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s rurnonuéyxou o

o e ;In building constrnction. tbe rednction in floor
| thickness nade possible by pessing bnilding setvi;Es throngh
floor-beans, rnther than undet tben. can cnnse a significant
"urednction in consttnction nnd neintennnce costs, by redncingg
’vthef &otal bnilding\\height and . volnne. Tbis is often -
‘acconplisbed nsing open-ueb steel joists or expanded—webvi?
'steel girders. in conctete consttnction. the sa-e effect cnn
»be: achieved by eithet alloving tbe cutting of ueb openinqs
?.by those involved in the installation of services vhich is a.

~:dangerous ptactise. ot by designing' beans 'containing ‘web

\

- openings._ﬁ IS : _,ﬁjn‘__. ‘\\g\g'i‘ S g.

"

‘ At the' present tine.' houevet;

there is not suf- ‘1
N ficient inforlation nvailnble to allow an enginﬁ !
'such beans vith:any confidence in both their

econony-ivwitb the long-range goal of contributing to thef”
‘.develop-ent of design ptocednres. -anj experinental progta-z
3.was initiated at the .university of Albertn to stndy the:
Eibehavioqr ‘of prqsttessed conctete tee bea-s containing latge'
:\veb openings. The titst patt of the progran !as Sadve's ;
_‘stndy<l°3r ot ptesttessed fconcrete tee beans .containing_'
:?:ectnngnln: web openings and vntions artangenents of ‘longi-

t_tudinal and verticnlg shen: reinforcenent.. _ Blanc"’

» continned vith sinilar test bes;s}‘ aiso vnrying the hole

- . v ) . .

':Qc;?<f:V'f,;'

BRI T
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_,shapo. the prest:.ss torce. aud thb slope of the she&r rein-

‘~torcon¢nt rinally, Liadcr<0’ exanined in uore detail the 
g2ects of these varis

‘fshcarfﬁéihfoébéiﬁhﬁ. a{d alno varied hole sizo. o

bles; inttoduced tntther vatiations ot

CEeT
§ L

. The present scties éhtf'”"' foqns " frou:Qg

..‘[

%.roctangnlar and pa:alleloqrnl} shnped opA 1nga to citculat{ :'

"?ones. !he vatiablon of 't;fi
Vsheat reinforcenent;‘nd loadiuq contign:ation. althouqh the;f;
;ef:ects of . va:yiug hole si:e and spacing were also br  tly,f 

 ;conaidered. R 7&f‘gﬁ@ff.!f327*

Ny

. .‘:_ Tvelie beans were -tested,i the 5 results being§  >
' tecorded 1n the forn 'ot Delec strain gauge_ teadiggs._“f
'electtical tesistance st:ain gauge readings. and deflection‘-

breadings.‘ In addition. phoﬂogtaphs vere taken of the heals’” '
ﬁat v&rious loading stages to tecOtd c&acking patterns and_i  

. tailure lodes. ];]_ ' jf-f{.;v.f"\i;5"'

inal concctn u.ro uﬁranQGlent of;fﬁf



cn nnu I
’ anvua o' n;vtous wonx
. the d#'e.-,ofi féo‘znéf te _s-i#‘-ts_v’itﬁmq web openings

“fﬁﬁ lnch 1ass wld:cpnea i th-n the use of

~5joists and othet trusa—ty e stool st:uctures.

'jin the past. acononicnl 1na rcliahlo design procedures ' must

 [enab1e concreto to p:ov dc . hott.r altornativn.[han.it has

' be ﬁevelopad. ro thisjend a linited alount o£ reséhtch has

'been done vhich squostg'that such an glte:natiyq _l@y‘ be
,gviahle. hnt cequires ‘irther resgarcb. - o

.'/

SQqucto)’“ conducted - tests ’ in the strnctnral_'

jpen-veb steel

a‘otder"_to-

EBngineering L;'oratoty of the nniversity of nlberta on nine 

.Vp:estressed conctete teé‘ hcals vith‘ :ectangular Heb -

fopenings. This ptogra- 1nvostigated/n‘f

i

i;tested under tvo point 1oads at varlons spacings. °Other

’,'Q foot lodel beals-v

‘vatiahles included{‘vett;cal ghea: teinforoe-ent, as well as -

“lonqitndinal teinfotcenent and snpplelentaty lovet web shear

~ re1n£otce-eﬁt.

J'f'Soiébbﬁéifiﬁtigpif;nﬂfeﬁncluiiong”tr6i th1s:prbg;a;'

"ncrote tec heals containing latge vehv

qned tor £1¢xnre usinq ”he ACI Code's 

pént'pqgngitiqns. ~e'en'Athoughlthe'



g actunl nlti-ato sh-at cupncity obtnined could far exééed'
that dosiqncd for. tloxnre.v R |

_fbr ‘ Any additional shear teinfoté;-ent ptovided. served
to 1hcroase the load cartyiug capncity ot a beal containingi
1arqo ucb opcnings by an a-onut ranging tton 15! to 22!.
S Additional shear" rdintorconent also’ confined'
failnk\\ to"a 1ocation vhoto thore vas an ab:upt change in
ctos--coctioual aroa nf eouctct-.

d) An nlount of. vo:tical rcintorcenent. placed 1n the
’pc:ﬁs. gave those posts the capacity requited to cause a
localizing of the éailute 1n the lover web, if this veb had
no ve:tical rq%nforceneut. Bovevet.‘placelent ot a -ini-n-’
a-ount of 1uc11n 4 shear teinforce-ent in the lovet - web
' cansed the failnt‘ to be localized in the posts.
 §)_  The addition of both post and. lovet veb rexntorce-

lent resulted in a ] disttibntion of stresses in ..the shear

span such that a: “sections vere more egually stressed in

diagonal tension. 3

' f)‘ Consiﬂotable‘}kcrease 1n suppielentary longitndinal,

reinforce-ent did nov

‘ capacity of the bea-s.,-.v»?'

B Q) l decrease i n the nn-ber of openings in the sheat‘

E !fii

-zpan 1ncrea-nd conside:ably the sheat capacity of the bea-s.

i

signiticantly 1ncrease the shear.
| V -



2.2 parallelogras Shaped Openinds in Prestressed concrete
Le B;ane¢3’.‘1n a !oliou-np to. Sauve’s wvork, tested
“fen prestressed‘concrete tee beams with rectangular and

parallelogras ehnped-ﬁ veb; qpeningn Anr‘th“:strnctntal

Engineering thorntor’ at the University of Alberta. The.

. detaile .of the beaas vere -1.11@: _to Sauve's, and vere

- tested under vnrions load errnngenenta. “The prestress forcel

and the alonnt of shear reinforce-ent used . \vere tvo

iiportant variables. hovever the main concern. vas the

_effecte of the parﬁllelegran type:openings in the beans,

- compared with the rectandular'openinge'or no_ openings.

Some of his observations and conclusions vere:
" a) }'Pnrallelogran shaped openingS‘ accompanied by
’jinclined shear stirrnps. in preatressed concrete tee beanms

containing veb,openings, result in "a beanm vith a hiqher

nltinete Capncity“relatiieb-td.rectnngnlar shaped openings

and:verfical sheer sfirrnps, dhen’the failg;e is  a  shear
‘failure or a conbined 'shear and hending type of failnre.-

' fb)' since' ~shear { failures occur. thronqh the ~hole
“‘nections. shenr reinforcenent 1n the posts is not snfticient

in itself. to prevent a" shear failure. o

‘ ¢) ' Lower web. reinforcenent in the shear span belou the

veb openinqc.{increases the ability of the bea- to uithstand
\-ore eevere shenr stressea. thereby increasing the

possibility ot flexnrnl tailnre.

i

o



d) . Shear reinforcement, bov- tho hole sections in tho
‘ shédt Ispans. vould pcobahly 1ncreuse the posaihility of a
| flexural failutc in cases uhoto the loading produces sevotq
~ Sshear stress ~conditions, since shear failures tendﬁ to
initiate 1n thi,s rogj.on. : N
°).. The ultimate loﬁd and lo;cnt calculated using the
lheorétical . ACI Code ptoc.dqro. in the case of flexural
tailhtos;'is very con.otvaflio rci@tivé 4to thc ubaiuteq
nlti-ate 1oad and -onent obtainad from these testl.
S Deflections at tlexutal ultimate loads were higher‘

for beams having web openings than for the control beam

_having\none,‘dne to the decregse in initial stiffness caused

by the introduction of the 6pen1ngs.

o

ﬁag@h and waruarnk£33 tested six prestressed tee
»“bea-s co;;aining veb openings. In thls pro;ra-, four ‘model
beans ‘were tested in the Structutal Engineering Lahoratory
of the UniVersity of llbetta anJ tuo full size bea-s vere
”testeﬂ i ‘the field. The dosiqn of ‘the tuo full size bea-s

uas hased oq the tasults obtained fro- the model bea-s.

- §one'ot tﬁéit observations~and COhclnsions vere:
-§j~‘ Ctacking extendod vettically dovnvard fros appfoi4
1lately the contrc p&int of the veb openings-'hence it vas
;concluded 1n the full size bca-s._ to distribnte ‘the pre-

_sttessing sttands alﬁost evenly uctoss the vertical section.‘



N

of the lover web.

b) Severe cracking at the connection of the "post" and

flange led to the provision of steel in the posts at 1.3% of

the horizontal area of these‘post-§v~ .

c) ° A1l failures vere due tohticlined.cracking in the
lover web and alﬁays io fhe half span vhich had the least
asount of webfreintoreenont' honoe the full size ha... vere
fprovided vith "n" stirrupl in the lower v‘b spaced at six to
tuelve inchos. . _

d) The -ode of tailure\of a11 bea-s vith openings vas

by the . tornati@r ot lechanisls. lone of the ‘beams, neither

' nodel or full ‘size, tailed in a flexural manner,

2,8 mmww:.nnmmm

Lorentsenfs)“k of the noyal Institnte of Technology

in Stockholu. condnctef analytical and experimental research \

on reintorced coucrete girders having a single veb . openi:;,

Pour beals vere tested under different loading conditions

T

In 'general; his tests confirled the hehav;éur

~ pattern predicted by the hlnstic theory and also shoved/;hat

“thore vas a reserve of capucity available. due to the redis—

tribntion ot -onents hetween stressed sections located a£’

efthe' edges of the opouinga. Loreutsen also shoued that for
'staticelly loédod structnres, | satistactory structural
_CQpecity can he achieved if tﬁe sections near a- hole are
':designed to rosist-the nornal and bending forces. ne pointed

RN



. out that im simply -aipqie.a beann supporting a uni:onaly
distributed lond. tnore }ate” tvo factors whicn nake the

. locationa of a bola near the midspan desitabla-

a) The nagnitudo of the,tlanqe soment, and

b)  The low chean'torca relative to notnal force

'The t;nnge soment tefera to the moment in ‘the nppat

_tlanqe at the lett end of the hole, not the contribation’ of

. flange conprass&on to eVerall moment :eciatanca at a
‘bection. Since this moment is basically the sum of the tixed
-end nonent of the flange itself induced by the pottion of
the 1load applied above the hole and thns dependent only on

'hole length, and a conponent prodnced by the transverse
shear at the section. it tollovs that the flange lonent 9111'

‘ be ninilal .near ‘the centetline. Sinilatly. the high nornal-
‘torce in the tlange at centerline. relative to ahear fotce.
enhances the ehear cepacity " of the flange. -while the

opposite sitnation at the snpporte 1ndnces high Jprincipal»

\
tension sttesles in the tlanqe.

. an 1nportant conclesion vhich 'Lonentsen made is
that, in the region of a hole, the ‘members should be
foverdoaigned with tespect to crnehing ot the concrete. This
'gua:ds aqainst the occn:tence of a plastic condition at
| vorking loads. Snch a condition is not desirable, since the
lonent near. a hole nay change siqn,‘ depending on.  the
-jpoeitien o! the load. ne also conclnded that the ptinciples

presented can be applied to Cases vhere more than oneffhole

v



exists.

2.5

c lnnsqn. lcavalos and bnuinl('i ot tho nnivotazty ot
,\s;-kntchcvan. tqatdd ninn toctlugulat b-ab- contnining veb
opcnings. !ho’ v-rouahlo to votitx that: latqo opcniuqs
' bebhave ainilacly to ‘a '&ctqn(ocl p‘uol. cont:ltloxu:o points
exist nt th. appro:tuato -1a-pun of thc c:os- sembers, the
F:diaqonul torce conconttatio- nt tho coraners ot [n opcning is
tuice the si-ple :hcat totcc. and aa-qnatcli teintotced
'lnrgo oponinga do not ‘todnco thc nltinate capacity of a
_Vboa-. but tcduce tho ' qtitfugt: -and " hence tnctease‘

 §§£1§ct1oq§.v

SN SOIéS ; dnd'_’chiéf(lt) conduétad tests in  tFeZ
’;Pottland CQlent : lsaOCiaéiéia. Structural . Develop-ont;
;Laboratoty ou 19 reintoteod conctate tee bea-s containing

'JcitcuLAt veh openings. thc lpccincns veré propo:tioned to’
A?lOd.l the ncgntivo~uoncqt region at an intorior Fport of a‘
;typictl } eq;tianons:’ joist nnd uoro cast #Zth sacha?
,;1ightveiqht—ag9toguro \coaercto. Some  of  their design

':recounﬁndatlnna vere: - : , ' o
f7lf?§)l ‘an’ openln; shonld Qucroach no closet to the extreme ~
co-p:ession tihre - thnn&? %pg gépth 'of t?ﬁ .pquivalent

ooy A

“
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-E.otlucnxut -tthc‘bggcf'gi‘>¢c!thq¢ by Sec. 10.2.7¢1), with
this :oqnithnpnt oatia!itd.fc-nxi isolated openings wmay be
' locatcd‘inzvhogo ip“tlo ved without strength reduction.

b) large opoillq. should have well-aachored stirrup
reianforceaent on-nitidt side. This reiaforceasent should bHe
loqatod us“cloac"to thc‘opéliqg‘nl is consisteat vith the
ACX standnrdvt§qlironont-'tot comcrete cover.

Q) On oteh.-ido gt & large opeaimg the area of stirrup
tiintothiong -lé@ld,bn ROt leams than the shear capacity of
the joist at the location withoat the 6§on1nq divided by the
specified mimisua yield stremgth of the stirrup steel. The
shear capacity ;hould be calculated according to Sec.
11.5C1), '

a) :ihere multiple op;ninq- are used, the nminimaa
'hOtizontal _dimension of the oconcrete between adjacent
openings should be not l‘l§ thaa 0;25 of the web depth or 4

inches, lhiéqciér is greater.
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 CHAPTER III
‘@ r S )
RBSEARCH PROGRAN
o ‘ ” N
- This test series forls the fourth part of a prdgrgp
initiated to supply the experinental back@round necessary;-~
for‘ the developnent of adeguate de51gn procedures for pre-
stressed concrete ‘tee beals containing large eeb openings.o

"The first three series studied the effects of rectangular

and parallelogran shaped openings on the behaviour of suchff'

‘beans,. vhile this investigation introduces circular veb

pOpeningSw L

dustification‘for the 'study . ‘f he effects of .
circular' noles is vtro-foldmblrirst; nany of the building
'fj services'¥that may be threaded through the holes ‘-ared

cflindrical, ‘such as plu-bing and sonme air—ducts, or vould.
it as easily through circular holes as any. other shape.
_such as electrical conduit. Thus in practice a circular hole

~\ .
may be more “desirable than a rectangular one: Second,

v¢intu1tion, supported by the results of the tests, sudgests
that the lodevof behaviour o£-a»bean’is stronglj influenced
by web opening geo-etrj; .Tnus“ a Edesign- of a beam with
'circular web openings based only on studies of rectangular

holes‘wouldvat hest be a crude approxilation._

The fabrication and testing of the beams of this
study vere carried out concurrently vith those of Linder.

‘V“Good c0ford1nat10n of the two test series avoided logistical



| R
probleams in the laboratory, and Amproved the efficiency of

both operaticns ~with respect to tinme, --ateriai:\ and

. manpowver,

Tvelve specimens, described in Table 3.1 and Figure
3.5._were teéged,'each containing ciccnlar veb op[nihgs. The
séction used'ﬁas_a;sihpie.tee“vith'qn overall 4 ?th} of 20

”inches, -as illustrated in Pigures 3.1 and 3,2.‘Th35;bcaticn .
of thé°center11nes cf the holes vas at  a de'th' of 8-172
1nches from the. top of the flange. Onlike Srev;ous sectlonsw
used by Le Blanc and.VSanve, ho corners\\\efe\ beveled,
although 1—1/2 by 141/2' inch flllets vere forned at the
{veb-flange juhctionsJVLonQitudinnl Illd steel. relnforce-ent
‘con ted- ‘of eight7§3 deforeed_:einforcing bars, extending
’théggih-che-full length of ell:beals. Four ,of_-chese .vere
placed~at'iid—deéth’Of'the’flanée; tvo just above the holes,
‘and _ two ‘in the botton of the veh. ip this wvay the efeel was
proportloned to resxst inltlal tension stresses in the’

.flange, to increase the lOlent capacity of the sectlon, and

toAfacilltate construct;on and handling of - the texnforcxng
cAges. Piie ‘eeveneeire presftessingifstrands of 3/8 inch
/noninal dla-eter vere positioned at the corners and ;centre
/Of-ﬂa' 2 inch by 2 inch square at an average .depth of-a6
inches. | | H

The first heai’had ten holes spaced at 16 inches on‘
centre, a sgan- betveen snpport ‘centerlines of 20 feet. and

two loads placed sy-netrically on the beas 8 feet apartfi;7f//
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| Supseguent/ﬁea-s had ‘holes spaced at . 'inches, vspans
.between~vsopport centeﬁlines of 20 feet 4 inches (for beams
“AD-2 to- An—u). or 16 feet 8 inches (fOt‘ beanms . AD-5 . to.
AD-12), bat vith the ' tvo 1loads located 8 feet 4 inches
apart. These proportions enabled the 1loads to Ahe ‘placed
-idway : betveen\iholes, uhile -aintainiag:_constant hole :
. spacing fhrooghodt the perforated'region and shear spans of
either four or six feet. The length allowed for anchorage of

:rthep strands' beybnd the support centerlines at'each end

. varled fro- 1 foot 6—1/2 inches to 2 feet, depending on the

space avallaple in the forls. There were seven or nine holesp
p "beanm’ (dependlng on beal length) of 8 inch (beals AD-7
"and AD—B) or 10 inch dia-eter. Ihus, vhile the average holec.
area per foot of beanm length was less than that of beans
wlth rectangular or parallelogra- shaped holes by fro- ‘111
‘to  57%, tpe maximum depth of web re-oyed by a ‘hcle was 25%
ﬁigher- o L |
The arrangement of shear.'reinforcelent vas the
principal variable._»AIt ons;sted ~of full depth open
"U-stirrups of 03 deforned garéc and snaller closed stirrups
-r_of 2 bars. The U-stirrups placed at-u5° and 90° to the
~ longitudinal axes_of_the heals vere bent to the 'specified
shape _by Athe supplier, while 'those placed arﬂ60° vere
produced in the laboratory by re-behdlng the 45° stirrups-
Tye s.aller stirrups wvere fabricated: in the laboratory from

stralght #2 bars ¥ent on a " simple bending Jjig, and vere

placed 45° above and below the holes. The lower web



~

stirrups vere anchored by neans of wire ties where their
ends ‘lnpped varound a Zcorner. Figures 3.3 and 3.5 show

stirrup'details and locations" in the test beams.

‘The prestressing operation vas carried out between
tpo' reinforced. concrete abntnents anchored to the;load
a‘floor..The first fonr.beans were cast singly; ;the‘-second
fonr vereb ench ,cast-iith‘one of Linder's beaas in'tnnden,
vhile the last fonr vere cnst as two pairs in tandel.'ane’
‘ for-work 'used vas that designed by Linder,,consisting of
_ built-up steel forns lined with plyvood treated to resist
danage fros fresh concrete. The openings vere forned by,
. styrofoanzblocks'held in place by ‘small truncated plyuoodr‘
“cones" vhich were vedged into sockets in the blocks. These
cones were attached to the forn liners vith uood-screvs such

that they could be easily relocated.

‘The,concrete nixbnsed vas proportioned to produce a
nominal strength of. 5000 psi, end _contained  Bigh ‘Enrl¥A
Astrength cenent.< TYpicallj, three standard test cylinders
_vere cast from each~batch of concrete, allowed to cure under-

'the same conditions as the beans, and wvere then ‘tested for

- R

’lconpressive strength and tensile splitting strength on the
snne dny‘as the corresponding-bean test. Transfer of- the
vprestress force was acconplished after either a four or five
_ day moist cnring period. The benls and cylinders vere then‘;l
'vstored.in‘dn exposed condition in the. laboratory. nntil

. being tested at ages ranging from 15 days to 36 days.
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‘Tne instru-entation' ot the beans vas of three-
type8° electtical cesistance sttain gauges, nenec points,

and metal scales .gradnated in hundredths of an incﬁﬁg!ﬁg,j

strain gauges vere nounted on -the shear reinforcenent at’
locationsv that appeared “to be critical, judging fton the
ccacking behaviout of tnev first beals, and -on the pre-
'stressing strands at selected sections. These were catefnlly
fwaterproofed 'with a coating of epoxy, uhich also setved to
protect thel fro- being dalaged by the aggregate during
casting. Pairs of Demec points were -ounted at a section
near the hea- centerline as shovn in Pigure 3.4 to deter-ine
the s&rain changes induced by creep and elastic shortening:A
at transfer, especially at. the level of the ptestressing

~ strands in tneylove:fyeh.“stcain ‘distnibutions actoss the

. r ) Lo P to . ~ "
‘depth of the section  were also derived as the Leans vere

»iloaded. Deflection readings uere obtained for each increnent .t

‘of 1oad vith the use" of a sutveying level and scales

suspended fron the hotton of the web at the load points and~

>

centerline.'

’ The loading apparatus, as pictured in Figure 3.7,
consisted of tvo hydraulic jacks nounted on a steel frane
{secured to the load floor, and tvo concrete »pedestals.J The
’ jacks vere controlled fron an l-sler loading appatatus, such
that they vould ‘exert egual loads,'and vere positioned to

bear dovn on tvo steel plates, plastered to the ‘top ,°f ‘the

| flange. The rounded knife-edges, uhich provided the point of
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contact hetueen the beals and the supports, were -onnted ona
fsnall roller—uheeled certs that traveled on bearing plates
_boited to the; concrete 'pedestals.> To provide structnrnl
’,stability. one . of theee carts vas restrained by a threaded‘
'rod, vhile the other vas free to roll as the botton fibre of
.-the bean elongated. this lotion of the tolling snpport upset
the syn-etry of loading by allowing the centre portion ‘of

the beaas to\nove in the snne direction. To counteract this’

L undesirable effect. the position of the fiked snpport conld g

.‘he adjnsted dnring testing by neans of the threaded rod. The ]
underside . of ‘the\ _veh‘*fdes protected . from Btressr.
-.concentrations by the steel bean seat of Pigure 3‘6.

guard against the slight possibility of a beal tipping over:
'sidevays' under high loads. a trane of 5 inch channels vas'

bolted across each end of ‘the loading ftame above the. test

Lol

bean to restrain the flange. )
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TABLE 3.1

w

GENERAL BEAN DATK

v
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CHAPTER IV

TEST RESUOLTS -

- The results of ‘the teéts of twelve tee beams are
presented invi this \qhapﬁer in tabular, graphical and
photographic fora. The valdes Plotted wvere derived frona
readinés ‘takén _duting testing viih the- use of a survey:
level, electrical réé}sfance strain gauges, Demec ?train
gauges, and the Ansler.loading apéaratus, and are tabul&ted B
-ihhlppeﬁdix B. |
4.1 Summary of Test Results

_TABie 4.1 givés 'silélified descriptions “of :the
shear reinforcement defails.of ihé be#né,vgnd cogreSpOndingr
failure loads. Table 4.2 compares the observed ultimate
‘-oi?ﬁts'\QithI the9tetica; valués; based on Eq..18-3‘of the
1971 aACI Buildingyéodetl); a s?rain-co-patibili£y~ ahalfsis,
and the 'assn-ption "of a. ftress of 275 ksi in the
prestressing'strand ét\failure; Sample calculﬁtions_of these
moments aré given in kAppendii' C._.Ih‘ all  cases “the
non—préétreSSed ‘tensile reinforcénént was considered to
contriﬁute to moment capacity according to Sec.- 15.7.2 of -
thevACI C§de(l). Also in this table the fa¥%ure mcde of e§¢h v
‘beam is described,'#s either shear, shear-comgression, or
flexural. This classification‘vas made on th; simplistic,

'

. : o . _ ,
descriptive  rasis explained im Sec. 5.2 to facilitate the
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evaluation of the shear reinforcement arrangesents used.

"“4.2 Load-Deflection Relationships

Figures 4.1.1 to 4.1.3 i{l1lustrate the relationships

'between moment and centerline deflections. For clarity, the ~

' "beams are divided into three groups of four and each curve

is referenced with the corresponding beam nuaber. These'
,gronps are_‘terned’ "CaSting’ Groups"“one (long beams cast
51n917). two. (short beans cast in tandem with Linder's), and

three (short beams cast iu pairs in taqde-).. Deflection
_readihgs vere .also taken at the load p01nts such that the‘
three\ readings' could be used tp» calculate an - average.
curvature -lin’ the pure lelent region. The resulting
lOlent-curvature relationships are’plotted on Figures .u.2.1

to 4.2.3.

4.3 §train_n;str;bution'

RN

Strain distributions .vithiu bean sections, as’
calculated fro-’Delec strain gauge readings, are shouﬁ for
selected ﬁloads in Figures' 4.3.1 to #.3.3. 'Delec point
locations near bean centerlines are as depicted in Pigure
3.4, In. addition. the strain in the top fibre of the flange
- given hy Demec readings is. plotted against uonent in Figures

A
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5.8 Momept-Reinforcement Strain Relationships
The remaining figures show  the relationships
between applied nmoment and strain iﬁ the reinforcement
o obiéined,fron:readinés of the strain gauges mounted on the
- prestressing 'st:andf,{ahd ‘shear reinforcement. Generalb
locations of these‘:gauges ‘are shown in Figure 4.5.
Individual curves are referenced with heal number and gauge

number in otdet that the exact location of any gauge can be

fonnd in Appendix Be

Straids in the prestre551ng strand are plotted on
Flgures 4.6.1 to &. 7 4. The fltst three figures deal with
straln 1n the strand at centerllne, while‘the rest deal vith
the "other four general 1locations. Figures 4.8. 1 to 4. 11
‘.111ustrate the relationshlps between moment and strain ,in‘
- the full—depth- #3 stirrups, ‘the upper wveb #2 stitrups, and

the louer veb '2 stirrnps.

4.5 crackipg and_Failure Patterps

Plates 3.1 to 4.12 consist of photogfaphs of each
‘of the beams at ive stages of loading. The first load is one
at which the qeeeral crackingrpatterh has eeieloped, aﬁd the
,seee a4 ‘is the faiiure‘load. Close—qp views of the failure -
_regions of beals AD 1. AD—? and. AD—8 are sho n. in Plates
.13 to 4.15 to illustrate the three noge of failure by

vhzch the beals are classified.
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SR Ghn eun SNs SHD M SUD GEn om GEE s S ewh S ema

4 A

. TABLE 4.1 e
v ‘SUNMARY OF TEST RESULTS
r—— R ST .r — T — n B
| BEAN |SBEARISTIRRUPlSTIRRUPSIQVERQQE SPLCLNGI!’K}ILURBI _
I|NO. |SPAN [SLOPE ' |PER POST|UPP § LOWER {LOAD ]
{ £t jdegrees| - {in " otin Ikips 1
1 1 -k . ; i . 4 4 ; ! 2
T LR B T T g " L) -t
y i | L { S R |
AD-1 | 6 (| 90 | 2 { none | none f 19.0 {
A i | | R L _ |
AD-2 {1 -6 | 90 - 2 '| none | nome | .20.0 |
. | o N A B | I I , f
AD-3 | 6 ( 45 | - 2 '{ nome | none | 29,0 |
AN ! B | o { K A | B |
AD-4 | 6 | 4s 2 | 2.13 | 3.00 § 29.1 1
i A i- : | l. . {
AD-5 | 4 | 90 ¢ L+ 3 1 "1.25 | 2.00 ¢ 35.0 |
A B l. R ! | {. { {
AD-6 | 4 | 45 3 ol 1.25 ) 1.50. ) 42.0 }
| [ | ‘ { IR S | B |
AD=7 | &4 | 45 | .4 | none |- none { #2.5 |
| I | N { o _ N -
IAD-8 | 4 | 45 | - | 1.50 1 1.75 | 43.25¢
t | | | 'i’b' ' { 1 {
IAD=9 | 4 | 45 g 31 none | none | 38.0 -
1 i i -1 i : i e ]
IAD-10} 4q i 90 3 | 1.00 | 1.50 § 33.0 )
i | I {. ' i i S
tAD-T1§ 4. | 60 | 3 | none | “none | '31.0
| I i, I . i | | [,
IAD-123 4 { 60 ¢ = 3 { 1.00 t 1.50. 1 39.0 |
{ | { 1 . _ i | . . !
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TABLB 8.2
COHPARISON OF OBSERVED AND

THBORETICAL ULIIHATE‘HOHENTS -

-

IBEAN (PAILURE (PAILORE[PAILURE| THEOR. ULTIMATE MOMENT |
INO. {TYPE ILOAD  (MONEWT |XCI CODE|STRAIN | _ |
| I N TR 1 . |COMPAT. {275 ksi| .
I . I 7 ikips {in lu.pslin kips |in kipsiin kips|
— + —4- - 4 -+ - 1
S | | . [} ] , | | |
AD-"1- {SHEAR | 19.0 { 1368.0f 1650.0] 1896\21 1900.2
| { B | I , | i |
AD-2 | SHEAR | 20.0 { 1480, o| 1650.0] 1910 9| 1900.2
- | | | S 1 |
AD-3 |SHEAR-CONP| 29.0 | 2088. 0|- 1650.01'190u 2[ 1900 2
| I i i |
AD-4 |FLEXURE | 29.1 | 2095. 2| 1650: 0| 1900.11 1900.2¢
i : (. o | R B | . [
AD-5 |SHEAR I 35.0 ¢ 1680.0| 1650. 0| 1900.6( 1900.2]
' i i | 1 ' ] l
AD-6. |PLEXURE | 42,0 | 2016.0] 1650-o| 1915.71 1900.2)
i S | A I S - o N
AD-7 |SHEAR-COMP| 42.5 | 2080.0| 1650.0| 1904.5] 1900.2|
B | | I i ' I 4 g |
{AD-8 |FLEXURE { 43.25] 2076.0] 1650.0f 1900.2(.1900.2
| i | 1 i | I - L
|AD-9 | SHEAE-COMP| = 38.0 { 1826.0| 1650.0{ 1903.8] 1900.2}|
| | | . | : | o ‘
|AD-10 | SHEAR i 33.0 | 1588.01 1650.0| 1906.4{ 1900.2|
] | 1 1 | i N | o
IAD-11|SHEAR | 31.0 | 1888.01 1650.0{ 1897.81 1900.2]
i | ' | i . N ' i i N
IAD—12|SHEAR—COHP|' 39.0 | 1872.01  1650.01 1911.9] 1900.2}
i | i | i : | | -
| el y 3 A A
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PLATE 4.1 BREAM AD-1 CRACKING AND- - FAILURE PATTERNS
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PLATE 4.2 BEAM AD-2 CRACKING AND FAILURE PATTERNS
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EAM AD-7 CRACKING AND FAILURE PATTERNS

" PLATE Q.B?BEAE_QSES CRACKING AND FAILURE PATTERNS
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PLATE 4.11 BEAM AD-11 CRACKING AND PAILURE PATTERNS
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PLATE 4.13 BEAM AD-1. : .

TYPICAL SHEAR FAILURE DETAIL

PLATE 4.14 BEAM AD-7

TYPICAL SHEAR-COMPRESSION FAILURE DETAIL

PLATE 4.15 BEAM AD-8

TYPICAL FLEXURAL FAILURE DETAIL
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CHAPTER V

DISCUSSION

|

The test series reported herein consisted of twelve
prestressed concrete tee beams, each containing circnlar wveb
openlngs. The pr;nc1pal variables included were arrangement
of shear reinforcelent and 1loading configuration, while
vatiebleS»of sec pdary‘concern vere hole size and spacing.
The following iscussion, Fupplelented by the figures in
Chapters III and Iv,. describeg the behaviour of the beasms

under load and relates it to khe varlables nentioned above.

Y

‘
5.1 Emms

In all ¢ases tvo eqnal point loads were positioned
synletrically at ither four or six feet from the supports.
Thus to reach the ultimate -o-ent capacity of the section,
two different severities of shear stress would also be
developed.  Becau e‘. no failure' mechanisms were formed
involving more tha‘ one hole, the presence of an extra hole
in the longef shear spans of the first four beams had little

influence on’behaviour and vas not oonsidered as a variable.

~ Ten inoh diameter holes\Vere.soaced at 20 inches on
centre in all beams except lD-l, in which a 16 inch spacing
vas used. This beam failed at 19 kips whereas AD-2, similar
in a11. respectsv bni ﬁole spacing, failed at 20 kips. The

difference is not 1arge enough to attribute it solely to the
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difference in sgacing,‘particularly considering the higher
measured compressive and tensile strengths of the concrete

of AD-2.

The inclusion in the series of beams AD-7 and AD— b,
containing the smaller 8 inch diameter holeS,”did little to
isolate the, effects of bole size on shear strength as they
both had loréwstirrups per post than other beams. These two
beams failed at or near fleisfal capacity, making it
difficult to determine their actual shear strength. The’
failure at or near flexural capacity 6f AD-6 and AD-9, the
beams most similar to AD-7 and AD-8, also made the -soubihed
strengthening effect of smaller holes and more stirrups
diffisult to assess. It is intuitively obvious, however,
that ,s-dllet’ holes in the shear span will decrease the
p0851billty of’shear fallure, by removing less concrete, and

by providing more room ‘for shear relnforcelent.

- _ The variations of shear ‘réinforcement fornedf,the
‘most ilpbrtant- paréneter of these tests. Initial
calcuiations for shear reinforcement requirements - ignoring.
the holes showed that'vertical-QB'stirrups could be piaced
in the 1onger shear spans._ at 15 1nches, and 1n iihe. shorter
V.shear spans at 10 inches. As well. as veakening the beans,
‘the presence of the wes ‘oéenings ‘placed .fesfrictions. on
"possxble Ystxrrup locations. whiie the évérage spacing Qf
stirrups in the first four beams was 8 gr '10r'inches,l the

distance between . tvo stlrrups surroundlng a hole vas 12 or
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17 inches depending on their slope.

f

Full-depth #3 "U" stirrups, as shown in Figure 3.3,

—

- were employed in all .beans as the primary’ shear

reinforcement. They were fabricated in different heights to

allow their . placement at 90°, 60°, or 450 to  the’
longitudinal beanm axis. In the case of beams AD-7 and AD-8,
stirrups of twice the area vere produced by tack welding two

regular stirrups together.

i

Secondary‘shear reinforcesent vas| also pcovidéd in
six beams in the form of closed #2 stirrups above and beiouk
holes in critical shear regioné@ They wvere 1iodeled affer
those of‘ Liqder, fuho deveioped them| pursuant to the

o

recommnendations of Le Blanc. Because of the : 1 web depths

available, gspecially for the upper stirrups, they v‘l
placed at 45° to take advantage of the resulting effi cy

and overlapping effect of inclined stirrups.

- >S.2 Cracking
"B§Side§»ﬁ-oae_-9£ féilqre,' the | progtession‘ of
‘cracking through loading history is %n aspect of beam
behaviour that is affected by the presence\of veb openings.
\

The first cracks noticeable in each of the beans'ﬁere a form

i

of uéh 'shear crack extending froa a ”%héar hole in'tqo
opposite directions along a 45° 1linme. This cracking

developed- at lower loads tharv #eb shear cracking in the

unperforated;portibns of the shear spans-ibecaqse, of the
g i’\v‘,—/
| ;

|

|
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higher average diagonal tension stress across the line of
the cracks caused by the presence of the holes. The next to

appear vwere the first flexural cracks, progtessing‘npvqrds

e

from the bottom surface of the web near the load points. Tgé;:T ’

total of superimposed and dead load moments at which this

occurred ranged from about 640 inch-kips to 900 inch-kips,
vhile the calculated cracking moment, based on the modulus
of rupture, was about 870 inch-kips,lwitﬁin a short time of
ité appearance the fleinral cracking pattern had deveLoped a

aniforam density and crack length, both of which increased

with successive loading until the concrete in the lower wvebs

became unable to contribute to lower web tensile strength. A

similar series of flexure-shear cracks also developed in the
shear spans, curving upwards and avay from the beam ends.

As the neutral axis migrated higher into the web,

craﬁking began to occur above the openings. In the moment

spanF this often took the initial form of two small cracks

ascehding tadially from each hole at ébout 459 from the

~vertical, and generally stopping at the web to fillet
‘ . 4 g
junction. These were flexural cracks, and their deviation

from - the vertical vas the only evidence of stress

codcéntration noted in the tests. In some instances these
, , iyt )

two were the first of a saall group of similar cracks

tAG#atihg.frOI'ihe top quartet of| the opening perimeters.

Théée -bealsN faiiing in f1exure\an& shear-conp:eSSion also

ex erlenced the propagation of single flexural cracks up the
P 9

liddle of the posts in the lo-ent spans from. the bottom

/
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fibre into the fillet. ‘ 7
!

By the 1latter étages of loading the first cracks.
that had appeared above the first hole outside the moment
span usually had growvn into the fillet towards the/load
point;jstill inclined at about 45°, Even at  ~ considerably
high 1loads the upper webs immediately above these holes
remained relatively free from visible cracking, althoagh

this was the location of the final failure crack.

5.3 §1§§§i£1§n;ign_9£_znilnn§.xxng§ o

The beans were divided into three categories
depending on tﬁéir mode of failure. The flexurdl gtoué
: co;tains all the besws that failed in the desirabie flexural
mannmer, indicating that their shear reinforcement was
sufficient for them to attain their ultimate capacity. The
shear ,gfoup consists of those beams that failéd at loads
considerably below the expecied'flexural capaéities,'dﬁe to
insufficient shear strengtﬁ.( The shear-conpressidn group
includes the beams that failed at relatively high loads, but
in a ‘manner si-ilar'td‘the shear féilures. Pailuresi typical
of these three types can be seen in Plates 4.13, 4.14, and

4.15.

The last category ﬁas labelled shear-COIptession'
bhecause of the co.bination of high sh¢ar and compressive
éiggéééwégﬁthe upper veb near the load yoints' prior to

i Rt A ‘ : \ : :

. EWilure. This stress condition apparently was thé cause of .

¥l
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the failures, as evidenced by the occurrence of cracks
iné&ined less than the 45° of a typicallshear crack. While
these fajlures were basically shear in nature, they
Jisplayed a behaviour almost as desirable as a flexural
failure, since they sustained loads and deflections in some
cases greater than those of the flexural group.

The definition of . flexural failure as "one
occurring in the pure wmoment region", thoggh so-e::at
strict, Qas intended to avoid including a‘ failure not
clearly a result of flexural effects. As predicted by
strain—cbmpatibility " analyses, all flexural failures
bccurred Py the crushing of concrete in the flange and upper
web. Thus it vas difficult to identify the basic cause of a
failure in a shear span as shear or compressive stress on
the evidence of appearance alone. This éthﬁsion did not
arise - in 'previous te§gs(3)(‘)<‘°5 in qhich all flexural
failures were brought about byliupture of |the prestreésing
strand, because this wmode of behaviour is indicative of a
flexural failure regardless of thé'anount of shear rétress

!

present.

The  shear ‘«failutes Qere the 51lp¥ést  to
dlstlngulsh, not only by the low loads involved, but by the
for- that they took. Becanse of the low no-ents sustalned.
shear sttesses dominated over c°-pr8551ve streSSes, and the
fallures " took - the form of tvo diagonal cracks. inclined at

‘about 45°. 1he first of these appeared in the lower web
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'“qndlou: a“‘nole in the shear span vhere the concrete uas”

'“zﬂalready veakened by flexnral tension cracks. Upon the ’loss'éf

" of ‘the ahility of the lover -eb to. resist shear st '. the'.

( .
o portion itwhad carried vas transferred to the > r. web.ﬂf'

-

,“\b

'upper, ueb., usually in a’ violent _an‘

.}nheﬁ the: shear Acapacity of the npper 'eb and flange vas~‘:

reached the second diagonal crac'£

to be positioned such that they penetrat d _the‘ npper 3and,:i

1overﬁ vebs at their lininun sections._thu

. \\ . . wy : N . ' )
E AN CH o o
‘ < ae . s .
\ B e

’ The beans were- tested in nnlerical order;: bntf't07>f;

n; ninizing_their ﬁ

”total length.;

prgyfde Coan aore 1ogica1 segnence for colparing their"ﬂ

behaviour, the tests will be described in the next three

’sections hy failnre %type in aScendinq order of nltinate_“l
capacity. expressed in terns of aaxilnl aoaent at collapse.;‘,
The ranqes of values of naxilnl ioaent of the three failure;~‘:

igroups are- shear 1368 to 1680 inch-kips.. shear-coapression f}

1824 to 2088 inch-—kips. and tlexural 2016 to 2095 inch-kips. e

‘Co-parisons of the shear capacities of beans containing

i3

different arrangenents of shear reinforceaent :are inclnded' i

;even in"cases-_vhere the' shear_ spans ’vere of different

P

,'lengths.u Becanse ~o£ the dependence “of concrete shearpf

15‘strength on nornal stress. and thns on - applied aoaent. these

fvf,coaparisons are intended/only as gnalitative indications of TN

‘the effects of altering shear reinforcenent._

N . T S : . S . .

aPPeared. rending the'gf

Both cracks tendedl.f



i "Ci this g:onp is tha largost. conaiating of fiven.
ﬁgfhoa-g.‘tailinq at lohdntl of troi 1368 to 1680 inch-kips. It _
i is inte:diting\ t°w noto %hot only\\hg beal vikh inclined fg
prilary shoaroteintorcOlont. kn~11,<to11»in this category.j
"""rhe stirrups in this boa- voro ploced at 600, rathor than a;A'

ﬁfgvthe lore officient 05“. nnd vore not supplelented by upper
(\ or lowot vob shoar rointorconont.\l turther' observation is°
that a11 bea-s contai ng vorticai fnllﬁdepth atirrups were

‘Y?;incindod in this cuteqory. f*o\;»f” - gi

I\,"’, Y . .
R Tho boan attaining the 1owest laxilul moment ‘vas o
1_iln—1;3 This vas 'expectod,‘becaose as vell as being 1ight17 R
;toinforced uith tuo vertical '3 stirrups\per post. this

,lxhe only beal with a hole spacing as slail as 16 inc'i

-'Vfailure, hoveve:.i did not ,,gnn/~tw Ehe resulting 6 inch

e

. ! |
-posts hut in tho vob portions ahovo and below the fifgt hole.
;~froq yhe SOuth oﬂd in the uanner described i¥ the. pnevions

}Xsrsection., The posts in the shsat spans. heing only slightiy ‘.

_ \\cracked, showed that they could have tesisted highet loads
'“3,:nt it, could not be conciuded that their sttength vould be.

oftficiont to allov a tlexoral failnte-0<>;, 8

.‘a"v .; .

&

Y xxcooding ADJ1 in gtgongth by about 5:,110-2 tailed o
"ff  -axilu- nonent of 1n~6 ineh-kips. nn—z - vas dotailea
' ' ﬁdi.. excop@ for its 20 inch hole spacingo and
lfonqth of tho"no-ent span ftd‘ 8

B feot i ‘iuches.,JSinila: too, vgs the nooe of

-w
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:.;f”llnre,;Lxcapt that it occnrrod at the second hole fto- the

o *fuorth cnd. ls noted hofotc. tho eo c:ote in KD-2 had - highor 4

; laaaured conpresslve and ton 110 stcnngths, vhich alone -ay
'have been su!ticicnt to cani‘ th- di!tctanco in 'strength

betuoen the haana'" ;D~2 uas tloxurally stitfcr than Ln-1.

probably due to: th conbtnation of larger hoic spacing and
f ithe higher -odnlui}"t elasticity associated uith higher“
- 1co-ptass1ve strenqth. lt a load of 18 S. kips, (1332 dnch-

1}kips. laxilun lOlent) thc conterline detiaction of ID-1 vas»-

* 1.56 inches.'vhile thng ot lb-z./though longer by 4 1nghes.J‘,

"~ \vas'6n1y 1,50 inehes.;<~f”7

AD-11 failed at a naxiun- lolent ot 1a88 inch—kips.-_

~f‘fbn1y 3.3! hidhgr thnn thnt of Anaz. Becansé it had .shorter

.“shear apans this teptesents 'a* naxilu- shear force 55%

Jidhigher, 'Besiqhs having one less #Ble in each shean span,»tﬁ'

5 ijn-11-d1££e:e¢ £ro- nn-z in having thtee stirtups per post

“',iinclined at/ 60° athet than tvo vettical sti:rups. Wh11e '

[N

‘.719-11 tailed/in a' -annct aililar to AD—Z, the- genera1 

e 1nc11nation: of the ptincipal ctacks vné teeper 1n the case

Etof 13-41. B* 1ntersecting tha pgth that a crack uould !ollou'

;7}in tho abacnca of phoar taintorcelent. the stirrups adjucent'

Uo7 the 'left, sway £

lfff thc holo tendod to forct tho uohs to crack 1n a ditferant;
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o circnlference o! wige hple. Yhis ettect 'also hended to o
restrict the vclnle ot lower veb that vas aplit severely ﬁy
17the cracks)\eonsequeutly redneing the aaount . of residual‘*

' .vert1ca1 she_'

aeforlation acroas tke hole. 31”'T' 2 {/

Beans‘ AD-10 and lD-SL vere the strongeat of the

';group. reaching ) xilnn gbieats ot 158# and 1680 1nch-kips.u

frespectivel:.: AD—_: vas ﬂesignea and tested first, and’ vhen ~

#1t failed belov nlﬁiﬂaté zlexural capacity. its Jpsign °vas;_'

. repeated in ln-10. but with a closer Spacing of 02 stirrups.
ke

It vas anticipated that ’this 'vonld increase t a. shear;o

fcapacity of the upper and 1ouer veb regions and thnsX'aIIOUFAUL
'enn~1¢' to reach hiqher loads. This did not occur for two
) .reasone. The 0”2 har aaed for the stirrnpé in 10-10 came tro-:' '
- a batch having a xield stross et only 36 ksi. 8 ksi less .
rthan that used 1n lD—S, resulting in (Lv fy / s) values for:a
"’T;an-1o only 28 and 93 higher 1n the npper and louer webs;r‘
respectively., llso beaa ana1o was/not seated properly vith.

?ﬂthe centre surface ot the web eoplanar vith‘the axes of the’,;‘

jacks. ls vell as a&verselx a!fecting the strength of AD- 105 L

‘fthis nisalignlont loditied the lode of failnre froa the. type o
| ﬁfexhibited by allf“! the otﬁer beans 1n ‘the shear group. by:

r:;inducing tranaferle'colponentc e! ldad.»rhere vas far ‘less

f contained there#n uas revealed by }f.
%so gﬁonﬁnent in other heaas. The?”
‘Lgthi ncual uar. althon%ﬁ the crackV"”
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w”oponod only sliqhtly.:;qhﬂ‘ thc £li;uto loctiogﬁ did fnatjv'
'  nt1nn1ty ia thc horizéntal 11n-aA'

;‘“proadnt nc ctrikinq u df_f

“fo! tho hoau as 1t had 1n othut h‘lll-,, : “fA;;«ﬂ”

RN

EES

5{ '34 rhc tlango,, ho'GVOt. wn: badly aanagod by the3'
“uoak-axis hendinq and toroion r&aulting tto- the ttgnaverte'

ico-ponents ot the load:. !hosc cttacts a&doa to tho -alreadygw
“high conprestive adﬂ shoaring stresses in ‘the nast 9140 ot_A

 the tlnngb. causing this rogion to fail in colptession=

‘",'betwecn the load and thO hole 1n the shearlspan. COilapseiv

:‘progteésed slovly onough that 1t conld be seen that thef:_f

"~Tcrush1ng ot the tlange occnt:ed tirst. ptecipitating the'

lfinal failute o£ the uppor ~ueb by a shear—type cnack.'
'}SIippgge along this ctﬁ%k (in a counter-clockuise sense 1n‘

'Plate ﬂ.10) caused thc ctushing and spalling at the bottonﬁﬂb

 of the hole and the seties of unlarked cracks in the ‘lover

hi veb. extendipg fto- the spalled area to;the flake ptot:nding. -

o

Lftton the boﬁtou of tho web towatds the snpport.

AN N
LSRN

n Beal lD*S uga hhe only beal ~containing upper andf-

"lbﬁet .veb stirtnps that failcd 1n the gheat node typical bfu

LY

‘the other heals_in‘this gronp. The lovéf veb was split by af




'Ifthtodgﬁ (tc‘éilldt And in o'thn\fllngo. !he tailute ;of thel o
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” beau uus btougﬁt abont ﬁy th.*:hoat tailute of the upper vebﬁi“

e ff'f-auong thit etack a!tet

- T

"i:jload. x { '.‘Q ‘vm'f”;'fAFf”f‘ ‘. **f,ff"f;:‘f""

Yo o R S D : - L

o It it conld'ho usculoa that the shear capacity of

’ftho test bcuns vat dopondent only on the d&oat rcinto:conent’

5 “f.f ptosent. and’ not at all on thc loading codtiguration, then a-’

| "Zébéal sililar to gnn-s but vithout uppor and lover aeb_;'

isstirtnpl. vould tail at 20 kips. tho tailure load of 'nﬁ#z.’

' grhe 1nc1§sion ot thin extta :oinfo:celent uonld ihen beis
.responsihlo tor an- 1nctoasc o£ 15! in tho capacity of AD—S,

e
1_Ihilq this tignre is rather high, 1t indicates that the

apﬁf‘catlbn of the 1ast 1nc:el¢nt of"“”

t_effect ot such stirrnps 18 ot the sale ordet as that o! the. .

i_'6 o tull-depth stitrnps ot AD-11. The lanner in which. these
tuo schaies ot :eiutorcenont achieved higher' strengths vas
/diffetent. havover. In the case of lD—11 ‘the stirrups:?

//adjﬁgent to the hole cxtended 1nto the upper and lower veb

’[ﬁ:egions and iutorsected the 11ne of the -ost probahle shear >

1'gc:qck,;:h08otorciuq 1t to dotonr along a neu route at\

’wehs,, alloved no snchw'

N

N PR . SN [ . . e . ) P
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'qpfidq_-occurtod at loeationl prcdetotliued by ‘the. goonotry‘

og‘tﬁb  1rcu1a: wcb oponings. Tho .uppor nnd lovot vebs
r‘lfgo:h¢a by thdnu holcs vetc necos:atiiy voty qpocky. nnd.

t"thdﬁgh only & fcv 1n¢hes doep. acted ak hannchod Qeep beans

o

v,tqi;inq"g!i:zinqr*in shear rather than fley i%r@!u nttast, .
. e v f e

the beaas: cast 1n previous tests with ng e veb
..opdnings.?.wcre ’nuch liko vi-rendool tru;ﬁos having slonder
.lbean~coluln lunborl. Ih togions of high shoar torcc thosp
} '5-e|hets7 wbnld d.vclop considerabra secondary tlcxntal,;
B :isttQSBQQ which in sone cases lad to lochanisl failnres o
' b¢fore the tlexntal capacity ot the heal as a vh010 could be

)

»‘attaincd.

5.5 beass P _Pail

. - . Y . . . /

The vfour hea-s in‘ this categgry lade use of twvo
v‘ditfercnt schones ot shear reintorconent. Oue colbined upper.
‘““and louor unb stit:nps vith thtqo fnll-depth stifrups per |
'”'post 1nc11ned at 60° !he othet 4§ree ‘had tuo. ‘three, ory\w
' tour Q5° stirtnpa 1n the pocts. with no additional shearv

)

-  :01ntotc-|ont in . the nppar and lower vebs.'_:.'"

' : !ho bca- rotching thc lowost -axilnn -olcnt of 182#.,,
,“.,;41neh-klptf val AD-S. coutaintng three 450 stitrnps por post.';
ET

vas

 aps. occnttcd uith little uarning.

tholshonr thilure gtonp. Due 'to*,



A:‘shcar st:esscs. but at a. location above the

" shoa: crac s devolo&od thoro oponcd only slightly and had no
ffscnione ét!ccts ‘on ‘the shont - capacity of that tegion.
'?81lilat1y. the upper veb rclnlnca rolativoly free of cracks

'v unt11 the. 1qttct utugos of 1oudinq. nlthouqh it vas lossv

ptotcctod by the atirtupa bocans' of the ptoxinity of thé.

hole to the top suz!nce of tho tlango. railure occnrted Tn
d

,tho upper wcb due to the coambination- ot high conpresaive an

‘}nqarer the support. rathor than at the lin nus aect“ n. nnch '*

of the dasage visible in Plate 8.9 vas caused by the S;f

‘rﬂlease of tha larqe alount of strain energy .contained in
_the beal, tather than by statlc stressas. The nost ;Btious

' exa-ples ot this typa of dalagc were the cracks in the lower'

'web aligned along the direction of ptincipal tension inste
fof actoss it, and the soparation of the fillet frop-the $eb
to the right of the hole. The, loss of portions 'n the flange
n_and ‘the appoarance of .crucks coincident v h.;OIQ of;thb
nreinforcelent in tho othcr end ot the : a;;,.weﬁe) nlépy

"tesults of this enetgy rclcas-.-

| Although hnving shear span f;£ different iengih.;j
'u-z. nn-n. una An-s nlnqtute ‘vell the strengthening
' 3¢££ect of slopinq lholr ccinfotco-ent in beanc containing

'lci:cnlar veb/opcnings. In theig beals the stirrnps uare>.
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‘also or'ehcir proccnc‘ in the critical areas of the uppé:‘

and lower wcbs lade poaaiblo by their 1nc11nation.

Althongh cailing at a -nxilun lolont of 1872 inch- .

"kips. only slightly hiqhor than thnt of ID-S. "AD-12- soogqq

to" sutfér 1‘88 nage, ospccially that caused by'thc djnalic'

‘releaae 'ot strain onetgy. Ctushinq occu::od above the hole'

in tho SOnth ahoat span. htoaking otf s-all picccl of the.’

flange. Tho lover web vas. ctackcd in ‘the same vay as. vas the

1ovet veb of AD-9. but not excessively enongh td teveal the

steel vithin. The relaindq: ot the beal repained its vell

develaped regula: ctack pattorn aftet ﬂailu:e, qiiing-no
visual'iﬁd;cation thgt Lt;had~res;sted Streéses"cﬁpﬁbie of
-dgstroyihg its iéad—éi:ryiyg_éxpdcity. ‘ )
S U ‘ ) o -
Beam ‘jn412; 7coﬁtdtn1ng"£he‘ 60‘ ¢3 stittupsb,vés

) sinilar to AD—11 oxcept for the aédition of 2 st;;rups‘ 1n“a

thp,i upper . _and " lover ”veb 1n the shear .tpins., This
snpplenentary reintorcelent eauscd an increase. in strength
of about 26! over that ot lb-11._Conparison with AD—S shows
that the eftect of changiug the-slbpe of’ the prisary ~shear

: reinforcolont fton 90° to 600. uhile retnining the secondary‘

5

shear ,roinforconont. was to 1nctease tho nlti-ate load by,

abont 11! fron 35 to 39 kips. rhis was not as such as - the

: 1nctcase that uonld bo cans.d by the sane transtor-ation in

\ -
benn with no. aocondaty sheat rein!orcenent. becauso the

_ auall stitrnps in the npper and love: vebs ueto displaced

avhy f:o- the critical scctions to make rool fo: the 1arget’

o




{:ﬁli-dopth.-gifripg.\ =

trbq, saxinua nonont 'o! 20.0 inch—kipt reached by
'AD— ,'whilo not the iurqo-t. toprocclts tho highqst value of
"ishcar applicd to a bcan in the lhont-co-pr-ssion gronp. The
design of an-v‘ folloved the ec-tinq of AD=3, in vhich the

ef:octivenegp.of -lopod ptilary sh-at. tcintorconont vas

. first obsérved. In nnticipntion of the higher shear totcc

“;roqui:ed to dcvolop thc nltilnto tlexnral sttength of ,thg
. beans vith shortot shcarf spans, the uppet and lovcr vobs

" were atronqthqned in tvo vayc.vl doublo stitrup vas pPlaced

'.‘under - each load point oxtonding thtough the critical)

sectiona of the uppor vebc,_ ptoviding more protection in

\,

these areas than ‘uould a single \stirrnp. AS vell, the

'idianater of the oponings vas tcdneod to 8 inches, making the
.®

uebs norn accossiblo to tho slopnd stitrups. and providing a

1atger atea of concr.to to resist shcar Stresses. Together.,

thcse tvo tactors cnn:ad tho tailure load of LD-? to exceed'

~

fthat of ID-9 hy about 12%. o,

: Pailnre ot bgal lD-? vas Si-ilat'ié that of AD-9{
| 7exccpt that the 'c:tont of - dalag caused by the release of
“ztrain enotgy vas gtoato:. Stirtnps vere nncovoted by the

eracks opcniug alonq tboit lcngth, - and portions of the

'Abotto- -urtace l‘t‘ b:okcn otf hy - cracks tollowing thq :

f'longituainal ttcel 1n tho loner web. Lonqitndinal cracks '
'uinlso appﬁatcd on tho'tdp"curtnco of tho tlange aﬁpro:inately
‘1{?iu Who uppot N ueh. severing

1abovc th« co-ptcssion '




|
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latgc portion of thc tllngc aear the South LL.d'poLnt.
thongh‘not detaching it conplotcly fros tbo bean.

n-qp Ap-3 :uilod at a pa:tlu- moment of 2088 inch-
tipl. in a sanner .itrliihqu siailar to |n47; as ioon in

' Plates 8.3 and 4.7. The shear force anolvid. hovever, was

much lover because - of the lonqot shear spans of aAD-3, and

" for this tcakon' two 03 stirrups per post wvere nccrlr

lnfficiont to. 1ndne0 a. flexural failure. A conparinou of
this bca- wvith 1D~2 ptovido- the best 111ustration of the’
effect ot changilg tho ’:lopc ot the tn11~dcpth shear

R :aintote.-cnt.‘a- these tvo hoauc vere sisilar in all other

t-spccta. An-z £nilod at 20 kips and AD-3 failed at 29 kips.
This QSS lncrcalo in sttongth. though not as large as othots
ropottcd. is niguificnnt in that the -axilun soment involved
is 1a:qet than tho:e‘ sustained by tvo,boa-; failing iu

>

tlcxuro.

in ydncttl.m fh. hdhis in  the shoar-coupression

group bohavnd in a norc dcaitahlq nannot than did the bea-s'

of tho :hont qroup.}lll tailurc loads vere highet in the
sh.at-colptcsuion g:onp, thus nltinate doflectlons tended to
be highcr ulso. !hc ou. .xcqption to this rule vas ln—9

‘vhich tenchcd a dctltctton of only 209 1nches. slightly

loss thnn thc 2.38 1lqh d‘!loction ot AD~-5 ot tho shenr
gronp.- !ﬁt/ ultintt¢ dcftoction: of tho rcat . of _lthe’
shon;-eonp:c:linn gtonp raugcd tro- 5 76 to 10 22 1nchel.

with uc nlu"bf 7.80 nch» for aD-7 cxendiug the 1on-t'
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ultimate deflection of a bean of the same length in the

flexural group. ™~

5.6 Reams Xailing is_the Plazskal Node v

The three beanss t.lltng in this category failed at
maximum moments tanqing froa 2016 to 2095 1nch-k1pl. Thesye
vere tho only boa-- containilg apper and lover wveb stirrups
in conjunction vighltlll—dopth 03 sticrups placed at 459, 1In
all three cases the shear spans resained relatively intact,
vhile the pure .momeat regions lnftorod-,danago from the -
' dynamic release ’St strain onoiqy es noted botorQ.\rho
mechanisa t:iggoring collapse Ill'dlf!ircnt,ihowcvct. as the. -
upper veb and flange failed ia compression at a loca;ion

vithin the soment réyion-

‘Beam AD-6 fnilod at a laxilnl ‘moment of 2016 1nch-"
“kips, lover than tho failnro lonont: of AD-3 and AD-7 of the

o sheat—co-prcssion group. Locution of the failnre soction vas

‘made evident, ptiot to ccuploto loas of sttonqth. by the )
slow spalling of thc top snrtaco of the flange which

7occnttod near the fitst hole ip the North end of the moment

togion. Bccadso of tho 1owct _soment, beam AD-6 suct;incq,~”

less dlnago npon tbc rtlotno of ltrain energy than 'did the
rcat " of thiﬁ qzonp lld to-c ot thc ;hcaf—coupre:sion group.
The lonqitndinli tointotc&lont Ibﬂ" the holo vas huckled
:out -as 1n a colnnu*typo ttilnrc. Tvo ot the ¢3 ctirrups and |
‘  portions ot thc longitldinll hars 1n the bottol of the web

.



vere revealed by the crackisg.

Host closely related to beas AD-6 are beams AD-S
and ?'i'. Beam AD-$S hcdl?ppor and lover wved astirrcups at’
about the same spacing as those ia AD-6, Dut the three
full-depth itit:ipl in oach'poat were placed vertically. The
use of the inclined iti:rupo ia AD-6 caused this beas to
reach a load of Qz'kipi per jack, or 20% higher than the 35
kip ultimate 1lcad of AD-5. Peam AD-9 vwas detailed as AD-6
but without upper and lower voS shear reinforcement. Its

ultisate 1oad vas 38 kips, =0 that the addition of _the

suppleio-taty shear reimforcesent iacreased t strength of

AD-6 by about 11%,

‘ Beas AD-8 failed at a maximus moment of 2076 inch-
kips, or at an nlti-ato 1oad of 83.25 kips per jack. This
vas the bﬁnl‘lo:g heavily toxntoréod iguln-t shear ‘failure
and as a roaultqti suStained the highest shear force nppliod‘
to any of the beass. In ndaition to the- ~use of alallot holo-
an donhl.d ctir::;n) as in AD=7, thia bean contained upper
aad lowor ved ltittups at: ‘all hole locations 1n the shear
‘sptnl. The upper vobs above the end holo: in the moment span
~ were cl:o\ptotoctcd by stittups. !hil vas done in an attempt
to shift the location of the failure region tovards the beam
'coatcrlilc viatc tuilutc lhould ‘theoretically occur because
ot tho ﬂoad 10:& lonoit. It wvas thought that some -ochaniil
leticu wnn 1-dncing o:tatic lhcnt attossos in thc uppor veb

~|oar tho load pointc in the -encat span vhich, cosbined vith

L d



the hlgh, co-pressive stress," brought about collapse

'~prenaturely. : These extra stirrups shifted the 'failure

sectxon to-the second hole f%on the end of the aonent ‘span,

- and kept the region betveen thete and the near load poxnt;as

intact as the shear span reqions. The dalage wvas more severe

than in AD-S. as. the residual detlection ‘was larger.

»

Beaas AD—? and - An—a provide anothet illustration of

.'the effect of addlng supple-entary upper‘ and lover veb

gstirrups to a he’i containing full—depth stirrups glaced at

a5°.' Because ‘of the - efficiency; of the prinary shear

reinforceaent,_ ‘theg supplenentary shear reinforceaent ‘;

increased the strength of lD-B by only about’ 2!. Since: it

failed_inJtlerure,vthe‘shear,strength-:of 'this heaa vqnld\V‘.,

‘prohahIY»hauefEeenfsoaeuhatthigher;: . o o

Becazse the shear strengths .of heansxan 8 and AD—G

ane not knou oving to theit failure in: the flexural mode,

“a coaparison' of - their strengths based on diffe;ences in

)

o

‘their shear reinforceaent uould have no practicala Value.-
*7That' ao-aj reached a higher load than AD=6 vas not due. to a

,dlfference in concrete strengths, as these were 5400 ‘and;

6100 - psi. respectively. The larger cross-sectional area of

h the upper ueb and . tlange of lD-8 -ay have had sc-e effect,

although the depth of- the egnivalent rectangular stress

‘j,block of the strain-conpatlhllity analyses is- less than the
,fdepth ot either nppet ueb. !hile the stirrups in the upper
veb in" the»aoaent span of Kb~8 nay ‘have’ strengthened that

X4
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seétién by contiuing thc conprcssion zone. it is. nnllkelyn

‘that this alone could have 1nct¢ts¢d the - sttength of thejf‘.y

‘vhole bean. uost probably tho ozplanation 13 a co.blnation
 0£ effects, 1nclnding IOCIl concroto veaknesses. fabtication ':

. inaccuraciea. and ptestressing strand 1nconsistenciea.

The final bean of this study to be repo:ted is
ln-u. vhich teachcd a laxinun lo-cnt ot 2095 1nch-kips. This 
beaa wvas lightly reiaforced vith uppet and 1owe: .uebw
'stirtups ind only tvo 03 stitrnps per post,- bnt‘ this was
sufficient to avoid a shenr tnilure becanse of the longerf“
shear spans and snbsegnently lower shear forces.. Crnshing
occnrred above the fitst holo\in the SOuth end of the moment

' span and }n s‘ accoupanied by the usual cracking caused by

'il;teloase of strain onorgy. cracks also appéated aloug the top

”f“pcuttaco ot the tlange above the 'lonqitudinal {reinfo:qe-ent h

“1contain¢d thcreln.'  ;‘ - f‘ :;- e

“;ﬁffluf:'fﬁ§ dltferonce in ultinate load betveen AD-8 and{d

:'7?ﬂlo-3. being only ahout 0.35., is an: 1nsigni£icant “one.

“ijecanse of the lovet' concrete strength ot nn-u, suoo psi

" ﬁ“coupatod vith 5600 psi fo: 10-3,61t vould have had Sa lower
futnate 1oaa i than _{1&3 ie tahticatod uithont the -

:iﬁ;supple-anta:y teintorcolont. B-t sinco the possihlo_ failure

“?}ﬁfloCations’ 1n tha shear spnus uoro protocted. -ainly by the'




-
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intilate load.(th;se stirrnps prohnbly acte& to confine/ the3
. cogpression» zone- as rclluins rﬁf;st‘the principa;_tension.
sftesses. il
) ‘vThe resnlts of the threo tests reported in this;'
i/saction 1ndicate that the concreto section used. nlthough'
. under—reintorced 1n the SOnse that the' tensile steel vas
vell yioldod.' tended tp fail 1n tlcxnro by crnshinq of -the
}v,flange, rather thnn by rnptnre of the .prestressing strand.
‘]fThns' fron the stnndpoints of strength and dnctility. ‘beans i
‘fi-nD—B and AD=7 conld he" considered to ' have failed‘d“
”satisfactorily 1n flaxure. althongh their failure reqions v
,developed in the, shear spans.-Including these tuo beans  as“nf
having faﬁled in flexnre. the deflections at nltinute 1oad»
of this group ranged fro- abont 10.2 to 12.A~4nches, and 7.1

bto 8 3 inches for ‘the longer and shorter heans respectivaly.
gl 7 ggngral_nigsnsaien .>;ﬁ 3;'1 :";”5‘ ;}ng n:; ‘N.

) The present test saries consist “‘ot “tvclée‘

B ;prestressed concrete tee beals contai.n.tng laze circular web

}3; openings.~ !hile it ﬁns fonnd that the openings decreased] -

f-bean shoar strength nn@ tloxnral stiffness, ‘the behavionr ofcy

e /
~c;theso hoans uas ditfercnt fron that of beals containing'

*rectangular or parnuol.oqru shaped open'}. :

!he nodc of tldxnral failnre 'exhibited by the

"fpr sontiseticp vas gnite diftercnt fron that of previons’*

' r”king ‘vns the;_occnrrence of tensilef’

f§7ifa115 enot tho prestrossinq strnnas.-n‘ ’cr;ter;on dsed byd‘»
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Le Bianc('3‘ Lindort‘i and Sauve<l°) to distinguish betveen

-sheat and tlexutal tailutc. This -ade the classitication' ot

.tailnr. types lOte ditticnlt 1n so-e cases, and led to thewAf

_ adoption of a thitd category.' shcar ‘co-pressipn failntes.
’jllthougb failntc by strand rnptnre uas ptobably incipient in
'¢ao-e of the benas, 1t is e ¢ little odd. considdting.tbe

 lsin11atity of the test qucinans» used 1n a11 thel tasts"

‘ ﬂ:condnctga at. the nnivorsity ot llbotka, that no bea- vith

'tound holes failed in tﬁis Ianner. and that no- bean vith.

angnlat holes vas reported to hav
-‘ctushiny of the flauge.7 There 1s not enongh evid nce.
?hoy  ,; to conclnde that tensile strand tailnre vas lade”' '

“tless likely by the use of eircnlar veh openings. f

The -ain :pnoblo- ‘ enconntered ‘};'. 1nttOducing..
openiugs into the veb of a tee bea- 13 to -aintainl

‘asufficient shoat sttongth’to allow thﬁgle-ber to attain its

 ‘g'£1exnta1 capacity. This 1; hecause the centre portion of the‘

f'} serias vas ‘to st a3

f;veb. whetc opeaings ate nsually placed. carties -ost of the'

tailed in flexure b’_.t:”;

1t shear on &he section;‘rhna_the -ain concern of this test _“’

th _behav:lont of the beals 1in shear,

"5f¥ot RO 4 ,olongated holes ot'qnaatilatatal shape-"

'~:5tathqr than 1n floxure,‘aud }"“fonpare ‘this to the ‘etfects1"
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flexutel failnte< of the npper end 1ovet vebs rather than
shee: ‘st:ess-diegonel tenaiﬁn tailnre,' becanse _of the; : Y
slenderness ot these"snb-nenbets. Also. the sharp opening |
cotnsrs. - elthonqh tilletted._' gave - tise-f.to stress7‘
'_‘concentnetions et 1ocations »whereo the second y bending~
:'stresses‘ vere alteady hiqh. In conttest. Ehe circnler
| ;openings produced nppen end lovet vebs which vete shortex\é 1
. and- #tockiet, end t._e, eppe:ently yless snaceptible- to
:secondety flexnrel ’f'Alnte. ’ Shear' feilnres typically
| occntred hy didgonal tension ctacking.= exhi%iting little

‘evidence' of disttess dne to secondary flexnral effects or

fﬁﬂ_sttesk concenttations.__‘v’ei ;p V}f;'

e i

AS uell ns lessening ti: 1ikelihood of secondatj

;[flexnral teilnre of the npperfendj:_vet vebs, the geonetry

E

possible shear

i:ot the :onnd holes govetned the locetions'
£ei1n:e cracks.. Bech of these snb-qe-bers ha' one ninilnn

"‘section iocnted above or belod thef centre _of Ae

. re'iselyvat these sections. The

to shift tne é;eck ™

..‘!“ »4 B & - - .
bl ’ »

nt_ in?dne posts.:vhich occorred ih

,th rectangnla: or paralielogtan -



'fthap.d opcniug-. !ach post hnd ono ninilun soction, ‘as did,
‘.tbo upvo: and 1owct vob-. hut bocause of the cuttatnre of =
- ggén cidot ot thc pout:, -an, 1nc11nod crack vonld not be ahle '

‘to tako ad'antnq. ot this. In a bca- 1n uhich the spacing cf

‘citcnlar optnings 1a gtontcr than about 1. u tiles tho';
; -:openifr dinlcter.,tvo ndjacuut opanings cannot bc coﬂLoctod{ 
. with a. u5° llne. rhna anx potontinl diagonal t-uu4on ctack
.nnst bo 1ue1£hqdf?nt¢-1uhthhnu~ISO. -neh thnt tho tonnion"
J fac:oss 1t 1: notytho ptincipt{ftohsile stréss.-*“ I

whilo th@ basic ‘hohaviout of tye boans_njﬁas
*detetnined by the presencerot tho circular veb openings, 1t

'.nwas noditisd hy tha nsﬂ of #hear reintotcenent.- Tho beals:

; i

v51}£a111ng at the lovost ﬂl ds had a very linilal a-ognt of

7];?sheat teintotc"lento 'hich

“TY.

[13 fnttherlore confined to the;'

closely:“

‘gﬁ né; plus sualler.

&or axtre-es prodnced bea-s’ 

and laxinn- sttqngths

dibnted thtoughout the npperf7_'

spans.z erange-ents’ “of‘j’J 



| ERRRRERN ,nclndoa Fvo:o arrangq- nt 'of 'h°\§
‘ftointotcOIGnt tndtioodiug oonriguration. although hole size,
| rt In

:.aylletricnlly on the beans at oither four or six feet fron

itho snpport conterlinos. rlexural rointotce-ent vas the sa-e

arT reinfotce-ent consisted 'of

\!

‘1rrﬂps in the upper 'and

""The concrete section used

.easurenents r'of

‘nd conctote sttain. Bach

W i0 1nches. and quepe

7@11 casos tuo oqual point 1oads vere positionedu—ef‘

5



DR ; . “.. : . Y B v--»"'v.vA ' "‘ f . . e ) . .
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  '““‘0 | ’h"f‘°°lptﬁﬂﬂlbna .*Qr \ tlexural - €o facilitate
i:, :avalnttion o! thc vntaéus a&qar rcijforcg..nt .ch,.,,,
iA.vs.z ;gng;ngzgnn ‘;“f} ;ﬂ Rt

N
!
|

R
Thd data and obzctvutionl obt#inod as a t-sult of

. thc tvolvo hoal toats 1nd to tho £ollov1ng conclnnion::_‘~
‘w]-yajf Thl hchl!ion: o! thn tnolvo bcans with circular web

openings wa: siuilat 1n :one tespccts to tho‘wehavionr/«' g
_ \
QAexhibited hy the boans tested by Le Blanc“’ Linde:(""&ndf o

‘ 8anve<l°> uhich (contained rectangnlat aud parallelogta-'un:“

. shaped openings.‘ ~’}¥f'.',>wi'f'f‘-\\ _
&) The prosenco of web qpenings in regions '61\ high

ogshtAt totee tendod to lake thc bea-s lore susceptible to

'1ﬁshear tailure than sinilat baals without openings ‘would

.',4.

’ ;111- TE, oponings dec:ea d £lexnra1 stiffness.  bht 1n RS

sufticient to

i vherc s'ear reinto:cenent was

| to,:lako the-, stockier by the
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‘tailntc cgncka tdndcd to pcncgtatc tb- nppct and lover 'ﬁb’ J.‘h

at thoit uiniuun -octions. st:ain ganqcs placad on the
".sinIOlontAty shoar reintorconont in fho ‘upper and love:' a

/wobl aquoltcd that shnat strc-l val high at these ninimus i'

"seétions. but alao thut 1t doctoalod -1qn1£1cant*, avay froms

thcn. Thu-. shoar roin!o:colcnt concentratcd at such

“locations f ucnld probably ho lorc o!ficicnt than 11‘,‘
) distrihnted cvonly thronghowt tho lenqth ot tho npper and

i

_1ovet veba.;_

'cY d)”. Tho nao of snpplolentar! _oz'upper and 1owor veb

k*]stiétups 1ncreased “the shear capacity. of the beans b’

-significant a-ouuts. the 'lagnitude-,of _such strenqth-.

1nc:oases vas 1ess ;n cases whero the 282 stirrupsmcoﬁld not

'_,hc placed ut the -inllnl scctions becanse of the presence of

.full-d.pth inclined stirrups. '"’; | _' B : g'"‘

,~:e)_ The contribution towardl bean shear capacity of - the;”lg

- full—dopth 03 stitrnps depcndod greatly on theit slopl.

”Q»f!hose placed at 850 p:oved lost oftective due ‘both to their.
_7'e£f1c1ency in :esistinq diagonal tension, and to theirc

presence at. the -intlnn nppet and lover veb sections. -ade“'

1cb¥possible by thqir 1nc11n&tion.‘i'

ihods of reinforcing the upper and

‘aidosod on the basis of htidging the



'1f:conbinations ot dif!ﬁﬁ
‘* “shuat torco tcgiousj
while ia bigh. shear |
 Aopenings‘vcu1d bpgaoﬁy

*ﬂoponinga 'sh0lld“'
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-

 the ‘nppcr and lower vtbu qbov. and bolov circuiu: openings.

COntidcring these lt.ll as conptcssion or tenlion -cqbot-

‘Seens .a roasonnhlo approach. but turtho: study is necdea to

doterlino o!fcctivc shear atoas. and tho relative a-ounts of

»

~

shear torco takon by thel. s o : K 2\ '

b) Puture tostinq ptoq:al- lhonld study the shea:
strenqth o! ~ the poata by 1ndnc1ng thn occutrcnco of post o
shear tailuros. Thia conld be achicvod by toducing the

spacing of thc oponingc or tho atea of shear roinforcelent

wptovided in the posts.

c)(, A test serios : using 5the‘_ sane a-onnt of -

prestressing. but ptoportioned to fail in flexute by. rupture

of the prestteasing strands, shonld be tested in order to_
»'_allov furthor conpatison with previons tests in which this

”was the norlal .ode of tailute.‘

i
/

- Test beals 'containing two veb openings in Bach

-

,shear span cculd be tusted vlth shorter shear spans. ftorl>

stndy the ettqcta of a pont bc ng conpletely uithin a sheat
span in a bean vith sovere ahéat teinforcelant regnitenents.

e) - Té optinize ;'econo-y ;'and" total ~hole area, .

ent}hole shapes could be nsed. In low

"g“ ctiﬂqular apanings could be nsod.“

rea fptrnllnlogta- shaped or circular
.Ollﬁciﬁlt.-ln addition.j-oval shapedf-

;in an . atteqpt to co-bine tho,.:'
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APPENDIX A
HATERIALS, PROCRDURES, AND APPARATUS

A-1 Haterials

a) cjlcnt’

In o:dot to asllow a short curing pbrtod. the cement
nsod in all of thc beams was Type III. high-early -trngth

v

Portlaud CQlent.

" p) Aggregate

v Thc coarao aqgtoqato na-d consisted of pea-gravel

with a laxilul size of 3/8-1nch Typical sieve analysos tor'
this -nterial nad the sand used are shown in Tables A.1 and.'

'vn.z. Both tqgt.qaﬁks were ohtlin.d tto- the _stockpiles in
the laborato:y.l nnd hlve bocn found s;tisfactcty throngh‘

‘“thoir ase 1n ptcviouc tc:ts. . '

|
4

T B -

q-man»-%~
R [N LT o |
’ !ho uix d :ign u-.d by provions 1nvoltigators‘3’¢”"

"iwvas mopoatud 1n the pt-s-nt sctic-.
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Y
The proportions comprisiag this design wvere, by weight;
Cenent 1.0

Sand 2.2
Gravel 1.6
Water 0.8 to\o.s

While these proportions vere ssintained for each batch,
total batch veights were varied to avoid saterial vastage.
The wvater coatent of the aix vas varied to offset the effect
of vatintioisﬂin tho'-oiotnto coatent 62 the aggregate so
"that a slnnp of about 3 inches vould result. Workability of
the t:osh concrctc vas an isportant consideration dno to the
Crovded arrangement of reinforcement in some areas ot the
foras. | g

The uoninal -ttonqth of the cured concrete was 5000
psi, ulthonqh tbc -ollutod ‘streagths ranged froam 5300 psi to
6100 psi. !hoso vnln-s vere Dbased ‘on the tests of two
- standarad cylludctarppr batch. A third cylinder vas cast froa
.“uacﬁ bttch'ild tested On its side to obtain the tensile
'lplittinq sttcngth of tho conctatc. ‘These values ranged froa

300 psi to 500 psi. Cylinder data for each beanm are
,ptCIOltCC in rablc .3 '

,d)fb‘grckgtopdipyﬁstrgnd
sach bca- containcd tive sevcn—vite.', 3/8-1nch

 _dia-ot¢r stt&l&: ot gradc 250:. co-plying with Asra-l~n1s
:pocificatiqn:. rho 1nit1a1 pcttlon of the manufacturer's

|



sﬁ%ésé—Stréin’qdrye isfshodn.ianignre A 1.

v

‘e) ‘_RéiqfOrcelentv'
- xﬁ ) | ‘ The ; non~prestreﬁsed 1ongitudina1 'teinfotcglentg:“

-.Aconsisted of i3 defotled bars having a leasnt%a yield stress.°

Vof 55 ksi. The full—depth shear reinforcenent consisted .§£; ;]

. '}3 detorled bats ‘og the sa-e yield stress bent into a "U" -
* '-' . ! “\‘» - . ’
. sh&pe by the supplier.u The_ stitrups- placed .at 60° ‘vere,‘
*  ’prodnced 1n the laboratory by :e~bending the longer stirrnps 

'-_f\that vere ptopottiOned for place-ent at aso

:  : Thé’75laller uppet and louer veb stirrups vere :5
‘_nanufactnred in the laboratory fro- #2 .sm00th bars. As noted"'
r}in the discnssion, the steel nsed for théﬁj,stirrups vas not

'”‘all fno- the sa-e heat. and h&d !1915 strengths of either ““

. -

. ksi or 36 xsi.__

2.2 Procedu:

 _§): ifot-uotk
| ghé fof.s vuéed 'vete; designed by Lindet. They
;consiétéd' of: pairs of - ten—foob long sections built up fton_'
.:1/8—1nch plate and small anqles, and lined with varnished
H1/2—1nch : plywood.~r S-all ttuncated - plywood ,cqnés. iére
v “attached to the plyvood liners uith woo&~screws énd .servédl
‘7to' hold - the styrofoal void-for-s ‘in position by engaging

~ sockets cut into th styrofoa- blocks. These cones_cquld _bg



o e R ;’._.,'-

'~:{relocated ~ easily ° vithout ‘uasting 1 auy &aba;-fg' the o

i-iscrew-holes uere patched to ptevent the seepage‘ of vater

_into the forl—liners. The foras uere holted together and to'd.e

”ra steel channel base uhich forled the hottoa surface of the

tweb. The proper shape vas aaintalned by pipe claaps holsing

o the flange tips at the specified vidth,‘ and by adjustahle

hraces attached te the for-s at ‘the flange tips and to the‘
'?A_loadinq floor.‘fi:fffitsf}r’__r i‘d: N L o
om eu:ig Procedurs
T . : _9-,4" ' ,
The shear reinforceuent cage vas first set up vith

one' half of the forl in place betueen the two reinforced
ccenc te abutnents used to. transait the prestress ’force' te
dfth load tloor. The prestressing strands vere then threaded
‘through the abutlents, the fora bulkheads, the reinforce-ent E
'f«cages, and steel centrerhole dynanoaeters, and janchored at

‘*en ahutlent ‘uith CCL anchoring devices. At the other end

A'they were threaded singly through ‘an electrically driven_

‘hydraulic »centre-hole jack.,ﬁfhe pover"tc the jack-uaS’

”f%fsvitched off vhen readings ofc’tbe .strain gauges ‘on - the

1n;dynaaoaetet indicated that Athe deszred level of prestress

had been.reached. nnother anchoring ‘device vas then seated

'1:0é4f%h strand against the ahutlent to allow the removal of

the jack. ihen a11 of the strands ,had been stressed, the

rest of the forlvork vas asselbled and adjusted.
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ile) 'Cesting~grdc¢dqtéfv-* g

R The concrete was lixed in the laboratory in a nine

"cnbic toot vertical drnl Iixer. Three batches ‘vere regnired.

~dd~for. the 1onger hea-s. and tvo for the shorter ones. The

~;coucrete was placed Carefully using shovels and a- pencilif

::3vibrator to avoid any serions honeybco-bin//under the holeee

}ff;and under the prestressing strands. Threee cylinders Jere'

E ~dcast tro- eqch batch using the standard procedures for'_'

'7fconpaction.‘and then left to set beside ‘the beas.

a

After ebont 18 honrs the forls uere renoVed and the'

'7eﬁstyrofoan VOid-for-s were pnnched throngh the openings.- The::

'fgﬁbea-, uith the cyliudere on its flange, was then covered,

d7iivith wet bnrlap and plastic tarps,. to linilize shrinkage

dicracking. dhis condit;on 'was -aintained fot five days. at
4lvh1ch tine the strends_'vere released,_ and the beal 'and_
'-cylindere Here atored 1n the ldboratory uncovered until the

ftine of the test. T "ga”: “ \.fF

-gyf_-heLeeee‘otgPreStress
‘7 Ltter the five day loist cnring period the strands
uete cut at one end of the beel. To avoid possible da-age by

'"sudden transfer of the‘ prestress force, the strands uere-

evdhly heated oue dt a tile over a 1ength of about four feet

'f;uith an oxy-acetylene torch,\ to ceuse relaxation before

'efracture. this ’lethod vas apparently effective, as none of’
;the beals failed by loss of bond._lhen all of the strands

/~ S ) j‘-
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ﬁhaa ;Seea »teleaﬁed.> they vere cnt otf close to the ends of

."the beal vith the torcha

- e f??estressonosses”
The. neaec points used fo: leasnting concrete sttain :

“duting the tests wete nounted on the. heal at a section near“
A'centerline shortly after teIOval ot the forls. Beadings of
‘.these were taken betore aad atter release. and just ptiot toi~
testing. Also just before telease, a set of readings of’.the‘
| Strain ganges on the dynaaoaetets vas taken to deterline the’dv
a”sttaias \ini the strands afte: any 1osses that uould occur .

/

~because of the slippage ot the wanchorage devices. The. .

et -

chQBQQS‘ in sttain vete nsod to calculate prestress losses
“caused by elastic shottening of the “beanm and inelastic
‘effects. snch as creep and shrinkageahk the coucrete, and

- relaxation of the steel. rhese calculated values are shown .
~.5 .

- £f) Teétipg Ptoceddte .

2 o«

A Each heaa vas tested under two point IQads applied -\)f
by hydtanlic jacks actingyin colptession above the beaa. rhe;

tjacks were aounted on a horizantal distsibuting  beam

‘ patallel to the -test beaa, ana held above it hy tvo steel

gfrales straddliug the test bea-. The jacks could be aoved to'

‘“\Qany location on. this distributing bean to. acco-aodate, the

"_“‘fvari.ous a adinq 9e°-ef—ties Of,.-'.-..t-he.be“"‘s' Also ‘t“ched to



ot wo A PR - ) e e - . . .‘ . T

"jeach of the tuo ttanes uas a t:aae of S-inch channels
Tiattanged so as Uto‘ ro:train the’ flenge tips'it the beaa}t‘

tended to tip i“vﬂ7ﬁf

e

e

g e SR

g supponts tor the beau uere\ptovided bz tvo steel"“
| 'toller-vhseled carts /rtding :on steei baseplates bolted -to
reinforced conctete pedestals. One of theae carts vas free'
vﬁto roll while’ the other one was resttained by a thteadedi,-

vsg:od, thus silulatiug a si-ply supported condition.

L The loads ,wete. eppliqd and controlled vith an.ic
. A-sler hydraulic pu-p locatsd uext to the test setup. Wheuf_
| each Fuccessive increaeut of load had been applied. it was
- -aintained ‘at a constent level until the bean réachea a
stahle 'eguilibriul and a11 of thei\teadiugs_ had been
tecorded. it tiles i wvas noticed _that the jacks vere
ileaning tovatd the rolling suppott due to‘thecelougatiou 'ofo
o'taéf bottoa tibre.‘ Iu such cases the position of the fixed,
‘ support vas adjusted to ninihize this condition by -eans of

the thteaded rod.fﬂt'large)detlections, bouever, the jacks]vﬁ

‘  tended to lean excessivel touards each other because of the

shottening ot the top fibte. To avoid daaage to the jacks it

‘ uas sonetiaes:neces;at‘ito catefully renove the 1oad. shia

L T
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. TABLE A.3

"fﬁsvaugn!;dr;toithﬁr: sTnnudTns |

| SPLITTING

BAN. CYLINDER |

s
S
S

STRENGTH
1 (psi)

- STRENGTH

f-—
!

)

i

|

]

L]

{

!

i
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' TABLE A.8%

. SUNMARY OF PRESTRESS LOSSES

EFFBECTIVE
PRESTRESS
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240 |-
220 |
200 [
180 |-
160 |-
— 140}
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R STRESS-RELIEVED
. ~ PRESTRESSING STRAND -
100 F  SIZE - 3/8"
/ " GRADE 250k
-80 ‘UTS. . 255ksi
. "AREA ./ . 0.080 sq. in
60 | ‘vouuc's MODULUS 28900 ksi
40
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0 02 o4 06 08 10 12 4
g STRAIN (pcrccnt) ‘
% rzsuax A1 | |
AR snuun srnnss—smun CURVE L
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APPENDIX B
pama

. This appo;dix contnios a droving' of each bean
shoving the locations ot tho shoat rointorco-ent and strain
- gauges, as vell as tahlos of dota rocotdod during the tests.
~ Por: clarity tho readings are ,toterenced to zero applied
load, and»,aro given im the basic units of inches for
‘ dotlootion aod -1croiochos ’per' inch for strain. Tonsile'

sttains ond downvarﬂ dotlections are. noted as positive.«

- The olecttical strain gauges used had a rated
resistance of 120 oh-s and a gauge factor of 2. 02 tot those
"placed on the ptostrossing stoel. and 2. 095 for those placed”

'on“non—prost:ossod toinforcelont. The de-oo po#nts»vo:o

'locatod at 8—1noh gaogo lengths at or near"bea- oei§o:11ne

'*'as dopicted 1n rignro 3.a.
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I i
ﬂ73rnazl u.!.t,ti
STRAIN GAUGE DATA BEARM AD-1

"~

Ld . 2 v X 2 1
LOAD | (M {§ @ 1 ) 1 W™
Gips) | - F 4 P
g 4  puaan ~4- -4
[ [} l t I
0.0. | 04 0. 0 1 0
1.0 | 40 | a3 | 35 |} 25 |
2.0 80 | 75 1 65 | 50
0 | 101 1101 1004 70
8.0 | 150 | 185] 130 .90 |
5.0 | 185 | 180 | 160 | 110 |
6.0 | 230§ 220§ 200 135 {
7.0 | 280 { 270 | 285 | 180 |
8.0 | 325 | 3151 285 | 185 |
9.0 | 3854 3651 3801 . 215 |
10.0 | 865 | &35 | . 810 | 285 |
1.0 | 625 | 535§ 525 | - 285 |
12,0 | 860 { 875 750 330 |-
- 13.0 | 1075 { 1185 925 | 390 ¢
13.5 | 1220 1250 { 1018 | . @35 |
18.0 | 1355 1 1365 | 1120 1. 530 -
18.5 | 1890 § 1870 | 1200 | 700 |
15.0 . { 1620 { 1590 | 1290 { 775 |
15.5 | 1770 | 1720 | 1380 {. 680 |
16.0 | 1890 | 1835 | 1860 | 955 |
16.5 | 2080 | 1955 | 1560 { 1030 |
17.0 | 2165 | 2065 | 1650 1 1110
17.5 | 2315 2195 | 1755 | 1190 |
18.0 | 26850 § 2320 { 1855 | - 1275 |
- 18.5 | 2650 | 2880 | 2000 | 1365 |



 TABLE B.1.1.2

 STRAIN o;uén DATA BEAN AD-1

i

o

| LOAD 1 (5 1 ) 1 I (® 1 (9
(kipsm) | [ | | (
— 4+ 4 4+ 4 ————t
] . l v |
0.0 01 01 0 0o | 0
.0 | -5 | 15 | 5 | o | s
- 2.0 | =101 30 | 51 o | 10
3.0 | -15 (90} 5 1 o | 10
8.0 | -15 1 195 ¢ - 10 | 0| 20
5.0 | -30' { 335 | 25 | 0 i 80
6.0 | -45 1. a30 35 | 0 | 60
7.0 | -60 f 580 §{ 50 | - 145
8.0 | ~-70 1 680 | 50 | -5 | 190
9.0 |} -80 § 780 | 65 | -5 | 300
10.0 |} -80 | 880 | 70 | -5 i 345
11.0 | -70 { 970 70 | -5 1 585
12.0 | =50} 1005 ) 75 | -5 | 640
13.0 -15 | 1015 | 90 { -5 | 740
13.5 §° 351 108 | 95| -5 1 775
18.0 . 205.§4 1020 ) 1051 -5 | 830
18.5 | 570 §{ 1035 | 110 | 01 850
15.0 § 620 ¢ 1035 | 110 | o | 890
15.5 4 655 1 1085 § 115 | 01 925
16.0 | 690 { 1050 | 120 | 0| 960
"16.5 | 7801 1055 | 125 | 0 |. 1000
17.0 | 7701 1075 ¢ 125 | - 0 { 1080
17.5 §. 795 1. 1110 {130 | 01 1060
18.0 {4 825 ¢ 1165 | 135 | 0y 1125
18.5 ¢ 870 | 1215 | 130 | 0 1180
19.0 B | R | | 1 1265

h—-——--‘-.———-——-?-———-—-——-—-—uL——-

L
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R

“TABLE B.1.2.1

.

-~ APTER’ TRANSFER"

- DENEC POINT STRAIN DATA (WEB) BEAN AD-1
. — v T T X T~
P LOAD (1) | (2 | ) 1 @) | (S)
1 (kips) | | A B " |
" + ~4— —3- 4+ 4=
I S | . 1 ' { |
I B.T. | 1744 | 1558 | 1098 | . .519
I A.T. | 862 | 804 | - 666 | o ua1
- 4 —4- —4 ——d— 4
' g N i | B
0.0 ¢ 0 0 | 0 | 1 0
1.0 49 4 * w9 | 29 1 =10
2.0 . 88.1 69 | 49 |y, " | -20
3.0 {. 147 . 118 ¢ 88 1 =10
4.0 1 176 | 147 | 98 {. 1 =39
5.0 p 225 4 176 1. 108 | 1 -39
6.0 | 265 {235 | © 137} i -20
7.0 1 .343 | 265 1. 157 | 1 -u9
8.0 J. 431} . 333 | 186 | i -49
S 9.0 519 . 382 | . 19 . I =69
10.0 |- 6471 870 | . 245 |. I -78
11.05 | "892 | 608 | 284 | 1 =69
12.0 { 1196 | 813 | 314 | i -69
13.0 . ) 1870 ). - 1029 i 441 | i -39
13.5 | - 1637°¢ 1117 | 480 | 1 -49
- 14.0 11813 | 1274 | sS59 - I =39
- 18.5 1 1960 ¢ 1392 | 608 | 1 -u9
15.0 | 2107 ' 1690 | 666 |- i <29
©15.5 | 2264 | 1627 | 755 | 1 -29
16.0 | 2811 | 1744 | 813 | o1 - =29
16.5 1 2577 ( 1872 | 872} * 4 -20
17.0 { 2744 § 1980 | -941 |- 1 -10
C17.5 1 2920 | .2186. 1 1009 { 1 -0
. 18.0 | 3067 | - 2264 { 1068 | K 20
-18.5 | 3273 | 26830 § 1137 | B 29
1920 gy Y 1
" | . ] X - . X
B.T. BEFORE TRANSFER
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 TABLE B.1.2.2

" DEMEC yoinr'STniIu‘bara-(rnnucg) BEAN AD-1

3

— RURR —T v L L —
| LOAD | (6) 1 -(7) | (8) ,I (9)
.1 tkips) | ! S | R B
- —+ -4 -
| R B [ I r
1 B.T. | 431 ] 870 § 402 | 382
+ K.T. | 402 | ua1 N 392 | 372
N —4+ + ————
N I 1 b N B
I 0.0 ¢ 0§ 01 0 -0
I 1.0 1 -89 | -89 | =49 | -49
{1 2.0 1| -69 { - -78 |- -78 | -78
- 3.0 | -108}§ -118 | =118 | =118
I 4.0 | -—-147 ¢  -157 | ~-147 | =157
. | 5.0 | -176 § -176 { --186 | =186
| 6.0 (. -206 | =216 | °~-225 | =-225
I 7.0 § =-245 ) -255 | =255 | -265-
1 840 f =274 { -298 | 294 |  -294
i 9.0 | =314 ) -333 | =333 | -343
{- 10.0 | -363 | -363 | -382 | =382
f 11.0 | -402 ] -8421 § . -631 | =431
1 12.0 1 -461§ =470 | =500 | -500
{ 13.0 | =510} =519 | =539 | -559
{ 13.5 | =589 | -549 | -568 | -588
i 1.0 | -578 ¢ -578 | =598 | =627
|- 4.5 | -608 | -598 | -627 | -657-
b 15.0 | =637 1 -598 | -666 | -696
I 15.5 | -666 | -666 | -696 | -725
;s 1 16.0 | -696 § -696 | =~715 | -755
I 16.5 . | =725 =725 | =745 | =794
4+ 17.0 | ~-755 ¢t =~735 | -~764 | -823
t 7.5 { -788 ¢  -774 | -804 | -853-
{ 18.0 { -813 ¢ -794 | -833 | -882
{ 18.5 { -853 g -833 | -862 | =911
) 19.0 . i : i o '
R > 8 —_— A 4
B.T. . BEFORE TRANSPER
A.T. . APTER TRANSFER

h—_'-—-‘-'—_—-.-‘.—-———_—..,-—'.-——-————lh—-db—-d‘
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TABLE B.1.3 . .

' DEFLECTION DATA BEAS AD-1

LOAD IIORTH | CENTRE | SOUTH
(kips) | (in) | (inm) {-(in) .
0.0 |. 0.0 { . 0.0 .§ 0.0
1.0 { 0.03 1 0.03 | 0.03
2.0 | 0.05{ . 0.06( 0.05
3.0 ¢ 0.07 § ©0.09 { 0.07
4.0 | 0.10°( 0.12{ 0.10
.5.0 " . 0613l ’ 0015 ' 0.. 13
6.0 | 0.15 1 0.18 | 0.15
7.0 | 039 | . 0.22 ¢ 0.19
9.0 | 0.26 | 0.31 4} 0.26
. 10.0 | 0.30 |. 0.36 | 0.30
‘13.5 .| 0.65 § - 0.77 | 0.65
14.0 |, 0.71 | 0.86 | 0.71
“15.5 1} 0’.83 . .1.07 §  0.90
16.0 | 0.95 | ~1.15 | 0.97
16.5 | 1.02 . 1.23 | " 1.03
17.0 | 1.08 | 1.31 | '1.10
17.5 | 1.16 | ‘1.80 | 1.17
L 18.0 | 1.22 4 1.46 | 1.23
18.5. | 1.30 1  1.56 |  1.31

A

) b_—-&-——-————_—————'—————i-_—--‘.—”—lh——i'
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_ TABLE B.2.1.1

| STRAIN GAUGE DATA BEAR 2D-2

, S @3 Wy
(kips) 1+t . | !
— 4 + —4 —
SR EERRE { o 1
R 0.0 o o0 g -0 0
b %0 25§ 30 20 | 15 |
I 2.0 | 551 55§ 4s | 30 |
1 &0 | 90 | 95 { .70 | 50 |
1 W0 f - 125 ¢ 13001 100 | 65 |
1 5.0 | 160 1 - 165§ 130 | 85|
1 6.0 200 1 205 | 160 § 100 |
7.0 1 280 1 265 1 190 120 |
1 8.0 | 290 | . 295 ( - 225 (| ' 180 |
I 9.0 | 3354 385§ 265 )| 165}
I 100 § 800 { 805 | .315 4§ 190 )
1.0 4 875 470 | 3701 220 |
b 12.0 | 7651 675 w880 | 255 |
T 13.0 | 1100 § 1088 § 740 | 320 |
| 8.0 | 1325 | ‘1300 | 925 | 385 |
1 15,0 | 1600 - 1545 | 1315 § 600 |
b 15.5 |- 1690 | 1630 | 1800 | 670 |
0. 16.0. | 1800 f - 17485 § 1510 | ~ 755 §
| 16.5 |- 1910 | 1860 ] 1620 | 900 |
I 17.0 [ 2010 | 1960 | 1720 | . 945 |
I 17.5 | 2120 | 2070 |1 1825 | 990 |
I 18.0. | 2210 § 2175 | 1935 | 1050 |
4 18.5 | 23204 2285 | 2050 { 1110 |
b 19.0. | 2630 | 24800 | 2160 |- 1170 |
4 19.5- | 2585 | °2550 | 2300 | 1250 |
b 20. 1 b | I
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\\v f
*_ : tlnxn 5.2.1 2 A
| srnnxn GAuGB DlTl BxAu nn-z .
~— | - —— ———— . r T~ " M
L LOAD | (5) 1 (6) - (M) .1 (8 | (9 |
(kips) ¢ - { 'l { s
: + ot - —+ —
S { I R S I -
0.0 | 0| 0§ o1 01 0|
1.0 -5 ¢ 51 S | 0o | 01
2.0 4. =10-| ° 10 | . 51 01 0 |
3.0 | =20} 20 (. o1 . 0§ 0}
4.0 | =25 | 30 | 20 | 5 1 -5 {
5«0 1 -30) S50 ) 304 .5 |, =5
6.0 1 -45 | 804 45 ¢ . S5 - -5
7.0 | -60 { . 120 {.+ 60§ - 0.y ~10 |
8.0 I -65’1 185 ) 2100 201 ' -10 |
9.0° |  ~65 | 280 | 270 4 25| . =10 |
0.0 §°.-601 420} 405 &40 | =15 |
11.0 § <50 | S65 1 595 | 45 | -15.|
12.0.':“ -10 | 665.f 705 | 504 <20 |
13.0 75 (785 | 780 | S0 | =20 ¢t
. 14.0 | 1704 B20 § . 820} ., 50 | -2q |
S 15.0 . 375 | 955 {1, 910 { 50 1 =20 |-
15.5 1, 825 | 990 { 940 | 501 =20 )
16.0° | 6865 | 1025 | 980 { 50 | . =20 |
16.5 | - 520 | .- 965 | 1025 | S0 | ~-15 |
~17.0 | 565 995§ 1085 | S0 { - -15-{
7.5 4 605 § 1030 § 11351 S0 -15 |
18.0 | " 650 § 1080 { 1170 { S0 |  -10 |
18.5 | 6901 1120 | - 1200 | 50 . =10 { .
19.0. | 725 {. 1160 | - 1240 | 50 ~10 |
19.5 | 765 | 1225 § .1285§ 45| -10 |
20,0 (. . 1370 | 1wgo-} | l




»

nzngt;potur

.o»

TIBL! 8.2 2.

\

STRlIl DlTl (WBB) BBAH AD-2 '

g

I--—_----_‘--_—-—-—-
" b k e .
. x

*

-

LR L © A : L 3 - v i
CLoAD | (M) ) 1 3.1 W | (s
(kipg) | - ¢ g T |

——t e} ~4— et 4
BT I [ R N Y R
B,T. | 1656 1 1382 941 1 ..383 | 392
a;r. ) 735 ) 676 | 539 I 333 314

- +- - + ——
S B S TR [T | K B

0.0 | 01 .0} . .0 | o .o
"Je0 ) 20} . 29 20 . 01 -29.

2.0;,4 59 8594 39 - =10 | -39

3.0 1 98 | ' 88| 59 | -~ =20 | -59
8.0 - 157 4 ~.118 t .88 | -10 ! =59
- 5«0 § 206 | 157 (. .98 1  -10 | -69
6.0 | 265 | 196 | 118 | -10 | -88

7.0 | 333 | 245 | 147.¢. -10 | -88

8.0 | | 392 | 284 176 | ~..=10 | = =98

9.0 ‘| 480 | 353 4 216 1+ -10 ¢} ~-118
A0.0 . | - 568 | 412 | 225} -20_ | ~147
110 - 715 |- 490 | 265 -20 | =137
12.0.. § 911 588 | 304 ¢ =29 | -137
13.0--1 1276 | - 813 | 812 4 -29 | =137
18.0. | "1666 | 1098 ., .549 | =20 I ~-127
15.0 | 2028 | 1431 4 725 1 01 <118
15.5 | 2195 1 1519 | 808 ¢ 29§ -108
‘16.0 | 2381 | 1656 | 872 1 39| =108
'16.5 | 2548 | 1803 | . 980 i 69 { -108.
17.0 1 27145 | 1931 | 1068 98 | -88"
17.5 | 2901 4 2087 | 1176 | 137 §{ -88.
18:0° | 3077 | 2225 | 1278 R [y A -88
18.5 | 3258 { . 2372.| 1362 A 186 |  -78
1920 1 3450 | 2519 | 170 § 216 | -69-
19.5 | 2728 | 2715 } - 1597 | 255 | -69
20.0 ¢ . g ooy ' B e
. . . Ny 5 B A 2 A

B.T. .,  BEFORE TRANSFER
A.T. -AFTER TRANSFER
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DENEC POINT STRAIN DATA (FLANGE) BEAM AD-2

R

. TABLE B.2.2.2

o B;Tf
' N l-T.< |

' ' 'BEFORE' TRANSFER
~ APTER TRANSFER

r X v 1 " N
| LOAD | (6). | (M 1 (8 . (9 1|
| ‘kips) | [ P [
SR T A T
1 BaTe | . 802§ 372} 382 412 §
| ATe | 3723 333 | 383§ 602 |
=y —4 —— 4+ 4
N R 14 o f N
0.0 01 . 09 R Y I
b .10 | =20 =-20( -20 | =20 }
b 2.0 | -39 ~-29 ¢ -39} =39
b 3.0 | -69 (1 <-78] -5 1 =69 |
1 8.0 | =98 - -98 | . -98 |  -108 |
I 5.0 =127 § =137 ¢ -1271 -127 {
I 6.0 | =167 | ~-157 | -157 | -167 |
I 7.0 | -196 | =206 § =196 | =216 |
1 8.0 |:=-2351{ =235t =216 | =285 |
4 9.0 | =265 =274 | =255 -284 |
4 10,0 | =294 ). -304 | -294 |V -333 |
1 11.0 { =333 | -343 | -333 | -372 |
I 12,0 | -372 § =392 | ' -382 | =421 |
I 13.0 | -431§ =431 -421 | =890 |
L 18,0 | -480.| -880 § -480 | -549 |
I 15.0 | =549 | -589 | =549 | -617 |
I 15.5 | ~-568 | =578 | -568 | -647 |
I 16.0 | -598. ) -608 | =598 | -686 |
| 16.5 { -627 | -627 | -627 | =715 |
I 17.0 | -687 | -657 | -6u47 § -735 ¢
I 17.5 | -686 | =706 | -696 | =794 |
b 18,0 | =715 | =725 -715 | ~-813 |
| 18.5 | =745 (| =745} -735| -gu3 ]
I 19.0 ' -774 | -~784 | -774 | -872 |
1 19.5 | -804 | -813 | -813 | -902 |
1 20.0 B 1 e i

—a
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TABLE B.2.3

DEPLECTION DATA BEAN AD-2.

WORTH | CENTRE

120.0

¥

p—--—-—-u-————u—-—-—-—-—--qp-q ’ s

/

/“

LoAD | | SOUTH
(kips) | (in) | (im). { (in)
— _1' o H
0.0 § 0.0 - 0.0 | 0.0
1.0 | 0.02 4 0.02 | 0.02
2.0 | 0.04§ 0.05]| 0.04
3.0 /| 0.08 | - 0.08 | 0.07
2#2\,‘ff8"°" 0.11 | 0.09
7.0 . 0.19 1 0.22 | 0.18
9.0 | 0.27 | 0.30 { 0.25
0.0 | 0.31 ¢ 0.35 1 0.29
11.0 { 0.36 { 0.81.{ 0.38
12.0 | 0.u44 | 0.50 | 0.41
13.0 | 0.56 | - 0.65 | 0.53
18.0 § 0.67 § 0.76 ] '0.64 .
15.0 | 0.82 { 0.97 1 0.79
16.0- | 0.92 {  1.10 § 0.90
16.5 | 0.99 | 1.18 | 0.97
18,0 | 1.19 |  1.81 | 1.15
18.5 1 1.26 | 3.50 1 1.24
wioop pm XM o
] i » 1.81 | - 1.51

h.--—-ﬂ-,-.-._—gﬁ_—-—————dﬂ-———-Jb‘—-l—d
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TABLE B.3.1.1

'STRAXN GAUGE DATA BEAN AD-3

R

R
[}
i
'

|

i
|
B
-
1
4
|
i
i
|
[}

'

[ L o L2 T py—p— \ 2 -
{ LOAD I 1 @ + ) 1t w1 S
(kips) | SR { : | i | l.
——t + e
T | | TR 1
040 1 01 0 01 01 0 |
310 ¢ 25§ 20 151 10§ - 15|
P20 {60 85 | 350 151 180 |
3.0 | 90 | 80 | 60 | 20 1 85 |
8.0 | 1304 110 { 80 | 30 135 |
S.0° | 1701 180 | 105 | 80 | 215 |
6.0 | 215 .. 180 | 130 | 45 |- .28S5
7.0 | . 255 | 215 § 150 t 554 355 |
8.0 { 305 1 255 1 Y715 | 65 | 435 1—— —
9.0 | 350 § - 30S { ‘205 | 75 | 530 |
10.0 |} 820 § 370 | 235 | 80 ( 610 |
11.0 |} ‘880 | 435 | 265 | 90 { 670 {
12.0 | 680 | $90 | - 310 | 95 780 {
13.0 -1 1000 § 780 } 360 | 95 | 855 |
‘14,0 - 1350 | 950 | 440 | wmo | 935 |
15.0 | 1590 § 1110 } 530 | 175 | 990 |
16,0 | 1880 | 1315 | 680 | 260 { 1060 | .
s v Y ] { 840 300 | 1170 } :
18. T 1 970 380 § 1310 ¢
19.0 | TITT1950. : 1815 §
20.0 | 3030 | 2275 § 12 q _ :
20.5 ( 3210 § 2890 | 1310 | 860 |
21.0 | 3510 §y 2810 . 1385 | 475 | 1650 |
21.5 | 3750 { 3060 § 1860 | 490 § 1720 |
22.0 | ®060 [ 3380 | 1550'( 520 § 1790 |
22.5 | 45480 | 3490 | 1640 | 540 | 1860 }
23.0 | 5070 { 37101 1730 | 560 { 1930 |
23.5 | 6250 § 3980 | 1810 | 565 .1 2000 § -
24.0°- | 7770.f &340 | 1900 | S65 t 2060 |
- 25.0 |} : i 5180 | 2060 | 540 -4 2080 |
"26.0 - { 6360 | 2210 | 540 | 2035 |
27.0 | I 6640 § 2270 | 490 - 2010 |}

- 28.0 | f 7250 - 2530 { 485 | 2070 { .
. 28.5 | {- 8650 | 2800 | 460 | 2060 § =
29,0 | ¥ f 2960 | B60 | 2080 |

. = | 2 :l 5 & - - B J :
T o o
. 7\
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’ o TABLE B.3.1.2
STRAIN GAUGE nntn BEANM AD-3

l LOAD - | (6) | «(7) | (8 t (9 (| (10)
| (kips) |- l [ ! I 1
N + + -+ 4 —4 —
| ] | { l N | i
I 0.0 | 01 [ I 01 0o { 0 {
1 1.0 10 | 10 | 15 | 15 10 |
1 240 40 | 25 y . 35 20 | 10 |
1 3.0 | 75 4 40 |. 60 | 30 ¢ - 25 |
- 8.0 | 110 § - 60 § 85 | 80 | 30
I 5.0 | 160 | 85 1 1351 60 | 40 |
f 6.0 | 205 | 110 165 t » 65 | 4S5 |
o | 7.0 255 | 185 | 215 | 7 75 4 55 |
| 8.0 | 310 | 180 | 255 | 85 | - 65 |
I 9.0 37 | 235 | 315 95 | 70 §
I 10.0 | &80 | 280 { 360 | 105 | 80 |
[ i4f0-—4f\‘§g§_l_ 355 | 430, | 115 § 90 |
12,0 610 t#e\+~~\i§§\1 120 | - 95 §
i 13.0 | 730 [' 570 § 560 | 130 110 |
i 1.0 | 870 { 700 625 § 135 | Ms -
1 15.0 t 1015 | 815 | 690 § 140 | 120 |
| 16.0 | 1110 | 915 | 770'| 160 | 135 |
i 17.0 |} 1210 | 1060 | 925 | 180 | 140 |
1 18.0 .| 1280 { 1170 | 1040 | 220 | 155 |
4 19.0 | 1360 | 1260 | 1140 | 270 | 160 |
I 20.0 (. 1450 | 1360 | 1235 290 | 165 |
I 20.5 | 1890 | 1440 § 1280 | 330 175 |
I 21,0 '{ 1580 | 1825 | 1320, | 385 | 180 |
' S ] 1580 | { { - 185 |
- A _ l- | I 190 4
N o ~+—1880 | : |
i S 1710 | 1980 480
—— I 23.5 | 1760 | 2050 { 1560 | - ‘520 | 205 t—
Sy b 28,0 ) 1810 | 2115 | 1600 | - 550 | 210 |
™ 74 25.0 | 1890 | 1940 | 1685 | 590 | 215 §
// I 26.0 | 1960 ¢ 1950 § 1720 | 630 | 230 |
/1 27.0 | 1970 1. 2050 | 1750 | ' 670 | 240 |
| { 28.0 | 208Q.4{ 6200 | 1820 | 700 | 240 |
b 28.5 | 210t -t 1890 | 730 260 |
1 29.0 | 2140 | i . 1930 | { {




DENEC POINT

" PABLE B.3.2.1

STRAIN DATA (WEB) BEAM AD-3

A.T.

AFTER TRANSPER

L g 4 L 4 L 2 L 8 L]
I LOAD | (V) ‘& (2 | ) | () | (5 {
| (kips) | | 1 i ! : l
j — a4 - A A a d
v g v v . v L B ]
I 1 | o R 1 |
{ B.T. | 1890 | 1215 { 833 | 216 | 294 |
I A.T. | 75t 627 ( 851 225 | 235 |
4 L 4+ —4 + —
- | i | [ [
0.0 | 01 01 0 o | 0|
1. I 20 § 10 | 0| 29 | 0
2.0 | 78 | 59 1 39 29 |  -10
"3.0 | 127 | 98 | 59 1 294 =20
4.0 | 176 | 127 | 78 {294 -39 |
5.0 | 225 157 1 98 | 29 | -39
6.0 |, 278 § 206§ 108 } 29 | -89 |
7.0 1 3234 285§ 127 t_.. 391  -59 }.
8.0 | 3821 - 29% { 15717 *39 ¢ -69 | ~
9.0 | 841 | 3331 176 | #29 | ‘=78 |
10.0 | 5101 392 § 216 | 39  -88 |
1.0 |- 568 | 451 (. 285 | 29 -98 |
12.0 | 657 1. 519 | 2885 | 89 | -98 |
13.0 § 1068 | 715 4 363 § = 29 | -88 |
I 18.0 | 1637 | 980 | 510 | 39 f -88 |
<1 15.0 { 1970 | 1187 | ° 608 } 39 -88
I 16.0 | 2381 | 1811 | 755 | 49 | -88 |
I 17.0 "1 2754 | 1676 | 931§ 49 § -78 i
| 18.0 | 3116 §{ 1921 | 1098 - 69 |- -78 |
-1 19.0 | 3879 j. 2185 ' 1284 ¢ 78 | - -69 |
I 20.0 | 3636 { 2813 | . 1676 | 98 | -g9 |
I 20.5 { 8214 | 3228 5 1872 | 108 | -29 |
I 21.0. | 5841 § ] 2087 ¢ 118 |  -10 ¢
121 ] +3822 | 2382 ) 127 | 10 §
A.22.0-—F77183 | S204 | 2607 | 187 | 29 |
| 22.5 {4 7860 || 5655 § 2960 | 186 | 39 |
| 23.0 | 8781 6252 { 3361 { 196 | 59 |
i 23.5 | 9898 |. 7085°) 3940 | 255 | 98 |
| 28.0 | 11290 | 8095 | 4635 | 383 | 147 |
i 25.0 | { R | i | I
I 29.0 | { i 1 l [
B.T. BEPORE TRANSFER
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" DENEC POINT

STRALN DATA (FLANGE) BEAN AD-3

[ 4 ‘ | Lo \ L 4 v L 1
| LOAD I (6 |1 7 1 (8 | (9 1
GRS T I N
- g T -~y v t 2 |
[ . | { | . |
B.T. | 353 | 382 | 382 | 372 §
A.T. ] 333 343 | 343 | 353 |
N1 F i a1 | y |
v v v L R J
| { | . i - [
0.0 | of - 0| 0\ 0 |
1.0 ] 0 1 -20 § [ B | -20 1}
2.0 -20 | -20 | -29 | -39 |
3.0 | -89 § -69 | -59 | -78 |
8.0 | -78 { -88 | -88 { -108 |
S.0 | -98 ¢ -118 3 -118 i =137 |
6.0 | -127 ¢ -137 I =147 { -167 |
7.0 | -157 | -176 | -176 | -206 |
8.0 | -176 § =206 | -206. | =235 |
9.0 | =-216 |  ~-285 | 1S | -284 |
10.0 | ~245 | -274 | i =323 |
11.0 | -278 |'1-30“ ] ; -353 |
12.0 |- -31“_[ -323 | -392 |
13.0 | =363 | -382 | 3  -441 |
18.0 | -821 | -831 ] -510 |
15.0 | -451 |  -48% | 8¢ -549 |
16.0- | -500 |} -480 | -S519 i -598 |
17.0 | ﬁ§§9‘l -529 | =578 | -666 |
18.0 | -~588 | ' -578 } =637 } =715 |
“19.0 | =637  -627 |l -666 | -774 |
20.0 | -715 ) -696 § -73% | -843 |
'20.5 | =755 f ~-725 | -71s5 i =892 i
21.0. | <-794 I -764 | -804 . -941 |
2.5 | -833. ] -813 i —-853 § -990 j
22.0 | -872 | -853 I =892 | -1039 |
22.5 | =931} -902 § -951 | -1098 }
23.0 | =990 | -970 | -1009 | -1166 |
23.5 | -1078 | -1039 ] -1078 | -1245 |
24,0 I =1156 | -1117 -1156 .| -1323 |
25.0 | : 1 ‘ . i t
29.0 i { | {
e o 4 3. 4
B.T. =~ BEPORE TRANSFER

APTER TRANSFER

135
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TABLE B.3.3

DEFLECTION DATA BEAN AD-3

;

ﬁ\. )

LOAD | NORTH | CENTRE | SOUTH |
(kips) | (in) | (im) | (im) .|
—y— 4 4+ 4

| i ' | |

0.0 | 0.0 g 0.0 | 0.0 |
1.0 § 0.0t | 0.02 1 0.02 {
2.0 | 0,031 0.08 | O0.04 ¢
3.0 | 0.06 | 0.08 | 0.07 |{
4.0 | 0.08 { 0.11.f :0.09 |
5.0 | 0.11 ¢  0.13 | 0.12
6-0 | 0.14 | 0.17. 1  0.15 |
7.0 | 0.17 ¢ _0.20 { 0.17 |
9.0 | 0.23 | 0.28 | 0.23 |
0.0 | 0.26 1 0.31 | 0.27 ¢
At.0 t 0.30 1 0.36 { 0.30 |
12.0 | 0.35 (| °.0.42 | 0.36 |
13.0 |  0.448 | 0.53 { 0.85 |
T 4.0 | 0.56 | 0.69 | 0.57 |
15.0 | 0.65 } 0.79 { 0.65 |
- 16.0 | 0.75 | 0.92 | 0.75 |
17.0 .| 0.85 | 1.04 | 0.86 |
18.0 | 0.97 | 1.18 | 0.97 |
19.0 f 1.07 ¢ 1.30 | 1.08 |
20.0 | 1.22 § 1.49 | 1.23 |
20.5 | 1.31 |  1.62 | 1.33 |
21.0 | 1.43 | - 1:76 | 1.45 |
21.% | 1.54 | 1.89 | *t1.56 |
22.0 | 1.67 } 2.05 | ' 1.68 |
22.5 | "1.82 { 2.25 | 1.84
23.0 | 1.99 ) 2.86 | 2.02 |
23.5 | 2.20 | 2.70 | 2.23 |
24.0 | 2.46 | 3.07 | 2.51 |
25.0 | 3.47 | 8.04 | 3.50 |
26.0 | 4.87 § 5.59 | U4.67 |
27.0 | S.21 |  6.66 | 5.30 |
28.0 | 6.08 | 7.69 | 6.17 |
28.5 | | 9.21 { -
29.0 i 10.22 | I
8 A " 3
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TABLE B.8.1.1

' STRAIN GAUGE DATA BEAN AD-4

138

{

-¢——-----‘-—-‘---'_-——‘,-dh-i .

L4 : L 3 v L] ; g A S
{ LOAD . (1) | (2 1t (3 1 ™ | (5 (6)
(kips) I P i o
— + —3- . 4 4
' [ . | (] R | N '

0.0 0§ 1 01 L 0 0
2.0 | 60 1 w0 15 4 a5 | 80
8.0 | 125 | .1 <80 | 30 ¢ 125 | 100
6.0 | 200 1t 130 | 45 1 260 § 180
8-0 ¢ 290 } . 180 | 65| 830§ 280
10.0 | 800 | 1 2640 | -+ 90§ 585 § 395
12.0 810 § -4 325 1 110t 770 580
14.0 | 1480 | I 465 140 § 920 § 830
15.0 § 1710 | { . 565 | 190 § 1040 | 920
16.0 | 1960 { { 690 | 60 | 1120 |. 1000
‘17.0 | 2200 | i 800 { 310 { 1310 | 1085
18.0 |- 2480 | 5 910 | 335 | 1425 | 1160
19.0 | 2700 § 4 1080 | 375 | 1550 | 1280
20.0. § 3050 | i 1200 | 415 ] 1680 | 1365
21.0 | 3700 L 1330 | 480 | 1790 | 1865
'22.0 | 4800 | 1. 1870 | 550§ 1890 | 1590
23.0 | 5280 § Tt 1680 | 605 | 1990 | 1700
'28.0 ) 5380 § 1815 .70 | 2065 1820
25.0 - 1 1990 | 925 | 2085 | 1985
26.0 1 I 2150 4 1080 | 2020 | 2085
. 26,0 | 1 ) 2190 | 1095 f 2030 | 2100
27.0 i { 2335 § 1080 | 2030 | 2170
28.0 | o 1 2630 | 755 § 2035 | 2225
29.0 | t f 2880 ) 750 | 2010 | 2280
29.0 | { K ) 775 4 1985 | 2285

o ! R N R B

"8 A y ¥ W A %

e -

e

hal



139
TABLE B.4. 1.2 : !
STRAIN GlUGB DATA BEAHNM lp-q ‘

R " -y - T T T ) T m |
1 LOAD M 1 (8 1 9 1 (10 1 vyt (12) |
1 (xips) { b S | M |
F . oo o ~4 4+ —4 4— 4 4
R 1 i i ( i

1 0.0 g 7 i 0 i 0 l it - 0
2.0 i . 30 i I 15 4
I 8.0 | i, 70 4 | | 25 |
1 8l0 | I 160 | i | 60 |

B | 10.0 i t 210_ | l { 65 |
1 12.0 (| 270 | i { 85 |
1 4.0 | ] 380 . 1 { ] 120 |
[] 15.0 ) | 820 | ' { 145 |

. | 16.0 ! {§ 860 | 4 ] 175 |
i 17.0 v 1 525 | N (- 260 |
i 18.0 | Sy ..590 | . | | 325 |
i 19.0 | | 645 |- q i 810 |

1 20.0 | I 695 | o i 475 |

S 2150 1 735 I {530 |
i . 22.0 1. 7701\ 1 { 570 |
1 23.0 -} { 820 | ¥ | 1 620 |
128 .1 880 4 B {690 |
1 3 935 | 1 | - 760 |
| & it 9751 A ! 785 |

| 4 1005 § N | i 790
e 1 1040 . | 815 |

-4 i 11040 | K 1 860 |

A 1 | 1085 | | | 970 |
] =0 1 - i 1 | s |
A R




i

TAB;E B.6.1.3

7

s

STRAIN GAUGE DATA BEAN AD-8§

140

(16)

J

[ YN P S,

- L - T . : L2 - ” R S 1 4 - v
LOAD I (131 a8y | (15 | I (17) § (18)
(kips) |- : | T { . i :
‘ + + —+ 4 4— —4
| | o | | A |
0.0 | 0 | 0 - ( 01 0t 0
2.0 | 20 | 30 | 10 | 10 | 0 3 0
4.0 | 70} 80 | 10 | 10 | 01 0
6.0 - { 175} 190 | 15 | 15y =201} - =15
" 8.0 . 310 ¢ 315 | 25 | 154 =301 -15
' 10.0 | 870 | 435 | 35 | 15 | -840 §. =25
12.0 685 | 595 | 45 | 20 | -55 § . =35
18.0 . 910 | 770 | 65 | 25 | - -65 |. -840
15.0 { - 1000 | 880 | 75 | 35 | - =70 | -35
16.0 {- 1070 § 1010 | 85 GO | - -75 | -40
17.0. | 1150 § 1130 | 851 - 45 | -80 | -40
18.0 | 1230 1235( 90 | 55 | -85 | . -840
19.0 | 1310 {1335 1 - 95 | 60} -85  -40
'20.0 | 1415 § 1850 | 105 { 701 -85 -40
21.0 | 1555 | 15551 110 | 75 1 =90 | -45
22.0 | 1710 { 1680 | 120 | 85 | -95 | “-u5
23.0 | . 1900 | 1730 § 130 95 | -95 | -45
25.0 | 2130 | 1830 | 180 | 105 { -100 { -as
25.0. | 2300 | 1900 | . 165 | 120§ -110 | - -u45
'26.0 | 2360 | 1960 | 225 W0 | -115 ( -u45s
26.0 | 2610 § 1990 { 390 | 160 | -110 | -50
27.0. | 26820 | 2025 f 465 | 7 175 | -115 | =45
28.0 ‘| 2480 | 20551 590 | - 180 | -125 § ~-S0.
29,0 | 2495 | 2085 | 845 | 185 { -130 .  -55
12940 | 2420 | 2080 | 1045 | o =125 s
25:1 { 1 t o Y

e e BED e SN e S e G iy S = W s e e S e S



141

TABLE B.8.2.1

_ DEMEC POINT STRAIN DATA (WEB) BEAN AD-U

I LOAD.- | (1) | (@) | 3) | W { (5.1}
| (kips) | A R | 1 . ] IR
 ou ——— s +— + 4+ —
B T UL . 1 |
| B.T. | 1597 1323 | 892 | 294 | 363 |
{ A.T. I 833 °F 725 510 | 308 § 323 |
—— - —4— 4 i
i 3y N 1 N | : | |
f 0.0 0| 0\ 0 | 0 | 01
1 2.0 ¢ 59 |- 69 | 29 | - 10 | -10 |
| 4.0 | 167 | . 127 | 78 | 10 | =20 |
t 6.0 | 265 1 (196 | © 118 | 20} -39}
o 8.0 | . 372 | 284 { 167 | . 20 | -69 |
{ -10.Q | 490 | 372 4 216 | 20 | -88 |
1 12,0 | 686 f S10 | 284 | 10 | <98 {
1 %W.0 | 1333 | 853 | 470 § -10 | =78 |
Il 15.0 | 1588 | 1019 |- 559 | -10 | =78 |
I 16.0 | 1842 | 1215 | 686 | -0 ] =59 }
I 17.0 | 2195 | 1499 | 804 | 10 | -59 |
I - 18.0 | 2352 ¢ 17484 | 921 | 0 =59}
t - 19.0 | 2617 { 2009 | . 1068 | 0 | -89 |
{ 20.0 | 3205 { 2499 | 1323 | 29 | -10 | -
I 21.0 | 3587 4 2911 | 1597 | 78 | 39 |
1 22.0 | %155 | 3459 | 1999 | 196 | 98 |
i 23.0 | 8929 § 3930 | 2538 | -323 | 186 | .
I 24.0 | 6742 § 5939 | 3567 |- 637 | 304 )
i 25.0° | 9771 | 8732 | 5527 | 1362 | 598 |
I 26.0 | I N 1
1 26.0 | I o o I |
| 27.0 | | | i i 1
{ 28.0 { B - | | |
1 29.0 | | 1 [ | !
1 29.0 | N | { | |
4 29.1 | X B | | { |
[ A A o 1 4 A 3
. BeT. - BEFORE TRANSFER

- ,
o ALTS . _ APTER TRANSFER -

\



‘ DBBBC POI!T STRAIN DITA (PLIHGE) BEAH AD‘Q

o TABLB 8.4.2 2

_AFTER TRANSFER

[ - n t "I' . v . .
| LOAD it (6 | (7)< 1\ 1 (9
i (kips) | A | |
4 ——4 4— 4
| N I | oo :
| "BaTe | 382 ¢ 481 1} 480 | 451
‘| A.T. | 363 | 392 1 431 | 821
N 4+ 4 4 4
T i . | ', 1 B '
4 0.0 | 01 0 1 01 0
;| 2.0 | -39 . =39 | -29 § -39
1. B.O0 §. -88 1 -g8 ] - -88 | -88
4 6.0}, —147 | -157:.§ =157 =137
i 8.0 |° .-206 { -216 | -216 | -216
I 10.0 1§ -27u;[f?-2au { - —-284 | -294
{ 12.0 { =383 1 -363 { =353 | -372
{ 14.0 | -4651 ] -4851°| g4t | 0 -490
‘1 15.0 |' —500*|; —510-|“_-ﬂ90 | -539°
§ 16.0' | —=5391 ‘=689 § =539 | .- —-598
1 17.0 | —588 | -598 | =588 | =657
{ 18.0 | =647 -657 | -647°f =715
{ 19.0 | =696 | -715-{ ~-706 | =774
{ -20.0 | .-784 | =-79& | =784 { -862
1 21.0 0 -853.1 -862 | -862 | —-941
{° 22.0 § =951 ¢ =951 } =951 | -1049
{ -23.0 { -1029 | -1039 | -1039 | -1156
{ 24.0 | —-1186 | -1196 | —1205 | -1323
1 25.0 | -1450 | -1u21 { -1450 | -1578
1 26.0 I 1 1 1.
i, 26.0 | i | Lo
4. 27.0 1 i 1 |
1 28.0 | | 1 1
1 29.0 | | A
i 29.0 { | {
) 29. i | i |
B.T. BEPORE TRANSFER A
. C D
:A.TO -

12
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TABLE B.4.3

DEFLECTION DATA BEAN AD-4

SOUTH
(in)

| LOAD I NORTH
I (kips) (in)

CENTRE
- {im) -

© 0.08
. 0.09

- 0.0
o 0.10 -
©0.16
- 0423
S0.31
0.71

0.0
. 0.04
L 0209
0415
" 0a20
0426
1. 0438
0459 ;
. 0.68 t: 0.83
079 1 W96
¢ 0.90-. 1.08.
171400 1.21
1410 F 1433
A 129 1.57
A5 1279 1.46
1.69 1 2.06 | 1.67
C1.98:] 0 2.38 | -1.95 |
2:40. § . .3.03| 2.50 |
©3.38°]  4.00-] 3.26
-q ./ 5.86 |  6.84.
1 650 . 8,13
1 806 996
195201 -t1.58
SRR 12.00

R
i
|
4
i
|
|
09 1§
0.14 |
0.20 |
0.27 |
0.38 |
0.58 |
0.69 |
O~89 i

1,00}
- 14101
1218 |
I

|

|

{

|

|

i

|

|

|

|

{

" ]

5.38° ¢ -
5,72 4
L 6.81
912 |

r-—-—h-——--.-—-—m--—---—-q-
R NN NS RN K K »ﬁ4g-~5 mm
o
L}
r-—-——u-—__—-,-p-——————-———-——-—-{n—
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TABLE B.S.

-

1.1

STRAIN GAUGE DATA BEAM AD-5

= L AN . L " L Ll
| BEAN I (V) 1 2" 1 ) 1 W 1 (5)
kips) 4 - b ok -l «
-t 4 -4 4+
R N i I
0.0 { .0 ¢} - O} . O -0 0
2.0 1 .40 80§ .30} -5 =15
.0 . 80 4 -85 601 -10 | =30
6.0 I 125 | 125 { 90 § =20 { -50
8.0 4 170 175 | 1201 =15 { -105
0.0 1 215§ 2204 ~155{1 1 =15 | -145
12.0. | 265} 275 | 2001 -20.| ~-18S
14,0 | 3204 *330 | 2503 -25 | -210
16,0 § 390 ¢ 400 § 340 { -30 | -235
7.0, § 435 . 440 | 385 | ~-35 | -245
18.0 “] ~° 520 | 485 |' 850.4 -840 | ~-250
19.0 - 625 ] 600 § 6251 =50 =250
20,0 '} 10351 975 | 725} -50 | =250
21.0 { 1210 |- 1145 | 815§ —-60 | -245
22.0 | 1400 | 125 | 925 | -75 | -215
23.0 |§f1$50“[, 1630 | 1030 | -80 | -160
20.0 | 1730 | 1815 | 1165 -75 | -80
25.0 | 1880 ) 1965 | 1300 | -80 | 0
26.0 | 2050 | 2125 | 1440 { -80 | 80
27.0 | 2200 ¢ 2275 | 1600 { . -75 | 800
28.0 { 2380 | 2860 { 1790 { -70 | 980
29.0 | 2550 § 2635 | 1990 | -80 | 1155
'30.0 | 2790 | 2900 | 2260 { -80 (| 1280
©31.0 | 30951 3205 25851 -95 | 1415
- 32.0 | 3650 | 3700 | 2930 { =115 | 1560
33.0° | 4250 | 8230 | 3265 | -120 | 1665
3.0 .y S000 | 5230 § 3810 { -130 | 1715
35.0 - - o | o
| A A A -

s o e TR s S eam TS i TR s MR S PR e e amm SR e SR amp VSR epm Gk eme GED e T s S Ghe m e
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TABLE B.5.1.2

STRAIN GAUGE DATA BEANM AD-5

146

[ T 4 - . r— r— ~T T
| BEAR | (6) | (M 1 (8 | (9) | (10) | (1) |
4 (kips) | l | i [ | |
— ~+ + + 4 + + 1
] i | | i 1 : i

I 0.0 | 0 { 0 | 0 i 0 1 0| 0/4
i 2.0 4 15 | 0 .1 S | 10 | 15 | 15 |
i 4.0 { 35 i 51 15} 15 | 35 { 30 |
1 6.0 § 65 | S 1 25 | 25 1 60 | 50 |
1 8.0 | 160 51 30 | 15 | 90 |- 80 |
i 10.0 260 | 15 | 30 } 20 | 130 | 130 |
1 12.0 1 285 35 | 35 | 25 | 140 | 190 |

1 1.0 | 310 | 35 | 45 | 30 | 160 | 235 |
16.0 | 370 | 30 | 55 | 45 | 185 | 325
-~ 17.0 | 425 § 30 | 60 | 50 | 195 |+ 375
18.0 | 440 | 25 1{ 70 | 60 | 210 | 810 |
19.0 | 465 | 25 | 80 | 70 | 245 | 455 |
20.0 | 500 | 25 | 110 | 75 1§ 280 § 500 ¢
21.0 | 580 | 20 | 160 | 85 | 345 | S00 {
22.0 | 600 | 20 | 215 | 100 | 400 | 530 |
23.0 | 660 | 151 300 | 180 | 905 | 735 §
28.0 | 840 | 40 | 390 290 995 | 810 |
25.0 | 900 | 45 | 480 | 395" 1 1155 |- 955 |
26.0 | 965 | 501 - 570 | 500 { 1270 | 1045 |
+27.0 | 1060 | 50 | 675 | 580 | 1450 | 1195 |
- 28.0 { 1150 60 | 780 | 630 { 1550 | 1260 |
29.0 { 1270 80 | 835 | 7154 1630 |- 1320 j-
30.0 | 1360 | 100 | 920 | 780 | 1695 | 1375 {
31.0 | 1450 { 130 | 995 .| 860 § 1765 | 1435 |
32.0 1, 1570 160 { 1100 | 950 | 1830 { 1490 |
33. | 1635 } 190 | 1235} 1070 1 1890 | 1555 |
34.0 | 1725 | 200 | 1650 | 1820 | 1965 | 1615 |
35.0 | o | [ . I 2000 j
A A A A '] A J




DEMNEC POINT

TIBLB B.S. 2.

STRIII DATA (WBB) ‘BEAN AD-5

: -Q——-‘-—_——-—-——;-—.-——-—-——-—--dh-

LLOAD | () 1 @ | B . @ | (5 |
e (4 o e P
i i e N ! i 1
i B.T. | 1676 | 1352 { 990 | 441 519
I AeT. | 8924 778 | 6271 831 ( 470
—4 —4 +— +
| i A { i '
0.0 | 0 | 01 01 () 0
2.0 ¢ 39 | 39 | 20 | 0o | -10
4.0 | ¢ 108 | 88.4 ' 39 | 01 -20 -
6.0 | 167 | 127 | 69, 1 10 | -29
8.0 | 235 | 167 | = 88 | 10 | -39
10.0 294 ) 206 | 127 10 | -59
12.0 § - 382 265 | 137 | 10 t - -69
4.0 ¢ 480 | 323 | 167 0y . -78
16.0 598 | 802 | 196 | -0 . =-98
-17.0 686 | 451 |» 225 | 0 i -98
18.0 | 7784 | 519 | 255 01 -108
19.0 § 960 | S88 | 294 | 0 ] -108
20,0. | 1831 ! 608 | 3683 0 =-118
21.0 ¢ 1803 | 7 1 412 | 0} -118
22.0 | 21486 686 | 491 10 | -88
23.0 | 2489 | 784 | 539 | 29 | -88
20.0 1 2822 | 902 | 637 4 - 69 | -88
25.0 | 3116 t 1000 | . 755 137§ -69
26.0 | 3820 | 1078 | 853 | 186 | ~69
27.0 | 3704 | -1186 . 941 4 255 | -59
28.0 |- 3998 | 12884 I 1029 | 314 | =39
29.0 | 4332 ¢ 1801 | 1137 | 363 | -39
30.0 { 5233 | 1666 | 1333 { 470§ = 10
31.0 | ¥ RN I R
35.0 | B | | i i
. . 1 i 4 ~ 4 i
B.T. BEFORE TRANSFER
A.T. APTER TRANSPER -

147



TABLE B.5.2.2

DENEC POINT STRAIN DATA (PLANGE) BEAN AD-5

"y

L 2 Lo L3 LJ L i
I LOAD I (6 & (M 1 (8 1 (9)
{ (kips) | | { |
+ + 4 —4~- 4
1 i : { { | :
I BeTe | 437 | 392 | 831 | 363
I A.T. | 441 | 372 | 812 | 382
+ —4— 4 ~4-
! i 1 [ | ,
4 2.0 § -39 9 -29 3 -29 | " -29
1 8.0 | -69.1 -59 | ~59 | -69
| 6.0 | -98 | -88 | -98 | -98
N | 8.0 | -187 3 -127 ] =137 | -147
i 10.0 | -186 | -176 | -176 | -186
1 12.0 | =225 1 -206 | =225 | =225
I 4.0 | =274 § =255 Il -255 | -274
{ 16.0 | -308 | -298 | =304 | =323
I 17.0 | -343 | -323 3 -323 | -353
| 18.0 | -870 ¢ -353 § -353 | =372
i 19.0 | =392 § -372 ;1 -382 { -402
1 20.0 | -431 (| -402§ -412 |  -441
- 21.0 | -461 ¢ =-431 | -441 i -470
1 22.0  -500 ¢ -470 | -480 | -519
1 23.0 | -539 3 <500 -500 | -549
i 28,0 | -578 1. -539 | -589 | -s88
I 25.0 | -617 | =568 | -588 | -627
{ 26.0 | -687 | -598 | -627 { -657
I 27.0 | -706 | -627 | —-666 | -696
| 28.0  -735 | -676 |  -696 { =735
I 29.0 | =774 -715 1 =735 | =784
i 30.0 | -843 § -788 § -813 } -853 |
4 3t.0 | I ] l |
1 32.0 i ] ] !
{ 33.0 | i i i o
I 38.0 | { 1 | \.
4 35.0 ) N 1 { t
[N A A A A M |

BEPORE TRANSFPER

AFTER TRANSPER
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DEPLECTION DATA

TABLE B.5.3

BEAN AD-5S

35.0

2.38

r - v R 2 v nl
| LOAD | NORTH | CENTRE | SOUTH |
1 (kips) | (in) (| (im) i (dn)
4 + —4 4

| { ) |

0.0 ¢ 0.0 | 0.0 0.0 |
2.0 § 0.0v | 0.02 | 0.02 |
‘5.0 . 0003 ‘ 0.05 . . 0.0“ '
6.0 | 0.05§ 0.07 1 0.06 )
8.0 § 0.07 | 0.10 § 0.08 |
10.0 ' 0.09 { 0.13 | 0.10 |
12.0 | 0.12 | 0.16 | 0.13 |
18.0 | 0.1 § 0.19 | 0.16 |
16.0 | ~Q.18 | 0.28 | 0.19 |
17.0 | 0N20 | 0.26 | 0.21 |
18.0 | 0.22 1 0.29 | 0.23 §
19.0 | 0.2% | 0.33 § 0.27 |
20.0 | 0.31 § 0.81 Q) 0.32]
21.0 § 0.36 | 0.837 | . 0.37 |
22.0 | 0.41 | 0.55 ] 0.83
23.0 | 0.86 §{. 0.62 | 0.88 |
286.9 | 0.52 § 0.69 ) 0.54 |
©25.0 | 0.57 { 0.76 | 0.59 |
26.0, | 0.62 | 0.83 |- 0.63 |
27.0 | 0.67 f 0.89 | 0.69 |
28.0 § O0.72 | 0.97 1 0.78 |
29.0 | 0.79 | 1.05 | 0.81 |
30.0 | 0.€9 1.19° 1 0.91 4
31.0 |  1.00 } 1.38 | 1.02 |

v 32.0 | 1.13 ) 1.52 1 1,151
33.0 | 1.27 ¢ 1.7 1 295
36,0 | 1.87 - 1.96 | 1.49 |

| | | |

v
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“

TABLE B.6.1.1

STRAIN GAUGE DATA BEAM AD-6

]

L ] L Lo RJ
fLOAD | (M | @ & ) 1
I (kips) | e i : i
o — 4 4
1 L b { -
| 0.0 | o1 . 01 0 {
{ 2.0 | 35} o § . 51
| 4.0 | 80 701 - 10 |}
| 6.0 . 1204 115 | - 10 | -
{ 8.0 { /170 | 160 | 20 |
I 10.0 | 220 ( 210 | 25 |
{ 120 { 270 260 | 35 | “7
| 14.0 | 330 | . 330 | 45 | .
| 16. {- 400 § 820 | 60 | -
i 18.0 | 505 | 590 | 60 |
f 20.0 | 1050 | 845 | 45 |
i 22.0 | 1360 | 1110 | 80 |
|~ 28.0 | 1675 f 130 | 135 |
| 26.0 | 20151 1710 | 165 |
| -28.0 | 2360 /f 1975 1 195 |
I 30.0 | 2770/1 2250 § 220 |
| 32.0 | 3860/ 1 3020 | 300 |
{ 34.0 | 5570/ | 3600 { . 405 |
{ 35.0 | 6800 ( 3990 | 470 |
I 36.0 | 9040 j 4430 | 545 |
{ 37.0 | 13800 | 5080 §{ 590 |
{ 38.0 | 15000 | 5700 | 570 |
I 39.0 | - | | 6150 | 645 |
I 39.0 [ 1 920 | .
| 40.0 | o { 910 |
i 41.0 [ {920 |
| 82.0 | / { | 1




T‘BLB BOSC 1.2‘ ’

o
ey

 STRAIN GAUGE DATA BEAN AD-6

P

'

p—.—»j—-'—-————_'-—_———-——-_'-¢--qr‘-l

EEE; -
UF\V -
12 .

%

L g T x4 v v
I (@) 1 (5 1 6) | M 1 (8
SR TR R R

: i | I e N B 1

0.0 .{ >~ 0} 0}t 0 ‘vg -
2.0 | 25 | ¥ 20 | 20 { 25 |
8.0 | -55 | . 80 | 60.1 © 60 |
6.0 | 1004 60 115 - 90 |
8.0 | 145 90 | 185 | 130. |
10.0 | 190 § 130 | 255 | 1715 0
12.0 | 280 ). 1651 330 230 |
14%.0 | 305 1 195 | 410 § 315 |
16.0 § 365 | 230 | 5S40 | 480 |
18.0 | 550 § 355 | 670 | - 745 |
20,0 | 670 { &60 | 810 | 950 |
22.0 795 § .S580 | 950 | 1130 |
28.0 | 930 | 690 | 1060 {1310 |
26.0 |} 1050 §t 810 | 1150 § 1490 |
28.0 | 1175 ) 910 | 1270 | 1670 |
‘'30.0 § 13103 1080 | 1370 | 1860 ¢
32.0 | 15001 1200 § 1560t 2050 |
3.0 | 1800 § 1380 | 1730 | 2260 |
35.0 § .1890 ¢4 1390 | 1830 | 2315
36.0 | 1960 | 1450 | 2000 | 2395 |
37.0 t 2015 ¢ 1520 (¢ 3150 | 2370 |
38.0 | 2020 § -1570 | 4770 { - 2370 |
39.0 | 2020 § 1625 | - 6250 | 2365 |
39.0 | 2090 | 1730 | 9040 | 2390 |
80.0 { 2110 | 1780 § ..9850 { 2%10 |
41.0 | 2120 § 1840 1 i 2600 |

42.0 | K A . 18

-.‘-—‘————————.-—&—-——-—-i—-‘-——-dh—-d
1 | . ’ . . .

‘152
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TABLE B.6.1.3

Lo o .
STRAIN GAUGE DATA BEAM AD-6

-———;i_—-.————-—-——‘-;-——i—-———-dh—-

- L g T ) 4 . g T S DS ¢
LOAD | (9) 1 (VO) Q1) | (12) | (13)
| (kips) | i i 1 1
— + + 4 4— 4+
{ f ( | (
0.0 0 4 0 0 | 0 1 0
2.0 0 i 01 I | 20 | 20
4.0 | 5 | -5 | 10 | 40 40
. 6e0 | 5.4 =10 ¢ 10 55 | 60
8.0 | 10 { =10 | 20 | 80 | 80
10.0 | 0 | =20 | 251 100 | 105
12.0 | 15 | =20 | 35 4 1301 130
14.0 | 20§ -25| S5 1 160 | . 180
6.0 | 30§ =30} , 80 ¢t 195 | 215
18.0 | 45 | -35 | 130 | 265 260
20,0 | 60§ -40 § 180 { 370 | 350
$22.0 | 80 | -80 | 280 | - 560 ] &S50
28.0. | 120 | -85 | 340 { 730 { S65
26.0 | 190§ ~-50 | 800 4 860 | €65
28.0 | 270 -35{ 4801 985 4 735
30.0 | 330 § -30 1 480 { 1080 | 790
32.0 | %10 <30 | 500 { 1185 | 850
,38.0 | 890 | -30 | 530 | ‘1255 | 900
“35,0 § 570§ -20( 580 { 1285 | 935
36.0 | 6304 -20§4 560 § 1325 | 930
37.0 | 730 § -20{ S50 | 1350 { = 950
38.0 (. 880 | -25| S45 | 1360 { 940
39.0 | 985 ) -25¢§ 560 | 1375 | 940
39.0 { 1230 ] -10f 530 | 1360 | ° 905
80.0 § 1320 § -10 ¢ . 530 § 1380 | 910
1.0 | 1520 { -10 ] 530 | 1420 | 915
82,0 | ! B N

p—----—-———-_-—--—-———‘—————q

ey
e
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L

a7

.L‘/v‘. K N .
TABLE B.6.2.1

/ . N .
vDBHB¢ POINT STRAIN Dl!!'(ﬁBB),BEAH AD-6

| ZOAD /f () 1 (2 |1 (3 1 ® | (5 - |
I (kips) | I 1 | [ N
e el 4 y T i : 4 4.
L I R B e B Jana v X v -
I i i P [} < N
I BaTe | 1617 | 1343 | 921 { 333§ 412 |
I A.T.- | - 715 | 676 § 510 | 323 | 343
— +—- 4 4+ 4 —4 —4
i o | S I | |
I 0.0 | 01 0.1 0.4 0} 0|
I . 2.0 | 49 | 89 | 20 | 10 | S0 |
I - 4.0 108 { 69 |- 39 10| =20 i
i 6.0 - | 167 | 1271 69 | 10 | =29 |
} 8.0 | 235 | 167. ¢ 98 | 10 |/ =29 | -
| 10.0 § “»304 | 216§ 108 | 10 ||  -49 |
I 12.0 | " 382§ 265 i 137 10 § . -69 .1
| 4.0 | 451§ 225§ 167 | 10 § =78 |
I 16.0 ' 549 (- ,294 | 206 | 10 | -98 |
I 18.0 | 666 §*," /372 | 255 | 10 | -108 |
I 20.0 1 1176 ¢ 617 { 333 | 10 § -108 |
I 22.0 | 17931 892 |  4a&ay3 ¢ 10 | =98 |
| 26.0 | 2528 | "1225 §{ 617 | 39 |  -88 |
I 26.0 | 307731 1558 § 794 §. 49 | -78 |
| 28.0 | 3665 ( 1852 1 1000 | 78 | . —-69 |
{ 30.0 | 4361 = 2248 | 1284 ] 108 | .-59 |
t 32.0 | S713 ¢ 3009 | 1872 { 225 | 0
| 38.0 | 7838 | 8047 § 27244 490 | 78 |
{ 35.0 . 9026 § 4910 § . 3859 { 657 | 137 |
i 36.0 ¢ > ¢ 0 T N
1 37. I o i | I I
i 38.0 | e 1 RE - i
I 39.0 | | i | A P
1 39.0 | f t o [ i
{ 40.0 | 1 | K i ( e
I 41.0 i { i B [
L 8200 - | | ! X
B.T. . BEPORE TRANSFER

A.T. APTER TRANSPER

ErS
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~ TABLE B.6.2.2
'DENEC POINT STRAIN DATA (FLANGE) BEAM AD-6

~

-~ ™ = - ) 4 v " — al
:-tg:n ) 1 (6) : 7) : 8- 1 9 |
L ps ‘ : | J |
- ’*{ = -+ +— —
1 7 P o |
| BT. | 490 | SO0 | 480 | . G431 |
. | A.T. i 467 | 441 | 44t | 431 |
o 4- 3 —
M. I ! A |
1 0.0 0 | 0 | 0 | 0.
i 2.0, | =104 =29 . =29 ] =20
f .80 . -39 | =39 <59 | -49 j.
{ 6.0 .| -69| . -88 | -98 | -88{
i 8.0 | -98 | =108 1 =127 | -127 | '
1 10.0 | =147 | =157 | =176 | -167 |. .
i .12.0 | -186 | =186 | =-206 | =206 |
| 18.0 | =216 | =-235| =255 | =-255 | .
1L 16.0 | =-265 [ -274 | +304 | =304 |
{ 18.0 | =323 { -323 { -353 | =353 |
1 ©20.0 | =392-§ <-402 | -u821 | =431 |
1 22.0 { -8451 | =451 -880 | -500 |
Il 24.0 | =519 | =529 | ‘=539 | -568 |
26.0 | . -578 | =578 | =598 | ~637 |
1 28.0 | -687 | -627 | -666-1 -706 | .
{ 30.0 | -706 ) =696 | -735 | -79u |
I 32.0 { =853 |. =883 | =872 { =941 |
| 3850 | =990 | =970 | -1019 | —-1098 |
i 35.0 | -1078 | ~1058 | -1117 | -1205 |
i 36.0 | R b N
i 37.0 | 1 I 1 |
I 38.0 | i i . |
i 39.0 ¢ N | 0 I
i 39.0 | . E 1 |
i 40.0 .’ i i I i
o810 g i t e l
| 42.0 | 1 I | P
.l o A d b W > u ']
.. BaTe BEFORE TRANSFER

A.T.. APTER TRANSFER

»

. ) L R .



TABLE B.6.3
DEFLECTION DATA BEAN AD-6

[ Sum L 3 L " T ™
§ LOAD 1 MORTH | CENTRE | SOUTH |
| (kiPSD,I& n) | (in) { (in)
. e —4— 4 4
| I | : |
1 2.0 § 0.02 | 0.02 { 0.02 }
i 4.0 | 0.04 4 0.05 | 0.08 |
{ 6.0 | 0.06 | 0.08 | 0.06 |
i 10.0 § 0.10 | 0.13 § 0.10
i 12.0 | 0.12 | 0.16 | 0.13 |
I 18.0 § 0.18 | 0.19 | 0.15 |
| 6.0 | 0.17 0.23 | 0.18 )
I 18,0, | 0.21 ( 0.27 |  0.21 |
{1  20. 1. 0.29 | 0.38 | 0.28 )
| 24.0 | 0.85§ 0.62 | 0.45 §
I 26,0 | 0.56 { 0.746 | 0.S4 |
i 32.0 § 0.90 } 1.24 | 0.90 |
I 38.0 § 1.15 | 1.58 | 1.16
I 35.0 | 1.30 4 1.81 | 1.32 §
I 36.0 | 1.51 4 2.08 | 1.51 |
I 37.0° 1 1.924 2.72 | 1.96 |
| 38.0 | 2.56 1 3.57 ;| 2.58 |
i 39.0 } 2.87 ) 4.09 § 2.88 |
{ 39.0 (¢ 3.81 ¢  «a.84 I 3.39 §
{ 4.0  3.617 ]  S.11} 3.58 |
! 81.0 ¢ &.18 | 5.92 | 8.08 |
1 42.0 | 712 i
. ] B —-d. ¥ ]
3
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TABLE B.7.1.1

'STRAIN GAUGE DATA BEAM AD-7

-t L

L S ) L2 L ) R
AD | (M) I (2 1 3t W
ips) | (. i | '
4 4 —4 4 —
t 1 - t |
0.0 1 -0 | 0| 0 | 01
2.0 | 40 | LI 0 | 15 | - -
4.0 1. 90 | 80 S f 30§
6.0 -} 140 | 130 | S 1. 85 |
8.0 | 190 | 180 | 10 | 65 1
10.0 | 285 { 230 | 15 108 |
12.0 | 310 | 290 | 20 | 175 |
18.0 | 370 350 | " 30 § 235 |
16.0. | 450 | 830 | 35 | 315 |
18.0 | 585 | 585 | 80 | <400 |
20.0 | 830 | 740 | 15 | 520 |
22.0 | 1205 | 970 | -10 | 650 |
24.0 .1 1580 | 1285 | 30| 800 |
26.0 | 1885 | 1550 | | 715 | 940 |
28.0 | 2285 | 1825.4 | 120 | 1070 |
30.0 (- 2620 | 2090 | | 175 | 1195 |
32.0 § 3745 | 2415 270 t 1350 |
33.0 | . 44830 | 2770 § 3480 1 1430 |
3.0 | 5075 { 3010 | 445 | 1545 |
35.0 § 5990 | 3250 | - S45‘) 1630 { -
36.0 | 8000 | 3550 § 640 | 1740 |
37.0 | 12700 | 4005 | 730 7 1860
38.0 | 17500 | &410 | 895 | 1990 |
39.0 | 20000 | &890 { 1140 | 2115 |
39.0 | { 5055 | 1250 | 2130 |
80.0 | I 5850 | 1385 { 2265 |- _
41.0 | { 6000 | 1465 | 2500 § °~
42.0 | | €6600.§ 14875 | 2900 |
42.5 | - I { 3300 )
. 1 ¥l i y ]




TABLE

STRAIN GAUGE

Be7.1.2

DATA

BEAN AD-7

g

R g - v '- v s 2 ]

{ LOAD i (5 t )y 1 (M 1 «(8) 1
| . (kips) | B 1 | 1
- —4 4 +— 4— 4
{ S | 1 | i

0.0 | 0 0 | 0o o\
2.0 | 20 | 30 ¢ 10 | 20 |
4.0 | 55 | 60 | 25 | 45 |
6.0 { 110 | 95 | 40 | 70 |
8-0 | 175 130 | 60 | 95 |

" 10.0 | 270 | 170 | 80 | 125 |
12.0 | 375 | 210 ¢ 110 |~ 155 |
W.0 | 485 | 255 | 140 | - 185 |
16.0 | 635 | 300 | 180 | 215
18.0- | 745 | 365 | 220 | 250 |
20.0 | 810 | 860 | 275 | 315 |
22.0 | 900 | 680 | 330 | 405 |
26.0 | 985 | 950 | 415 | 510 |
26.0 | 1100 | 1165 | 585 | 595 |
28.0 | 1205 { 1365 | 690 | 680 {
30.0 | 1340 | 1590 | 870 §{. 780 |
32.0 | - 18%0 ' 1800 | 1005 | 925 |

. 33.0° | 1545 1 1910 | 1060 | 990 |
38.0 | 1620 | 2020 4 1130 { 1050 |
35.0 | 1700 { 2120 § 1190 | 1105 ¢
36.0 § 1790 2220 4 1275 § 1150 |
37.0 . | 1870 ¢ 2320 | 13551 1190 j
38.0 /| 1930 § 2800 | 14485.) 1220 |
39.0 | 1910 §{ 2815 § 1525 | 1230 |
39.0 | 1905 2390 | 1520 { 1240 |
40.0. | 1915 § 26201 1570 §f 1260 |
81,0 | 1880 §t 2825 . 1585 { 1280 |
82.0 | 1840 | 2680 | 1600 { 1320 §
42.5 ! [ { 1 !

159



DENEC POINT

TABLE B.7.2.1

STRAIN DATA (VWEB) EEAN AD-7

A-T. N

APTER TRANSPER

r " » & - v L E— v =
1 LOAD | (V) | (2 1 (3) | (W) | (5
| (kips) | | I | (
— + 4— 4 4 +
| , { ] | { | o | ‘
| B.T. i 1470 1264 | 853 | 216 | 323
l A.T. t 637 3 588 | at12 | 157 |} 255
+ 4— 4 -+ 4
i B | i | N |
1 0.0 | [ 0 0y 0o | 0
I 2.0 49 ¢ 39 | 20 { A0 -10
4.0 108 | 88 | 39 10 | -20
6.0 | 186 | 127 59 i 10 | -89
8.0 | 245 | 196 | 108 { -~ 20 ) /-49
- 10.0 | 314 2485 | 137 20 | -59
.0 382 | 314 | 176 | 20 | -78
14.0 851 | . 363 | 216 | 29 | -98
16.0 1 549 | 461 § 255 | 29 | -7%08
18.0 | 647 | 568 | 294 29 | -118
20.0 § 902 | © 862 | 353 | . 29 t =127
—22.0 | 1333 ) 1313 {490 ] 20y -118
28,0 | 1852 | 1813 | 666 49 | -108
26.0 | 2313 | 2254 813 69 | -98
28.0 | 2783 | 2754 | 1000 | 88 | -78
30.0 | 32448 3273 1. 1285 | . 118} -69
32.0 | 41715 { 435t | 1784 | 284 ¢ -10
33.0 { 4a47713 | 4939 | 2078 | 412 | 20
34.0 | 57712 | 5762 | 2611 568 | - 69
35.0 | 6791 | 6546 | 2715 | 696. | 118
36.0 | 8506 | 7958 § 3508 | 921 196
37.0 1 11231 | 10319 | 5263 | 1284 | 294
38.0 1 - ‘ [ 1 [} 1 :
39.0 | I { 1 |
39.0 | | 1 | |
80.0 | l { ! |
41.0 i I I |
42.0 | | 1 { I,
42.5 ¢ I 1 { l
e A 2 A 4.
B.1T. BEFORE TRANSFER

160
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" TABLE B.7.2.2
'DENEC POINT STRAIN DATA (FLANGE) BEAN AD-7

~— T \ & | g - V. v
1TLoAD 6 M 1 @ | (9 |
I (kips) | ' - | I
P B i ('] A d
L T v i gl -~ ~1
I 1 . | S i |
| B.T. | 245 | 284 | 274 | 196 |
| A-T. | 265§ 288 | 274 | 216 |
—t 4y —+ —
| r ! (R |
1 0.0 | 01 0] 01 0}
I 2.0 { =39 =-29§ -29 | =39 |
o | 4.0 | -69 | -69 | -69 | -78 |
i 6.0 | =-108 1| -108 | -108 | .-108 |
[} 8.0 | -147 § -147 | -147 § -157 |
(] 0.0 | -176 | -186 | =176 | -206 {
i 12.0 | -225 | =235 =225} =285 )
I 14.0 | _-265 | =372 | =265 =308 |
I 16.0 | -314 1 -323 | -314-| =353 i
1 18.0 | -353 § -363 § -363 | -402 |
I 20.0 | -812 1 -412 1 -421 | =-8470 |
| 22.0 (| -490 3 -480 | -49%0 | -589
| 26.0 | -568 § -559 | ~-559 | -637 }
I 26.0 | -637 § -617 | ~-627 | -715 |
I 28.0 |} -706 | -686 | -706 | -804 |
I 30.0 § -764 1 -764 | -~784 | -882 |
I 32,0 ( =917 | -892 (1 -921 | -1029 |
i 33.0 |} -980 1 -960 | -990 | -1098 |
I 34.0 | -1049 | -1039 |} -1068 | -1186 |. ‘
I 35.0 | -1127 | =117 | -1147 | -1284 |
t 36.0° | —-1235{ -1235 | -1274 | -1411 |
{ 37.0 | -1421 § -1411 | -1860 | -1607 {
1 38.0 i | o i
t 39.0 [ | { {
i 39.0 | i | | i
| 80.0 | e | B 1
S 81,0 g vl i o
P 2.0 | I B A -
I 42.5 | . i i |
L A A i 4 ')
‘BaT. BEFORE TRANSFPER

A.T. -~ AFTER TRANSFER



t

TABLE B.7.3

PR vywwlﬂ*%' ‘." #2‘(4 ! \g ‘ , !;' ¥ v
T 162

DEFLECTION DATA BEAN AD-?

v v . p
| NORTH | CENTRE | SOUTH

42.5

-

i LOAD
1‘(k198) | Lin) ! (in) { (in)
v i S I v
[ ] | R l :
] 0.0 | 0.0 0.0 | 0.0
t 2.0 3.01 I 0.02 1 o0.02
] 6«0 | 0.05 § 0.07 1 0.05
| 8.0 0.08 | 0.10 { 0.08
] 10.0 | 0.1 | 0.14 | 0.10
i 12.0. | 0.13 1 0.17 | 0.13
i 14.0 ¢ 0.15 ] . 0.20. 1 0.15
i 16.0 | 0.19 | 0.24 | 0.18
] 18.0 | 0.22 0.29 | o0.21
I 20.0 t 0.28( 0.37 { 0.26
I 22.0 § 0.37 -0.48 | 0.35
{ 26.0 | 0.85 | 0.60 | 0.83
1 26.0 | 0.53 } 0.72 t  0.51
i 28,0 | 0.61 ] 0.82 | 0.60
1 30.0 ¢ 0.7%t 0.98 | - 0.69
it 32.0 | 0.87 | 1.19 § 0.88
I 33.0 1 0.97 1.35 | 0.95
I 38.0 | 1.09 | 1.51 | 1.06
I 35.0 | 1.22 1.70 } 1.20
| 36.0 (1 1.82 4 1.94 | 1.38
{ 37.0 1.79 2.43 | 1.717
I 38.0 | 2.67 3.70 § 2.52
it 39.0 ¢ 3.22 1} 4.53 ¢+ 3.08
I 39.0 | 3.53 § 4.97 | 3.481
| 80.0 | 4.07 4 5.78 | 3.98
I 81.0 | &.89 | 6.39 | 4.86
I 42.0 | 8.96 | "T.07 |  4.92
! [ I { 7.80 |

o

S
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‘TABLE B.8.1.1

STRAIN GAUGE DATA BEANM AD-8

P_A—-———-—_-—--—_-_"—-‘r_-.
. R L N . L

I 4 T LJ L T LJ 3
LOAD M @ 3 W (S
(kips) | S | i P i
-~ + +- e 4 + ~4
o i S | 1 ! -
0.0 |} o 01 o1 0 i 01
2.0 35 1 40 -1 0 | 15 | 20 |
4.0 § - 75 | . 80 4 0 | 65 | .. 50 |
6.0 | 125 | 125 | -S4 - 125 | 85 |
8.0 4. 170 | = 175+ -5 | 185 | 125 |
10.0 | 225 | 225 | -5 260 | 180 |
12.0 | 280 285 | 0 | 340 | 240 |
4.0 | 345 § 350 ¢ 0| 430 | 315 |
16.0 - | 420 | 430 ' 01 550 | S515.}
18.0 | 525 § 540 § . -15} 655 | - 645 |-
20.0 | 975 | 750 t -105 ¢ 785 | 710 ¢
22.0 | 1350 | 1000 4 -115 | - 915 | 810 |
2.0 | 1675 | 1280 | -95. 1 1025 | 940
26.0 | 1985 | 1510 -45 1 1125 | 1065 |
28.0 | 2285 { . 1720 1| -20 | 1235 & 1215 |
30.0 | 26457 1940 § . 5.1 1345 | 1355 |
32.0 | 3800°4 2200 f 55 (| 1460 | 1895 | -
34.0 | 4950% 28851 ' 115§ 1600 | 1620 |
- 36.0 | 6410 °f 3390 | 225 { 1790 | 1740 |
38.0 | 10060-§ 4350 { 34571 2015 | 1820 |
40.0 | 5590 | 5170 ¢ 490 { 2175 { 1820 |
40.0 | 5170 | 5270 ¢ 410 | 2230 |- 1940 |
- 42.0° ¢ . -1 6820 §F ., 110 | -2235 | 1915 7}
43.2 | 1 [ o .
A ) A y N M l
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why ) ’ . TABLB B.8.1.2

STRAIN GAUGE DATA BEAM AD-8

oA

v»i' "

p—————-—-———-’Q——-—-—.—-—-_-—Wp—

r - ™ T g o T T
i LOAD - | (6) 1 (7 |t (B 1 (9. 1 (10) 1 (1) l-
(kips) | { (- | { | "
e + 4 —4 4 4— —
‘ I e O ] | - {
0.0 §~. 0. 0] 01 0 | 01 04
2.0 - 254 15 | 1S ¢ -10 | 01 15 |
4.0 | 55 | 25 | - 351 -20 § o\| 35 |
6.0 | 85 | 45 § 60 1§ -35 | -5\ 55 |
8.0 | 120 § 70 | 80 | -50 | -5 4 80 §
- 10.0 1 150 {100 | 105 { -65 | -5 105 |
12.0 | 190 | 130 | 130 1} =70 | 0 | M0 g
184.0 - 235 {175 | 165 | -90 | 10 | 175 |
16.0 | 300 3. -240 | 210 3 =100} . 20| 210 |
18.0 | 380 | 290 § * 260 § -115 | 30t 2715 |
. 20.0 .| ,670 {, 380 { 345§ -130 1 - 45} 360 |
22.0 | 860 | 595 ¢ 4051 -185 (. 657 8465 |
26.0 | 1085 § 750 | 475 § -160 | 90 | 630 |
- 26.0. | 13001 880 | 570 § -1 1 115 | 745 |
$28.0 |} 1495 | 1005 | 765 | -180 145 | 850 |
300 { 1710t ™090 | 890 |  -170 § : ( |
32.0 | 1930 | 1210 | 1000 | -80 | - i
- 36.0 | 2140 { -"1360..| 1085 | -5 | 290 !
36.0 ‘f 2330 § 1470 § 1135} 75 § 315 | I
'38.0 | .2850 § 16154 1180 235 ( . 880 | 125
40.0 | 2390 | 1720°1. 1210 § 7250 | 590 | 1240
40.0. ¢ 2355 (. 1910 ¢ . 1100 | - 209 | 855 | 1215 |
42.0 + 2325 1980“&'”1165 G 8 w¢22 - 945 | 1230 |
43.2 4 - 0 | B S AR B !

EY
3z



& .

DENEC POINT STRAIN DATA (WEB) BEAN AD-8

TABLE B.8.2.1

—-Hh’——-

L R 3 N L3 L L 8 Lo
{ LOAD M (2 t 3) 1 B (5
(kips) | l | | R
et + —4 —+ +
oo | l b | o |
B-T. | 1695 §{ 1421 | 1078 { 314 | 382
A-T. | 725§ 637§ S49 | 225 | 274
+ —4 —t—— £ ~4—
S 1 o o E |
0.0 | 0 | 01 0] o1 - 0
2.0 1} 59 1 39 | 294 104 -10
4.0 | 118 | 98 | 59 | 0| -29
6.0 | 186 | 147 | 88 | 10 | -a9
8.0 | 255 | 1961 118 | 10| -78
10.0 | 333 | 255 | 167 | 10 | -88
12.0 | 412 § 323 4 216 | 101 -108
14.0 500 | - 3921 255 | 20 | -118
' 16.0 | 637 | 480 | ' 318 | 69 | =137
18.0 "} 951 | . 676 | 412 | 78 { -157
20,0 | 1529 | 1127} 5718 ( 59 | -157
22.0 | 2127 |& 1627 | 902 | 98 | =147
28,0 | 2685 (. 2107 | 1235 {118 | -137
26.0 | 3067 | 2509 § 1558 | 147 | -127
28.0 | 3508y 2891 { 1872 | 206 { -118
30.0 | - 3969 | 3342 | 2234 | 294 | -108
"32.0 | S810°)- 4439 | 3058 § 490 | -29
34.0 | 7223 { 5811 | 4038 | 676 | 39
36.0 | 9575 | 7644 | 5800 § 892 | 137
38,0, .1 16768 | 14465 § 11143 | 1784 | 598
40 743 | S Y
40.0 1 - i ‘ 1 i B
42.0 | - ! I | b
43.2. [ | I I
A j N L i 2.
~ B.T. BEFORE TRANSFER

A.T.

APTER TRANSPER
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TABLE N B. 8-’2 -»2A

DEMEC POINT STRAIN DATA (FLANGE) BEAN AD-8

s L v . . . T A
| LoAD | (6) { (N 8 1 9 |
| (kips) | i B I
B + —+ + —
i | x| l |
{ B.T. | 441 | 343 333 | . 323 |
{ A.T. | 451 | 323 323 | 333
At 4—- 4 —
I l A { |
i, 0.0 .| 0 | 0 -0 | 0|
i 2.0 | 0 1 69 =29 1 =29 |
i1 4.0 | -29 1 -69 -59 | =59 |
1 6.0 | -691 -108 -108 | -88 |
.1 8.0 | -108 ] -157 -157 + =137 |
{- .10.0 | =157 1 -196 -196 | -176 |
1. 12.0 | -196 | -245 ~245.| . ~216 |
| 14.0 | -245 | -284°"F —-265°}
1 16.0 | -—284 |- ol —343 | -314 |
1 18.0 | -323 =6 ~392 |- -363 |
1 20.0 | -u412 | F4--451 | 441 |
1 22.0 | -870Q | -519 | =519 |
I. 24.0 | -549 | - -588 | -598 |
] 26.0 | -637 | |- -647 { =676 |
1 28.0 | -6961 1 =725 ¢ =755 |
I 30.0 | -7 | -804 | -833 |
1 32.0 1T =911 | -980 (| -951 | -980 |
N 3a.8//| -1049 | -1127 { <1078 -| -1127 |
i 36.9 | -1205 | -1284 | -1245 | -1294 |
| 38.0 | -1666 | —-1735 | —-1695 | =1754 |
I 40.0 | =2244 | -2274 | —-2215 | -2244 |
{ 40.0 | -2283 | -2352.| <2303 {| -2352 |
| 42.0 | ~2656 | -2734 | -2666 | -2685 |
t o83.2 1 I | .
B.T. - BEFQRE TRANSFER
. A.T. - . . AFTER TRANSFER
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SOUTH |.
(in)

y 1 8

| NORTH | CENTRE
{
b |

“TABLE B.8.3
(in)

—
|

' DEPLECTION DATA BEAN AD-8
4

I (kips)

B

| LOAD

r_ N
3\
g :
NIV rMOUOM™mEDNIMO N ™ w0 \0m
COO0QOrreNNMMINONR™SIOOO0

.,.o.-..-.--....-...-o..
0000000000000000011233.“

- - —
NNO~IO=OONMN O~ N e
0000111223a5678 2593‘3723.,_

v e L [
000000‘00000000.0‘.&“!\14355‘7.8

(in)

'll'lll",.-ll"ll.,‘ll,‘
NFIOD=TOOMEADOMMO NSO~
000004111233“56781“3702
L 9 ¢ 2 3 % 9 0 8 ¢ 0 @ L B T T ] LI I Y T T
0000000_0000000.0001123“5

R
0nUOnu0nuonU0nu0nv0nvOAUOnuﬁnuchuoﬁz
...-.--.o.u-..-.o-.--
02“6802“6802“680;..‘“680023
rrEreNANNNIMMOMI e
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TABLE B.9.1.1

STRAIN GAUGE DATA BEAM AD-9

X - L L L 3 LA
LOAD LM 1 2 1 3) I ()
(kips) | -1 o |
+ + +- 1
{ - L s
0.0 | 0 01 0 0
2.0 1, 30 { 40 | 25 | 60
4.0 | 80 { 80 | 45 | 135
6.0 | 130 | 125 | 70 | 270
8.0 | 185 | 170 | @0 | 425
10.0 .| 240 | 220 | 115 | 585
12.0 ¢ 310 ¢+ - 270 | 140 715
14.0 | 380 | ~ 330 { 165 | 850
16.0 | 540 § - 455 | 215 | 990
18.0 | 935 | 640 | 455 | 1100
20.0 1 1240 | 860 | 535 { 1190
22.0 | 1570 | 1125 | 595 | 129%
24.0 | 1880 | 1450 § ° 655 | 1405
28,0 | 2170 1745 { 725 | 1549
28.0 | 2530 | 2015 | 795 1 167
30.0 1 2930 | 2280 | 845 | 1845
32.0 | 3750 { 3075 | 950 | 2055
3.0 | 4960 | 3725 | 985 | 2270
36.0 1 6790 { 4600 | 965 | 2375
38.0 - o | oA ’
'y e 2 2

s_._..__—_‘_.;_—...—..-‘-_—_—_._...n._—J
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TABLE B.9.1.2

STRAIN -GAUGE DATA BEANM AD-9

AR T L
LOAD - | (5) | ‘ (M
(kips) 1| {
+ —4—- 4—
‘ 1 - |
0.0 | 0 0 | -0
2.0 35 | 35 | 15
4.0 70 1 . 90 | 40
6.0 { 125 | 180 | 70
8.0 | 195 | 300 95
10.0 | - 285 | 400 | 140
12.0 | 355 | 500 | 180
.0 1 475 | 615 | 260
“16.0 " 640 | 730 } 430
18.0 1 765 | 850 { . 705
- 20.0 845 | 950 | 890
22.0 ¢ 935 § 1065 | 1130
246.0 | 1010 | 1170 | 1335
26.0 | 1080 | 1290 | 1540
- 28.0 § 1175 § 1420 . 1710
30.0 | 1310 { 1510 { 1915
©32.0 | 1455 | 1655 | 2165
386.0 | 1600 | 1780 | 2410
36.0 | 1755 | 1865 | 3600
38.0 | - v ‘

h——————_—_——————-;——--—_-—-B.——J
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. DEMEC POINT

TABLE B.9.2.1

STB‘IN DATA (WEEB) BEAM AD-9

F'——-‘——-—-""“‘"""-—-——'{r'—"-!r—-!

A.T.

AFTER TRANSFER

L 2 R § . L o - | RS

LOAD I () | (2) | (3) i (4) | (5)
(kips) | { 3 ! !
+ + 4— 4+ -4
. i { A | {

B.T. | 1754 | 1509 | 1029 | 343 | 451
AT | 862 | 823 | 617 ¢ 363 | 421
4+ 4 4— 4—- —4
{ 1 { i |
0.0 { 0 1 "0 | 0o i 0 0
2.0 | 49 | 29 | 29 ¢ 0 1 -20
4.0 | 98 | 88 1| 59 | 0 i -10
6.0 | 176 | 118 | - 88 | 0 -29
8.0 | 2354 . 1767} 108 | 0 i -29
10.0 | 3048 | 285 | 1a7 | 0 -59
- 1Z.0 |- 382 | 294 176 | 0 1 -49
1.0 | 870 { 353 | 206 | 0 | -78
16.0 | . 568.4 431 | 245 | 0 | -98
18.0 | . 788 | 598 | 274 | 0 | -69
20.0 - | 11864f.. 470 | 314 | 0 | -78
22.0 | 1558 | 1166 | 402 | 10 4 -59
24.0 | 2107 § 1578 | 588 | 20 | -69
26.0 {1 2509 § 1901 | 774 | 220 | -59
28.0 |} 2940 | 2264 | .1000 | 39 | -49
30.0 | 3391 2636 | 1215 { ° 69 | -29
32.0 | 4655 | 3587 ( 1784 | 147 29
34.0 | S664 | 4498 | 2611 | 206 | 157
36.0 | 7262 | 6037 | 3410 | 333 | 353

38.0 | i { | {
» 3 » 1 - A
B.T. BEFORE TRANSFER

-—-——.—-——-————-———._———_J-—‘——dh‘._“-‘-\d
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TABLE B.9.2.2

DENMEC POINT STRAIN DATA (FLANGE) BEAM AD-9

Y N —

-——.———_—_——_—?—-—-—————dh_——ih——J

[ 8 T v  § . T
| LOAD I (8 1 (M 1 (B 1 (9
(kips) | - 1 | |
+- 4— —4 —4—
| { ] |
BeT. | 451 | 490 | 451 | 412
Ajr. . 451 4 070 | 421 | 421
4+ —4— —+ +
i ( | |
0.0 | o 0 01 0
2.0 | -29 | -29 | -29 | -39
4.0 | . -78 | =59 | -69 | -69
6.0 | ~-98 | -98 t -108 | -108
8.0 | -147 { -147 ¢+ -%47  -147
10.0 | -176 | -186 ] -186 | -186
12.0 | =216 . =225 | -216 | =225
14.0 | =255 =274 i -265 | =274
16.0 | ~-298 § -314 ( -314 | -333
18.0 | -363 | -372{ -382 | -402
20.0 | -@21 § -431 | -441 | -0661
22.0 | -5%0 )} -5001}1. -500 1} -539
24,0 | -568 } -S68 | -568 { -617.
26.0 | ~-657 | -627 | -627 | -686
28,0  ~715 |} -706 | ~706 { -755
30,0 | ~794 | .-784 § =774 | -833
32.0 { -911 | =902 | -902 | -960
34.0 | -1049 ‘4 ~-1029 | -1029 .1 -1098
36.0 | —-1254 | -1225 | -1235 | -1303 .
38.0 | I | K
A 41 S oA
B.T. BEFORE TRANSFER
A.T.

AFTER TRANSFER

J
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TABLE B.9.3
DEFLECTION DATA BEAM AD-9

1'-4"""""","" o — e oy

136803695310877603
00000111123“5567925 St
..-.....--.........
00000,0000000000A0.011

SOUTH
(in)

T
|
|

4

T‘l»l'l""lll'l"ll'llj

2"70371535689151“9
0000111223“56790360
.-..--.-.-..n.n:%
0000000000000001112
[

<

T""I-l"l'l'l!ll'l',lll

(in)

NORTH | CENTRE

135792585319766604
00000011123““567925
..-.-.....-.........

OO0 00000000CCOC00O ™~

(in)

|
) |
l
|
I
l
i
|
|
|
I
|
i
|
{
|
|
i
{
.\
i
{
!

(kips

0

2

4y

6

8

0
12
14
16.

" LOAD

W

r

'
i
[
|
|
|
I
|
|
i
|
|
|
|
|
|
|
L
|
|
|
i
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TABLE B.10.1.1

STRAIN GAUGE DATA BEKN AD-10

176

[ 4 LE | § L R LB L B }
i LOAD M (2 1 (3 | (8 1 (5) 1 (6) I
I (kips) | { b | ( i {
+ 4+ 44— 4- —4 4 4
| | | ( i { | |
I 0.0 o1 0 0 | 0 | 0 | V|
| 2.0 | | 30 | -5 | -15 | 15 | 0 |
i 4.0 | | 60 | -10 | -35 } 25 | 5
(] 6.0 | { 90 1| =20 | =70 50 | 5
i 8.0 | i 130 | -20 . -115 | 130 | 10 -4
t 10.0 { 170 | =20 | -140 | 250 | 20
i 12.0 { | 220 | -20 | -14S | 370 | I
| 14,0 | 1 280 | -20 ¢ -105 ) SAO/T””€§?|
1 16.0. ¢ “p 420 |- =25 | 20 | 610 | 25 |
I 18.0 | i 585 | ~ -40 | 185 | 735 1 . 20 |
i 20.0 | { 830 | -45 | 465 | - 885 | 15 1§
1 22.0 | I 1040 -60 | 720 { 1060 | S
1T 24.0 | i 1265 | -65 | 875 | - 1205, 01
" 26.0 | I 1525 | ~65 § 1030 | 1360 { -5 1
i 28.0 | | 1855 | -80 | 1160 | 1505 | -5 i
I 30.0 | I 2350 -95 | 1320 { 1730 | 5 |
I 32.0 | I 3230 | -120 1 1425 | 1905 § 1340 {
I 33.0 4§ | 4750 I ICT B I |
. 4 . . B et N . —



TABLE B.10.1.2

STRAIN GAUGE DATA BEAN AD-10

~ R 2t v L e T S ey
I LOAD . | (7)) 1 (8) & (9)  ({10)°'}|
{ (kips) [ ! | |
N -~ -+ 4+ 4— 4
| 1 | [ { [
[ 0.0 0 0 i 0 i 0 |
[ 2.0 . 5 51 25 | 15 |
| 4.0 | 15 4 15 | 50 | 35 |
i 6.0 | 25 | 25 | 90 | 65 |
{ 8.0 | 35 | 30 | 135 | 100 |
I 10.0 45 | 30 | 175 | 145
i 12.0 50 { . 35 | 215 | 185 |
I 14.0 | 65 j 50 | 265 | 335 |
i 16.0 | 120 | 65 | 325 | 550 |
18.0 210 | 90 | 460 | 665 |
20.0 ¢ 325 | 150 | 665 | 885 |
22.0 | 455 | 290 | 795 { 1075 |
2.0 | 540 | 390 i 920 | 1290 |
26.0 . 610 | 495 | 1030 | 1575 |
28.0 725 | 635 { 1115 | 1760 |
30.0 885 | 785 | 1165 | 1885 |
32.0 | 1055 | 1020 | 1235 { 1980 |
33.0 [} | { ! |
el . A []
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. S« - . TABLE B.10.2.1 = _ e ','/

. DEMEC POINT STRAIN DATA (WEB) BEAN AD-10

X

g L § v - L | . _7— f " T ¥
{ LOAD 1 (1) 4 (@2 1 ) W | (5 |
I (kips) 1 S | | | [N
} .. [ " 2 - 3 A 4
[ 2 B N e L v T L
| | i i 1 i |
{ B.T.” | 1882 | 1637 | 1235 ' 510 | 617 {

I A.T. 1 1019 | 921 | 784 |- 4BO (. 539 |

| o 0 S — 4 4~y
[ i B 6 | N | i [
| 0.0 0t 0 01 | -

i 2.0. | -39 4 49 | 20 | { 1
] 4.0 . 127 | 88 | 49 | - {
1 6.0 | 186 | 137 4 78 | | I R
i 8.0 265 | 196 | 108 | ( N B
I 10.0 .} 343 | 255 | 47 i i
I -12.0 | 821§ 333 | 186 i -t
I 1.0 | 529 | - 802 | \ 2257] 1 1
i 16.0 || 676 |  5S10 1,\\355 1 { 1

1. 18.0 | 1294 | 892 | wgo | § |

{ 20.0 | .1872 | 1333 { 735 | | {

I 22.0 23521 1695 | 970y 1 i

| 28.0 | 28482 2087 | .1285 | i |
1  26.0 | 3391 | 24271 | 3538 | [ N
I 28.0 - 3920 { 2950 { 1911 | 1 "

I 30.0 | 4851 | 3704 | 2499 | - 1 1

I 32.0 | 62724 &773 | 3283 { 1 B
Nt N SRR SRR PR !

B.T. - BEPORE TRANSFER =
CAWT. APTER TRANSPER ' o

~~~~~

T .
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o . }‘ . B
 TABLY® a.io;éﬁz.u T
DEMEC BOINT STRAIN DATA (FLANGE) BEAM AD-10

P . _ . ;

'r 7 ———y — ™" ~ 7
—_ L LOAD .1 (6) 1. (7)7\{\_(8) P9 | :

"} -(kips) |. N | - ! e -1

- ~4— 4+ e me —4 -

1 1 1 o |

I-- BaT. |- 598 { 588 539 { * 392 |-

- A.T. | 568 | 549 | 490 | 382 |

+ e e ~+ ~+ —4

[ i Sl - 1 o1

1 0.0 | 0 | 0 | o 01

0 2.0 1 =39 ) =29 {° =29 { =~29 |

i i -69 {  -69 | -69 | -69 |

1 6 o‘\1\; -98 | -108 § =118 | -127 |

I 8.0 | =137 | =157 | . =167 | -167 |

(. 10.0 | =176 =196 |' =216 | =225 §

I 12.0 | =216 | ~=235 ) -255 | =-274 (.

{° 14.0 | '-265 ) =-296,| -314'{ -343 |
w1 16.0° 1. =323 § -383 | =372 | -802 |

I 18.0 | =402 § -412 | -441 | <490 {

| 20.0 | -870 1. =-&70 | -500 | =559 |..

I 22.0° | =539 | =-549 | -578 | =-657 |

i 28.0 § -617 | =627 | -657 | ~785 | °

I 26.0 | 706§ =725'| -7S5 | -843 4

| 28.0 | =804 | °~-813 .| =853 | ' =941 (| .,

1 30.0 | =921 { . -960 | —-1009 { -1098 | ‘

| 32.0 | -1098 § =T187 [\~1205 | ~1274 |

I 33.0 1 I A D

b — A ek L _l ; |

B,r. : azronﬁ&raausrna

A.T. ° APTER TRANSPER



LN

*) ?nbtn B.10.3

¥

DEPLECTION DATA BEAN AD-10 .

rv

h-----—----——-—d

¢ . . .
- " 2 2 T - B
' ) i LOAD | .IQRTB I CENTRE | SOUTH |
- | (kips) § (im) { (n) | (imn) |
: 3 - 4 —
R | Y I | oo
s b 0.0 1 0.0 § 0.0 | 0.0
o ) l r . Ba0 ' 0.05, . 0006 I : 0-0“
i . 8.0 }  0.11 4 0.1T3 § 0.09
i 10.0 | 0.13 ) 0.17 | 0.12
I 12.0 | 0.%7 | ~0.20°|  0.15
1 1820 § 0.20 | -0-28 |- 0.19
1 1.0 | 0.25 % 0.31 ) 0.24
4 18.0 | . 0.38 | 0-.83 | 0.32
o it 22.0 | 0.5% } 0.70.1 0.52
® . 1 28.0 | 0.65  0.84 | 0.63
% 51 26.0 | 0.76 § 0.99 | O0.7a
.7 17280 | 0.88 1. 1.1 | 0.86
vt 3040 | 1,08 | 1.80 | 4.06
L 4 32.0 | 1.35 1 1.75 | 1.32
I t33.0 ¢ & 2,17 - ,
| R - - - . : 3
f ,/// ,\\:\ .
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AR 182
\ - Al
’ \ ! TRBLB Bo '1. ',’. 1

: 'STRAIN GAUGE DATA BEAN AD-11.

e g ———— - : -+ 2 ] -
[ 1 LORD .. 15 (1) 1 -(2) ¥ ) | (w) |
i SRS SRRSEN WP S B

% B . R IR | |

1 0.0 | S0 01 o). 01

I 22 | &8 35 %}l 25 )
8.0 | 85 1 80 ¢ 10§ 100 ¢

4 6.0 | 180 | 125 § 20 |° 205 ¢

1 8.0 1 190 ¢ 1951 - 25 |- 385 )

] 10,0 | 250 § + 225 )| 351 4715

{ 12.0 |© 305 279 | a5 | 580 |

1 18.0 '§ 375§ 345 3 S0 | €50 |
1 16,0 | 475 | 82s | 50 | 790 |

|- 18.0 . § 700 ¢ S55 § 4S 4 965 |

I 20,0 ¢ 1185 815§ ° S| 1185 |
1 2107 ¢ 50 1 935\ 15| 12715 |

| 22.0 41535 | 1080 | S5 1385 | -

I 23.00 | 1685 | 1225 ( 75| 1475 |
-1 28,0 | 1835 { 1370 1 105 | 1530 |
1 25:0 | 1990 | 1555 | 140 § 1500 |
1. 26.0 | 2160 | 1785 | 165 | 189S5 | .
1 27.0 12350 1 1935 | - 185 | 1535 |

4 28.0- § 2500 4 2100 { 200 | 1565 |
1l 29.0 | 2690 |, 2270 { 215 1605 )

1 30.0 "§ 3005:) 2500 | 230 | 1620 |
1 31.0 ¢ 3810 | 3010 { 245 | 1500 !

[ . . e o i '

e ‘ P ‘ ¢
» ) 2 \ o,'"_

g ¢
Y ,
T



S I ) ) . 183
TAB%B 5.11 1.2
srnnxu GAUGE onra nnaa AD-11 N
-~ — — —— T e—— P '
| LOAD" " § (5) | (&) 1 (7) 1 (&)
- (kips) | o B I | { ©
—— - ——— 4 — —t
[ B - DT {
1 0.0 | 0 0 10§ 0
b 2.0 35 10§ 15 4 01
I 4.0 | 100 | 30} 30 | 5 |
1 6.0 {° 18§ | 50 | 50 | 10
{ 8.0 ¢ 311 71041 80| 20 1
b 10,0 | 825 (. 95 | 110 | 30 | ,
0 12,0 ) 580 | 1251 185 ) 80 § .
I 8.0 | 655 | 2151 195 | 55
1 16,0 { 705 S&0 | - 265 { 90 |
1 18,0 | 810§ 810 | “380 | 120 §
1 20,0 § 925 | 1080 §{ 455 | . 155 4
1201 990 1 1195 | ° S15 | . 170 |
4. 22.0 "| 1060 | 1335 | 560 { 185 |
1 023.0 | 1125 | 1885 | . 635 § 198 |
I 28.0 1, 1208 | 1575 775 215 3"
1 25.0 | 13201 1735 | 875 | 280 {
I+ 26.0° | 1435 § 1895 | 945 § 295 §
i 27.0 § 1520 | 2020 | 1000 | 32§ §
1 28.0 § 1630 | 2155 | 1075 § - 350
1 29,0 § 1725-4 2300 | 1180 { 375 |
1 30,0 1 IS5 | 2%90 1 1235 | &41S |
I 3%0 ¢ 18351 < | )
l_‘ ’ _‘ SIS 1 g a2 ’

g
A

C
9
-



DBHBC POIIT STRAII DlTl (HBB) BEAN AD-11

TABLB 8.11 2.

AT

" APTER TRANSPER

, ¢
| e — 4 ¥ y o " 1 g '
4 LOAD. T (1) 1 (@ |3 1 W) g (5)
1 (kips) | 1 1Ty [

T A R i ) B
o H N r
B.T. | 1460 1 1 ﬁgf"‘ LR L { 3n3
AT, | 657 B8 A “amt | 216 | 294
+ — e} +- +
: N N e [ SRR ,

0.0 | 04 =~ 0y 0 | R 0

2.0 - § ' 594 - .39 | 20 | 20 1 -10
9.0 (' 118 L, 88 ¢ 39| . ¥0 | =20
6.0 - | 176 | - 127 | 69 10 | -29
8.0 | 285 | 186 | 98 | A0 | -39
10,0 | 3% § 225 | 1271 20} ~°-S9
12.0 | 3921 288 § 157 20 | =59
- 14.0 | &70 4 383} 186 { 20| <69
16.0 | S59 {  &2% §{ 225 20| -78
1840 | 715°F 519 | 265 | 20 | -88
20.0 | 882 | 598 |. . 363 | 200 -98
21.0 | 1009 4 676 | 812 | 20} --98
'22.0 1 1196 | 813 | 461 | 10| -88
23.0 | 13521 931 | 510 | 20 § -88
S 28.0 § 1519 | 1127 | 598 | 39| . -88
0 | 17054 1303 | 696 | - 78§ -78
©26.0 § 1999 § 1548 | 862 |. 1&}'|" -78
27,0 | 2258 §{ 1778 | 1019 { 225 | -69
28.0 | 2528 | 1980 | 1166 | 304 | -&9
29,0 | 2754 .2185 | 1313 | ; 21 - -29
30,0 | 2969 | 2811/f 1480 | 441 |  -10
31.0 | 3258 | 2813 | 1784 4 578 ( 739
> BaT. BEFOBRE TRANSPER

-—————-——*--‘-—---—h—-dL---ih——-
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TABLE B.!l 2.2

DENEC POINT STRIIN DATI (PLAHGB) BEAN AD-11

A.T.

APTER TRANSPER

l' - .T v ‘*“‘ L L
| LOAD |- (6) | () |- (8) (| (9 |
I (kips) | | I | (. I
 — 4 —4 —4— —4
1 L T ' { I
b BaT.. 1 298 | zsa | 298 | 235 |
"l ReTe | ., 298 § 265 | 288 | 235 |
N o —~4 4 A — —4 4
' | | { o |
it &0 | . 0y 0 | 0.1 0|
t, 2.0 ¢ =201 -39 ( =-20| ~-29 |
I ' ,8.0 | -39 | ~69 1 -69 §|_ ~
I 6.0 { -88 ¢ -108 | -98 {*
I - 8.0 "§ =127 =157 | --137 |
I 100 | -167 | -196.§ =176 |
| 12,0 " | =196 |. =225 | =216 |
| 18.0 | =285 | =265 | =265 |
I 16.0 | =-284 | =314 | -314 |
I 18.0 | =333 | -363 | -353 "
I 20.0 | =392 | -421 | -421}
| 21.0 { =621 { -841 | -451 |
i «0. | -861 ] -480'§ -~480 |
1 23.0 |  -890 | -510 { -519 |
.1 Re.0 1 -519 | -S89 | =549 |
4 35.0 | ~-568 | -S578 | <588 | - ~-666 |
1 -26.0 | -598 | -617 . -637 1 =715}
| 27.0. | -637 | -666 { -666 | =-755 |
1 28.0 | =676 { -706- -715 | -804 |
4 29.0 | -715 | -785 | =755 { -843 |
i 30.0 J°°-755 | =735 | =794 § -892 |
4. 31,0 { I {
| - .. yu N N . |
_B.T. anroagrraansrna
T _ ;
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DEPLECTION DATA EEAR AD-11

TABLE B.11.3

-——---———_‘-A—-‘--‘—-—‘-q-.—-q

e L v 4
LOAD § WORTH | CENTRE | SOUTH
(kips) § (in)  § (in)" { (in)
— 3
. | I |
0.0 § 0.0 { 0.0 | 0.0
2.0 | 0.02 . 0.02 § 0.02
8.0 | 0.08 | 0.05 | 0.08
6.0. | 0.06 { 0.08 | 0.06
8.0 | 0.08 1 0.11 § 0.08
“10.0 | 0.11 ¢ 0.18 | 0.11
18.0 | 0.16 §J 0.20 1 0.16
16.0 |  0.19 | 0.28 | 0.19
18.0 | 0.23 | 0.29 | -0.23
20.0 4 -0.30 |  0.39 { 0.30
21.0 | 0.35 1 0.46 | 0.38
22.0 | 0.40 | 0.52 § 0.39
- 23.0 | O0.885 | ‘058 | 0.83
26.0 .4 0.48 § 0.64 | O0.47
26.0 | 0.58 §  0.77 | 0.57
27.0 (. 0.63 | 0.88 { 0.62
28.0 | 0.68 J 0.91 | 0.67
29.0° | 0.7 | 0.97 { 0.71
30.0 | 0.80 | 1.06 | 0.78
31.0 . 0.9% | -1.21 | 0.89.

h-—-..—--——n-—-—-‘--dh_-d
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TABLE B.12.1.1
STRAIN GAUGE oarn BEAN AD-12

------—-.---—----—-_

1

r L g v ’ . —— %
AL LOAD | (W) 1 (2 | N 1 (%)
| (xips) | | { | |
- + 4 4 4 —d
) t 1 |
0.0 o1 0 01 0
2.0 | 85 | .S | s | -20
4.0 | 90 | 90 § . 0 | 35
6.0 | 135 §{ - 185 § 01 50
- 8.0 | 190 | - 200 | 0§ 195
10,0 | 200§ 255 4 -5 ( 380
12,0 | 305 3201 0| &80
18.0° | 365§ 395 | 0. 625
16.0 | 455 | 480 | -51 770
18.0 | 5704 SS90 | -10{ 970
20,0 | 895 (| 8701 -351 1170
22.0 | 1325 | 11051 -15{ 1360
26.0 |. 1685 | 1805 | 55 | 1510
2650 | 2005 ) 1780 1 115 | 1670
8.0 1I° 2360 | 1985 | 1551 1818
1 2535 | 207S | 175 | - 1855
'30.071 2860 | 2455 ¢ 190 | 1955
31.0 3390 . 2815 { 2251 2090
32.0 | %035 | 3035 | 270 § 2250
33.0 | 6860 | 3190 § 290 { 2210
0 38.0 | 5070 | 3530 | 3&S I 2255
-~ 35.0 | 6050 { @030 § &10 | 2950
©36.0 | 7450 | #3751 8470 § 9000
-37.0 § 11200 | 8865 600 | ‘
38.0 | I 5590 | 715 ¢
38.0 | i 6075 ) 705 | ~
ol N SRR R

188



-

TABLE B.12.1.2

STRAIN GAUGE DATA BEAR AD-12

{ LOAD I 5 1 (® 1 M 1 (1
PRI R N R N
( | ( < L.
[ 0.0 | 0 01 0 01
i 2.0 | 304 1S ¢ 15 10 |
I 8.0 | 60 | 3% | 30 | 10 |
‘4 6.0 | 105§ 55 | a5 | 15 |
I 8.0 { 195 | 75 | €S | 20 |
f 10.0 | &85 { .100 { 100 | 80 {
I 12.0 | 6251 180 | 180 | ss |
1 18,0 | TI5 | 190 | ' 180 { 80 |
I 16.0 | 910§ 265 23571 110 |
4 18.0 | 950 1 7204 305§ 160 |
i 20.0 | 10551 985 3701 210 |
i 22.0 |- 1150 § 1200°f &25 | 250 |
I 20.0 | 1290.1 1810 ¢ S10 § 315 |
I 26.0 | 1850 § 1625 | S80 | 375 |
| 28.0 | 1655 | 1830 §¢ 765 | &&0 |
| 29.0 | 1780 | 1980 | 805 | 470 §
| 30.0 | 1890 ( 20840 § 880 | 515 |{
I.31.0 | 1960 | 2175 | 890 | S60 |
i 32.0 | 2000 | 2060.) 970§ 620 |
i 33.0 | 20351 &000°§ 1030 | 670 {
§ 38.0 | 2050 | 6200 | 1100 § 735 |
- 35.0 | 2060 { 10000 | 1220 | 820 |
| 36.0 | 2050 | I 4S50 | 855 §
I 37.0 | -2030 ¢ {t 1590 { 930 |
{ 38.0 | 2025 { { 1675°| 1000. |
i 38.0 | Y i 1720 { 1080 |
i 39.0 | i | R
[ A A A A ]
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TABLE B.12.1.3

STRAIN GAUGR DATA BEAR AD-12

190

(3

";"“"-°"'W"W

i (0 1 (1Y | I 8

(kips) | : { ) | { |
——p— 4 e 4+ + el —4

| t l { { { !

0.0 | 01 U I | 01 { 01 !
2.0 | S 1 10 ) S { 25 | \
8.0 | 10 | 18 ¢ 10 | ' s | i
6.0 | 15 | 20 | 15 | i 80 | {

8.0 | 20 | 20 { 18 | | 110 | l
10.0 | 25 | 30 18 | 150 | (
12.0 ¢ 30 | 35 | 20 | | 190 | {
18,0 | 80 | as | 30 | ! 250 | [
16.0 | 50 | 58 1§ 35 | I 310 4 i
18.0 | 70 | 75 4 50 { | 330 | |
20.0 | 95 | 95 | 70 ) i 490 | |
22.0 | 130 | 120 4 90 | | 770 i

i 28.0 | 195 | 175 1§ 130 | 930 | I
1 26,0 | 260 | 250 190 ¢ | 1080 | [
1 28.9 | 620 | 615 § 880 | I 1155 4 [
| 29.0 | 745 | 69S | 590 | - | 1208 {
t 30.0 850 | 760 | 685 | i 12%0 ) I
I 31.0 | 1165 | 81s 68S | i 1310 | {
i 32.0 ¢ 1700 | 918 | - 735 | I 1375 ) |
I 33.0 1 1000 | 77s | | 1825 | i
I 38.0 - I 1100 | 835 | | 1885 | i
t 35.0 I 1255 1 ~92as | | 1550 { |
1 36.0 | I 180S | 1020 | 1 1590 | 1
v 3330 | i 1630 § 1125 | | 1605 | |
i 36.0 -4 i 1925 1 1205 | { 1585 i
{ 38.0 | | 2395 ¢ 1315 | | 1885 | {
I 39.0 | i ' ! { | i
[N A A el A 'y A ]




. DENEC POX

TABLg Be 1'2. 2.1

) , :
ur,sknnxu DATA (WEB) BEAN AD-12

7 R 4 o L 2 > v - - L 4 " Anm |
LOAD | ¢4) 1 (2 1 (3 | W 1 ) i
(kips) | ¢ 1 | | I l
4— 4 4 —4 4 4
(. UL R | IR t |
B.T. | 1860 | 1235 | 764 | 255 | 314 |
A.T. | 657 | 598 | 812 | 235§ 265 |
4+ —4 —4— 3 4 {
i R o | A
0.0 | 0 0| 01 of o
2.0 | 49 | 29 | 20 o1 -20
4.0 | 98 | 78 | 39 | 0 I -29
6.0 | 157 | 127} 59 | 0] -39
8.0 | 2351 176 ¢ 88 | 0t -u9
10.0 | 308§ 225} 118 01 -69
12.0 | 372§ 278'F 137 | 01 -88
14.0 | @861 § 383 | 167 |' 0 ) -98
16.0 | 568 | 412 | 206 | 0 ] =108
18.0 | 666 | ' 529 | 265} 0] -118
20.0 | - 788§ 676 | 3W3} 0| -118
22,0 | 1881 | 1196 | 637 | 0} -108
24,0 | 1950 § 1617 | 902 | 10§ -98
26.0 | 2372 1 1989 | 1166 | 59 .| -88
©28.0 | 28321 2801 | 1480 | 167 | =69
29.0 | 3067 | 2617 | 1627 | 225 | =59
30.0 | 3352 3 2960 | 1000 } 318 | -20
31.0, | 3861 | 36450 § 2332 | 490 | 39
32.0 | 4263 1 3969 | 2764 | 676 | 108
'33.0 | 4567 | 4859 | 3165 | 843 | 167
38.0 | 5135 | 5096 | 3714 { 1078 | 255
35.0 | 63214 6185 | 8547 | 1450 { 382
. 36.0 | 8604 | 7909 | .5860 | 2068 | 627
- 37.0 | 14661 | 12867 | 9663 | 3793 | 1284
- 38.0- 4 - . S | A I
38.0 - { 1 |
o0 M 4o v

BEPORE TRANSPER

" APTER TRANSFER

S

191



-

DENEC POINT STRAIN DATA (FLANGE) BEAM AD-12

3

_TABLE B.12.2.2

Ll

(9)

“APTER TRANSFER

xa

LOAD | (6) I (M  (8) |
(kips) | | g 1 -
——t— + + +
A ‘ R R (. .
B-T. | 27461 3184 { 2848 | 225
A.T. | 265} 294 .4 = 274 |- 255
—t oyt 4
- { o
0.0 - 0} 0 01 0
2.0 { =291 =29\ =29} -39
8.0 § -59 ¢ =69 )] -69 (| -78
6.0 |  =-98 |  =-98 | -108 | -118
8.0 | =137 1 -137 | -147 | -157
10,0 | =176 | =-176 | ~-186 | -196
12.0 | =225 | =225 =235 -285
14.0 | =265 | =265 =274 | -284
16.0" | =314 { -314 | -323 ¢ =333,
18.0 (| --3%3 | -353 | =382 | =392
20.0° | =42 | =812 | -46% |} -4S1
22.0 | ~-490 | =480 { =510 | . -529
26.0 | =559 | ~S39. | ~578 | -608
26.0 | =637 | =617 | -647 | <68
28.0 .| =715 | =696 | =~725 | -764 |
29.0 { =755 =735 | -778 { -81:%{
'30.0 | =-8B23 | -804 | -853 | -882
31.0 | =902 =892} =941 =960
32.0 | -980 { -980 | -1029 } -1068
33.0- | -1068 | ~-1068 | -1117 | -1147
38.0 | ~-1156 ¥ -1166 | -1225 | -1235
35.0 | -1298 (1 ~-1313 | ~-1382 | -180°Y
36.0 - | -1499 | }-1529 | -1607 | =1607.
37.0 | -2088 |/-2087 | -2166 | -2176
38.0 1 .- ¥ SR I |
38.0 | - 1 [ |
B.T. BEFOBE TRANSFER
A.T. :

I Y ) ypeuier S TP Sy Sypia——
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- TABLE B.12.3

DEPLECTION DATA EEAN AD-12

hhu-n-—u—qu—-n—-n-ﬁu—-u-—uﬁ.us—-.—A-—-—-n—dhﬂ

LOAD | NORTH | CENTRE | SQUTH
(kips) | (in) | (in) | (inm).
. e AL A 1
i b« i
10.0 | 0.0 | 0.0 § 0.0
2.0 | 0.02 1 :0.02 | 0.02
6.0 | 0.06 § 0.08.f 0.06
~l 0009 ' 0.11.]"0.09
{ 0.13 ¢ 0.17 | 0.13
' | 0.36 | 0.20 | 0.16
1 16.0 | 0.19 | 0.24 | 0.20
l © 20.0 l‘ 0030 ' 0.40 ' 0ea31
| 22.0 | 0.80°{ 0.53 | 0.840
| 20,0 | 0.9 0.66 { 0.89
-l 260 | 0.57 . .. 0.78 | 0.58
| 28.0 | 0.67 ¢ 0.90 | '0.68
| 29;°v ] 0.72.|” 0,98 i 0.73
1 30.0 | 0.79 | 1.08 | 0.81
">31.° . 0d89r' ‘.1.22v| 0.91
1 32.0 't 1.02 1} .81 | . 1.04
I 33.0° 1 1.18 | 1.58 { 1.16
1 38.0 §  1.28 |  1.78 | 1.30-
’.l 36-0 ' 1.83‘. . 2;56 l ~ﬂ-85
f 37.0 | 2.72 1 3.96 | .2.80
. ‘ 386 L"3Q32 l - “?90 ' 13.39
-1 38.0 | 3.64 1 5.31 | 3.69
{ 39.0 | - S5.76 1 -
ot oo . 4 w |
- /

- )

193



) e e R T : 194
APPENDIX C W
DESIGN EXANPLES AND NOTATION

S A ﬁ:’f - SRR ¥
Cgre - 5000 psi AN
Cfrci = 8000 b;t s |
"‘fpn'_-;f - ,255;;_)(83.'  ‘. o
£y = 30 ksi  : ’*J'
E = '28100. ksi: o - i
“zpsf\.s‘ ¥2e§oo ksi o '_C
b o= ,.;vgo;;i}n o ’, RN
EER T A & in . | | . ’
| o.a = , 16 “j'.n
“,b‘ = .7i2;q7 1£fw
yt. = 'f'?;33 1§,7'
ag = 118.25 ine
T§ = asE3gas
WAl = | o. 12 kips per nifoo‘t
. _lidi = 721nkips R
fi . 17tk81 e o R .
fe 7i=ﬁ'7'?1hdlxai S S
e = jokips

‘.‘ % . -



l‘k

ORI .. .(\ S s
Top at a support. S
£fc = n_. Jl...(sl_.xn...u_

=,—o.3se ksi (tension) o _'f"_': T

'Top-i£ ¢eutér11ne:.
fc = ‘° 358 * ;lﬂl.!&.

= -0. 263 ksi (tension)

’.

a

Cal

ﬁotton at a support-':‘_ — DT . .
"-fc = ;u + P} (a- !;, zh . F T
Q . \'» B . N . ’
ﬁ 2;291‘k§1,(coip  ssion)
' Bbtt@! at centerline: *<.  N
fc = 2.291 - _§al yb~ - S
T Ie T
-_*s}z.osz‘ksi}(éqiﬁfessiohjf

: Thé ’allovable concrete stresses at ttansfer
lici}31a-71 code, Section 1a.u, area, 
"'wco-pression = o.e f'ci e 2800 psi

| fftension i:»' 3(trc1)o s -f 190 psi. A L-f
,fBecause the allovable _ tensile‘ st:ess _‘is ‘ excéeded.
.'reinfo:celent nnst be ptoviddd to- resist the’ net tensile :
fﬂfopce dm the section. B | .
A s g.1 kips g'%,l

Steel lrea reqnired = 9.i/fy = 0 23 1n2




a { S se
»;Ponr ¢3 bars 1n the tlnnge ytovide an atea of:,

L3 |

u(o.n) - o.u 1n= R

o

'.q-ﬁl‘ : The concrete stress 1n the botton fibre of the bean
~can’ be exptessed as~l’;#,ﬂf'vf ~}m RV |

‘ fc = :gg + ﬁm'b

ﬂﬂv = Pe , d - yt T _
, h;* 662.8 -. 361 7 fc ‘;r;5,4g .- | |
.jrhus for a -axilul.tensile sttess at a Ox] Joad’ of:

S ;q';,uy;- qsz.e 1n uips.,t

 ( —n2u.3 psi. uw - 016 3 1n kips (Section 18 u Z(h))
4  -530.3 psi. nv = QSQ.G 1n kips (nqdulns.of,tgptutg)f
" ~aus.5_pgx.,qv,f 969.7 in ;;ps,.(ég¢tién-1a,n;2(¢))
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?fﬁ‘lisnning that t ¢Q1onqitud1nl1 t.inEOICOIent at dcpths of 19 ?
;1 and 2.5 1ncheu yiclds 1a tnnalon. the
‘:18‘ : ’: R f""v
T - 98.8 0 0 QQ !y |
= 116 Q kips

. . 132 .»' | . : _‘ | . . : ‘-\v, - . '.'A
y.b'*~f§ § ‘ ’¥;jL‘ SRR }ﬁkii‘ A‘;”,'i!‘ o
Jij“'f;'i 0.85 b t'c “ R A R £

- 1.31 in ;

' an§,the nlti-ate tlexusnl capAcity by the ACI 318~15 Code'
.ff(assuning a capqcity toduction factor of unity) {sv ’J}A~'
lii”Q Na = psn a * 0.22 fy (19 ¢ 2.5) -.T as2 |
;.. 1690.3 in kips B IO -r.é_f"
§oo T

_ ; In addition ihe egnationg p;ascribnd by the ACI'v'
 *31§—71 Code for

, es‘inating ultilate tlexural capacity,'
f;st:ain-cOlpatability analyaas uete done on each)of the beanms

for the iost 7patt,f,-easn:ed -atérial properties'j

~ia;a1u98- fthé_» stress-stta1n 

”‘r”ssing sttand vas assnled to he

 ;{1q]thé.ptgst:esgiﬂg/gfrgud'U&

tqgal; tensile ‘tbéce -




’-ki R .7'\. P - “-y' 198
and es 1a the eatinnto of the dittoronce betuoen ee and the
n sttn1n 1n the sttand atﬂnltila7n lpad. . ‘
| Using the -easuted valnb of :y = 55 ksi. the force
v.in tho lcngitndiual t‘in!Otc.I‘lt at ditforont dcpths 'in the
beanm vas also exptessed 1n tct-s Lt es: - * |

!(x) = A n _x.Jﬂaa.._sﬂl_.,ﬂai_

K .

‘vith a -axilu- ot A tg. rinally the oqnivnlen ' rectangular
| stress block pata-eters vere also desctibed- ‘ R A
‘ 0.@003 RN L C - :
. \
C = -0,85 f‘c (0.85 - 0.00S(f'c - Q)) c b
1 a_'-aag,is = (fot Bea.»lb-1) : h
o 0.3*es ‘=

a/z =c (o 85 - o 005(£'c - l))/Z R
e 1-99!' g,‘ (fot Beal lD~1D | -
;. O0.3¢tes . - . o

»

A sa-ple sat of calculation tesults follows fot

__Beal AD-‘I"" , .

"[pj; = st.aba ‘;Kiff'ff: ee = 0.85%
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i

. ‘Mu = -0.643 (115.81) -1 (1n.~5) ¢z.s (9.76)
o +19 (12‘1) ¢1s (108.18)

- 1896.2 in kips “
1 1 N

A thira estilate of the nlti-ate lo-ent capacity of

Athe beaas is a sinplitication ot t\p sttain conpatability:

method. asaul¢° ‘ ’ ' '
fps = 275 ksi

fre = 5 ksi ’

ind  considering - only thé{“vfyinfqrcﬁientj below  the

‘ptesttessiag strands: o o ‘  _: . T \ "

ops = 0.4 (275) P | | .

. »if.tib;k;ps”r‘ N |
P19) = 12.1 kips . '(Assn.o yicxgeay

c = ;1zz.i'x1ps.
a/2 = __ <.
g - TZ (0.85 f'c) L
- b
='0.718 ¢n |

“.au = -o 718 (12271) +16 (110) +19 (12.1)

js 1902 2 in kips

-
. P

fffiét'a_§0§i i£t5 a 1§ffbotr89ahv“and= n52£oot: shear

o Twm )
e aq.zs klp' ;Z;
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: Tho critical scction tot sh‘ut st:osn 1; jnst outslde the .

‘1oad point uhctcz

Ve =30.25 ¢ & (0-12) o ]
= 38.73 kips , ool
A = 1618.6 1n ktpl - o S ﬂ» . ‘ \”

By SQction 11 5.1 tho uoqina]. shcu: st:css cattl.d' by the.

: coucrote is.

/vc - 0.6 no-‘m . .192.11;.1::...&.

=2 “.2 psi R o \
 alenl1nq a capacity reduction facto: of unity. |
| va - vc ,j 35139 - 278.2 - ," n
- T ae T
. = 26eispst "j\f L ?

”=Using #3 donhlc leg sti::!ps./the tegnited 8pac1ng ‘at the
E ctitical section is: '/( o ' g

| Jvu - vc) ET] , .
f,- 8. 2 1n ',1_J;i-¢5~  ?3’f,<‘,-V, A

L.

Sheat rointotcelent calcnlatious wete also cnrried»

"fdcé.ptablo in’ the shear spans'

fétfuinfot-htioﬁ,abont shéa:



':oiniotc-nout tndhl:ohouta i: thc atcsunco ot citcﬂllt\ v.b‘

‘oponing- thc propoﬁtionilq o! ctittupl in tlh tctt b‘.ll\r‘l

, donc on an intuitlvo basis. lr vlaciug tvc. three or four
-tir:npa 1n all pout- 1- tho Ih.lt -pnna. avctago -pucid?  "

values ot less than thc dcaig& vuluos vere naintaincd.ﬁ

- althongh it was uudotltood thnt this vas not q_ tationally \ :
A

\:
\ .
y .

| 'co-plcte épptoaeh- :3“ vf f1 Lo _' D L

| 1.atntivu calculutlbns for th- propo:ttoning ot~

uppot and lo'n: vcb atitrnpl uctc cntticd ont as-nling a net

'scction apptoach nnd thou that the" ~npp0t and lower waba

.,tct.d ns co-protsion lnd t.nsion naubot: to:pectivcly. thil

gf1ast nothog stolcd tho no-t rntionul althongh thc valnoa'
'IBOd vere so nthit:ary alp indotinite that no - furthor—.

l_cunclnsion conld bc'nadc- the n-all gi:o of the' upao: and

‘ 1owo: vob secti“

-fspaciuq chqsen aafi :anccd\the -axinu- sp;cing to- the sane

:-otder ot nagnitnd. as the nininu- spacing based on ‘ease of

 =°°‘°’°‘° Placcncat.h_{i;;_;m;r~ »

”“?couc:otc scctton

tnssing sttand |

Ahaﬁ4a lotc direct ottect on the ;&*:rnpv<







Lo . iV i ’ N . K ao’
. : LY . ° . s i .
B . .. « ‘
| . . ' X B '

ud \ = nltinatc !x-tnral onptotty ot L] aactlcn or -o-ont
| at a -.ctioa 1- & hgn- cuppoctinq its ultisate
. | l‘a“d o
m - m:u-q 1«4 -uq-t |
Pe. suqtttati'iﬁp:cntann force atter losses

Psu i;!um«n\sn“pacuttuuaing atruuan cocro-pondlnq to
;#sl_~ j R | _
. ’ ‘\ ‘ <«

'an : !'nltidat. 1&ck 1016 A ‘,\ ‘W RS
' - 1930119 of nhcnt tointorcc-cnt ntit:np.

;totco om an uucradxod gro-c soction '
\at ttlnl£¢£ '/ ‘ "' ' ' ‘ ' ‘
. fn Hu?}lb.ltifﬂtct"lt a lnctioa Ln a bea- snppottinq its




