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Cotrstuctioi Eieineiig D.peh. ro.

lr . ilar plrrc. indi,ed shear cEcks

'surl\ 
rn,o ar loi(llcvelolhs! lhan

i0 percenr ot ihe trkLnare told cl
Al oreh nrse oacL!.1n coDpleell
surouid r[e corutrn. the s].b i\
ic\edli.loss sable, and cm b!
urlosded arld Eloaded wirhour ar!
dec'erk ol thc uhi'n.ic Lord. ft i!
thdefore evidcN .har rlE failurc
i,rclEnis is ror ionull] a pure
.:h3?r fsir!re. go!.ned b ihe
diagonaL bnsiLe nEn8th of rhe
coNrc1e. The soluion io rl,e pud,irg
shelr prcblen mtrn bc found in
P.openies !l the nncracked
.onprsior zone ol.he shb ir the
\i!i'i 1y ol the .o umi undc'

Relenr r-. rlr !s. ol HSC has beetr
gnen coNideoble aneirior. Duo ro
re.en! imprcve eni itr rnarericr
ie.l'nology, espeidlLy Ir rhe
produ.doi ol ready mLred coDsere,
correie {rergih gades arc ro*
.y.ilabh qith higi ld !dues HSC is

6ed noe in medium aod long-span
bridges, ii sohe u\es HSC may b€
used fo. duBbiliry espeially bridee

HSC .rn be defined ai concrcte Nirh
co,nprc$lve nrenerh lC> 55 MPa'r).
rh. ,!i"rorlci roncBr. n2r rlab
:rn.D s I lrJolr us.d nirdunl
\)ss'n ks brm*o* is !*! s;hplo
antl therclore .otrld be more
e..noDic.3s no bcams or dlop paieis
ar. usod llolev{, fie cBbnrcphie
Darure ol rhe f,ilur. .lhibir.d d the

Experi0enraL ftsuLts of (.r7)
rei,,aorced coicrerc Jabs have been
uken iom existins research. Some of

conneolion bNee0 E dab md rhe
colrn'n has cMccnrcd cnglics'
Thc mea sl,o|tr iD Fio I (l) Secomes
thc oD! fiiricaL m.. as l* as rlr
*renerh of flal slabs is co0ccmcd due
ro rh. cdnc.itrli.n ol hi-ab bcnding
mo'nen6 xid sh.d focs. Thc arllurc
load may be considerabl) los€r d,e
the uireimnred nexuBl capa.iq ol
the slab A typical pnichi',g lhear
faiiu.e oibri4e dcc( duiig!c*ine is
sLoun in ri8 2 (l). The uE of llsc
improves rhs punching $Ed
EsGranceallowinghieherforcasto b.
tansfered thrc3gh rhe shb slu n

h rhc lighr of rh. rec. increso ii
rhe coD {ecompre$ive $re4th fcj
rhG sudy ai'ns ar inpovin8 rhc
relalionship belwee, 6{ nre|8lh
(P,"J .d calculacd rBistdce
slErgth (Pi, By poliding puncbin8
shear caparir), derign atrd analysis
equariors are presenred ior concrete
slabs ttr Hsc $ wll"!NsC
Whe.e rhe empni$l expre$ions
given i', inon deslgtr codes ard
research* have a li'niled valuc for
concreie compresivc *rensih lcr, thh
imn ciniot expres rhe in,luencc of
IISC Hence r ma! be useftrl to
piovide new sturrions lor punching
sbear desiBtr and ,ialtsis of sl$s

Iverimedrl R6ul! Froh

rhcsc tabs m cncubr *hile ih.
orh.4 eE squ!re or rcdareu ar.
1'hc$ (17) cst rcsulls imluded bolh



iIl'r All rr7) lPtcii,as a!rlcd in

Trbl. itr !ho\s fi. ddails $C ren
r.\ulh nf rlks. .otrcrt slrbr.

F'g. (r) I!tr.h'ng ft'lun .u'r.*! il l r'.1.'h l-' I
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Ac, .od! prolkions lor punchioA
slrc aE hased

ACI 9, codc cxpto$es the resistance
punchin-{ shear srreBth of corcrer
shbs 6y a *r oleqdions, qherE the
p!nchirs shear irengih vc is lhe l.an
\! rc trtrlrc r Eqs 1l l) Crir ca
sc.iio, 1 1 fun be lnrc igared for
nrs. i rllu*raied ir []s.4,!h.rerhe
contol p.rimeier m$$ bc llk.tr ar a
dkance ol ( d, ) from ihc lace or

I =irt -.i 11i,1

/. =r *J 1alU:!-! ....2

v.=oat--lt,h.d l

!. = is rl€ mio oi lhc long si,le ro
shon side ol the collmn-
concenr cdloadorremrion&!.

b, = periderer oI c tical sedion for
sl,bs aid foo.in8s, frfr.

tl= disrance fiom exnome
compEsion fiber 16 cenrmid of
longitudinal t€nsion

Io = spcoi,i.d co pEssive nrenglh

'r. = fa.tor which equah 40 for
inc.ior .olunms, 30 for edgc
.oLunms and 20 lor c.mer

Vc = io'ninal she.iircdSth prcvldcd

Tl'is rcoi iJl' I hr a liarired value

Nhich shallnorexeed 25/3 MPa( i.e.
usi,,g ri rpper linit to fc' of

The punching lhear !ft$rh values
vary rnh concreie compr*i!.
strsglh lc' They are proponionol to
f. Tlris sqre. rcor e\presion wts
:dopEd b, Mm '', xho con.luded
rh.r the shear l.ihm i conroll.d
primffily by rhe rensil. - splining
$rengd,, which is asuned

fiq. I F.iEerer bic.mput lion.

rn rhi5 code, th. uhimac
puicL ne sie,r $'enelrr lor nabs cai

Y,, - h, d l f,,)

b,= hngrh of rhe njti.al perimgrer,
rakcn .! disEnce of d, from tne

Vuo = ullimate purchine she



B idsrclo dm 0ll jr. b..l

As iddicated ii relsrene i mon ACI
co.lc tys 

'!erc 
b.sed o. spe.imsis

*nf i. < 55 NjP. - esetrft ly NSC
k\r ln r\is york, *irh rhc

liib rrr oli0 rsb il llSC lt! >
:i NrP.r a scr.tequ io's hare beei
prolJoscd b.!ed on rcg.dsior
amlyrB Io accomrodare rhcse HSC
ens. The olrlecr ol rcgie$ion n to
erduare the.oemciem 6f an equdio.
relaritrerho crirrlon v iobte to one or

'h.re 
olhcr variables. which are catled

lndeperde varirhkr. Thh is a
n(dom{ n rhat irdrpciderr
variables ,ie Nually treirhcr oa th.

Anerapp!i[grhe s isrica] nc..nent
for ctuh analysis merhod rnd arom ihe
investigaridn ot rhc validity of rh*
metho6. i1 has b€en fousd rhar ihe
ACI code (.tui sdie orhq code,
caDnoi be adequai. lbr Hsc. rhis is
b.cause mon ACt co'le desig.
equadons *ere based on NSC t6c.
thereloie, a set olernpirical equarions
will be propo+d ind m.dified fr.m
fie ACI-99 apprcaoh, lor punching
shear 

'iesign and alalysh These
squalions are essenlially derircd io be

Blsed on ihe rcgrcssiotr aralysis
Eqs(r-9) arc propo:ed Nhich are
bised or lhe cuhic mor of fc,

a'J 1ll' r Rpre,(ns rt'e pun.h'ns
5hed rrenSrh MPs,*e Ei ())

llt - .ario ol lon8en coh'm,
dimsrioi b !ron6.oLumn

t;
Aho fie 4uarc mo1dfl/( is
coNidered in lhisdcsign approrh j
$hich k similario ACr99 codc
Btri AS ll gare in trppn lihir !tS0

Th. Caradir( code dcsi8r is
corsidered in rh s ror( In rhk code.
the value ol sE.r resiskne car be
comprted tiofr Eq.(6) The hical
sediof ir ihis code s sim d ro rhe
dcfinnion ol rhe . lical secrior thor
used n ACI -99 code, see Fjs (ll

,T t' a ...e

r41\.;lttt . t'17

i'+1.,

,. =n "[,,rl''/rt "'I A) r

,. -, "l ".L)!!.!.!
y, - a.35 :.\l t: b"_,1 ___sl'-

'rhus Eqs (,r.6) reprdssnrnE rcsuits of
rcgre$ion hased on 47 punc[irg
nrar (enr Aho, ihe te grh of rhc
niri.al perimerer is blt.. a. distaie
oi d/2 fm'n iE collftD, mm. See

Th. rBuks vemus d&ig. nethods
The (47) exp ncMl resuLrs, which
hare beci kkef abn, erisrlis
re.earch. ato coa,p ed snh
prcdhriorrb  CI 99, AS q4 snd
CAN-3,lcodos and thc proposed
melIod
t he rcsuhs oi these malysls ar!
illudrarcd, whee rhe r.latio..hip oa

co,,p.es!ive nrci$h (lc) are ptoned
to dDs rh. efr{r ol this mrin
v lahle otr Ge safety ot these



Wh.rc. flm lh.e fiaues rh. ACI
99 ai., AS -9,1 cort od CAN-3,1
co'le ,how rld when (f.! incre.sen
rhe $f.ry *il, hav. . v.ry l.rgc
de.rc6e. \fti!. rhe pmposd m..hod
I'as d dighi iisc ir saLry *ho (fc')

G*dll,. i. c.s olIISC the ACI -
99, AS - 94 r.d CAN,84 apprcichcr
tc'dr ro 6e v.ry umon$n'riv. wirh
rn. in.re of ic' In (h. o(her h&d.
rhe pruposed nctl$d i, Ihis work will
be hor. corscnrtir. in 6e ofHsC

linNE.f Hi.trshd' tud 6

Al.o. TabL (2) gd. $c $riniBl
EsulG ra all merhods of ualysis
consid.red in rhk ,ork. 1-h. 6ble
sho,e $ar dE ,m?o*i nlcltd g v6
th. hdid rcpmlllion. 

'h. 
b.d COv.

v.lu. (21.609 Yo ). id com E wnh
ACI - 99 As - 9,1 rnd CAN-*,
arpo.ch.s Bnh COV. valu. of
(2l.cJ8 % ),'Ihi dld! reduclion in
COV. v.l* afas to rhc impDecmenr
(de.us.) in lhe dkp.6ion ol$.

Fis.4 Collc@ 6np65i% dnnsfi rM lMBi Erio of ACI-9.

". +- ---: l
aiE 5 C.ncde .omprssive sftiArh w8u. sren8i dio olAS.94 coii.
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['it.5 Cokr* cohpE$ive sbgrh vc66 stq8rh dio of CAN 84 cod.

Fi-s 7 Cotrc.(e trrprc$rv. slreigth !.uus (ftigth rorioofpoposed nethod.



The lollowirg oondusions cdi h6

r. O.n.i!lly, cdde provision3
til.  CI - 99 code (ud smc
dn, 'rlhod, fr punchm!
ntui. \hich m h6sd d
M@ r w[ tumr b. nd
ro PEdicr rhe pu.chinc sh@
caplcity ot HSC reinfo4.d
slabs ttowdsr Moe'g
lqurtiofu scre basod on Gns
had. usilg row coiorerc

2 /\cr - 9q cod. cannar &
applio6l. re (fc) up io 59
MP., *h*tnch JFi ir
lini&d ro 25/3 Mpl
Fufrh.r, AS .94 .odc .hos m
trPPcr linil ol50 Mla for fc,

3. lhc provision of ACI - 99
code (lik orle. code, rends
to b. wry .oisedariv. wnh
incc8nB ol fci (i... rd
HSC). In qhr, d.
rropor.d Bcn d leds b o
sright ri* in ea.ly wirh
incrc.sin8lc, , Fias (4.7).

4 I'r ecn.dl. ttrc Ne of HSC
imprcvct rh. punching shear
esnknca .llo\03 hiEh.r

''or4! b be hn\fhcd
rhbsgh lh. drb - colmn
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6. Canadio Sbn&ds
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No.E PP.70t,7t3, Nov.

3. Hallgtu, M, (imun.n, S.,
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9. (dEer, c.. Burdur O. Md
F vre. R, ,.Pun hing Tcd on
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_lluildi'rB Codc RequiEmenls
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