~. ·the 

Prestress~d, Concre.te Institute. regarding,.studies in. the. ares: of 
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connection'S.,·-a.-spe:cial Tce:ehn:i-cal.· Commit.t-e.e 'on'join-ts vas ini.ti-ated ·in .. 

January 1961. A compreh:enaive liat of .the·mO"st 'oommon connec.tions in 

precast-prestressedcon.cr.e..t:e. .wa-s·e:o·ll::ecte·dand··pu-blisheù -as' "Connec.tions 

Details for Pre'cast - Pr.estressed Coner.ete Buildings" ... 
6 

The details, 

applicableto.·.bl1i1:ùi.ngs: onlyar.e dtrt-.~d in<to.t'.our .:.categoT:ie.s,':a:s:.fo:l.lows-: . 

column-base, be:am~to-col.um.n, beam-to-girders and bearing vall o However, 

no report on.t'h.-e.:aet.ua-l~,:t.e.st.j,:ng otan,; of thea.e. conne-ctions is giYS40 

-The' ACl; - AS:CE:'cQlJmI.it:tee .. 5J.:2:gi'Ve-s·su'ggestions for·the -desi"gn 

of conne.ctt·.otllFbetn:en.:::p1!eca·!5t concrete 'members' in: "Suggested Design 

• 7 of Joints and: .. Conne.c,ti:.ons.:,in Prec:aet Structural Conere"" o 'The' Tepart 

presen~s me.thO'ds byvhi.ch ... j.oints in precs:st concrete construction May 

be designedo' No _·te.-st .. data--'.is . give!1.. Connecti:on'.:detail:s .. mO.st .:CDlDlD'Dn· 

in current. Canaciian:,practice are' coriipiled in the "CPCI HandbDok"o.8 

Characteriatics '.of: .. aa:ch.connection,:ar,e ... described an'd design guidelines 

are presenttSd.lI0· ex~rlmentai' data is 'presen'tedo 

Thl's surve.y points.- out the scarcity' of test data· on moment-
",,,' 

resistant CODJl;e ct·i DUS in precast struc.t:ural cDncreteo In an e'ffoTt-· to 

particip&t.~·t·D.the. 'deve-lopm-ent of' ·this f'ield, the present work 'aims at 

providing sOllle': ex:pe:rime.ntai. i:nf"ormatiollon tlihe· .. structuralbehaviDr of 

some moment-rigid joint prDtotypeso . 
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. CRAPTER III" - SCOPE. OF WORK~ 

'3 •. 1 - Re·guirem.tmt:a ~a.f .. c.onn:e.c:U-on.. Dasign . 

. . ... , 
rne' ~~·si·gn."or 'cmm:e:c:tions inpre'c&ôt concrete is usually based 

on the following' desi-rabl.e requirements: 

a) Ease o.r fabri.catian. ... and .. m1nimiZing .of t.o.tal ere-ction 
cost·S'; (labourand,:equipment,) o· 

b) Ec.o!ï~m,;ht~ilat,etialo., 

c) Sat i~ti..aU.:Qf:~'Ep8c1f.ieJ'd...: d:1me.nsi.onaL. t D~e:œnce·s 0,' 

d) Speed'of 'e-rectiono 

e) Eliminat-i-on"O'f cast-'in-place concrete such that 
heate.d.e.ncloaures are omitted, during winter 
concretingo 

'Many p-reoa;s:t· concret.e manufacturera believe thatthere is 

generall.,.:.iit.t,il.-e.·,er ·uO.·:apprecl..able· .saving 'o-f materials involved in pre-
1 

casting re-i:nf:orced concr.ete'.be8J1lS. and:colman·s·;anyprofi t obtai-nab-l.e 
. ,. 

: 1 : 

must therefo-r8':b.e· 'rea.:l.i7;ad 'on the formwork and labour ;·precasting ia 
" ..... : 

justified whe.n,theove:ral.~ aClat of cas·ting, transportation, erection 

and joining;'is:,:a.:t!lssthan .. th.e.costof~. casting. ,the membersin .plaoe or 

In, the. light:.·o,t:.the:Sll.;:.r.aqui:r:,e.men:ta,·. a.·,f'e.w ty.Pe:s.: .. af _.c.o~nections in 
. . ~ . , 

precast reinforced coner.et.e will .. b.e studi.e.d. 

'3.,2 -. Types of. Connections. Studj.ed _ 

a) Column-t:o,..'base 

i) Fqi. ty.a·t the base 

~ .. In .. iaGBl!l.ers1:aù.andre:s-iden·t'ial" build±ngs·,,;c.pa:rt-i-t·ions and. 

extetior .valls ar.efrequently o~itted in the first story to permit 
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an open ground 1"'ioorfor parkingand.other facil1ties. A somewhat 

similar 'si'tua:ti'on:' ar.i.s~&~ in'indu'St:rial bui'ldings 'or in buildings of 

considera'ble.~.l'Dgth;:wher;e. i.l1":general. noin'terior 'Cross 'wallsor bracing 

are feasibl'e:·.· .. ln. 'such, e'i:rcumstancesthe ... ·pro·blem of lateral stabil1ty 

becomes pre·doDiinu;.t .... 

. One. cur.renUy uSlt.d "&f'ot .. o.v:er cOIIling . thi s:di t'fi cult y i s' t O' 

fix thecolQmlls·to ·the·lx. foundations 'such that the-y will resi-et -the 

overturning moment:s.p.roduced. :by.the .lateral loe;d's. 

Th~re e.xi:.st's .. ·.ma.ny col.umn~.to-baae joint arrangements capable 

of transf-erring.momellts ..... Types that require si te concreting or: bolt1..n.g 

are used, . .depending, 0J1 various . local condi.tions. Trui "packet.type" 

conne ct i on, wh i'ch ·.::requi.r.e s .. ca'st -in-place con crete. hasbeensuccessfully 

used in the. 'pa-st.:.and.:i:.s.mo.st.ly. sui:table for' miid weather conditions •. 

Howeverwhen conc.re.ti.ng:.has .. to boe carr1ed' out 'during winter, as 1s 

of heated ·e.nclostlTes:-::,i's.·pr.eferre:do . Th1s'requiremellt· 'is ~'Sily me·t by· 

us1ng a bolte·d. conne:ction. Furthe.r ad:vant'ages offered by this arrangement 

are reasonab:ly.low·.labo:r· c·a·sta, e.conomy,·. of material,· speedof·ere·ct·ion 
Pl/H.ltl , 

and an unr..e-stri.ct.e.d u'Sabi:1it74i ·.,lU,umbiZIg .. 1s gre'atlyfaci'li tated by means 

of level'ling' nut·s .s.im.i.iar. t.othose often used in' ste'el cO.nstruction. 

Grouting. at the..basel., if. necessary, .may be postponed to .summer Ume. 

ii') Descr..i.ption of . .:the .. conne.etions 

The: conneet.1ons studi:ed in this thesis have been obtained 

tram Francon. of Canada.L1m1ted; they represent two of the types used 
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by this firm:.. Th-eco.lumn is designed aS .pa:rto:f msingle story 

multi-bay industrial building fo.llQ;wtng. the' ACI 9 llnd NBC10 cO.de 

recommenda:tion:s.. Thtt·· eorme-etors' at the base are (iimension~d so as .. . ·,t 

to resi st'the stresse.~ produeed by an eccentrically applied ultimate 

load of 165 Kipso 

The' two connecti.ons di.fferin the arrangemen·t of the base o' 

Type 1; shown in Figure l, has cast-in hardware at the four corners. 

Each corner bar.iswelded to its Tespective box. The .co.lumn i's 

fastened to·the "base by anchor·. bolt s projectinglnto "the"cr.oss sectional 

artla of the columno The hardware openings are' then .. grouted toobtain 

a smooth surfaceo. Type II, shown i.n Figure 2,. hashardware in the form 

of brackets,' prajecting. oU.t.wardso· Each bracket isi..:'telded to an anchor 
~ 

bar and the whole: arrangeuLe.nt. is em.bediie.d in the c.orner of the' .calumn, 

ES shown. in F.igt1re 20" Detail·s'ot'· 'the' rei·nforcement·" an.d·' of the bfLse' 

hardware embedmentare presented .in Figut.e-s. 3 p 4and.-5~ 

. b) Beam-to-c.ol:wnn..· 

i) Reasons.ofor .rigi.d. c.onnèct.ions 

Wh-ile varie.us moment-resistant column-base systems are 

commerciaJ..lyanilable..,. the·re. 'ex-ist few arrangements for beam-to,..column. 

carried.:allGl!'g:.th:e;·;:l:q:ea:l..·'P.r. .. ea.st:· ... aoncr.et.e· fabri-cat.or.s in t.he Montreal 

area revealed. that .... presently t'here exi.st .onlya.. few .. prac.ti.cal .. ways of 
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connecti"ng beams and columns such that reasonablecontinuity is 

achieved. Both the PCI booklet on connection details
6 

and the CPCI 

8 Handbook present a co'llection of joint arrangements which can ·sui t a 

variety of needs. Types most currently used in single and multi-story 

buildings are fully describedo The designer·dealing with a connection 

problem refers to 'ei ther pUblications and selects the arrangement that 

sui ts his situation. In most joint arrangements, however, sho·ring of 

the beams and cast-.i.n~place eoncre·tehave to be used. The elimination 

of these two c~stly operations motivates on the search for better 

arrangements. 

On the whole, the increasing demand for pre cast reinforced 

conerete'in' the'met-ropolitansurroundings and the fulfilment of various 

design requi-rem:en.t:s.:aecen-tuat.e the need 'for mOTe rational joining systems' 

between beauts.and colues... Moreover, the faet that Montreal is classif!i:ed-

in the mos·t·highly ra,t:e.d: earthquake intensity zone (No. ;) clearly 

just ifiest·he:im.po<rt.a.n.c:e."of-·obtaining momen·t-re sist ing eonnect ions. 

Th~'sca'I'city of- i:nfonIls.t·ion·.··pert·aining· .. to this field 'has con-

vinced the cone-rete resear.eh ·team .01' .McGill Univer-sÏ't-y to concent.rate 

their effo-rt."S <ln. -:the -dev.e--lopment ·and study' of some typical beam-to-

column joint arrangements •. 

ii) Description of the connection 

Past exper.ience hasshown that among ·the afore-mentioned 

requirement. relating to connections in precast concrete,ease of 
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erection'and structural conttnuity are the two chief conflicting 

requirement·s of the joint·s between beams and columns. Furthermore, 

it is often' de.siredthat .. co·ntinu1ty be achi'eved without reCOU"I'se to 

cast-in-place concrete so as to eliminatethe need for heated enclosures 

during the winter.' 

The crane time is the controlling item ",hen estimating the 

erection' cost·o· The.refore the' connecti.on must be suchas to . l'errai t the· 

crane to be fre-e:d 'immediately' afte,r the -beamis placed. Thisrequiremfilît 

is met by p1'"aviding st'eel angle's cast. i.nto ·the ·column.The angles act 

as erect·i:on 'seata for' th-e· ··beams. :The 's-t"-abil:i tl'" :dunnge-rection":i s 

provided bl" bolts ",hi ch ··dono·t have: 'any influence'on··the stren'gth o·f 

the connectioBo Onoethe beam· ha-s b:eense·tonthe .seatang·le.s and ·the 

bol t s ti-ght·-elle.d, '.the crane .. i.6 f'reedand:' can l'-roceed' fU'I'ther. Cont inuit y 

",i thout recourse to cast-in~place concrete is 'obtained 'bl" site weldin·g. 

Fixity on the" tension'sideis"madepossibl'e bl" 'sit'e weld-ing a leose 

plate to' hardwEtT.e· embedde.d,·;inthe beam.andin 'the f'ace of the column. 

In the com-pres-si'oft· Z'one 9 theconnection is f"ast'ened' by site welding 

together' thepi~' cast· in thebe-amand ·thee-recti·on angle in the 

column. This summary- d'escription of' the outside J'art of the connection 

is detailed on Figure fi. 

Hi) Interaal arrangement 

. The,. ·internalanchartng 'd'evi'ce at' the"'rmnuect-ionmust. 'be 

propor.tioned and. arr.ang.ed. such· that i t can resi st the loads transferred 
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by the out-si-de haTdware'o Type' B-Cl~, whicl1 was first tested, ha:d bars 

welded to the anc'hor plates and extenùing longitudinally in the section 

of the beam." The laboTa:t'oTy inve-stigat'ion ~eveal-eù that the in ternal 

arrangement' was insu-f-ficient and theTef'ore was subsequently modified 

until te,st'i"ng- 'Sho"weù'1;hat"an"'adequate~anchori'ng system had been' obtained; 

a satisfa,ct;ory' d:e'sign 'was achieved aft'erthethird,·trial, wi th 'J)roto-

type B-Cl:e.',T-lœ,'&:e-e:e:s:sive;'moùi:fi"cKtillD:s '~' t'he connection arrange-

ments are' illustpate:d in'Figure-s 7 - 130 

At'the sme"t"ime"a bri'ef study 'was made to 'examine the 

adverse effe'ctsbrought'ai)out by,-the welding. 

iv) 'Problems of welding 

In the light of~revious work on the damage due to welding 

11' 12 
of pre ca'st c'onur.e':t:e unit s" ' " an "invest'1gat'i'Dn was' carri'ed on three 

cubes wi th cas1ï ... 'in .. steel plates. Each cube was subjecte,d to various 

degrees of ftl1i-i-Bg~osure. Ultrasonic pUlse tests were then performed 

on each, inorder. to dete'ct any structural' dama~'-due to the heat 

developed b.y t,he welding. the l."esults obtail!ed indi-ca-1i-edtbat.-no 

harmful ~cracks,. de.ve-lo'ped in the specimens and that the struct,ural 

properties of the cOLlcrete were for all l'racMcal purposes', unal tered. 

This study is de.tailed in Appendix C. 

, Wi-thin the weldiug test program,- tensile tests were conducted 

on a num.b.e,ra! No .. 6,'deformed xeipforcing bars subjected to variable:. 

exposures of weld~ng .. , The results showed that the welded bars had an 
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ultimate .. strl;l.,in equal to approximately 65~ of the plain ones. No 

apparent difference-s be,tween the yield or ul timate stresses were 

noticed. Stress-stnnuicurVeS and structural- p-roperties of the 
• 

specimens are -presented in AppendixD. 

This- conclu:credthe tir st st'ep of the beam-to-column con-

nection inv.est.igat.i'on_-:p.rogram..;. Attention 'was now turned to the study 

of the other possible' arrangements. 

v) Alt-enxat.e. po,ssibil.i ty~ .' 

Having obtain-ed a sui table arrangement where welding 1s 

the means thr:ough:.whi-..ctr c-ontinui:ty'-isachieved, efforts were oriente-d' 

towards the -devel"opment- of a system where bolts could be used as 

fasteners. A thorou-ghs.tudy of this alternate system was performed 

and many p-o'S'Si:bl:.e. __ arrangements were discussed. For instance i t was 

intende.d. t.o- ma-btte:iu-:"the dimensions of the sect"ions unchanged; 1 t was 

hoped that 8.., suitable connectionusing bo:l,ts could be obtained and an 

interesting comparison between the two different arrangements be 

established. However 'the use of bolts as fast.eners inc'onnect'ions 

between such prismatic members present serious'problems; fi~ally this 

approach was shown tobe impractical and was then rejected for the 

following reasonsf 

a) First, as the dimensions of the sections were unchanged, 

i t was found ·'that. ·the distance. be-tween the 'verlicalface of beam to 

the edge of the column was too smalL to allow the elements to be 
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connected by boltsac:earding--to the specifications of the Canàdian 

, 13 
Standards Associatio. relating to edge di'st'ances' for fast-en~rso 

FurthermoR; -even'-t'he-' mimmumdistanoe' -pr()vidffd, would not allow 'the 

impact wrench~t:o'f'iTJl'1:y 'gr±"p'"tire ilead'Of -thebolt. 

'b') . '5e'COlld,"tife--l-ottàs' Enrting' at ···t'he- conne'C"t'ion 'had tobe 

resistedby 'a':'oumbeT of "1:" diameter bolts which extended beyond the 

leg of these-at . angle •. 

c)Th1'rd,' the: f'ace':of ·"the" column which lies on' the -tension 

side of the ·cunne.ct'i'on·. ha-s' to' be' iree 'of pro'j'ect ing hardware such 

that the-beammaY'be'inserted'freelyo 

This study'points out the practical i.mpossibili-tl' of using 

bolts as fastene'rs in b'eam-"to-column connections. In the light of 

vestigat'ed for ·smaller. ... loe:d-so Twomore' prototyp-es, BC-2 and BC-3 

vere desi-gneù "and:'t:este.d;.The~·-·de'Scr'i-pti"On·a.udthe··desi'gn. 'Ùetails 

The:expe-ri1Jl1!Jrrtalsetup and bu;trumentati-on 'u-sed--aTe nov 

discussed in detail. 
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CHAPTER IV·- EXPERIMENTAL WORK 

a) Design ·and .. F.abr.ication of Test Specimen, 

The" colmm··:Yas-designedas a typi-cal interior compression 

member of a standard 40·":-0" x 40'-0" (eachway) building frame. A 15 

inch x 12 inch se'ction' reinf'oTceùw1·th four No. 10 bars vas selected. 

To aocomoda1i.e::the·:"c:l:ea:rance-:o'f the' te-st'ingmachi'-ne, an overall height 

of 4'-01l! was' -chosen;.. Ttte'."clJnfigurati.on 'of $. -typical te'st'specimen 

is shown in Figures:~J.' 2 and 3::. The corbel bracket through which 
1 ~. \ 

load was ·applied"·was similar for both speciml!n-s. Its design W8:S based 

14 upon the findi1!g:!r o-f' ano;t·her stlldy. The main reinforcelllentwas 

identical f-ar< 'b'o-t:h"'s~'Cimens<> The hardware eharacterizing the base 

was designed suuh-·'t'lrat·-'it' -re·sists .. the·stresse~ produced by the ult'imate 

eccentric load·. acting.nn.the· ·column. Design recommendations of the 

ACI 9 and NBClOcodeswere' followed. 

The" two' PTotot-ypes were' fabricat'e'd at the Francon precast 

concrete" fact-o"ry, ïI1rl'1rg'-tire . f-oi.1:owi:rrg material 'spec-tfi cation~: 

i) Concrete 

Normal Type I Portland cement. 

f'~ = 4500 psi at 28 days. 
c 

Maximum siz~' aggregat~ = 3/4ilinch. 

Slump = 4 to 5 inches. 
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11) Reinforcing steel' 

Deformed Intermediate Grade. 

fy ~,50000 psi (nominal), 

The two specimens were cast in steel forms and cured unde~' 

a plastic coveTf'or 'three"day-so They-wre then' stored in a moist room 

for twentydays.,,,Et'fter'wbicq. they -were delivered to the structural 

laboratory-o. 

b) ,ksnmblxQ'f 'CODnllCt1-0J1S 

Foundations for the two specimens consisted in two sec:rtiOlls 

of standard "be:alllScolUlected together as shown -on Figures 4 and 5., Due 

to the high load,'applied:, the webs were' st'iffene'd in the fa-shion 

indicated.Each alreh~'1"bolt was'then we-lded along one stiff'ening 

plate throu'gh'out the.: daptho'f"the web...: After the 'bolts" vere welded 

on, the tworreams'we?e aligned and attached together~ 

The e&lumns were then set over the anchor bolts and were 

plumbed by adjuBti'ng' the' ieve'lling nuts. The nuts on the anchor bol te 

inside thest:eel po'elœt"lJ"were:·'ti-ghtened 'sueh'as' ta "f'Ï'rmly 'at-tach the 

column to the' beam' supporto A' nCJrI-shrink grout" vas uRd 'as 'S:' 'rre'a'Ftng 

pad between thebed,~ plat:e' and,;·the' base of thecolumn', This commel'ciall:y 

available grout (brand nam,e,::' Embeco) complete'ly' f'i'lled 't-he's-ps:'ce"betwe'en 

the footing and the column base. At the same time, the recesses in 

~y-pe l were, filled with the' 'same mix in' order ta obtain a smooth 

surface. The p~d was cured for at least four days prior to testing, 
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Compression t-est' carried on three 3" x 6" grout cylinders at the day 

of testing- 'showeù that t'he desired ft (5000 psi) was obtained. 
c 

c) Instrumentation 'and t,estsetup, 

Two'SR-4 ele'Ct'rical 'Strain 'gage-s ve're glued'on the bol t s of 

the tensi'on si'de fn 'o'rder t-o have "a continuous reco'rd 'of'their 

elongation. 'Tn1sat,t'empt' was unsuccessful due to the deterioration 

of the gage-s.. 'It 1s believed' that the grouting operat-ion,' although 

performed wi'th' m:et'tculou's"'care-,' has damaged most'of strain 'gages and 

rendered them'ift(Jl1el'"tive, even though these were waterproo'fed. 

, Horizontal, displacement s of the specimens were measured at 

four locations on' the tension" side ,of t,he column by dial gages that 

had readings of 1/1000 inch. Gages No. 1 and No. 2, 'respectively 

situated'at 4 ,tn'Che'sand 24' tnohes.: from the column top' gave a oon-

tinuous record of'tbe.,deflected shape. of the column, under increasing 

load. Gages No. 3 an'd No. 4' 'both situated at 8 inches from the grout 

pad recorded;' the: deflections u'se'd to compute the rotations of the 

connection. Gage'No .. 5 indicated auy vertical-movement of the 

supporting beams wh::il.e! No .. ,6 detected an,. transversal def'lecUons. 

A typical,arrangeBlent'of ·the dial gages is shown in Figure 20'. 

It was also. of interest toknow how, .the hardwarewould 

deform under" increaeing loads. Type 1 was provided, vi th reference 

points on 'each af the upper and 'lCl:wer plate:s. form:ing the pocket; 

readings were recorded from these punchmarks by means of spacers, at 
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'e 

every load increment. For' type II, typical with its projecting 

brackets, no other informati.on than the moment-rota':ion charact-eristics 
1I~ 

were obtained •. 

d) Test Procedure 

Atypicaltest se.tup is shownin Figure 33. The specimen ls 

located dire-ctly beneaththe Ba.ldwin-Limahydraulic testing machine 

and is accuratelYPOsltioned so as.to get the proper eccentricity. In 

order to prevent restraint of the column by the loading head of the 

press, a· 4' inche=s·:ro~ler-plate -was.'_.:placedbetwe-en ·theheadand a 2 inch 

x l inch flat resting 'on -the corbel. 

Prior te -any application .. of'. load, all dtal gages were zeroed. 

Subsequent application amiremoval .. of.a 4 kips load·was exerted on the 

specimen·after·which all.the.gages:.we-r.e set back to ini·t'ial readingo. 

Load was. th en applieè. in incremen.ts .of 10 kips 'up to··failure. Ateach 

incI'emeat, . the press maintained theload-while data was collected .... 

During that constant load interval., all readings were recorded and 

cracks, if any, were located. 

In bath cases the column fa'iled at a load greater than the 

ultimate design value of 165 kips. The failure mode was one of direct 

shear of the corbel,. 'accompanied by severe 'deterioration of the 

connection hardware. 

4.2 ' Beam-to~Column Connection 

al Design. and Fabrication .of Test Specimen 

In this case the loads used for the design of the elements 
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v~re computed from a typ1cal interior panel of a hotel floor. The 

span of the'beams vere 25 feet 0 inches, and t!1e distance center to 

center of beams .. is 18 fe.e.t 0 1nches. The calculated total ultimate 

10ad of 4' .. 48 ,kips per .. lin~ar foot acting 011 t'he beam deve10ped a 

maximum negative "mome.nt '''of' 200'''ki-ps .-ft. "and' 'a"-maxillLum shearforee 

of 50 kips. Us~ng a mé.ximum.st.ee.l:ratio of 0.18, r'''e" arid~iththe 
, 'f 

aid of design'graphs" a, 12 111. Je 18. 5 ·i~. beam' efflcti ve section 

reinforeed. il1 ,'tension ,vi th '4' Bo. 8i ,bars was selecte~. To support 

the 10ads'tral'lSlllt:tte,d.: by', the, b'eama;at the sto'ry' considered', ,a 16 

ip. x 16 i:ll. co lWllll " seeti'on" retnforeed' vi th"a No.' 8' vas found to' 

be adequat.'.' "Af:ter' the' dimell'S'iol11ng'of" t'he piec-esvaseompleted, 

the design ·of':th.e conneeting. eleaRts "vas" initiated. 

, The pro por,t ioning ,of the, eonne'cting ptece's and the:, design 

of veld$ were achi.:eved: by' u'Sing:,:,the, current methodsof structural 

st eel d~gn.,.", 'the, nitest: spe.ei'fi 'Cat i'Ons; of 'the Canà~:tan, Standards 

Assoc1atioll:l' v~r.efo1.10we'd. Fillally the tensile·.and compressive 

forces ill'dueed' 'by ·the:, moment ,at', th!, 'conn~ction veYe" transmitted 

from the'C'cnsne,eti'll'g,.sha~es: ,through "welds 'int'o 'th-e anchor' bars 

embedded ".1.0Jlgj:,tudiually' in "the 'be.a:ar. ThQe,an:ehnrbars vere' designed 

t~ resist"'bothtension and,.,bofld'" ae,cording to the ACn code9 recom-
1 ; • 

mendatioll1l.' , H-avi'D·g,~,completed',~the'.;design of, thee'l:elllents and t'he ' 

dimensioning ',of"the:var1:ous 'conne:c.t;1ng" pie-ces"of thi"s firs·t proto-

type, B-,Cla.," drawtngs :were'isBue'd, f'Or" f'ab'rication.: Fi'gures 6 to 11 

detail the, ,~ou·s"camp.onea:1;'S,'"and:' show the typi~al dimensions of 
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this first seri".e-sof specimens. As i t va's- menti'Oftedl!s:rlien', the 

first experimental resul ts" in'dicated' that further test s were 

requ1.red,:"in,' oxder t',o 'iDlpr,ove . the' o:rigina-l design. The early 

develop1ll1!'nt.,,:'of.'cr.acks,follo.wed'.by::premature 'fai'lure of the' right 

beam lead ... t.o ... the significartt. modifications noticed in the seè,ond , " 

model, proto.type B .. Clb. Test results obtained fram' thls seu.o.nd 

test revea~e·cl.~':that. :'mO"r,~· 're-preseatative t-1gures should be obtained. 

Finally, wi~h·'f;ff,w'mi!lo.r', de-sigJl'mod1f1catioBs, p!"atotypeB-Clc was 

fabricat.e.c1:aud,,:tes.ted.:., Figures:12and 1; illustrate' t:he ,.m.o'dified 

arrangements. of pratotypes'B-ClbandB-Clc •. The moment-ro·taUon 

curve obtaineù: for., the. th'ird"speca:menshows 't'bat a sat"is:factory 

arrangement:"'h:ad. 'bBe-D' obtaine-d"'arul, .ful':t-herstudi'es, on ot'her proto-

types we.re' 'plarmede 'fwo'~ ,addit"ional prototypes using' the 'same 

welded a:rrangemeBt."·'bu',t:--,designed"to r,erist small-er 'loadswe'I'e. 'tested. 

Prototype, B-C2' 'ias pro,partioned"to resis,t ,an'ultimate bènding moment 

of 100 k,-ft. anda. shear': fer.:ce ~of '25 kips. Prot'otype B-C'3 hadan 

ultimate"'mollent'"ttanst-e:r .capacityof 50'r.,...,ft. 'and could, re:sist· a 

shear force of 12.5 ki-ps; 'Both, prototypes ,are described in detail 

on Figures '14·to 19. 

It· 1s' w'orth'menti'oning thkt thes~e column stub,' was 
'L 

u~ed for:, :the testing::'of 'thefirst' three specimen-s, B-Cla.,~Cl~ 

and B-Cl'e·. NOll:e"'ot' the'oonnectin-g parts. vere seriously .. rlamaged 

through~t·, thi:sserie'S"of, test ;itcan' there1'ore he. :sa:id::that the 

connection arrangement .in ,the col..wnn adequat.;ly traneferred the 

. 
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ultimate· design1oad. A co1umn stub having the same dimensions and . 

hardware arrangement was used for connection B-C2; in this case, 

however, nq stiffener was provided for the seat angle. Prototype 

B-C; used a column. with.the. same connecti.on arrangement but was of a 

smaller sca1e •. In brie.f~ none of the three co1umn stub.s underwent 

serious' det1trioration:mrdertheapplied. loads. From a practica1 

standpoint, the hard-ware arrangement, in the co1umn was fu11y satisfactory. 

The concrete' .used . in a1l .be.ams and co1umns was made wi th type 

III Portland Cement and .,/4 inch maximum size aggregate. The steel 

specifications were the: same as .f.or .. the column-base specimens. Prot.o

type B-Cla was entirely.fabricated in the structural laboratory, while 

the steel cages and the various hardware components for the remaining 

four were ordered from a local welding shop. Al1 tlst specimens were 

cast in plywood forms and.cured undera polyethylene sheet for 8;: period 

of 6 to 1days, after which they were removed for assembly. '-

b) Assembly of connections 

The column stub was set in a vertical .posi tion and the beams 

were positioned on the erection seats. After the beams were pro:perly 

aligned the erection 'bo1ts were tightened a.nd.the welding pérformed. 

The fastening operation being completed, -the specimen cou1d then be 

turned over in the testing position and hauled under the hydraulic 

press where the instrumentation was performed. 
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c) InstrÜInentation and test setut> 

i r .Lavel Bars 

_ -ThTee i-dentical leve-lbanr were use-d- f--or measuring the 

def1ections of the specimen uri-der 1oad. Bach one consisted of a 

6 inch vial. leveL.mounted on. an aluminum channet 20 inchee long. They--·· 

were designed so that 1/1000 inch mechanical-dia-l gagas could be 

attached to one end, while the other end was the'fixed:-point about 

which this 20 inch channel rotated. These level bars were fixed to 

the column stub and on the center line ·of the beam in the-position 

shown on Figured 21. From- the-aeasured-deflecU-Ons, rotation of the 

beams relative to the column .stub were computed to ~b~in moment-rotation 

curves •. 

ii) Dial Gages· 

Mechanical· type dia1 . gages- were mounted on the center line 

of the beams wi th the plungeT' of the :«1al-8 in contact with t-he column 

face· (Dial Gages 4, 5, 6 and- 7, Figure-- 21). The readings trom tliese 

gages were also used to llbt:aitrt'he-rotat1-On of the--beam-s, relative to 

the column. Gage No. 8 was·used t-O detect any·lateral movement that 

may have occurTe-d. '-Continuous record of the ve-rt'ical deflection was 

obtained wi th DCDT·'-s and a. 320 Dual Channel Recorder coupled wi th a 

Harrison DC Power Supply (Hewlet~-Packard Co., Serial No. é204B). 
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d) T-est· pro1le.dure 

Atypical.Assembly ready for testing is shown in Figure '38 (A). 

The specimen is directly located bep.eath the' hydraulic Testing,Machine 

wi th the beam supp.ort.s placed at 45 inches from the face··uf :·tb~··:eoilumn 

stub. This arrangem.ent. induces shearand mom.entat the 'connection 

when load is appli~d to the column. 

An. initiaL.load of .4kips was applied and maims'i-n:e-d on,· 

the specim.en. for abQut.:15·:sec.ondso It 'lias then retll.ove4·· and'·all. the· 

gages were zeroed.. The DCDT' Recorder limS reset to ini tialposi tion 

and the' first load increment was applied ... 

Loading of. specimen B-Cla was done by increments of 2 

kips up to a 1.0 ad of 30 kips.. Beyond that. value, 4 kips increment·s 

were applied. Failure was.recorded at a load of 70~7 kips. Proto

types B=Clb--and B-Clcwere l.oaded. wi th 4 kips increments up -to failure. 

A maximum load of 100 kips.W8.s,.attaine'd forB-Clbwh11e specimen 

B-Clc failed a value of 120 kips.. For the' two smaller scale proto

types, B-C2 and B-C3, load i~remants of 2 kips were applied throughout. 

The recorded fai'lare loads .we.I":a respectively of 52.2 kips and 25 kips .. 

In all casas the: same reading __ procedur.e was followed: After the 

appli cation' of" eS-l:h load, the. level bars were levelled and the values 

of the mechani:.ce:l: . .gages wer..e .. recorded. Visual inspection of the various 

components of the. connection.was promptly carried out and cracks, if 

any, were marked •. 
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Oharacteristic moment-rotation curves and collapse mode of 

each specimen are described in. 'detail in the following chapters .. 
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FIGURE l'. Column - base connection, Type l 
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FIGURE J. Column-base connection, Type II 
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FIGURE 8. - PROTOTYPES B-Cla, B-Clb, B-Clc, B-C2. COLUMN SEAT ANGLES 
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FIGURE 10. - PROTOTYPE B-Cla - BEAM. 
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CHAPTER V- TEST RESULTS 

Column-to-Base Connec.tion 
i; 

... 
. The deflections' recorded"by dial gage's No. 2, 3 and 4 

were used. t.o calc.ula.t.e .. the' rotation"of"the·connect'tons. In bC).thcase.s 

it is observed that. the rotat.ioncomputed·from··gage No. 2 ,.and' fr'om 

gage No. 3' and 4 ·are almo st· i den t i cal." For type· l ,thea verage. of 

the three 'se,ts of readings was taken. In .the·.case .of Type Il, only 

the defl'ections. ob·tained .. from.. .gage No.-~2.weTe·.use:d,;-:-dtals No. 3 and 

4 having.gi:v.e.nincon-si·st:ent::readings •. Fi:gures' 22 and 23 present 

the moment·';"Tot'ation.:-:cur.ve'S o.!.:. the two speetmens;:~ both' .graphs are' 

superposed, in F-igure 24,0 Fox all pract'i·cal·purposes,. thetwo con-

ne cU on s'. ·0 ff e r the"'S8lll.e r i:g1·.di t y cha'I'S:ct'8T'i'st i.cs •. 

In the case o.f Type l, the aalli.pe:rs: :rea..dings~.were used 

to evaluate·'t'h'e· gradua:J.· defarmati'ons'of" the steelpocket·s, -as moment 

increasedo 'Dividing:-;:each gr.adual --incI ement ·bY· . the initial opening 

gives a' st'rain' whi.ch:~charaeteriz·es·t'he· c"Onnection deformation. Figure 

25 gives these result"s'in a graph showi'ng-·the: moment~atthe connection 

versus the m-ea'S1II'ed,,·stTa:i:n. It can be noticed'that., as expected, 

the compressi'on' 'Si:de~:wa'S·the:: most severe:ly dam8!ged. Tables of the 

experimentalre.sults,,:'and. calc..ula.tion .examples are gi ven in Appendix A. 

502 Beam-to-Column Connection 

The ce.lcuLati.ons .conv.erting the experimental deflections 
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into final'rotations relative to horizontal were performed on the 

IBM 7044 computer. 

in Appendix A •. 

The computer program and the results are presented 

ToVe M-CO curves for ·ea.ch test assemblyhave beeu;· plotted; 

one is for theleft.hand :beam .. (\) .. and the other isfor .. the.righthand 

beam (QIi). It can he no.ted fromth'etabulation that both·~ .. and ~R 

resulted" from' th~' .. averageof-.. two sets ef Q readings. On&-' ;se-t is 

obtained'fromthe'level bar .r:eadings gi-ven bY'gage Nos. land 2 (_for ~L) 

and by p;age· Nos. 2 and 3 (for C)R). The othe~' set is obta.ined- t;:rom 

gage Nos. 6 and 7 (for \) and fromgage Nos. 4 and 5 (for \l. The 

purpose of having the-se-two independent methods of measuring.was 

twofold.. First', ·-a. double cheek is obtainedand second.,- the. average 

of these two- sets of readings yields more representative rotation' 

values •. 

From' the: experimental da.taprovided by the DODT Recorder, 

Loa'd-Defle ct"i on' cums' fOOT each specimen' are. obtained. Wi th this 

device, verti'cal-' cœ1'·lections..we-re continuously re-corded, until collapse 

occurred. ·Detalleù. ·.ob:se.rvati.ons on, the-.·experilllental' work and an 

analysis of the obtained results follow. 
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CHAPTER VI - ANALYSIS OF TEST RESULTS 

6.1 Column-to-Base Connections 

a) Moment-rotationbehavior 

The rotation of this type of connection is influenced by 

one major variable : the ha'rdware.characteristics at the base. Its 

effect on the M - ~ curve is rather evident; a system made of a stiff hardware 

arrangement wi'll sustain low deformations and will correspondingly yield 

small rotations. The' pre"sent experimen-tal .program analyses the stiffness 

characteristicsof two"different .basearrangements and 'presents the 

results through overall moment-rots,tian c.urves. 

Both specimens . are te.sted to failure with a nominal constant 

moment to axial farce 'ratio' of .... 85.. Figure 24 shows ··the· superposed M_~ 

graphs for the two test specimens. It is noticed that both curves depart 

from lineari ty at· theo.rigin 'and d1splay significant ductili ty, as the 

load is increa:sed. Except at initial loading, where Type II is shown 

to be slightly more rigi.d, the two specimens have almost the same rigidi ty 

charact eri sti-cs ,up -t·o -ult.ima.te 0" 

Moment-rotationcurve's for some other cO'lumn-to-base arrange

ments. are:' report'ed ·tn· an .earlier st.udy .. ? It 1s found that the curves 

are made'u:p .. of ·tw~ 1'ÙlIvea:o: "T-h'e:::fi:r.s.tone.,nearly -linear, characterizes the 

elastic.~"re1!ponse' o'f'th'e'''conne:cti.on.; .. the 'seeond one,clearly non-11near 

start s t() dev:e-l-opat'the: ons:e-t';of, y1e'lding ·of. the reinforcing. st:ee:l. 

In the present study, although yielding of the steel is apparent, after 
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the development and opening of cracks on the tension face, it is not possible. 

to detect these two distinct phaseso It is believed that the 'measuring 

apparatus was notsen:siti..ve:enou·gh to' record the transition irom the 

linear to the non-linear stage. 

For Type 1; "the -defarma.t.i.ons of thest'e'e-l pocket.s at .the base 

were recoraled throughout the' testin:g-oFigure::: 25ù-ows gra-plrs·. of :m'Olllent. 

versus de"formation 'o'!: "th.e::pockets on. both· the ·tensi"onand .compression 

sides. It isintere·sti.n:gt·o· note' that the··'hardwar.e·· on the" compression 

side sustained. con:side.ra.b::l.e: . d efnrma.ti ons . as compared t'o the tension 

side; due to the' f'sct that crac.kS: .. hsve developed extensively on the 

tensile' facesnd' thus relieved the stresses in the steel hardwQ,J'e o 

b) ! Mode off'ailure 

The cra'ck.pa't·tem: and.:th-e .. ::mo.de. of. failure were identical 

for both specimens. Cracks first appeared on' the tension side of the 

column at a moment approxima-tely··eq.uaL ta 30% of the ultimate o They 

gradually developed toward the compressive zone, as the load was 

further increasedo In the case of Type l, concrete between the pockets 

and the grout within the pockets on ~he compress~on side started to 

crush at a moment of 140 ·kips.-ft. (70% of ultimate)o The horizontal 

deflections of the col.umn. and the deformations of the pockets were 

recorded up to a bending. moment of 165 kips.-fto For Type II, the 

(1 region directlyabove the brackets on the compression side cracked and 

scale:d off at a moment of L90 kip~-fto (97% ultimate)o Record or 
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the horiz-ontal def,lections of the column 'was carried until a bending 

moment of 200 kips.-ft. had been a~~ained. 

The two specimens faUed by shear. at the face of -the corbel. 

Atthat"stage, both''COrmections had undergonesignificant rotations, 

as seen on the M- ~curves. The base.s were -damaged to the extent that 

for all 'practical purpo~s, they were co'nsidered as inope.rative. 

Figures '34 and 3? show,the two prototypes after failure o 
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FIGURE 33. - COLUMN-TO-BASE CONNECTION. TEST SET UP • 

• 
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FIGURE 33. - COLUMN-TO-BASE CONNECTION. TEST SET UP. 
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FIGURE 34. - COLUMN-BASE TYPE l AFTER FAILURE. 
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FIGURE 35. - COLUMN-BASE TYPE Il AFTER FAILURE. 
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FIGURE 35. - COLUMN-BASE TYPE II AFTER FAILURE. 
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e) Conne ct ion. f.ixity 
. i. '1 

lnfo-rmation -of great interest to the designer' is the extent 

of moment transfer 'developed through the conne·etion. In order -to 

evaluate the fixity eharaeteristics of the system, thef'Ollowing method 

'lias used:· Wi th the a-ctual cross. .. seetion of 12" x 15" and a pr.act ieal 

length of 20'-0", the M- ~ charaeteristies of the eolumn .are ealculated 

assuming that the ends are pinned" This theoretical M- ~ curve is 

then superposed on the aorrespondingM-f eurve obtained experimentally. 

The fixi ty of the eonne-ction i'i) estimat.ed as the: ratio of the yield 

moment of the column to the momen.t developed in the connectiont at 

the same value of (0_ This ratio, expressed in peTcentage, gives an 

indicati.on of the connection rigidityo As s);town in Figure '36, fixity 

ratios of 67% and 7ctfoare obtained for 'c'onn'ecti:ons Type: 1. and Type II 

respectively. Fromt:hese t'lia values' it 1s appuent that.: the two con-

nections provide the same amount of fixtty. For this reason, the 

selection criterion would be one of bAse arrangement and as such would 

be determined by considerations of eostsandaesthetieso Caleulations 

of the theoretieal·rotations~re presented in Appendix Bo 

d) Applicabili~y to design 

In the light of the experimental data obtained for these two 

column-to-base" conn.eut:iun:stei-ther. . .sy-s.t~ .. WOllld resist an ultimate 

moment of. 180 ldp.srft •... o..cc.urring .... a.t.th.e. base of' .a eol'~(4n, in any 

preeast conere~frame. The. designer using the eonneetion of his 
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choice would be cronvinced ofi tsr.el.iabil.ity, 'hav1ng .in handthe 

experimental proof that the~ selected connec.tion has the capabili ty 

of transfe-rr1ng:.thi.s, ca.:Lllu.l.,flted, ultimate moment' witb sign1fic.ant 

ductilitf· 

6.2 Beam-to-Columll COIl:l18'.cti:01l'S 

a) Moment-rotation behavior 

In the pro'blem of j.oining beamsand cOlumns, the first aim 

1a to obta1n'an':arrangement .capable of tramrl'erring m'oments, while 

satisfying·the'previ'ously·menti'Oned design requ1r.ementso The develop-

ment of a. suttablesystem.is illustrated in Figure 37, where the super-

position of the M-q cur~s' obta1ned for the first series of prototy~es 

is given. The gra-phs .. clearlyshow the .. gradual improvement of the 

connection, from B-Cla to B-Clc.. Wh11e the threeprototypes display 

1 
the same initial response ta .load, syst.em B-Clc is seen to offer the 

best charact'eris.ti.cs of' in1ti.al line.arit'y.and ·subsequent· ductility, 

w1 th h1gher ul·tims;t.'e::c.a:p:a;ci ty • 

. As-menti.one.d'·.earlier, bath spe'cimens' B-C2and B-C3 have the 

same connection' arrangements but are desi'gned to transfer smaller 

moments. The M- tQ curves obtained for these two connections show 

that they have a- noticeably lower stiffness than the first series of 

tests (B-Cla, B-Clb and B-Clc). This observation is explained in 

Graph A. 
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2 

Graph A 

Relative' ratios of yield moments ve-rsus relative ratios of 

moments of inertia are plottedo As expected, the curve is a straight 

line having a positive slope; as the five specimen-s were tested with 

the sarne" shear,·to 1IlQ1IIe.~t ratio- of 0025, ·'se:ct.i·CJn-s'having the lowest 

I5tiffness E1t/L wi.ll rota.t.e.:the .. mosto 

Inspection; af the ·m.oment-rotat.ion, curves yi"elds the following 

observations, as tothe-b.eb~io.r of the.. cOlme·c:t.i.on's under load: 
, 

l - From "the' origi.n ta &.momeni;--:of."-a:pproximat-ely. 50% of the 

failure value, the' curva .i-ase.en to be.:appr-oxi"mately l:inear o. 

2 - Undu' i·ucr:ea.sing load, th-e~:.s'te:el 'components deform, 

therefor1f":contribut:il1g· .. t.o .. the .r.otaU.ont~:·in~ a:ddi:ti'on to the.. cracks 

developillgi.n th •. beamso 'fh:e.·.uppe.r . .port:i.on .o:fthe curve 9 from 50% 

of the ulti;ma:te·'·.mament . ..o.nwarJu.show.s that thes-pecim.n has significant 

ductil1 t.~. 

Whe:-a . .cra.clœ. .. propagated beyond the center Une of the beams 

atid failure became imminent, all the mechanical dial gagéS were removed o 
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Only the DCDT Recorder was maintained on the specimen until failure 

was reachedo 

b) . FAil.Jll'f) :::1Mt.chani:SIIU!I 

The:: ·f:irst:~enf.B-Cl&, . .f.ail:e:d:.:at .. .a.-lIlOIIIl!nt .. Appr.oximat.ely 

equal to 70~ of the ult'imat-e-"d:esign: value (189 k1ps.-tto). Flexural 

cracks in the bealllS' st&rt'e:d .to deve.lop'at··a'·momentof 85 kipso-ft 0 and 

gradually propagated t'owardthe- cODlpre.:S:Bt'Oll".~e.o ·.A ··:moment {)f 130 

kips".ft. -had: just been. -de.vel.o.p.e:ci through--the: conne-ction when failure 

occurred. As ·sh{)·wnon Figure 3a(b), the mode' is typical wi th a crack 

extending' diagonallyacr.oss the corner 'of' theright beam, 'trom the 

tip of t-h-e~t.ensi.on anch.or .. plate. tG .a... v.e.rti:cal distance equal to half 

the depth of th-a ·secti·on·o . Thi'Irpr:emature' f-ùlur.s"is· explained by 

the inadequa.cy of the. Unk. be..tween the longitudinal reinforcement and 

the plate.an.chor'bar.s. 

The .. M- 4J .~v.lt.:.tt.b.t.a.1:ned .. .fo.r .speeimen':B: .. Cl.c::d'e1llo.n:stratel!! 

that t~e:;.~O'"di.fi.d·d.es.igD:···i'B··Bati-sfac.t.o.r.y.;:~·silJe .. :.:.t:he..:.lIl:ti.mat1!: moment 

ca paci t y i s ft'ee:edm: and· 'that·there:~.exiEt:s': . .suf.f.i:.ci:e.nt·::.duC".t.ili ty 0 

Two vertical bars extending througho.ut·~e .depth .of the section and 

welded to th.e top and bottom plates elilllinated thedevelopment of any 

diagonal crack such.as occurred in B-Cla. The result of this modi-

fi cation ie that· the .. conn.e.c.tion can develop' a higher moment 0 In fact 9 

fallure occ.u.n-e.d:··::.a;t:· . ...a:..loa.d.-.o.f 120 ki.ps,.·de.~lo-ping a moment at the 

connection ectual to 116~ of theultimate design valueo The two 
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longi tudi..Dal:ba:r::'S:w.el;d.ad:.,t.o~th-e.:-:p.l8;t:.~"orr~::the~:d;:en'Si.:(Jn·:'Side··"f.a±'l:.e-d- in 

abri ttle'1ll&1me:r';&:s .. illu.strat.e.d:in" Figu-re' 39tB.) oAt··tna:;"t:tme·t:~re: 

damage" in··t-he·· conne:.e.t,ingr'egi:on .. was. noticed·;,a.er&ckpropagat-.ed. ':.along

th.e. vert:ica'l ·ba.rs:'&nd··suc!~n.t;ly: ... widen:e:d~:;whe:n.··.th"e~..w:e;ld··b~n:~··.the· 

ve rU cal bars and ... th.e-;-,t:enSi.Oll. -plaU-. sli:ppe.à.. F~gt1re 39 (A) ··::shows-t he 

condi t ion "of the. corm.e.c.t.·:i:on ... :a.1;.:.·failure. 

Prototype .B-C2f.ail'ed.:at. .. ..a::mome.rtt·ro equal.·:::t.o .. the:.ult:imate 

design va:lu.e..Ïhft . crack .. pa tt-em ~:.W&s ".illant-:i..cal~.:as. ·that of' ,,::.B-Cl è 0 

In this':ca:se' thè.· two .longitudinal.hent :up·.:bars·':smqr.pad:::ilS :.a . ...br1.t.tle 

manner 8,15' in B-Cle o Figur:e 40 .:ShO.W.S .. the·.,deU:rioratoe..d.conn.e.ct.i:on-Af't.er 

collapse. 

F.a.ilure:.of' ·:pro.t:oty.p.e . ..B-C3. occur.r:e-d:·wlren ·the 'butt weld, fixing 

the loo.sepl&.t.:e;. t·c '~he:' column, .hroke iJI:'.tell'si.oBo k"moment ef 46 kipso-fto 

{9~ ofu·ltima:t-e.)·"had:: justbeen. reache.d:.::when'''''t}re:''weld· broke. Ne serious 

deterioration was obse-rved in· t·he" e.ther"·-parts of' the cennection. It 

i6 evident' that theconne:etio.n ... would. ha:v.e:~r.ried·hip:her moments if 

the weld wouldhave' b:een pr.eperlyapplied. Figur~ 41 shows the specimen 

after failureo 
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A 

BEAM-TO-COLUMN CONNECTION. TEST SET UP 

FIGURE 38. - PROTOTYPE B-Cla AFTER PAILURE. 
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BEAM-TO-COLUMN CON~ECTION. TEST SBT UP 

B 

FIGUP.E 38. - PROTOTYPE B-Cla AFTER l"AILURE. 
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FIGURE 39. - PROTOTYPE B-Clc AFTER FAILURE. 
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FIGURE 40. - PROTOTYPE BC-2 AFTER FAILURE. 
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C) 
FIGURE 40. - PROTOTYPE BC-2 AFTER t'AlLURE. 
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FIGURE 41. - PROTOTYPE BC-3 AFTER FAILURE. 
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FIGURE 41. - PROTOTYPE BC-3 AFTER FAILURE. 
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An estimat.e of the connection fixityisnow presente-d' in a 

manner silD.ilar to thatu.sed: in theca:seof the--column-base .connectionso 

c) Connection fixity 

The ·moment---t.rmrsfe-r capabili ty of the connection prototypes 

is obtained simply. The·tbelJ'l"9t'ical ~·oment-rot:atio.n .chara:c.teristics 

of' a silh'ply sup-porte·d:beam. ~i:t.hthe· sBUre'dimensions' and reinf'orcement 

are com-pated to the cO"rr81rpond±ng-'experimental data o ' This comparison 

shows tbat the 1ntrodtrett'Oli- of·t"he conne'ctton into this beam reduces 

its stiff~"sso The re.duction is illust-rate-d:bythe'su-perposi'tion of' 

the M .. () èurv.es obtained ID the t'tlO cases, as sho~n in Figure Bo 

M 
Mur-----~~------

H 

Theoretical M-() curve o 

a - Simply supported beam 

Experimental M-() curve o 

b - Same simply supported 
beam with conn~ction 
introduced at mid-spano 

': 
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H 

M~I------------~ __ ----
c-Superposing the two curves. 

Myth. 
M ' = degree of fixi ty of the connection (%)' 

Yac. 

FIGURE B 

To maintain similarity between the two systems the calculated 

quanti ties mu'st 'c'orre'Spond, to those 'measured during testingo For instance 

the computed rotations'haveto bethe ones actually occurring at a 

section situated 40'inches from the support, as measured in the lab-

oratory. The values of' the moments at yteld and- at ultimate are calculated 

using Mattock's methad 16; the corr-esponding rotations at yield or just 

, 17 
'Prior to are- o'9taine'dby the- conju-gate beam met'hod 0 The rotations at 

1:6 ' 
ultimate are estimate-d by Mattock's formula for the ultimate curvature 

which is then transf'onned to a ro'tation taking place in the length of the 

beam (40 inch'es). The- calculat.ions are presented in Appendix Bo 

In the following Figures ( 42, 43, 44) M- () 1 curves for the right 

and the lef't beams of' each connect-ion are superposed on the corresponding 

theoretical M-c{) curve. As for the column-to-base' connections, an estimate 

of the connection fixity for each system is given. Connection B-Clc has a 
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degree of fixity equal to 96%. Values of 80% and 77% are'obtained 

for BC2 aJld B-C3', respectively. 

dl Applicability to design 

This investigation has establish'ed the ultimate moment transfer 

capaci ty of three- diff.erent sizes of a typi'calb'e-am-to-column cannection o 

With the' same generalarrangement,·t:hese·three pr-o"totypes have shown 

to adequately resist"::moment:s tha;t . cou1d: 'he" present in a precast re

inforcedcOR~ete·:f~·'-bui1din.go 

In engin.eerin.g pract·ice., typical ult:imat:e moment s of 200 

kips.- ft., 100 kip:so-ftoand 50 kip·s.-ftooccurringat joints in a 

mu1ti-story' build-i-ng.·cGUld·· he re·sisted respErcUvely by connections 

B-Cla, B-C2and B.C-,,,, As in the case ·of cO'lmnn-to-base 9 the designer 

who decides ta use the conm~etian arrangement studied in this the-sis 

would beconvin·ced o·f i·ts. st:ru.c.tural efficiency, hi s choice being 

backed up by exp.erimenta1 data o 

e) Mater.ial quanti ties andweights 

For each' 'conne'ctton; quanti ties and weights of the connecting 

hardware .are-given.· ·Fol' the sake of interest the cubic yardage of 

concrete pe-r l"inear'"fo~t for each spec1men is also presentedo From 

these figures·tne- fabricator can estimate his own labour time and 

various costso 



B-Cl.c 

ITEM 

Column Beams Total 

1 - Steel Angle (~bs) 100 100 

2 - Steel Plate (lbs) 27 131 158. 

3 ,- Anchor Bars (lbs) 
(No reinf. incl.) 71 18 89 

4'- Total Hardware 
weight 367 

5 - Fillet Weld (ins.) 
(3/8" Typ.) 
(Length, Ext. & Intel 180 189 369 

6 - Butt Weld (3/4") 
(ins.) 22 22 

7 ~ Concrete 
(Cu. Yd./lin. f~.) 0.26 0.26 0052 

8 - Reino Steel (lbs) 
(Bars and Stir.) 89 1412 231 

9 - Total Spec. Weight 
(lbs) 2700 

B.C2 

Column' Beams Total 

100 100 

27 70 97 

71 1'3 84 

301 

180' 110 290 

( 5/8")' 
16 16 

0026 0.19 0045 

89 100 189 

2310 

B-C3 

Column Beams 

35 

119 35 

l~ 6 

92 92 

(1/2") 
1'2 

0017 0009 

50 84 

-

Total 

35 
1 

54 1 

1 

1 

18
1 

1071 

184 

12 

0026 

134 

1440 

(l) 
\J1 
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CHAPTER VII - CONCLUSIONS 

. Based un the_t-e-st- resultsobt-ained inthis study,the 

following conclusions are drawno 

701 Column-to-Base Connections 

a) T-he--tw-o -column-to-ba:se .. -arrangements, Type 1 and Type II 

present the -sam&-momen:t ... re-sisting- eha'l'acteristicso Both are shown 

to resist t-he ultima-t-e-de:s-ign··momen-t· of 138kips-fto wi th a rigidi ty 

factor of approximate-ly 70%0 Significant ductility is displayed by 

both systems-before collapse ·.occurs o 

b) Eitbe-rsys1r-em can·be- used in a building where such a 

moment is to be resisted·att.he-column base. The choice of the arrange

ment is left to the designer and could be .one of aestheticso 

702 Beaw-to-Column Connections 

a} This conne-ctio-n arrangement is proportioned following 

variousdesigncrit'9ria pertaining to the precast concrete construction. 

The test results show that the arrangement adequately resists the 

ultimate,·de·si.gn-1Ii&1IRmt anddisplays someductility, prior to failure o 

b) The stee-l parts of the connection did not deform sig-

nificantly un der loading. In-all cases,failure occurred after 

numerous crackshad 4eve-1Gped and propagated in the connection region 

of the ~ms. The column stub·s r~mained unalteredo 
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c) Degrees of fixity of 96%, 80% and 77% are obtained 

respectivel-y fOI: prototypes BC-la, BC-2and BC-3. The structural 

characte-risti-cs· of -eaeh specimen are presented in the form of moment-

rotation curves. 

d) Ultimate· deiSign mOl'Jrents of thesame· ·me;gni tude as those 

considered and occurring -at:'anyjoint in· a building frame.can be 

resisted by the·-appropriœt'9' conne·cti·ona 'Tbe-e-xpertmentalM-c() curve 

is a reliab'le- proof of the structu-raladequacy of t'heconnection under 

consideration. 

--e-) Extefrsi~-we-lding·betwe-ent:he:units does not apparently 

affe ct the-stru'ctural, cha-raet&ri stt·cs' of the· system. However care 

must be t·ak-e-n that the·"'tiI-8'1ding is pe-rf'0'!"me4-.. aft-ér· sufficient. hydration 

has taken place. The· assembly: .. ea·n··be- n -sa-1ely:·'done"·-af-i;·er the time required 

for the compl-e·t-e· -de-velopment of the specif'i-ed fi ··h~·-eia,p6ed. c 

fl Continuou's'and tackwelding performed on the reinforcing 

steel bars does not·affect the yield stress but reduces the ultimate 

strain by ~bout 65%. 

'. This·exp.erimental work May constitute the· basis of man y 

complementary proje'cts. T'he next chapter -summarizes a few subjects 

toward which future work may be oriented. 
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CHAPTER VIII - FUTURE WORK 

a) .In current engineering praetice-, the hardware characterizing 

the connection is propo-rt-ioned such' tliat it transf-ers theultimate 

loads, acco-rding to the· ACI -and NBC sp~j fica-tions. The-re-search 

worker ma-y he- int-e-rested in k-nowing- t-he--st"-re-s-s--distribution in the 

external -and int-e-rnal-_.st-eel componen-t-s- -of the joint " _Such-'a' study 

woul d pe-rm-it to --e-stabl.-isft. !!lOFe -de4'-ini t'e----des-i"gn---cri -t-eria - and would 

subsequent-ly l-ea-d t~ the----dimensioning of a light-er -aml-more economical 

connectio-n. This··weu-ld-·neeessarily take"-1ihe-:f-orm- of -an--experimental 

study siftee--tft&:' th-eoret-ical consi-derations would be qui te hard to 

handle o 

b) A study- of the stresses -due- to' cr..:e:e:p--and -shrinkage 

on the conne:cted -membe-rs mœe-the--·-end-s'are-- r&-s-tra-ined will lead to 

some useful observatio-ns. This is a-n important aspect in design. 

c) It May --a1sobe of i-ntere-st to establish the amount of 

di splaceme-nt of a typi cal joint and the- defo·rmation induced in the 

members o'f ana-ctual building frame-- when the- welding of the uni ts is 

performed. It 15 eas-ily viSllalized that the expansion of the steel 

parts du&'towel:ding brings about a stre-ss distribution which could 

have some important secondary effects on the frame as a whole o 
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APPENDIX A 

MOMENT-ROTATION (M-~) CALCULATIONS 

1) Column-to-Base Connections 

The'- rota t'ion 'of the connectimris conrpu-t~, f'rom the horizontal 

deflections' -rfIcorded by' dial gages N-o. 2, 3' 'mrd'4',as'shownon the following 

sketch. The avera,ge value of these three readings is taken as the rotation. 

FIGURE A 

sample calclll.at".icm 

from the table of' read'ings, column-base type I. 

a) for a moment of 20 k.-ft. 

~ -2 - .008" , L
2 = 24" 

tan <P 2 =62 = ~ = 000033 4»2 = 000033 
L2 24 

Il. 3,4 = 0005" , L3 ,4 = 8" 

<Q 3,4 = ~....ld. = .005 : 000062 

L3,4 8 
4' 3, 4 = 000062 

now average 4> = cp 2 + ~ 2!~ 
2 

4> = .00023 + ~00062 = ~000475 rad. 
2 
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COLUMN-BASE TYPE t - ECCENTRICITY = -8 INCHES 

Load Moment 6 1 -4) 1 A 2 (\)2 6 3,4 . cp 3,4 
Av. 4)2 &CP; 4 

(Kips) (K.-ft.) (In.) (rad.) (in. ) (rado) in •. ) (rad •. ) (rad. ) 

"-

a a .000 .0000 .000 .0000 .000 00000 00000 

10 6.66 .014 .000; .002 000008 0001 00001 000009 

20 13.33 .030 .0007 
1 

0005 .0002 .003 00004 00003 

30 20.,00 .046 .0010 .008 .0003' .005' 00006 .0005 

40 26.66 .062 .00141 .014 #0006 0-007 00009 .0007 

50 33.33 .077 .0017 .022 .0009 ... 010 / .0013 .0011 

60 400.00 oD94 .0021 .030 ... ·0013 0.012 .0015 .0014 
-. 

70 46.66 .114 .0026 .039 00016 .015 00019 .0018 

80 53033 .134 00030 .049 00020 .018 00022 00022 

90 60.00 0155 .0035 .• 063 00026 0018 0.0022 .0024 

lQ()1 66.66 .181 00041 0074 .0031 .025 0.0031. .0031 

110 73033 0202 .0046 .086 00036 •. 029 :-603-6... 0.0036 

120 8.0.00 .228 .0052 .098 00041 .033 00041 .0041 

130 86066 .254 00058 0112 00047 0038 0.0043 0.0045 

140 93033 .285 .0068 .127 00053 .042 00052 00052 

150 100.00 0317 .0072 .145 .0060 .047 00059 .0060 

160 106 066 .355 00081 0164 .0068 0047 .0069 .0069 

170 113.3;- .394 .0090 0181 00075 0060 .0075 0.0075 

180 120000 0426 00097 0.205 000"85 0067 0.0084 .0085 

190 126066 .475 0010"8 0240 00100 ... 078 ... 0097 .0099 

200 133.33 .530 •. 0120 0.267 00121 •. 088 .0110 .0110 

210 140.00 .595 0013, .323 .0135 0096 0.0120 .0127 

220 146.66 0,686. 0.0155 .. 380 00158 - - .0158 

230 153.33 0805 00183 0466 .. 0194 - - .0194 
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COLUMN-BASE TYPE Il - EC;GENTRICITY = 10 INCHES 

Load Moment b l <Pl !:la $2 i13,~ «) 3,4 
(Kips) (K.-ft.) (Ino) (rad) (ino) (rado)' (ino ) (rado) 

0 0 0000. .0000 0.0000 00000 00000 - .0000 
10 8.33 0001. 00001. 00001 000005 ",001 oOOOOlf 

20 16.66 .009 .0002 0002 .. 0001 0004 000008 
30 25 •. 00 0016 .0004 0007 .0003 <>007 .0003 
40 33.33 002"~ .'0005 .. 012 .. 0005 0~15 00006 
50 41.66 .035 oOO-o"B .• 024 00009 0023 00009 
60 50000 0044 00020 .036 .0015 ",031 .. 0013 
7(Jl 58033 0.185 00042 0049 00020 0.036 00015 
80 66 066 0458 06104 •. 055 ,,0023 

90 75000 .. 63f 00144 •. 065 .0027 .. 
~OO 83033 0761 00173 0.086 00036 

110 91066 0844 .0192 .. 097 .. 0041 .037 00016 
120 100000 0872 00197 .122 .0051 .. 047 00019 
130 10&-.33 .88.0 . .0200 .146 .. 00'60 .059 .0025 
140 116.66 .906 .0206 .167 .0070' 0075 00031 
150 125.00 .915 .0208 .183 .U076 .094 00039 
160 133033 .927 .0211 <>223 .0093 .108 0004'5 
170 141.66 .990 002.25 .253" .0104 0121 .,0050 
180 150.0.0 1.108. .0246 •. 288 .0120 .135 .0056 
190 158.33 1.149 .0261 0302' •. 0125 0159 .0066 
200 1~~.66 10189 00271 0365 .D152 0179 00075 
210 175000 10211 .0275 .405 .0172 .. 204 
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2) B'eam-to-Column Co!}nections 

Fi:gure, Bshows how th-&-,te-st-:-&Ssemblycan'def'orm and rotate 

through the angles shown when load is appliedo_ 

------ ~ 

~ 1 _---t....-,r., , rA 
;;;;--;._......:::I~ 

L 
L 

~-=-- -
X" U 06 

FIGURE B 

o = dial identifioation 

DLR 1: rotattcm-'of le-ft- beam withre=spe-c-t to thehorl~ontal 

DCR = rot-ation of column stub with respect to the- vertical 

DRR = rotation of right beam wi thre-spect 'to the horizontal 

ROL = rotatton 'of- left beam-with r-espe-ct to column-axis 

ROR = rotation of right beam wi'th "re'spe'ct to column axis 

D = defie'ct i'on''l'ecorded un dial ga'gea 

By i'nterpreting the-ex-pe-rtnrental ''l'eadings from-dial' gages l, 

2 and 3, the:"rotation of the beama relative to the axis 'O~ the column 

can be computed. 
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Samp1e ca1cu1ation 

from ,the readings obtained for prototypes BC-1a for an applied moment 

of 44 k.ft. 

tan 

Load 

o 

24 

X =~ = 
20" 

.008 = 
20 

tan y=~ '= .:..illM- = 
20" 20 

tan Z = mL ::; .002 = 
20" 20 

Moment 

o 

44 

4.0x10 -4 

2 •. 0x10 -4 

1.0x10-4 

DL 

o 

.008 

DLR ::; 31>9999 x 

DCR = 1.9999 x 

DRR = .9999 x 

10-4 

10-4 

DC 

o 

rad. 

rad. 

10-4 rad. 

DR 

o 

.002 

Referring',to figure, 6, th~rotat1on.s ROLand ROR with respect 

ROL = DLR ± DCR 

ROR = DRR .±. DCR 

for the case conside-red (BC-la) ; 

ROL = DLR - DCR 

ROR = DRR + DCR 

Sa ROL = (4 - 2) x 10-4 rad = 2.0 x 10-4 rad 

OR ( ) X 10-4 -4 R = 1 + 2 rad = 209999 x 10 rad. 

'Ano'the-1" 'set of readings is also obtaine.d from dia1 gages 4, 5, 

6 and 70 



n 

1 
35 3/16" 

fIL 
Sample oa1culation 
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W. 
IJL 

rL 

tan A = TL + BL 
35 3/16" 

F'rom:-the"'readingS-:"CYbtai-n-e'd fol' prototyp-e- BC-la for an applied 

moment o~ 44 K.-ft. 

Load 

o 

\ 
24 

tan A = 

Moment 

o 

44 

.0020 + .0020 = 
35 3/16,11 

TL 

o 

.0020 

-4' 
1.40 x 10 

simi1ar1y, fromdial gages 4 and 5: 

tan B = .0010 + .0020 
35 3/16" 

- 8.000 x 10 
-5 

BL TR BR 

o o o 

00020 .0010 .0020 

-4 RLV = 103B7 x 10 rad 

RRV = 805409 x 10-5 rad. 

T~e final -rottrt'iOll of th~· conlle'ction i6 obta-ined by taking the average 

rotation 'comput-e'd from- these two independent sets of readings: 

(Applied moment: 44 koft.) 
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Angle of rotation of connection (left side) 

f~om dial gage~ 1 and' 2 

from dia"! gages 6 and 7 

RML = ROL + RLV = 
2 

-4 ROL = 1.9999xl0 rad. 

RLV = 101387Xl0-4 -rad 

1.9999 + 1.01387 x 10-4 = 1.3193 x 10-4 rad 
2 ..... -" .' .. ~~.,.)!.+.~\u."", 1 . 

Angle of rotation of connection' (right sid~) 

from di al gage's' 2 'anq 3 

from dial gag&s 4 and ; 

RMR = ROR + RRV' = 
2 

ROR = 2.9999 x 10-4 rado 

-5 RRV =8.5409 x 10 rad. 

209999 + 085409 
2 

-4 ' 
.. ~~_,:= 109270 x 10 ràd!" 

",\ ... : . .,..~, '-'. ','.- .. ' 

The:"-'experlmenta-1 r-esu1t-s:, 'for' the:fivebeam-to-co1umll prototypes 

~re tabu1ated in the fo11owing pages. 
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C P IS TriE VALUE Of LOAD CKIPS' 
C Dl~ OEfLECTIONS OF LEfT BEAM (IN.' 
C DC= DEfLECTIONS Of COlUMN (IN.' 
C DR= DEFlECTHmS Of RIGHT BEAM UN •• 
C XH= MOMENT AT CONNECTION CKIPS-IN.' 
C DlR= ANGLE Of ROTATION Of LEFT BEAM CRAD. 
C DCR= ANGLE Of ROTATION OF COLUMN THROUGH VERTICAL CRAD.' 
C DRR= ANGLE OF ROTATION OF RIGHT BEAM (RAD •• 
C X= TAN Of ROTATION ANGLE (lEFT BEAM, RAD.' 
C Y= TAN Of ROTATION ANGLE (COlUMN, RAD.) 
C l= TAN Of ROTATION ANGLE (RIGHT BEAM, RAD.' 
C ROl= ANGLE Of ROTATION OF lEFT BEAM, COLUMN VERTICAL (RAD.) 
C ROR= ANGLE Of ROTATION OF RIGHT BEAM, COlUMN VERTICAL (RAD.' 
C TL: DEFlECTIONS Of COlUMN REL. TO lEFT BEAM, RECORDED ON TOP lEfT 
C BL= DEfLECTIONS OF COL. REL. TO lEFT BEAM, RECORDED ON BOTTOM lEFT 
C TR= DEFLECTIONS OF COL. REL. TO RIGHT BEAM, RECORDED ON TOP RIGHT 
C BR= OEfLECTIONS OF COL. REL. TORIGHT BEAM' RECORDED ON BOTTOM RIGHl 
C A= TAN Of ROTATION ANGLE OfCONNECTION (lEFT SIDE' 
C B= TAN Of ROTATION ANGLE Of CONNECTION, (RIGHT SIDE' 
C RlV= ANGLE Of ROTATION Of'CONNECTION, LEFT SIOE (RAD.' 
C RRV= ANGLE Of ROTATION Of CONNECTION, RIGHT SieE (RAO.' 

DIMENSION P(50), Ol(SO.~ OC(50), DRCSD" XM(50), X(sot~ Y(50' 
DIMENSION lCSO', DlR(SO', DCRCSO), ORRCSn), ROl(SJ', ROR(SO" 
DIMENSION Tl(SOh Bl(SO), TR(SQt, BRCSO), RlVC5(H, ACSf)', S(SO, 
DIMENSION RRV(50), RMl(SO), RMR(SO' 

C READ AND WRITElOAD AND OEFlECTION DATA 
READ (5,101. MM 

H'1 fORMAT (12' 
NCOUNT={) , 

35 READ (5,1' N, K, Xl 
1 fORMAT (213, f8.31 

WRITE (6, 3U 
31 FORMAT (lH, 12HNO. OF VALUE, 5X, 4HlOAD, 5X, 2HDl, 9X, 2HDC, 9X, 2 

2HDRII n 
R EAD (5,2) (P ( 1 ), 1 =1 ,N) 

2 fORMAT (lOFS.l' 
REAO (5,3) (OlCU, l=l,N. 
READ (5,3. (DCCI), l=l,N. 
R EAD (5,3) COR ( 11, 1 = l, N' 

3 fORMAT (lOFS.3)' 
WRITE (6,32)( l, PU., OlCI), DCCU, ORCU, I=l,N) 

32 fORMAT (SX, 113, 9X, lF6.1, 4X. IF6.4, 4X, If6.4, 4X, IF6.4) 
C COMPUTE MOMENTS, ANGLES Of ROTATION AT lEFT, Ç~NTER, RIGHT 

WRITE (6,5' 
5 fORMAT elH. 3X, 6HMOMENT, 9x, 13HlEFT BEAM ROT, 8X, l~HCOLUMN ROT, 

26X, 14HR!GHT BEA" ROTIII, 
DO 4 1== l,N 
XH ( 1 • = (P ( 1 , * 1. 833' 
XCI'= OlCI./20.0 
DlR( 1.= AlAN( X( 1') 
V(l'= OC(I'/20.0 
DCRCI'= ATANCY(I)) 
lCI'= DR(I'/20.0 
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WR"!'iE (7, 25) XMl}), olRUt, oCRU', oRRO) 
25 I,;KMAT ( 2X, lF8.1, 6X, IPE16.7, 5X, IPEl6.7, 2X, IPE16.7' 

4 CONTINUE 
WRITE (6,7) 

7 fO~MAT( lH, 3X, 6HMOMENT, 8X, 13HABS. lEFT ROT, 6X, l4HABS. RIGHT 
2ROT/I/l 

IF eK-lt 6,9,12 
C COL UMN GOE S R IGHT 

6 DO 8 l=l,N 
ROL(I)= DlR(!'+DCR(!) 
ROR(!)= oRR(I,-oCRC!' 
WRITE(b,26) XM(It,ROL(I), ROR(I. 
~R 1 TE (1, 26. XM ( 1 " ROl' 1 " ROR (1 ) 

26 FOR,'~AT elX, lF8.1, 6X, IPE16.1, SX, IPE16.7. 
8 CONTINUE 

GO TO 15 
C COlUMN STAYS VERTICAL 

9 DO 11 1 =l,N 
ROl ( 1 ) = oLR ( ! ) 
ROReI)= oRR(ll 
\oJRITE {6,27. XMU', ROlU), RORU) .. 
WRITE (7, 27' XMel), ROllI), ROR(I. 

27 FORMAT (IX, lF8.l, 6X, IPE16.7, SX, IPE16.1. 
11 CONTINUE 

GO TG. 15 
C CULUMN GOES lEFT 

12 DO 14 1 = l , N 
RuLtl'= OlRel'-DCR(!, 
RORlI)= DRR(!)+oCR(I) 
WRITE(6,28) XM(l), ROl(I', ROR(!' 
WRITE (7,28) XM(I), ROlel), RORe!. 

2(\ H;RMAT (lX·, IF8.l, 6X, IPE16.7, SX, IPE16.1) 
14 CONTINuE 

GO TO 15 
C R~AD AND WRITE OEFlECTIONS OF BEAMS RELATIVE TO COlUMN 

15 READ (5,.16) (TlCl), 1=1,t-O 
REAU (S,16) (Bl(I), I=l,N) 
RE:Ai) (5,16) (TRU), l=l,N' 
REflD (S,16, (BR(I', 1=1,N) 

16 fORMAT (10fS.3' 
wRITE (5,33. 

33 fOR~AT {lH, 12HNO. OF VALUE, 5X, 4HlOAo, 5X, 2HTl, 9X, 2HBl, Inx, 
22HTR p lf,'X, 2HBRI/IJ 

WR!TE (6,34) (l, PU), Tl(l), BUU, TRU), BR([), I=1,N) 
34 FORMAT (5X, 113, 9X, IF6.1, 4X, lF6.4, 4X, IF6.4, 4X, IF6.4, 4X, 1 

2F6.4) 
C COMPUTE ANGLES OF ROTATION OF CONNECTION 

WR 1 TE '6, 11) 
17 fORMAT( IH, 3X, 6HMOMENT, 8X, 13HlEFT VERT ROT, 6X, 14HPIGHT VERT 

2ROTI/n 
CO 18 l=l,N 
"(1 ,= (Tl (1 HBl (1 ,. IXl 
8(1)= (TR(!'+BR(I"/Xl 
RlV(I)= ATAN(A(I)) 
KR V ( l ) = AT AN (B ( 1 ) ) 
WRITE(6,29) XM(I), RlV(I), RRV(I) 
'jdITE (1,29' XMel), RlV(I), RRV(I) 

2 s fOR M AT (1 X , l F 8. l, 6 X , l PEl 6. 7, 5 X , l P E 16. 7 ) 
18 CONT INUE 



• COMPUTE AVERAGE ROTATIONS 
WRITE (6,20) 

- 100 -

20 FORMAT (lH, 3X, 11HNO OF VALUE, 3X, 6HMOMENT, 9X, 13HMEAN ROT LEFT 
2, 8X; 14HMEAN ROTRIGHTIII) 

DO . 19 1 = 1 ,. N 
RML(I)= (ROl(I)+RLV(I'./2.0 
RMR([)= (RORCI)+RRV(I))/2.0' 
WRITE·t6, 30) I,XM(l), RML(I', RMR([) 

30 FORMAT'(2X, 114, 9X., IF8.1, 7X, 1PE16.7, 6X, 1PE16.7) 
19 CONTINUE' 

NCOUNT~ NCOUNT+l 
IFCNCOUNT~MM' 35,lOO~100' 

100 STOP' 
END 

IDATA 

C PROTOTYPE BC-IA 

READING LOAO DL OC DR 

1 4.0 ' 0.0040·: 0.0020 ,- 0.0020 
2 6.0 . 0.0040 • 0.0020 " 0.·0020 . 
3 8.0 . 0.0040 o.ooao: a.0020 : 
4 10.'0 ' 0.0040 0.0030, 0.,0020 '-
5 12.0 ~. 0.:0050 . 0.0030 " 0.0020 ' 
6 14~0 '. 0.0050 ., 0.0030 : 0.0020 
7 16.0 0.0060 ' 0.,004:0 ,: 0.0020 -
8 l8eO' 0.0060 .' 0.-0040 = 0.0020 . 
9 20.:0 0.0070 0 .. 0040: 0.0020 .. 

10 22.0 ' 0.0070 0.0040 ' 0.0020 '. 
11 24.0: 0.0080 . 0.0040·:· 0.0020 : 
12 26.0 .: 0.0080 0.0040· 0.0020: 
13 30.0, 0.0100 . 0.0040 ; 0.,0020 : 
14 34.0 : 0.'0100 : 0.0040- 0.0020 
15 38.0 ; 0.'0100 . 0.0040 : .. 0 .. 003C, : 
16 42.0 ' 0.0100 0.0040· 0.,0050 ' 
17 46.0 . 0.0130 : 0.0050 : 0.0050 . 
18 50.0 : 0.0140 : 0.0050 · 0.0060 : 
19 54.0 0.0140 . 0.0050 : 0.0120 : 
20 58.0· 0.0150 . 0.0050 :. 0.0130 ' 
21 62.0 . 0.:0260 . 0.0050: 0.0140 . 
22 66.0 0.0290 : 0.0080 . 0.0170· 
23 70.-0 0.0350 ' 0.Ol30 ' 0.0210 : 

MOMENT OLR OCR ORR 

7.3 1.9999983E-04 9.9999990 E-05 9.9999990 E-Q5 
11.0 : 1. 9999983E-04 9.9999990E-05 9.9999990 E-05 
14.7 1. 9999983E-04 9.9999990 E-05 9.9999990E-05 
18.3 1. 9999983E-04 1.4999998 E-D4 9.9999990 E-05 
22.0 . 2.4999981E-04 1.4999998E-G4 9.9999990 E-O 5 
25.7 2. 4999981E-04 1.4999998 E-D 4 9.9999990 E-O 5 
29.3 2. 9999949E-04 1.9999983 E-04 9.9999990 E-05 
33.0· 2. 9999949E-04 1.9999983E-04 9.9999990 E-05 
36.7 3. 4999964E-04 1.9999983 E-04 9.9999990E-05 . ------- - -. n nnl"llt'lCll"lll'\l:_ns:;; 



-10~-

44.,n 3. 9999955E-04 1.9999983E-04 9.9999990 E-05 
47.1 3. Q999955E-04 1.9999983 E-04 9.9999990 E-05 
55.0 ' 4. 9999962E-04 1.9999983E--04 9.9999990 e-Q5 
62.3 4.9999962E .... 04 1.9999983E-04 9.9999990 E-05 
69.1 4. 9999962E-04 1.9999983 E-04 1.4999998 E-04 
77.0 4. 9999962E-04 1.9999983E-04 2.4999981 E-04 
84.3 6. 4999959E-04 2.4999981E-04 2.49~9981E-04 
91.6 6.999'9951E-04 2.4999981E-04 2.9999949E-04 
99.0 6.9999951E-04 2.4999981E-04 5.9999968 E-04 

106.3 1. 4999942E-04 2.4999981 E-04 6.4999959 E-04 
113.6 1. 2999992E-03 2.4999981E-04 6.9999951E-04 
121.0 . 1.4499987E-03 3. 9999955E-04 8.4999949 E-04 
128.3 1. 1499980E-03 6.4999959 E-04 1.0499994E-03 

MOMENT ROl ROR 

7.3 9.9999845E-05 1. 9999998E-04 
Il.0 ' 9. 9999845E-05 1.Q999998E-04, 
14.7 9.9999845E-05 1.9999998E-04 
18.3 4.9999857E-05 2.4999981E-04 
22.0 9.9999830&-05 2.4999981E-04 
25.1 9. 9999830E-05 2.4999981E-Q4 
29.3 9.9999656E-05 2~9999972E-04 
33.0 9.9999656E-05 2. 9999972E-{)4 
36.7 1.4999980E-i)4 2~9999972E-04 
40.3 1. 4999980E-04 2. 9999972E-04 
44.0 1.9999972E-04 2. 99~9972 E-04 
47.7 1.9999972E-04 2.9999972E-04 
55.0 2. 9999912E-04 2.9999972E-04 
62.3 2.9999972E-04 2.9999972E-04 
69.7 2. 9999972E-04 3.4999964E-04 
77.0 2. 9999972E-04 4.4999941E-04 
84.3 3. 9999979E-04 4.9999962E-04 
91.6 4. 4999910E-04 5.4999930E-04 
99.0 4.4999910E-04 8.4999949E-04 

106.3 4.9999962E-04 8. 9999940E-04 
113.6 1.0499994E-03 9.4999932E-04 
121.0 1.0499991E-03 1.2499990E-()3 
128.3 1.0999984E-03 1.6999990e-03 

READING MOMENT TL BL TR BR 

1 4.0 ' 0.0010 : O .. OOlO: O.OtHO:· 0.0010 7 

2 6.0 ' 0.0010, 0.0010· O.o.!) 10 ' 0.0010 : 
3 8.0 0.0010 ' O.'OOlO :, 0.0010 : 0.0010 ,. 
4 10 .. 0 . 0.0010 ' O.OOlO: 0.0010 ' () .00 10, 
5 12.0 . 0.'0010·' 0.0020 . O.O()lO· 0.0010: 
6 14.0 . 0.0020 ' 0.0020 " O.OG1O () .0010: 
7 16.0 0.0020 0.0020· 0.0010 ' 0.0020' 

e 8 18.0 ' 0.0020 . 0.:0020·: 0.0010: 0.0020 ;. 
9 20.0 0.0020 .. 0.0020 . 0.0010 : 0.0020 : 

10 ' 22.0 ' 0.,0020, 0.0020 . 0.0.010 : 0.0020 . 
Il 24.0· 0.0020 :. 0.-0020 0.0010 1) .0020·' 
12 26.0 0.0030·· 0.0030 : 0.0020 ;. o .n020 ' 
13 30.0 ' 0.0030 0.0030·: 0.0020·· 0.0030, 
14 34.0 0.0030 : 0.0040 . 0.0020 ' 0.0030 ; 
15 38.0 ' 0.0040 ;. 0.0040 . 0.0030 : f) .0030 .: 



16 
11 
18 
19 
20· 
21 
22 
23 

MOMENT 

1.3 
11.0 .. 
14.1 
18.3 
22.0· 
25.7 
29.3 
33.0 : 
36.7 
40.3 
44.0 
47.7 
55.0 
62.3 
69.7 
7'"(.0·' 
84.3 
91.6 
99.0 . 

106.3 
113.6 
121.0 
128.3 

READING 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

- 102 -

0.0040 42.0 : 
46.0 
50.0 
54.0 
58.0 '. 
62.0 : 
66.0 ' 
10.'0·-· 

·0.0050: 
0.-0050·: 
0.0010 : 
0 .. 0080· 
0.0090 " 
0.:01:10 ; 
0.:0150 :: 

0.0050 .. 
0.0050 . 
0.0050 . 
0.·0020 . 
0.0020 
0.0020 
0.-0020 :. 
O.OOZO' 

0.0030 ; 
0.0040 ' 
011'0040 ' 
0.0040 : 
0.-0050 : 
0.-0090; 
0.0.110 : 
0.-0150 :. 

A 

5.6939491E-05 
5.6939491E-05 
5.6939491E-05 
5.69394911: .... 05 
8. S409236E .... 05 
1.13~18 ~nE-04 
1.~1387891E-04 
1.1387891E-04 
1-. 1387891E-04 
1.:1381891E-04 
1.1387891E-04 
·1.7081841E-04 
1.7081841E-04 
1.99288l3E-04 
2. 2775783E-04 
2. 5622756E-04 
2. 8469716E .... 04 
2. 8469716E-04 
2.5622756E-04 
2. 8469693E-04 
3.lJ316676E""'04 
3.1010643E-04 
4.S398529E-04 

MOMENT 

1.3 
11.0' 
14.7· 
18.3 
22.0 : 
25.7 
29.3 
33.0 ' 
36.7 
40.3 
44.0· 
41.7 
55.0: 
62.3 
69.7 
77.0 -
84.3 
91.6 
99.0 . 

106.3 

B 

5.6939491E-oS 
5.6939491E-oS 
5.6939491E~S 
5.6939491E-oS 
5.6939491E-oS 
5.69~949~E..;.OS 
8. 5409236E-oS 
8. 5409236E-oS 
8. 5409236E-DS 
8.S409236E-05 
8.S409236E-05 
1.:1387891E-04 
1.4234871E-04 
1.4234871E-04 
1.7061841E-04 
1.9928813E-04 
2.2115783E-04 
2.2115783E-04 
2.5l:i22756E--04 
2.e469116E-04 
3.9B51603E-D4 
5.1245512E-04 
7.9115252E-04 

RlV 

7.8469660E-05 
1.8469660E-05 
7.8469660e-05 
5. 3469674E-05 
9. 2104533E-05 
1.0693936E-04 
1.0693927E-04 
1.0693927E-04 
1.3193930e-04 
1. 3193930E-04 
1. 5693926E-04 
1. 85/f0898E .... 04 
2. 354090lE"'"04 
2.4964381E-04 
2.6387861E-04 
2.7811364E-04 
3.'42348361:;-04 
3.6734832E-04 
3. 5311352E-04 
3. 9234827E-04 

0.0040 . 
0.0040 ' 
0.0040· 
0.0050, 
O.OOS!)= 
0.0050, 
0.0070 " 
0.0130 : 

RRV 

1. 2846966E-04 
1. 2846966E~4 
1.2846966E-D4 
1.5346962E-04 
1.5346962e-04 
1.5346962E-04 
1.9'210438E-04 
1.9,210438E-04 
1.9210438E-D4 
1.9270438E-04 
1.9270438E-04 
2.0693929E-04 
2.2111421E-04 
2.2111421E-04 
2.6040897E-04 
3.2464368E-04 
3.6387867E-D4 
3.8881840E-D4 
5.5311341f=-o4 
5.9234811 E -04 



- 103' -

fi 21 113.6 6.8158307E-04 6.7428156E-Q4 
22 121.0 7.1005267E-04 8.8122691E-o~ 
23 128.3 7.9199183E-04 1.2485757E-03 

C PROTOTYPE BC-IB 

READING LOAO DL OC OR 

1 4.0 ; 0.0010: 0.,0010' 0.0030 : 
2 8.0 . O.OOlO: 0.0010 ' 0.0040' 
3 12.0 - 0.0020·' ·0.:0030' 0.0050-
4 16.0 : 0.0020·, 0.0030 ; o.oeno; 
5 20;.c-O .. 0.'0030 .. 0.,0030- 0.0080 : 
6 24.0 ·0.'0040' 0.'0030· 0.0100, 
1 28.0 ' 0.:0050 : 0.0040 '. 0 .. 0120.· 
8 32.0· 0.-0050·; 0.0040" 0.0130 " 
9 36.0 - .' 0.'0050- 0.0050 :. 0.0130 : 

10' 40.-0 . 0.0060 ; ·0 .. 0050, 0.'0130 .. 
11 44.0 ;. 0.0010·· 0.0060· 0.'0150 '. 
12 48.0- 0.0100 ; 0 .. 0060 - 0.0150 ; 
13 52.0··· 0.0180 : 0.·0180 ' 0.0110, 
14 56.0 ; 0.0270 : 0.-0310 ' 0.0410 :. 
15 60.0 · 0.,0400 : 0.0430 ' 0.0520.' 
16 64.0 0.0520·, 0.-0600 - 0.0640 : 
17 68.0 ': 0.0630 : 0.0690 :. 0.0170 .. 
18 72.0 '. Oc,0690 0.,0140 " 0.0820 ; 
19 76.0 0.0830 : 0.·0860 : 0.0940. . 
20 ' 80.0· 0.1030 . 0.1130 : 0.1190 ' 
21 84.0 - 0.1150 . 0.1260 . 0.1350 :. 

MOMENT DLR OCR DRR 

1.3 4. 9999988E;,..05 4.9999988 E-05 1.4999998E-04 
14.1 4. 9999988E-05 4.9999988E-05 1.9999983E ..... 04 
22.0 : 9.99999908-05 1.4999998E-04 2.4999981E-04 
29.3 9. 9999990E-05 1.4999998E-tl4 3.4999964E .... 04 
36.1 1.4999998E-04 1.4999998E'-04 3.9999955E-04 
44.0 1. 9999983E-04 1.4999998E-D4 4.9999962E-04 
51.3 2. 4999981E-04 1.9999983 E-04 5.9999968 E-04 
58.7 2.4999981E-04 1.9999983 E-04 6.4999959E-04 
66.0 2.4999981E-04 2.4999981E-04 6.4999959 E-04 
13.3 2. 9999949E-04 2.4999981E-04 6.4999959E-04 
80.7 3. 4999964E-04 2.9999949E-04 7.4999942E-04 
88.0 4.9999962E-04 2.9999949E-04 1.4999942E",,:04 
95.3 8.9999964(;-04 8. 9999964E-04 8.4999949 E ... 04 

102.6 1.3499991E-03 1. 5499988E'-o3 2.0499970 e-03 
110.0 1. 9999911E-03 2.1499968E-03 2.5999940e .... 03 
117.3 2. 5999940E-03 2.9999912 E-O 3 3.1999869 E-03 
124.6 3.1499879E-03 3.4499831E-03 3.8499791E-03 
132.0 : 3.4499831E-03 3.699980lE-D3 4.0999725E-03 
139.3 4.1499691E-03 4.2999122E-03 4.6999604E-03 
146.6 5. 1499531E-03 5.6499355E-03 5.9499256E-03 
154.0 5. 7499334E-03 6.2999129E-D3 6.7498945 E ... 03 
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,.IOMENT ROL ROR 

-- 1.3 9. 9999916E - :')5 9. 9999990E-05 
14.1 9. 9999976E-05 1.4999985E-04 
22.0 2.499CJ981E-04 9.9999830 E-05 
29.3 2.4999981E-04 1.9999966E-04 
36.1 2.9999996E-04 2.4999958E-04 
44.0 . 3.4999964E-{'14 3.4999964E-n4 
51.3 4.4999941E-04 3. 9999919E-04 
58.1 4. 4999947E-04 4.4999970E-04 
66.0 . 4. 9999962E-04 3. 9999979E-04 
73.3 5. 4999930E-04 3.9999919E-n4 
8(h7 6.4999913E-04 4.4999993E-04 
88.0 1.9999911E-04 4.4999993·E-04 
95.3 1. 7999993E-03 -5.0000148E-05 

102.6 2.8999919E-03 4.9999822E-fJ4 
110..0 4. 1499920E-03 4.4999114E-04 
117.3 5. 5999830E-03 1.9999570E-04 
124.6 6. 5999702E-03 3. 9999606E-04 
132.0 7.1499608E-03 3.9999234E-04 
139.3 8.4499419E-03 3.9998814E-04 
146.6 1.0799889E-\12 2.9999()18E-Û4 
154.0 1.2049846E-02 4.4998154E-04 

READING MOMENT Tl Bl TR BR 

1 4.0·· 0.0 0.0 . O.OOlC· 0.0 . 
2 8.0 O.nOID O.OCHO ()eCH) 2t1 !).fHHO 
3 12.0 . 0.·001 {) {).0010 . 0.003(1 [) .(}.o 10 
4 16.0 O.OOlO· 0.0010 0.0030 . 0.0010 : 
5 20,,0· O.O()10 0.0010 O.OO4ti il.OGIO .. 
6 24.0· ü.OAQ20 O.mHO· O.OO5/:) 0.0020 -
7 28.0 0.0030 Q.0010 . O.OObrj 0.0020 : 
8 32.0· 0.0030 O.~)020 . 0.0010 -O.O02()-
9 36.0 . 0.-0040 O.Û020 O.OO9fi () .00 2i) 

10 40.0 0.0050 Q.0020 0.0 HW tJ .00 20 : 
11 44.0 0.0070 . O.OQ20 0.012(1 . il .0020 
12 48.0 0.0080 0.0020 .. 0.0140 0.0020 
13 52.0 0.0100 0.002t) . {).O160 . ~1.0020 
14 56.0 0.0120 0.·0020 . 0.·018(" . ().OO20 
15 60.·(; 0.0130 .. 0.0020 : ne 021t t) .0020 " 
16 64.0 0.0150 tl.G020 . 0.0240 o .n020 " 
11 68.0 0.0160 O.C020 . 0.0280 . C.i)020: 
18 ·12.0 0.:·0220 0.(,020. O.032n 0.0020 -
19 76.0 0.0220 o.l:mzo- 0.0360 (j .00 20 
20 80.0· 0.0220 Q.o.020 0.0410 i).OO20· 
21 84.0· 0.:0220 Oa()020 0.0450 . 1) .00 20 

MOMENT A B 

7.3 0.0 2.8469745E-05 
14.1 5.6939491E-05 8.5409236E-05 
22.0 5.6939491E-û5 1.1381891E-G4 
29.3 5.6939491E-05 1.1381891E-04 
36.1 5.6939491E-05 1.4234861E-04 
44.0 8. 54092 36E-05 1.9928813E-P4 
51.3 1.1387891E-04 2.2715183E-CI4 
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- 58.7 1.4234811E-04 2.5622756E-04 
66.0 . 1.7081831E-04 3.t:316676E-04 
13.3 1.9928813E-04 -3. 4163659E-o'4 
80 .. 1 2e5622156E~04 3.9851603E-04 
88.0 2.8469693E-04 4.,551546E-04 
95.3 3.4163659E-04 5.1245512E-04 

102.6 3. 9851603E-04 5.6939456E-04 
110.0 . 4. 2704563E.-04 6.s480382E-04 
111.3 4. 8398529E-04 1.4021309E-04 
124.6 5.124~512E""04 8. 5409-195E-04 
132.0 ' 6. $3Z7365E-04 9.6191105E-04 
139.3 6.8327365E-04 1.0818499E-03 
146.6 6.8327365E'-04 1.2241986E-03 
154.0 '. 6.'S'327365E-04 1.3380112E-03 

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

READING MOMENT RlV RRV ....... " 

1 ,7.3 4. 9999988E-05 6.4234860 e-o 5 
2 14.7 . 7.84691:33E-05 1. 1170453E-04 
3 22.0; 1. 5346962E-04 1.O.693936E-04 
4 2'9~3 1. 5346962E"'04 1.5693926E-04 
5 36.7 1. 7846969E-04 1.9617402E-04 
6 44.0 c 2.1770434E-04 2.7464377 E-O 4 
1 51.3 2.8t93905E-04 3. 1387876E-04 
8 58~ 1 2. 9611408E-04 3.5.311352E-04 
9 66.0· 3. 3540884E-04 3.5658316E-04 la - 13.3 3.1464360e-04 3.7081819E-04 

11 80.:1 4. 5:31 l3;35E-04 4.2428798E-04 
12 88.0.0 5.4234802E-04 4.52757Sàe-D4 
13 95.3 1.0708179E-03 2.312214ge-04 
14 102.6 1.6492868E-03 5.3469627E~4 
15 110.() , 2.2885185E-03 5.5240048E-04 
16 117.-3 3.0419827E-03 4.1,Ol0439E-04 
17 124.6 3.5562124E-03 6. 2704389E-04 
18 132.0 : 3.9166138E-03 6.8398169E-04 
19 139.3 4. 5666061E-03 1.4091903E-04 
20 ' 146.6 5. 74151l6E-03 1.6209428 E-04 
21 154.0- 6. 3665584E-03 8 .. 9402939e-04 

c PROTOTYPE BC-1C 

READING 'lOAD Dl OC OR 

1 4.0- 0.:0 - 0.0 : 0.0.010 " 
2 8.0 ~ . 0.-0010- O.OQ20·-- 0.0030' 
3 12.0 ; 0.:0010 ; 0.:0020 : 0.0050 : 
4 16.0 0.0020 0 .. 0050 ' 0.0()70 -
5 20 .. 0 ; 0.-0020 0"'0050 :. ·0.0090 ' 
6 24.0··' 0.0020 : 0.0060 - ' 0.0110 : 
1 28.0 ; 0.:0020 '. 0.0070 - 0.0130 : 
8 32.0 '. 0.0020 ' 0.:00.70 ' 0.0140. .. 
9 36.0 0.0020 : 0.,0080 ; 0.-0160 : 

10 40.0'0. - 0 .. 00.30 : 0..-0.090 - 0.0190 
11 44.0 - ·0..-0030. . 0.-0.100. .. 0.0.190 · 
12 48.0· 0.00.30 . 0 .. 010.0. :. 0.0.:210 

- --.-.- - -- - ~- - - - - -
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14 56.0 . 0.,0050 ' 0.0100 . 0.0240: 
15 600(; 0.·0060· 0.0110 ' O.C260· 
16 64.0 . 0.,0080 0 .. 0110· O.027Ct-
17 68.0 O.ClOO 0.0110 : 0.0290 ' 
18 72.0 0.0110, 0.0110 . 0.03H1 
19 76.0 0.0130 ' 0'.0110 .. 0.0330 
20 80.0 . 0.,0140 . 0.0:110 . 0.036(1 
21 84.0 - 0.:0150 O.-OllO' 0.0380 
22 88.0 : 0.:0180 ' 0 .. 0110 .. 0.041Q 
23 92.0 0.0200 :. 0.-0110 ' 0.0420 
24 96.0 . 0.0230 . 0.0110 - 0.0450·· 
25 100.0 :. 0.0290· 0.0110 : 0.0510 . 
26 104.0 : 0.0330 . 0.0110 :. 0.0550 . 
27 108.0 : 0.0370 :' 0.0110 : 0.0590 
28 112.0 .. 0.-:0430' O.OllO "" 0.0650 . 
29 116.0 : 0.:0500 : 0.0110 '. 0.'0100··" 
30 120.-0 ··0.0800: . 0.0150·: 0.-0980" 

MOMENT DlR OCR· DRR 

7.3 0.-0 0.0 ~ 4.9999988E-05 
14.7 4.9999988p·OS 9.9999990 e-llS 1.49999986-04 
22.0 4. 9999988E-OS 9. 9999990 e-o 5 2.4999981 E-04 
29.3 9. 9999990E-05 2.4999981E-04 3.4999964E-04 
36.7 9. 9999990E-05 2.4999981E-04 4.4999970E-04 
44.0, 9. 9999990E-05 2.9999949 E-04 5.4999976E-04 
51.3 9. 9999990E-OS 3.4999964E-04 6.4999959E-04 
58.7 9. 9999990E-05 3 •. 4999964E-04 6.9999951E-04 
66.0· 9. 9999990E-OS 3.9999955E-04 7.9999957E-04 
73.3 1.4999998E-04 4.4999910E-04 9.4999955E-04 
80.7 1.4999998E-04 4.9999962E-04 9.4999955E-04 
88.0·· 1. 4999998E~04 4.9999962E-04 1.0499994E-03 
95.3 1. 9999983E-04 4.9999962E-04 1.0999995E-03 

102.6 2.4999981E-04 4.9999962E-04 1.1999994E-03 
110.0 . 2. 9999949E-04 5.4999976E-04 1.2999992 E-03 
117.3 3. 99999S5E-04 5.4999976E-G4 1.3499991 E-O 3 
124.6 4. 9999962e-04 5.4999976E-04 1 ~4499987 E-03 
132.0 . 5.4999976E-04 5.4999976E4l4 1.5499988 E-03 
139.3 6.49999S9E-04 5.4999976 E-04 1.6499986 E-03 
146.6 6. 9999951E"'04 5.4999976E-04 1.7999979 e-03 
154.0 7.4999942E-04 5.4999976 E-04 1.,8999977E-03 
161.3 8. 9999964E-04 5.4999976E-D4 2.0499970E-03 
168.6 9. 9999947E-04 5.4999976E-04 2.0999971E-03 
176.0 1. 1499994E-03 5.4999976 E-D4 2.2499962E-03 
183.3 1.4499987E--03 5.4999976 E-04 2.5499941 E-03 
190.6 1.6499986E-03 5.4999976 E-04 2.7499937 E-03 
198.0 1.8499978E-03 5.4999976 E-04 2.9499910E-03 
205.3 2.1499968E-03 5.4999976 E-04 3.2499882E-03 
212.6 2.4999946E-03 5.4999976 E-04 3.4999859 E-03 
220.0 3. 9999.746E-03 7.4999942E-D4 4.8999563E-03 

MOMENT ROl ROR 

1.3 0.0 : 4. 9999988E-05 
14.7 1.4999998E-04 4. 9999988E-05 
22.0 1.4999998E-04 1.4999982E-04 
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36.7 3. 4999964E-;)4 1.9999989E-04 
44.0 3. 9999932E.;..1)4 2.50!)()027E-04 
51.3 4. 4999947E.;..04 2.9999996E-G4 
58.7 4. 4999947E.;..04 3.4999987E-04 
66.0 4. 9999938E-04 4.0000002E-04 
73.3 5. 9999968E-04 4.9999985E-04 
80.7 6.4999959E-04 4.4999993E-04 
88.0 6.4999959E-04 5.4999916E-04 
95.3 6.9999928E-04 5.9999991E-04 

102.6 1.4999942E-04 6. 9999914E-04 
110 .. 0 . 8.4999925E-04 1.4999942E-04 
117.3 9.4999932E-04 1. 9999934E-04 
124.6 1.0499994E-03 8. 9999894E-()4 
132.0 .. 1.0999995E .... 03 9. 9999900e-04 
139.3 1. 1999994E-Û3 1.0999988E-03 
146.6 1.2499993E-!'H 1.2499981E-03 
154.0 1.2999992E-03 1.3499979E-03 
161.3 1.4499994E-03 1.4999912E-03 
168.6 1. 5499992E-03 1. 5499914E-03 
176.0 1. 6999992E-03 1. 69999Ei4E-03 
i83.3 1.9999985E-03 1. 9999950E-03 
190.6 2.1999984E-Q3 2.1999939E-03 
i98.0 2.3999976E-03 2.3999913E-03 
205.3 2.6999966E-r'3 2.6999884E-03 
212.6 3.0499944E-C3 2. 9499861E-Q 3 
220.0 . 4.1499724E-03 4.1499548E-03 

READING MOMENT TL Bl TR BR 

1 4.0 0.0 0.0 0.0·: 0.0-
2 8.0 0.0 o. Cl . 0.0010 : 0.0 : 
3 12.0 . 0.·0· 0.0 . 0.0010 : o .OOIO ' 
4 16.0 0.0 0.0 . 0.0020 " 0.0010 = 
5 20.0 D.O 0.0 . 0.0020 : 0 .. 0010·: 
6 24.C· 0.001(.) 0 .. 0 0.-0030 : 0.0010 . 
1 28.0 0.0010 . 0.0010· 0.0030 ; 0.0020 c 

8 32.0 i).ccn 0 .. 0.0010 . 0.0040 :. 0.0020: 
9 36.Q· 0.·0010 - 0.0010- 0.0040· 0.0020= 

10 40.0 . O.Q(~20 . 0.0010 - 0.0050 0 .. 0020 c 

Il 44.0 · 0.·0030 . 0 .. 0010 :. 0.0060 .. 0.0020 = 
12 48.0 0.0030 0.0010 0.0010 .. 0.0020 -
13 52.0 O. i)050 0.0020··· 0.-0010 - 0.0020 " 
14 56.C 0.0050 . 0 .. 0020· 0.0080 -- n .0020 : 
15 60.0 0.0070 0 .. ·0030 : 0.0100 ' 0.0020 : 
16 64.0 0.0080 0.0040 ,. 0.0100 : 0.'0020: 
11 68.0 0.0090 0.0050 : 0.0120 . t) .0020 .-
18 12.0 0.0100 0 .. 0050· 0.0130: 0.0020· 
19 76c:>O 0.0120 0.0060· . 0.-0140 : 0.0020 ~ 
20 80.0 1').~t40 0.0070 : 0.-0160 0.0020 : 
21 84.0 . (;.0150 0.0080 . a .. Ol10· 0.0030 : 
22 88.0 0.01-70 0.·0080 . 0.0190 . 0.0030·: 
23 92.0 0.0190 . 0.0100; 0.0210 0.0030·: 
24 96.0 0.0210 0.0110 0.0230 : 0.0030 -; 
25 100.0 0.0250 ; 0 .. 0130 : 0 .. 0280, 0.0030 : 
26 104.0 0.0270 U.0140· 0.0300 - 0.0030 ~ 
27 108.0 0.0290 0.0150 - 0.-0320 . 0.0040 : 
28 112.0 O.()320 .. 0 .. 0170 0.0350 . 0.0060 ; 
29 116.0 0.0350 0.0200 0.0380 0.0080 . 
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MOMENT 

7.3 
14.7 
22.0: 
29.3 
36.7 
44.0 : 
51.3 
58.7 
66.0 : 
13.3 
80.7 
88.0, 
95.3 

102.6 
~ 10.:0 : 
117.3 
~?4.6 
~3-2.0 '
~39.3 
146.6 
i54.0 ." 
161.3 
168.6 
i 76.0 : 
183.3 
~90.6 
~98.0 
~05.3 
212.6 
?20.0 . 

READING 

1 
2 
3 
It 
5 
6 
7 
8 
9 

lÔ 
11 
12 
13 
14 
15 
16 
17 
~8 
19 
20 

- 108 .:. 

120.0: '0.:0930·:· '0.:0100, 0.0850 ' 0.0450 : 

A 

0.:0 ' 
, 0.0: 

0.-0 : 
0.:0 ' 
0.,0 : 
2.8469745E~05 
5; 6939491e~05 
5~'6939491 E"!1'05 
5. 6939491E...,.05 
8. 5409236E~05 
1.:,1381891E-04 
1.1387~91E-04 
1.,99288t3E-04 
1~99~~81~E-04 
2 .'84697l6~;;;'04 
3. 4163659E ..... 04 
3~98~7603E-04 
4. 2104586E.;..04 
5.1:2455U~E;o..04 
5.:9?'86439E.;...04 
6~ 5,48038Ze"'04 
1. 1 174325E-04 
8.25(;2235E-04 
9. 1'1031 62E-OIf 
1.0818499E-03 
1~1:612592~-03 
1.2526684E-03 
1.39501;671:-03 
1.5658350E-03 
4.6~05345E-03 ... , -.... , -"; 

MOMENT 

7.3 
14.1 
22.0 ' 
29.3 
36.7, 
44.0:· 
51.3' 
58.7 
66.0·: 
7·3.3 
80.:7 
88.0·: 
95.3 

102.6 
, 110.0·: 

117.3 
124.6 
132.0 : 
139.3 
146,6 

0.1): 

B 

0.0 : 
2.:8469745E-oS 
5.6939491E-Q5 
8.54092361:-05 
8. 5409236E-QS 
1.'~1387891E-04 
1.4.a34a71E-04 
1.l081831E-04 
-l.7081831e-04 
1.9928fh3E-04 
2.2775783E~04 
2. 5622756E-04 
2.5622156E-04 
2. 8469693E-c4 
3.416~659I:.-.o4 
3.'4163.65.91:~4 
3.9857603E-Q4 
4.2704563E-04, 
4.5~51546~-o4 
5 •. 1245.51 i f;-04 
5.69394~O~~4 '. 
6~2Et33399~-o4 
6.8~2736,e-04, 
7.40at309E-04 
8.82561'18E-.o4 
C3.3950122E-04 
1.0249102E-03 
1.1672589E-Q3 
lt!3096016E-03 
3.7010489e--03 

RLV 

7. 4999989E-05 
7.499998~E-05 
1.749998?E-04 
1.749998~E-04 
2.1423446E-04 
2.5346~'t5E-04 
2. 534&94'E-04 
2. 7846941E-04 
3. 4270436E-04 
3. 819391 l E-04 
3.8193911E-04 
4. 4964370E-04 
4. 7464366 E-D4 
5.6734821E-04 
6.4581796E-04 
7. 2428770E-04 
7.6~52269E-04 
8. 5622724E-04 
9.2393183!=-04 

RRV 

2.4999987E-05 
3.9234859E-05 
1.0346965E-04 
9.2704533E-oS 
1. 4270446E-04 
1.8193957E-04 

, 2.21 17433E-04 
2.6040897E-04 
2.8540 916 E-D 4 
3.4964387E-04 
3. 38~7872E-04 
4.0:311366E...oQ4 
4.2811362E-G4 
4. 9234834E .... 04 
5.4581789E .... 04 
5.7081785E-04 
6.4928737E-04 
7.1352231E-04 
7.7775703E-04 
8.8122~50E-04 
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21 154.0 " 9. 7740139E-04 9.5969625E-04 
22 161.3 1.0808713E-03 1.0631655E-03 
23 168.6 1. 1878107E-03 1.1166355E-03 
24 176.0 1.3055154E-03 1.2201048E-03 
25 183.3 1.5409242E-03 1.4412783E-03 
26 190.6 1.6836287E-03 1.5697475E-03 
27 198.0 1.8263329E-03 1.7124508E-03 
28 205.3 2.0475052E-03 1.9336236E"'03 
29 212.6 2.3079142E-03 2.1291969E-03 
30 220.0 4.6952516E-03 3.92549861=-03 

C PROTOTYPE 6C-2 

READING lOAO Dl OC OR 

1 2.0 0.:0 ' 0.0 ' 0.0 
2 4.0 0.0010 " 0.0 0.0030 ' 
3 6.0 0.0030 ' 0.0 " 0.0040 
4 8.0 0.0050 ' O.COU) 0.0050 
5 10.0 0.0060 0.0010 0.0010 
6 12.0 0.0080 0.-0010 0.0010 ' 
7 14.0 0.0090 O.OOU) 0.0100 
8 16.0 0.0100 ' 0.0010 . 0.0120 '" 
9 18.0 O.Ol-2() 0.-0010 ' 0.0140 : 

10 20.0 ' 0.'0130 0.0010 0.0150 " 
11 22.0 : 0.0150 0.0010 0.0150,':· 
12 - 24.0· 0.,0180 0.0,010 ' 0.0190 " 
13 26.0 0 .. 0190 0.0010 " 0.0210 ' 
14 28.0 0.0210 0.0010 " 0.0220 ' 
15 30~'O 0.'0230 0.0010 ' 0.-0240 : 
16 32.0 ' 0.0250 : 0.0010 0.0260 : 
17 34.0 0.0280 0.0010 0.0290 ' 
18 36.0 0.0310' 0.0010 0 .. 0320 
19 38.0 0.0340 0 .. 0010 0.0350 ' 
20 40.0 0.0380 0.0020 0.0380 ' 
21 42.0 ' 0.0420 ' 0.-0020 0.0410 ' 
22 44.0 0.0470, 0.0030 . 0.0460 ' 
23 46.0 0.0510 0.0040 . 0.0500 
24 48.0 0.0560 0.0040 0.0560 
25 50.0 ' 0.0620 0 .. 0050 0.0590 . 
26 52.0 0.0690 0.0050·" 0.0660 ., 

MOMENT DlR OCR DRR 

3.7 0.0 0.1) '" 0.0 : 
7.3 4. 9999988E-05 0.0 1.4999998 E-()4 

11.0 1.4999998E-04 0.0 . 1.9999983 E-04 
14.7 2.4999981E-04 4.9999988E-05 2.4999981E-04 
18.3 2.9999949E-04 4.9999988E-05 3.4999964E-04 
22.0 3. 9999955E-04 4.9999988E-05 3.4999964E-04 
25.1 4.4999970E-04 4.9999988 E-05 409999962 E-04 
29.3 4. 9999962E-04 4. 9999988E-05 5.9999968E-04 
33.0 5. 9999968E-G4 4.9999988E-05 6.9999951 E-04 
36.7 6.4999959E-04 4.9999988E-05 7.4999942E-04 
40.3 7. 4999942E-04 4.9999988E-05 7.4999942E-04 
44.0 8. 9999964E-04 4.9999988 E-05 9.4999955E-04 
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47.7 9.4999955E-04 4.9999988E-05 1.0499994E-03 
51.3 1.0499994E-03 4.9999988E-05 1.0999995 E-03 
55.0 1.1499994E-03 4.9999988 E-05 1.1999994E-03 
58.7 1. 2499993E-03 4.9999988E-05 1.2999992E-03 
62.3 1.3999988E-03 4.9999988 E-05 1.4499987 E-1)3 
66.0 1.5499988E-03 4. 9999988 E~5 1.5999987 E-03 
69.7 1.6999983E-03 4.9999988E-05 1.7499980 E-03 
73.3 1. 8999977E-03 9.9999990 E-05 1.8999977 E-03 
77.0 2.0999971E-03 9.9999990 e-05 2.0499970 E-03 
80.7 2.3499958E-03 1.4999998E-04 2 .. 2999961 E-Q3 
84.3 2.5499947E-03 1.9999983 E-04 2.4999946E-03 
88.0 2.7999927E-03 1.9999983 E-04 2.7999927 E-03 
91.6 3.0999898E-03 2.4999981E-04 2.9499910E-03 
95.3 3. 4499837E .... 03 2.4999981E-04 3.2999874E-03 

MOMENT ROL ROR 

3.7 0.0 0 .. 0' 
7.3 4. 9999988E-05 1.4999998E-04 

11.0 1.4999998E-04 1. 9999983E .... 04 
14.7 2. 9999972E-04 1.9999982E-04 
18.3 3. 4999941E-04 2. 9999949E'-04 
22.0 4.4999947E-04 2. 9999949E-D4 
25.7 4.9~99962E-04 4. 4999947E.;:Q4 
29.3 5.4999953E-04 5.4999953E-04 
33.0 6.4999959E-04 6.4999936E-04 
36.7 6.9999951E-04 6. 9999928E-04 
40.3 7. 9999934E-04 6. 9999928E-04 
44.0· 9.4999955E-04 8. 9999940e-04 
47.7 9. 9999947E-04 9. 9999923E-04 
51.3 1.0999993E-03 1.0499994E-03 
55.0 1.1999994E-03 1.1499992E-03 
58.7 1.2999992E-03 1.2499990E-03 
62.3 1.4499987E-03 1.3999986E-03 
66.0 1.5999987E-03 1.5499985E-03 
69.7 1. 7499982E-03 1.6999978E-03 
73.3 1.9999975E-03 1. 7999976E-03 
77.0 2.1999970E-03 1. 9499969E-03 
80.7 2.4999958E-()3 2. 1499961E-03 
84.3 2.7499944E-03 2.2999947E-03 
88.0 ' 2. 9999923E-03 2.5999928E-D3 
91.6 3.3499897E-03 2.6999912E-03 
95.3 3.6999835E-03 3.0499876E-03 

..... ; 

READING MOMENT TL Bl "TR' BR 

1 2.0 0.::0' 0.'0010 0.0010 :, 0.0010 
2 4.0 0.0010 :: 0.0010 ' 0.0020" 0.0010 ',' 
3 6.0 0.0010 0.0020 " 0.'0030 " 0.0010 . 
4 8.0 ' 0.0020 '" 0.0020, 0.0040 ~ 0.0010 ' 
5 10.,0 ' 0.:0030 0.0020 0.0050, 0.0020 
6 12.0 0.0040 ' 0 .. 0030 ' 0.0060 ; 0.0020 ' 
7 14.0 ; 0.,0050 0.0030 0.0080 ' 0.0020 ' 
8 16.0 0.0060 0.0040 " 0.0,110 ; 0.00 20 : 
9 18.0 ' 0.0080 ' 0.0040 " 0.0.110 c 0.0030 

10 20.'0 ; 0.0090 " 0.0040' 0.0120 ';' 0.0030 " 
11 ??n :: n.nlnn n_no.t..n (\..:,n1,.n, n..:nn?n, 
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12 24.0 0 .. 0120 .. 0.0050··· 0.0150 . 0.0030 
13 26.0 0.0130 0.0050 .. 0.0160 · 0.0030 . 
14 28.0 0.0150 0.0050 .. 0.0170 0.0030 . 
15 30.0 0.0160 0.·0050 . 0.0190 : 0.0030 : 
16 32.0 0.0180 : 0.0060··· 0.0190' 0.0030 : 
17 34.0 0.0200· 0 .. 0060 . 0.-0230 .. 0.0040 : 
18 36.0 . 0.0220 ,. 0.0060 - 0.0250 '. ' 0.0040; 
19 38.0 0.c0240: 0.0010· ·0.0270 : 0.0040 :. 
20 40.0 0 .. 0270 ;. 0.007·0 . 0.2900 c 0.0060 : 
21 42.0·· ·0.0290 : 0.0070 .. 0.0,310 : 0.0060 : 
22 44.0· 0.·0330 ;. O.cOlOO" 0.0340 ; 0.0070 :. 
23 46.0 0.0350 : 0 .. 0120 ; 0.0360 ; 0.0090 " 
24 48.0 .. 0.0390 ; 0.0130 ; 0.0390 : 0.0110 :. 
25 50.0 0.=0420 :. 0.0150, 0.0420' 0.0120 ~ 
26 52.0 0 .. -0450· 0 .. 0190:· 0.0460 . , 0.0150 o. 

MOMENT A B 

3.7 4.3243228E.;o.05 8.6486471E-05 
1.3 8.6486411E-05 1.2972911E-04 

11.0 1.2972911E-04 1.7297284E-04 
14.1 1.7297284E-04 2.1621601E-04 
18.3 2.1621611E-04 3.0210219E-Q4 
22.0 . 3.0270219E-04 3.4594536E-04 
25.7 3.'4594559E-04 4.3243t93E-04 
29.3 4.3243193E-04 5.6'216161E-D4 
33.0 . 5.1891827E-04 6.0540508E""'04 
36.1 5. 6216161E-04 6.4864825E-tl4 
40.3 6.0540484E-04 6.9189142E-04 
44.0 7.3'513458E.;o.04 7. 7837775E-04 
47.7 7.1837715E-04 8.21621t6E-04 
51.3 8. 6486433E-04 8.6486433E-Q4 
55.0 9.0'810173E-04 9. 5135090E-04 
58.7 1.0378310e"'03 9.'5135090E-04 
62.3 1.1243236E-03 1.1615661E-03 
66.0 1.2108102E-03 1.2540533E-03 
69.1 1.3405394E-03 1. 3405394E-03 
73.3 1.41()2689E-03 1. 2799300E-02 
11.0 1.5567555E-03 1.5999987E-03 
80.1 l.8594515E-03 1. 1729109E-03 
84.3 2.0324292E-03 1.9459436E-D3 
88.0 2. 2486446E-03 2.1621590E-03 
91.6 2.4648597E-03 2. 3351309E-03 
95.3 2.1675582E-03 2.6378315E-03 , 

READING MOMENT RlV RRV 

l 3.1 2.1621614E-05 4. 3243228E;;..05 
2 7.3 6. 8243229E-05 1.3986414E-04 
3 11.0· 1. 3986474E-04 1.8648629E~04 
4 14,.7 2.3648620E-04 2.0810187E-04 
5 18.3 2. 8310763E-04 3.0135084E-04 
6 22.0 3. 7635011E-04 3.2291242E-04 .-
7 25.7 4. 2297249E-04 4.4121510E-~4 
8 29.3 4.9121561E-D4 5.5608060-E-{)4 
9 33.0 5. 8445893E-04 6.271P.'2l.0e-04 

10 36.1 6.3108041E-04 6 ;1<3 2364E-o 4 
/ 
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• 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

40.3 
44.0 . 
47.7 
51.3 
55.0 
58.7 
62.3 
66.0 
69.7 
73.3 
17.0 
80.7 
84.3 
88.0 
91.6 
95.3 
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7.0270197E-04 
8.4256707E-{J4 
8.8918861E-04 
9.8243169E-D4 
1.n540S34E-Q3 
1. 16 89181 E -~O 3 
1.2871611E-03 
1.4l,JS4044E-t)3 
1.5452688E-03 
1.735133tE-03 
1.8783761E-iJ3 
2.1797251E~l)3 
2.3.912117E-03 
2.6243180E-03 
2.9;) 7423 3E-()3 
3.2337699\:-03 

C PROTOTYPE 6C-3 

READING lOAD Dl DC DR 

l 2.0 0.0(130 o.c C.(l!j3t 
2 4.0·· o.oe80 C.fI (J.008f 
3 6.0 0.0130 o. t)tHD 0.0130 
4 8.0 0.0170 o. etH 1) i1.r1l8r 
5 lC.fi) 0.0220 D.{JOIO .").025t} 
6 12.0 (;.0280 0.fW10 ').r.:. 32C 
7 14.0 O.C'35() 0.nHn 0.041P 
8 16.(1 (î.042D (J. '::J02/j D.049C 
9 18.0 0.05DO Q.0:~J3 !) Q.nS8r 

10 20.0 O.V580 o.ün40 : 0.ü68f> 
Il 22.0 0.0680 O.~}06f) O.O8::){; 
12 24.0 C • .rJ82:C) {J.O\î80 O.098t~ 

MOMENT DlR OCR 
3.7 1.4999998E-'-!4 G.Al 
7.3 3. 99999S5E-(.~4 J .:t.:) 

11.0 6.4999959E-Ç·4 4 .. 9999988 E-::' 5 
14.7 8. 4999949E-C4 lt.9999988E-f"l5 
18.3 1.0999995E-Q3 4.9999988E-05 
22.0 1.3999988E-(j3 lt.9999988E-05 
25.7 1. 749998QE-{:3 4~9999988E-tl5 

29.3 2.0999971E-C3 9.9999991) E-;:':5 
33.0 2. 4999946E-~13 1.4999998 E-P4 
36.7 2.899992,oE-C3 1.9999983E-lJ4 
40.3 3. 3999849E-n3 2. 9999949 E-r.~4 
44.0 4.n999725\:-n3 3.9999955~-()4 

CI fvlOMENT ROL ROR 

3.7 1.4999998E-04 1.4999998E-C4 
7.3 3.9999955E-04 3. 9999955E-P4 

11.0 6.9999951E-C4 5.9999945E-(:4 
14.7 88999CJ940E-:;4 8. 4999949E -t:4 
18.3 1.1499994E-C3 1.1999991E-C3 

6.9594S23~-t)4 
8.3918846E-ù4 
9.1D81019E-f;4 
9.5743174E-04 
1.OS06751E-Û3 
1.10G6750E-03 
1. 28 37825E~03 
1.40 2n 258E-(l3 
1.5202686 E-O 3 
7.2996it67E-(n 
t. 77 49977E-{)3 
1.9614827E-03 
2.1229684E-03 
2.38 W752E-03 
2 0 S1 75 6C 5 E -n 3 
2. 8439090 ~ -03 

DRR 
1 0 4999998 E-tl4 
3.9999955E-~14 

6.4999959 E-f?4 
8.9999964E-\.i4 
1 .. 249999 3 E-:'~ 3 
1.5999987 E-'"j3 
2.0499970 E-!j3 
2.4499949 E-;B 
2. 89999 2~" E-j 3 
3. 3999849 E-,"~3 
3.9999746 E-!)3 
4.8999563E-D3 



22.0 ; 
25.7 
29.3 
33.0 ' 
36.7 
40.3 
~4.0 " 

READING 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 " 
11 
12 

MOMENT 
3.7 
7.3 

11.0 -
14.1 
1803 
22.0 Co 

25.1 
29.3 
33.0 
36.7 
~0.3 
44.0 

READING 

1 
? 
3 
4 
5 
6 
7 
8 
«3 

10 ' 
Il 
12 

1.4499981E .... 03 
1.7999919E-03 
2.1999970E--03 
2.6499946E-03' 
3.0999911E~03 
3~6999844E-03 
4. 4999719E~03 

MOMENT 
'2.0 ~ 

4.0 ~ 
6.0 -
8.0 ' 

10.0 ; 
12.0 ' 
14.0 : 
16.0 : 
18.0 ' 
20.'0 ' 
22.0 : 
24.0 ' 

TL 
0.:0020 -
0.'-0050 ' 
0.·0070 : 
0.'0100 : 
0.,0140· 
0.0110 ; 
O .. OilO, 
0.:0250 : 
0.0300 : 
0.'0360 ' 
0.:0410 : 
0.'0500 ; 

A 
1.2912911E .... 04 
3.02-70a19E-04 
4.3243193E-04 
5.6216161E~01t 
1. 7837775E .... 04 
9.9459384E-04 
1. 2 «:!12965E.;..03 
1. 5567555E.,...03 
i.94594361;-03 
2.31a3141E-03 
2.16755821;-03 
3.4594452E-03 

- •• ~: • # '.' •• " ',' 

MOMENT 
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1. 5499985E-03 
1.9999968E~3 
2.3499948E-03 
2.149~~21E-03 ' 
3.1999Q50E-03 
3.6999751E-03 
4.499~532E-03 

.', : t t 

Sl 
0.,0010 : 
0.0020; 
0.:003Q :, 
0 .. 0030 : 
0 .. 0040 : 
0.0060 ' 
0 .. 0090 ' 
O .. O.~tO ' 
0 .. 0150 -
0 ... 0190 : 
0.0230 ; 
0.0300-

TR 
O.OOlO ,: 
0.0050 
0.,0070 : 

1 0.0100' 
0.0120 '-

, 0.0150, 
0.0180 " 
0.0'210 -
0.0250 . 
0.0280 ' 
0.'0320 : 
0.0430 ' 

S 
1.2972911E-04 
2.5945925E-D4 
3~89188761:-04 
5~6216l:ô7E-04 
6.4864825E-04 
8.21620921:-04 
9.i~459384E-04 
1~2t08t02E""03 
1.4210255E-03 
1.ô432416E-03 
1.85~4575E-03 
2.4)216163E-03 

" , , , ~ 

RLV·· 

3.7 
7.3 

1100 -
14.7 
18.3 
22.0 
25.1 
29.3 
33.0 : 
36.1 
40.3 
44.0 

1. 3986474E-04 
3.51350T5E-04 
5.6621572E-04 
1.3108054E-04 
9. 641884~E-04 
1.2222962E-03 
1. 5486472E .... 03 
1.878316IE-03 
2.2919617E-03 
2.139l817E';;;O~ 
3.2337699E-O~ 
3. 9797053E-03 

IEND READ---NO MORE DATA CARDS 

SR 
0.0010 ' 
0.0010 ' 
0.0020 " 
0.0030, 
0.0030 -
0.0040 ' 
0.0050 : 
0.0010 : 
0.0080 " 
0.0100 ' 
0.0/110 7 

0.0130 ' 

RRV 

1.3986474E-04 
3.2972940E-04 
4.9459399 E-04 
1.0608058E-04 
9.2432369E-G4 
1.1858091E-03 
1.4972952E-03 
1.7804024E-03 
2.088507ôE-03 
2.42161191:-03 
2.7797148E-03 
~.4607835E-03 
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APPENDIX B 

C:ALCULATIONS OF THEORETICAL MOMENT-ROTATION RELATIONSHIPS ... 

1 
l~ Column-to-Base Connections 

a'J) Condi ti01ls -at )lield and ul timate 

In ord:erto (Tbt-aiR the-- degre-e of fixi ty of the base arrangement 

at yield, the- yield"'1Iloment- (M) of the columtIl must- be determiB.ed. The 
- y 

problem corr~ist-s- ill--findillg-the-load,applied at an actual eccentrici ty 

of 10 inches-, that:--wi.il::mak.e-the' column- yield. The calculations 1nvolved 

are cumbersome-'-anrl--=lengtiIy. Moreover, the- terms "yield poillt load" and 

"ultimate-- lo&dn-:tn~-thec case of tied columns are not quite distinct. 

Previoustestsll~,2Q--have';C-shown that when a:tied colulDD is yielding, it 

means that-- tt1)-urt-tmatr-ca-pa-ci ty is attail'led. A more- representative 

estimate--of- the·'~-fixtty---would -be-obtained"bycomparblg the theoretical 

rotatiOIJ: o'C-cu-rrtng"-at'the-baseof the -columa (wheJl"~pinned) with the actual 

column haviDg- tt-s-bQe"-fi'xed by means of'--ce-i-the'r-conn-ection arrangement, 

at the ulttmat-e--qde'Bi'gn-"moment -. level. Iu---anycase, the degree of fixi ty 

will be referred to as "degree of fixity at yield". 

b)\ Ultimate capapity of the columa (USD)' 

i) Properties of the materials 

ft. = c- 4500 psi 

f 
y 

= 50000 psi 

m = f /~45 fi = 13.08 Y c 

w = 145 IbS./ft. 3 E 1,5 33 ,J f~' 3.87 x 
6:, 

= w " = 10 psi 
c.; 

E 
6 

s • 30 x 10 psi 

n = E lE = 7.75 s C! 
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i1) Balanced eccentricity': 8.65 in. 

Since actual e = 10 in~, tension control~ 

ii1) Det~rmine P 
u 

ACI Code formula (19-5): 

Ultimate load = p' = 235 kips 
u 

Ultimate moment = M = 
u 

235 x 10 = 196 k.-ft~ 
12 

Ultimate desiga load = pi. = 
u 

U1t1mate design moment 

p = .70 x 235 = 165 kips. u 

165 x 10 = 
12 

138 k.-ft •. 

c) Cot'responding rotat1ons .<,. 

i) The theoretica1 rotation at yield (at ultimate desigJl value) 

~s obtained by the Euler -furmula: 

where a = P 
EI 

t .. 

d = • (sec aL - 1) 
2 

where It .. = moment of illertia (transformed, uncracked sectios) 

The term d is the mid-height horizontal deflection for a pinned-ends 

column acted on by an eccentric load (eccentricity : e). The formula 

is applicable in thi15case·under the condition that the stresses in both 

materials (conc~te and stee~are still in ~ir respective range of 

linear proportio!lali ty. (In other words, we are in the region just 

prior to yield). 
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P = 165 kips, I tu = 5675 in4• 

d = .5~0 ilt". 

And the rotati·ou·-at·-tit.·inds - .0046 ;a-d. 

1i) Th~ rotatioa at u1timate isobtaillled f-rom the oompatibility 

16 of strains diagram 

"Vu = E eu + E 
l 

d 

= •. 000362 

As the curvature is actual1ymeasured ov-&r a1e-ngth of 44 iR. 

~ u = '0/ u X 44'" = 001159 rad. 

2. Beam-to-Co1umn ConnectiollS 

al) Assumptions 

i) At yield,the·stre-ss in the t~nsion reinforcement equalB 

the yie1d stress, (f ~f ). 
s y 

11) The compression reinforcement· is neg1ected hl the ca1cu-

b) Conditions at ·yield·and ultimate 

The moments at yieldand u1timate STe obtained by using Mattock's 

16 analysis •. 

i) Prope-rties of themateria1s 

fI. = 4000 psi ; 
c 

f = 50000 psi ; 
y 

w = 145 1bs./ft. 3 

E = 30 x 10
6 

psi s 
Il = E lE = 8 •. 22 

B c 

; 0' E = 3.65 x 10 psi c 
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, 
cl Rotations at yield 

The rotations at yield are computed by the cODjugate beam 

--17 method. The rotation at 40 in. from"t'he-support (wh~ it 18 measured 

in the laboratory-)--i:s obtained by compu:ti-n-g--the- -shea.r fo'rce at the same ,-

distance, in the conjugate system. 

d) The rotat.1olls at ultimate 

= II.4 M (x 12 x 103) 
El 

The rotations~ ultimate are ob~iRed f~om- the compatibility 

of strains diagram 

AI.. E + E l' u = --.:::c:,:::u ____ y"-
d-

cp = 41r x 40" 
u Tu 

e) Sample calculation 

for the ca-se- of BC-l-a 

i} Yiel~--

M = 189 k. ft. 
y -4 

~y (40") = 14.26 x 10 rad 
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11) U1 timate 

M = 213 k. ft. 
u 

t9 u = Vu x 40" = 10.2 x 10-3 rad. 

A table summariziRg a11 the ca1culatiOR~fo11ow • 



- 119 -

• THEORETICAL M- CALCULATIONS , 

f = 48900 psi . fi. = 4000' psi ; E· = 30 x 106 psi . E = 3.6; x 10
6 

psi 
y 

, 
e~ 1 

, e 

k 1 = ,85', ; k
2 

= .425; k 3= 085 BC-1e BC - 2 BC - 3 
' . , 

b x d 12" X 18.5" 9" x 14" 7.5 " x 10" 
;', 

2 2 2 " 

A ' "'3.14 ia 2 •. 37 ia 1.67 i. s " 

in4 " 

i.4 4 " 

rtu 4968 , 1780 670 i. 1 .' C' , . :", . " 

", -, ',. " : .... 
f ' .. 

2260 psi 2490 2680 psi psi e 
" :' 0(:., . . ".:,. . '" i.-,':',:.' ~ ::;: ! l" '~:. : ' •• ."" ':.';"'/"';':::':~:"734··":·"":::';':'·;;;·:· ~ ;:':'~!~:', '; ". . , ' . . ~_ .. ~' .. , .' .. , ' . . .. . h' •. : • . .... 

k •. 613 . .815 
" 

M 1ag k.-ft. 100 k.-ft 0 49.6 k .... ft. 
y 0, 

M 213 k.-ft. 116 k,-ft. '\ 57.3 k.-ft. 
., 
l' u 

cp y(40") 14.3x10-M 21x10-4: -4 : 

27.7x10 

102x10-4f1 134x10-4' 188x10-4 
'1~ 

<Pu. 
.. . .; 
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APPENDIX C 

ULTRASONIC PULSE TEST 

The ultrasonic"pulse test was developed in an attempt to measure, 

in a non-"d-estruet-ive-'manner,'''s-om-e'''-phystcalprope-rties' of' con·crete. The 

method i8"' parti c:al:a:riy-ef'".f-e-et±:ve·'·in··est"i-nra.ting the quality of concrete 

and in d-ei;-e-ei;ing·'t"he·-"d-ev-e-l-opmettt·· of" 'cracks' in' st·ruciiures and to check 

deteriorati Oll' 'du-e,,,·to·· fro·st· 'or" chemi cal action. 

The"apparatus consiste of a transmitt-er driver and of a piezo

electric 'Cry-st-al··'i;rau-sduC!fr·-emi tting· vibrations at it s fundamental fre

quency. -The-·tran:sdneer"is·i-n··contact wi th the concrete, so that the 

vibrationst-raver-t-hr-ough·it--ahdare picked 'up by another t.ra.sducer 

in contact .. rtth-··ttre:-'''{)"Pl'O"SiU·'-fa'ceof th-es-pe'cililen under test. The wave 

veloci tY"'h;--ùetendnect'ùt-re'ct-l-yfrom' the ·time taken'by a pulse to travel 

a measureddi-sta:n'Ce"; in' our' case, one foot, the thickness of the specimea. 

"Thepurpose of this test was to evaluate the damage due to 

welding o-f embe-dd-ed' steel elements between precast concrete units. It 

was expect'ed that'the heatproduced by the welding would resul t in the 

development·· .. of· .. ·cra·cks in the concrete, both on the surface and in the 

volume of·"i;he-·'15=pe·cimen.. T'he ultras'onic test will detect the cracks by a 

decrease' in the' veiocity' of sound propagation. 

Welding"wasperf-ormed on three specimens; fillet size of 1/4", 

3/S,,'and l/2"were: appli-e-d, each fillet resultingin a different ~emper-

a ture gradient ·that had to .... tre-·-dis-sipated th-roughout the section. A fourth 

cube was used as a control specimen and had no welds. 
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It is obsèrved from the curve that a 8% variation in the ultra

sonic veloci~ies were obtained between the most severely heated specimen 

and control. The, results show that the physical properties of concrete have 

been. altered to anextent wh-ichis negligible. 

--Fur thermore, inspection of the beam-to-column connections af't-er 

failure did not' "Te-vea:l ~ny apparent 'damage due to the heat developed 

during welding •. 
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ULTRASONIC PULSE TEST 

SPECIMENS ::. 12" x 12" x 12" CONCRETE CUBES (4) 

12'" x 4" x 1/2" STEEL PLATES 

EMBEDDED IN SECTION 

F;LLET WELD, VARIABLE SIZE 

2,' 4' 4" If t 

1 

€~1 ~E9 
tH 

1 
i 

(':. 

1 4-" 
~ El1

5 -
ff)8 4œ- 4" 

21' 



• - 12:;·-

_VEWGIT't. . ."," 

(fI./sœ,) )1. 10 3 

4' ;%' ~1ft" 
i COfiTKQL $ PEC'I HeN !? ~ 

/ (NO W5f..J)) 

1.5 1 1 1 l 
111 0 8 0 

0 

13 
0 0 0 

1.1. 
'14 ~ ~ 1. SIZé OF f!/Ll..€.T.{lN) 

0 6 .. 6:% 6,310 8, .. 0-1. .' , !k.RSlVCTfW.lAI 
Jl.e.c.cx;1 fY P.ét.Al'Vr:. 
-PL-(!{)N p.tJf- Sp, 

• 
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APPENDIX D 

MATERIAL PROPERTIES 

1. Teasion Tests 

Wi-thtn, the-'-we-ld:±ng test program, tension test I!I weTe conducted 

on a number of '/4" di"fcme-t-e-r'de-formed bars (50,000 Psi) on which differe!lt 

welding , intensttiet!l-were'- applie'd. The purpose of thi s invest igat iOI! 

was to detect any structural deficiencies in the material"resulting 

from the"heat devel:opeù by the welding. 

TeJilsion 'te'sts were performed on two bars wi thout welds, 

two bar!!!' on which con-thmoul! welding was performed and two bars sub

jected to spotweldingonly. The measurements were taken over a 8 il1. 

gage length, on which'the welding was applied. The results are pre

sented in t'he'"'fO'llowi"ll'g"table' and stress-strain curves are plotted 

using the·'avenge'of"t"he' twc, readings. It is noticed that while the 

yield stresl! i!!!a'pproximately the same for the three cases, the ulti

mate strain il! re'dtl'ced"by 40% in. the case of continuous weldimg and 

by 65% for spotwelding application • 
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2. CompressionT-estson COllcrete Cylillderl!!l 

streJlgth""W8:I!!I" obtaiued"""by-"taldng"""the-- ave-rage- cru"shing" force·- of-three 

6 ia. x 121ft. cyl1nders. The ~esultl!!l are tabulated belo~ 

COMPRESSIVE STREUGTH (fi = "pst) 
c 

C.looB. C.-B._ B~C1a B-Clb B-Cle B=C2 B=C3 
TYPE r TYPE II 

CYLINDER NO. 
(6" x 12") 

(28 Daye) (28 days) (28 daYI!!I) (7 daYI!!I) (7 days) (7 days) (7 daye) 

No. 1 4060 5060 2800 51"'30 2180 2700 3820 

No. 2 4175 5835 3330 4950 3900 3500 3890 

No. 3 5200 4525 3500 5100 3070 3600 3960 

Av. 4480 -,140 3210 5070 3350 3600 3900 
-

GROUT:' (3"x6") 
CYLINDERS 

PAD 

No. 1 4700 4850 

No. 2 4900 4600~ 

No. 3 5925 5450 

Avo. 5170 4970' 


