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In rhis IApd rl5 reirfo.ced conc.ere (RC) beros t iti g in sh.,r, obaanrd
troD rhe Inr.drP. rrc usud .D srtrdy rh..fi4r o(the h.jdr par*m.rers on

oI nornrl ftcngIh con.r.le (XSC) rnd tigh sridtrgln
.oncr€.e (HS( ) bolms. Tlrers prrrm.r?B inctude t[. rher rpflrdcptn (rd)
nlio (berrcei r,0 .nd 4,9)! coacr.tu .oDpe$rre srengrh r. (bsrp.c. 22.1
ard l2s.l MPr)i the lonsnudinal set redd p. (betqeen O,O123J ald
0.06972), rlirrup sh.,i siE4th p,f.. ( ber*.ea 0.204 ard 3,051 Mp, ) nd

l'ollo*iq rhe recenr ACI JrSM-02 Codc, dt ll5 b€rnB,r..or "d..p"
(a/d>2.0), A prdpGod dsigi nethod b inirodu.cd in ihese iron-dsp,
l,<imL, $hkh.h.r\ rhrr rrrd,ry p.tr soutd te.d r0. !to$.r itrcErq io
.herr cE..n,.h!n r dn$r ptuD.dion'riry 10 p"frr. Tbh sirrul .lLcrir.nes
methorl ii conrnn\ Bith dre .onvcnrionsr tode nj.rtrp d.dgtr rhi.h is hfu.d
on rht usual 45' tus .nalos). In rhcsr code apl,ro!.h*, dddbling (s,]) pJr
*ould lead tu.|ire thein.ie,s€ ir bllm c.pr.iryducronirrups itroonnan
{ith ll!e rruposed dlsisn .quari.ns.
For all hetbods .onsidercd. rhe Brio h calcul!.d of slc$ *Ength oa b.rms
V, rbr 1.lh. desisi Jnr r€sjslince Vr DL\. The Dropoed d.lign cqu ions
l?ad ro sf,fc d.siEn eirl ! to\r codfiiriedr of variario! {COV,, This COi h
onll 17.5 peicenr rhilh i sigDiti..nily te$ rh.r for orher n€rhodJ Hnging
hcr*een 30,3 ro35,9 psr.ent.

KeysorJs: I onSiinirdrl ne. 
'ario. 

NoDoi a lliiih{rery$ con.ret., shc.r
prope*ies, Siz. efred. Sprn dsprh *ri., Sendards, Wcb reinforeheBi. , -\,,r
iJ-- 4+u]1 i-rr 115 -r !.!l LrE urc !s+rr nrr:al lilr &!r 4JlLrur iirl!'r tLrrr o.iru. i.ji !tri,J .ir .!+ ,rj,.L- rrb + !-irr EJ,ii

;1 yirr !13 ii-i (./d) JJnl.l, .lJ .(l{sc) LJLi.rl r!! il'>r (Nsc)
. (J!-!s. 125.1 r 221 r*) !i,.,)r LJur (r'.) ,(1.9 r 2.0 !+_) jJEIr J-rr
C,,,l Jls ,T+l (pJ.,) (0.06er? r 0.01233 d ) eli.Lr C+".:lr ts L..i (pr)
a!J--J is.* .(1,"d) i+nL a!i,. i:r.4J u1.1-1is.8.053 r 0.201 .!i ) LFt!
.(./d>2.0) a-4- Gal J+ (+ I ls ) arrid ,tu ui! Acr 318M-02 +qir
drFL)i :+s rL-+:l t* rJ.,l n'+,r o.i} Lru. arl sJr 6j! ajLt! i]rrl,.,
(K) 6rr-r,i Jfir J.6. 1ri,6 ni .(p"f,,) i+ iJlri 6r,i e 1.\i ;x,a (prfl)
.i ..-:: . 15' rl rq",rl ir_ j urc ;r,lr.i] ollJult irr.r3 

-,...:11 &! ! .i&il

https://doi.org/10.30684/etj.24.9A.15 
 2412-0758/University of Technology-Iraq, Baghdad, Iraq 
This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0



(r.fi,) i/,r4 rL er lar LJia JJII' iiu ir'r& ul 4r, (lt) iJ|r'
!. irJar E rr.r euj ur .l ..ad liar 44...,r <a,r.! ., JE r!.i -
&i!,r ilEJ iirlr'iJ,a .ir$n .ir&rirl .i'ri,"t 

' 
siir.rl €.-r, otL Erti

ejrr sJr (cov)riuin .!&.r cr) Jli r&l i:J:Ll ir+!.rlr .lrtllr .zsutty

J.Jr 30,3 % rp JlulJr J.u J r&i ll crru.r !lL! 9 tjiJ,r. I! 17.5 %
.35,9 r'.,

&!3!e!. = sh€ar span, Jnmie b.Nr.n reci(dsd l€d od l&. oI suproG mm.

,d = Shear sp.tr ro dcprh drio.
= Aea oltnsiotr reinfotenenr. nrl
= wehrvidrhol'herrn.im

d = Effedive dcofi of ihe bas. m0
f. = Spccincdcorpesircnrengthof (150Yl00f,m)concret cylindeu,

f,. = Yield sr.,erh of vedidl sh..r rcinf@cmmr MPo.
K =Srnrups clt criv.ness facror.
M, = r*ocd momit d etid.
S = SD.ciI3ofvdical shBrreinforc.Nst. mm.
v! = shearnrcnBh povided hy 6nqd. ofbeim: wilhoul ninups, N.
V =Nomindlshcar rcngrh.N
v,{! = Desicn shc4 rcshEtrc.6 pcr Acl Cod..
v, N = Desisn sh..r rcs sbce a pcr aS Cod..
v,c.,= Drsigtr 3h..,dsiird..as,trC.udi C.ne.
v, ni = DesiBn $.r' tsisunc..
v , = D.si-qn drd 6in!nc. .s p!. Ne* Zdl d Code.
v *.. = D€si0 n\.ar rcsisGi.e b, ptur,osrd.qMtion
v 7! =D.siEtr shc.' rossan.e byzsu(y!m.thod.
V" = Nonri'd drcrshnglh Oovided by shear reinfor*nenl,N.
V14r =T.sl5lEr sn ngrh olb.am snl' nimps.
V, = Facrokd ih6r foree ii s.dion, N,
p" = R!,o oiL ri@ EitrfoM.nr -  ,(b.d) .

p, = Rrrio of !c(i!l sh..r dnfmmc - A,1h"S).
e = stEnEh Gd&tio^ fncbi

lr rhe yield rnglh ofth. vo ical
she0 rtioforcam.nr and V" is the
shsr nrenf,rh providcd bY

BEler and sco.d.lisri found
rhar a sroll .'no! of $imp
rcintu!.lne snh p. fr. valde d
lo* is 015 MPa,.tfcdivdy increrse
rl'c shear nrenz r of RC heama

ll.ddadnn d -alrtl .AFed \th

]?6r'r *.s on. of ih. fftt to
susgcn rh.t shcor r.lirranc. of
b.ams $nI $eb r.inforc€'n.nr
.rtr be c"lculted $ follo*s;

\r rrrc ( i! rl,e nn 
'prct,nc!v.trrss lkrrr, p!i! ,e hlio

olredlcal+ea' r. nr!.mrni. f),



(r.rcnce I2l r.&rdirs nr .re.r uf
lo* b modei e.douDr olsnn p5

oi th.shc.r nrc oth olhcims
r,a-h d ilL', ...d,h, ,h.

,irrup3 noi onl, ran] sh.ar
ih.m&lEs but al$ ohancc rh.
srEngh ol rte olh.r ilEr rEnsf.!

'ncclrornhs ll,c sir$s providc
n np.n fo. nr higixrdi'rl shel a&
P..rsn rtr bes lior lplrn3 fron
rLrc {tr ftinr c.Nnr. hcn.e rhcr
gBrrl) iicBAe rltr nr.trgh ol dr
dosel rcion Ar ir em. rimc, r
ninrps help b coibln rhe shcm
(rck. llniting n. prcpagrliotr .nd
l..p ns irsvidlh silaLl. Thes. etrects
incE * bolh thc rh., canied b,
a88r.gare inErlck .nd rne sha.
neng.h of rh. ue@t€d
comp6sion 4rc Srirurs ah.
ircE.e thc sEng of mnprcsion
.otrcrcro by prcvlJr* coifriemcnr,
Al bugh sitrrps do mr iflsr tlE
di6gonal .rcking ldd, fi.y .nhaft.
dtr conc,er. co.rib id b_\

in.to.sitrg rhe crpiciq of ds
diftEnr shear rrn\rir mechanisns
r\,lplrondo and lirnlzrr\Le3rncd d
si up cllecrivencsJ ltrclor K=l 6

ln lhis {udr 15 Rc hsams
rrlc u*d (o Dr.srig.lc rh(
i' lcrncc oa $cb rcraorce'nef,( oi
lhr lhear *r.ngrh ot RC bams Ii
t[cs( bclN iomiral srirn'p shear
nr$s (lus h" 1," ) wrc ir th.
,inge or (0 X.3 L) MPi . Th.r
trerc hBl und.r onc or n\rroinl
rop loiding p" r!rying anm l-21 ro
6 9r perc.nr- r'. {nsirx f6fr ?2 I ro
ll5 3 MPa and r/d nnting iom
:0 b 4.q. The ro,l noFh ol
slimrps i. rxtrled non 2659 ro

lin br is $ h qnn'ps. rl,c
bc avior $ss !ere( ly si'nii$ ro

rlF dcsibri f6r nrod6 0l flilurc
ior btdns ri{!6d nnruls bu. dE
tollowing ic* poinls rere obsrv.dl

a- Ref.rerc. 4 shoer rh.r. th.
b€havior ol b.anx $irh nihp6
*:e tlE {mc 6 for rho$ *ithonr
$jm,p. up ro tfic inclincd cr.cting
load. As rhe lMd wrs incGsed
[croid thrl pditu- additio.ol
flex!,sl ud diaAoml tnsion
cilrk rLrm.d, .nd erhrinS.acks
IcnB h.n.d !trd u iden.d-

b- Smnh rnd vssiorisi6j rolnd rhd.
beanr lnh seh Einr.r. ir
exhiblted coDsidsrabi] lss
damq. !r failuft Dn 6am!
rvnhoui *.b Einforc.mnr. E.ams
*ifi eb rcinrscse .xnrbn d
moE m ifoo cmcline and sm!11..
cmck widrhr at conespondiq lud

ExininS &sisn me$ods El, oD
t,E r$uftprion thd d,!. anclw in
nimp5lsds ro ! lin.el! poponion!,
ii.rea* i', sh.ar Dskrd.e Byusinga
ninup effecrlv.res laoror K thd
decras! *irlr i'rcrefiii* amounts of
$imps. pq,o$d e{uarims !E
pEnred rhlt kd b 4 inp.ovcd
rlMr &sigi The propad shq.
design is srfc lnd leads to signili.iit
imprcrcnenl, sh.'t rhe COV is 4?9
pcrcenr lowcr $an fi. louesl valu. of
10.3 p.r.it b! die meL\od poposd

Erie.itr! Mdhods for Prdl..i.8
sher S.En3(h olRC Bdni*lrh



RcIetr. Ir6l ptusg r l
nNpoel ir slr.ar dssi8r of RC
be.'ns sithotrt lrb rci)rf.rccmetrr ln
thn retuencc ,ire orher methodr .f
desi$ arc qohtaredrI:r. l hese r.ine
lire D hodi are also nudicd ir rhis

lo con,p c bdre.n des8tr
norhods wth d nsrs nracriaL
reducrion f!.rois. slrar .esnkD.e
lorcc !. D * ll bo trssd in$ead ol

v \1, = o(v. - v,) = 0 ?i I(Jf: i

Propose'l Shei. Doign Equa.ionr
lhe proposcd cquarioi h

6ased oD lh. nrerhod ol tuss
trlo8y This analog, h brsed on

ihe asumftio rhar a reinforcad
co,.reic bcani sirh.n inclinod
cr.ckinE c be 

'nodeled 
bl, a

ar!s. 'lhe top atrd bot D chords
.l lhe tu$ are rhe co.crtte
..mpftssi!e zore atrd longirndiial
reiildrcemdr respectively, Ihe
ditrgotral aod thc ve]1ical sFuls
cotrsnr ol .ho bum ron.retc \eb
rnd rhc sh.tr rcinfo.cemenl
respedrivel' Ri(ey':r prdposed rhe
fo .\'rE equ.lion to predlct rhe
!niup cffecriveness lactor K

K:(sin trcor 0 + cos o)Grn d)..(7)

*heE a is rhe inclination
mgLe olrnrtrp, O isdr angle of

li G mo* connotr lor rhe
cmck rDgle 3 $,ssdDed ro be 45.
and o - 90o. These vrlues lead to
X= l. This mod.l k very simple
hn1 ii igro.er rhe shearine lorce
.aried by rhe shear tdnsfer

Code Eqs. (2 s) atrd Eq (6)
Gc rlt sanr model nirh c sdc

'iodinc.lions 
lr na$u6ed ihar pan

.lrhc.ppli.d shs.r i! oarild b, rhc
coi.et (v.) md nr rcn is canicd
ht rhc sh.* tuinloacn.t( V,):

V,I

.. (/)

v. Bs = i0.79 (r oo tut'r (f"/201r'r
(,100/d) " ir.2i + l) 95 p! f,r I d

.(])

I Eq (i) P.=0 81.,: (100/dt{is

Cnmdiai Codr hcrhodr,r
!..A, = to 6(02 Jfl ) + 0.35p,

fllhd (4)

Nes Zdlrnd Cod. m.rhodtrL

v.v=os5I(o07-IopJ\[-
n, r\,1 b" d ..O)

v, 
^; 

= 0.75 [2.2(r. p-dla)': rp,
i,lb"d ...(6)
O - 075 s used as.ccon,m.idcd ii

The shear force (v.) Eshtdd
b] rhe nimps is c.LcrJared asumir8
thatallnirtups crosi.g ihr crack Bill
yield and the inclined crack has a

V,= (^, r,- d6) (sin a + cos0l

(r)

p l, r,"n(5,n d+..\ u) lol



Mphondc ed Frd.rz ;L lounn
rhrt (h. iitru, eferiv.ft$ facror K
cqurk ro 16. s.hlaich er 6l.:r ,bund

rpF,prdd rpProarh ! ri i'Nrc$ins

The pDBrsLd equarion i5 b.si
of, on- irua ntrhipl. resEsion
analtsi! nr lind ilr srnirp
cftirrirNi! faqor K. rid $c sher
niefgih c{iiied by oncrie (V") srs
.altuLted by d'o S.6r'n rnd Al-
B!)ari!r'i as sivctr in rh. Lllo\irs

v. - 12 (f, p*f' (d/.f3 b" dd8

..(r0)
Thm rhe sh6; $Mgrh crried hy th.
nirruns trdr cal.r hrdd * iolos5l

evj=V!-o\r! (r l)
Thc gene lequdior is lomed.s:

v! -9 [v< +x(p.i,)b-d] .(rl)
v, = o 75 I l2 (f"n-f I (l/afr
di^+l\ rp. t,, b" d .lrr)
rhcre K li lbtr d by u*liB
Duliiplc rcgcssion antly\n rirh
oth!r vari!bles (ar. p", dla, p, ).

k- 69r.i ri p.o r ( r/al " do lp.
t,)"r .{ 14)

Cooparisotr Drlr6ign M.itodr'lible I cdmp.r.s s\
desigtr i.rhods 6r rho ll5

Th. lollowinE poinF car be
concludcd iron Tablc l:
a eq. tl) rd Eq.(5) !a!..losc

values lor shear {reiSri
c imdion! lc.ding b COV
of i:.1% to 35.9% ifi.
r.recs oi ihc meons wc..
slightly mo.G diffcrent ar l,4l

b Ahons .xinin8 design equiont

borh B( Cri.ln k. (r) .nd fi.
eftpiri$l fttfiod DoDoed by
Zs'qcrr Eq. (6) s e th. lo*..t
disp€uion of $.n .nidion
{lo* cOV vrlucs ol:12.1"/! ard
10.3%l Hoqcv.r, Eq.( 6) ir
3igtrlfi* ly ili, rhln dE AS
Codo ndhod The hftr his
nc.rly sirc lh. iuab.r of uBlc
h.rms. 20 v.Nus 6 fr rh. fmd,

c- Th. proposal equation [Eq. (l])l
*6 ale c@p'4d win fiw dh.r
m.fiods shoen in Tatl. l. L4
(13) hs the 10*6r COV dons
iU liw n rhods (17.6% v6rt r
dtrEc ol l0 37o ' 3J.9% for rh.
orl'.8) which ir 4l% k3r lha rh.

corcspoidi{ to the zuerty

'nqhod 
(Eq.(6)l T"nns Eq (13)

giv. rhc Lr p4dicrioi of sh.!r
sEneth *nn fi. la{ disPsBio,

d- all cxislitrg dcsiF cqMtions

iEqs.(2-6)l led to som. u$f.
pEdicrions, rangint belk' I ro

20 ci*r. By uring a sftnBrh
reduriotr r,cror (e) .qu.l to
0.75, lor Eq. (ri), rh. RSSV
(R.laiiv. sh..r st.ss valu.)
sill t! s&arcr ltun 10.
Th..cfore, t caD b. used s a salc

I ocieollvlljorPanm.ren
On! rh. ptured Ddhod

Eq.(li) is coDlearti!. ror cll k{t
(vfty'v,D i.!: l) \rirh . rclalivcU
lo! cov vtluc(i?5, p.rot). Fd
all rlE l15 b.rms, Figs.r-5 sho* rir.
inncne of majd paEm.rss ( r.,
p* , d , b.d4b"nli! dd p, frFn
Vrn/V, D*, figs l-t show ihor
Loolyins prcpoed merhod Eq.(ll)
lcads ro ih. l.6l scnkr. Iftreasirg
1., o" (Fisr. I { l) up ro 125.1

N/mmr lid 0.0697 sinull.rdsly,



.arscs io dmp ii th! lacior of safei,
nd,o or v rs,/ v, DAr!) trsi'rs ih

Figl sho*r a oear reid.rc,
r,tr: d'op $ saic! faclo. rvirh risin!
./d laluer, aor [qs(2 6) T]ris is
bsc Ne Eqs (2) .nd (6i mdsc{imarc
r r. rtrtrer.. of a/d. \hie rhe orh.r
rrrc. ltqsr3.5)l do mr elcl
rc.ognize rhe erTect of a/d ir slrear
d.sitsn.Ihdse resu b &nran *i$ rhs
poposed rdthod, shich ii.hrdos d

f_ig .l shows rhe inlluen.c ol
b,d(b"d)., 6 a irdicatotr ol rhe
size effect A! erisliilg methods

lEqs.(2 6)l{rrow a sisn,i.anr drop in
Ihs hdoi oi $fer) !irh iicreasin-r
bam r7c. Fig i drcls thar rhe
prop.sel nErhrd was conseflrrive up

\or[. r],e rir lorr i:t coi(lusiotr5 are

I Eq I li ) .nd trq. i r.r) can be Ged
lb. 3 saao. inti.tral and esy

'n.rlmd 
tur rh! desigr. olLorh HSC

3trJ NsC b.ans rn[ (2.0 <a/d !
.19) hy uilsg, $rengh rcducrion
aac@ 9 = 0 r5 Eq (tl ) save rhe
lowcsr CL)v \arue ot 17.i5 %
rhidr s 41 9,, le$ lhoi ntr
Dl.n Cole \alue ol 12.07 o/!

5y rlie Brn sh srardad.ode Eq
(l) i! srNr iD'lible . bsedor
r{ (iuli\.ii i bcaDrs

I ol rhe si\ ner,o,is. lLD ar
e$ctrrlally c rm.ruari\. rir. ,lsc
lfd \_SC bernr - Zsun, irid rlt
proposd 

'ndlDd. Th( CrlV
\alu.s '.. i0 7'r ,id rr.55

I lhe Aal.ode. Brftsl, Si{lard
.ode, (lairdian .ode and NelY
zeal,nd code nxhods tr( l.$

.onse.vative n\ai indLcared itr

1 Fis.r sho*s rh f. up ro r25l
Mla does nor Lo*e' ilrc safeiy
faclor rlrhe prcpoled nrrhod

i Bcc r. rhey cnhcr trnde'enimare
rh. n!,lreoueof p,(^CI code), or
rh.) dr not incl"de ic influonc.
(Cmra{llatr code), hol[ rcrlrds
show a rne iD thc safet] lactor
silh in,easinep,, fig 2.

6 Fiei sho*s a clar rrend lor a
dmp i,, the el.ry lacto. with
iirErsiigdmtlosbfour
method! Acl, Bs, Camdian and
N$ ,kaland codcs. ln conftn.
Zsutyt method slrows a smaller
drop in $e salety tidor vlth
nsing d mtios, shilc the

Propod Eq.(ll) does not sho!

7 Fig.4 ndicarcs clemly lh all five
e\lnins neLhods IEq (2 6)l shos a

5igrificrn( drop in the facior ol
sltiq wifi ncreaiDe bean, size.
li, .ort.st. rhe p.oposd desigtr

erhod shors io rtrch tcnd
Il rigs shovs clearl) $at .ll

e\islin! mdhods [Eqs.(2-6)],
a$ude , line* nrcn8rh hsoe
qi p, fi, This Lsads ro a drop
ii the lacror ol s.fcty uirh
riiing p" fr,. lr contan. ihc
proPosed men,od sho*s no
drop in .hc factor of safety
enh rGin! p, 1", rhis ir
becatrse prcposed Eq.(ll) lelds
to r lers than linear

Thc use ol neel fibeE as shcar
ici br.ciE.r i', NSC 5nd HSC
b$ms shourd be nudied, rinco .dding
neel iibe6 rnay enh.nco lhc ducrility
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