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A

B

CODE

')5.4.2 DeyeIctprtrent of de./itrntetI burs uncl cleforntecl trire.s

in tcnsiort

25,'4"2.1 l)evclopn-rcnt lcn_e,th 17 1bt' deftrrr-nccl bat's and
deiil'mcd u'ires in tension shall bc thc greater of 1a) and (b1:

(a) t.ength calculated in accordance u,itlt 25..1.2.2 or
25.1.2.3 usirrc the applicab)e rnodillcation lactols of
t< I I I

(b) 100 rttitt

25..4"2.1 1:ol c'lctil'urecl bals ot' defot-med tvilcs. l7 shall bc
crrlcrrlatcd in accoldance u,ith l-able 25.1.2.2.

Table 25.4.2.2-Development len gth for deformed
bars and deformed wires in tensio

COMMENTARY

,E rrp to 8.3 lvlf'a. and because o1'thc lonu-stanciing usc
of the nf in design. ACI Clommittee 318 has chosen not
to changc thc cxponcnt applied to the comprcssir,'e strcngth
Lrsed 1o calculate developnrent and lap splice leneths. bLrl

rarher 1() set an upper liuriL ol't1.3 MPa on Jrl.

*,15.'1.2 l.)et'elopnte nl rt del,trnted bur.s trrttl rlefitrttrctl
y;ire.s i.n tcn.sion

Ni125.4"2., l his plol'isior.r givcs a trvo-ticl apploach lirr
thc calculation of tcnsion cler,elopment length. l he user can

either use the simplifie d plor, isior.rs ot 25 .4.2.2 or thc gcnct'al

development length equation (Eq. (25.1.2.3a)). u,hich is

based on the expression prer. iousl.u- endorsed br ACI 408.1R

1.1ils;r eL lL l 979). In Table 25.4.2.2"17is based on t\vo presLr-

lccted values o1'(c7, * I()ltl6, n,l.rcrcas l7 fiorn Eq. (25.4.2.3a)

is bascd on thc aclual (c:6+ K,,)1d6.

AithoLrgh thele is no lequilenrerrt ibl transr crse lcin-
fbt'cement alon_e. the tensior-r cle vclopr-r-rcr-rt or iap splicc
length. rcsealch (.{zizinernini rt lii. l99t}a.l;) indicatcs that
in conclete u,ith ven' hi_eh conrpt'essivc strcngth. blittlc
anchoraqe lirilule mal occur lor bars rvith inadecluale trarrs-
verse reinfblcement. In Jap splice lesls ol No. 25 and

No. 36 bals in concrete 
"i'ith 

an.f,.' ol approximatell l05
MPit. tlan slcrsc lc i n lbrccrn cnt i mplor,'ed dLrcli l e an c hola_u.c

bchavior'-

1t25.4.2"2 lhis pt'ovision lccogtrizes that manl cLrrrent
plactical construction cases usc spacini: and covct'ralucs
alonir u'ith confining rcinforcement. such as stirrups or tics.
tlrat lesrrlt in a valLre of 1c6 + I(,,)1d1, ol at least 1.5. Eram-
ples include a minirnurn cleal coler olr/6 along riith either'
rrininrrrm clear spacinr: ol2d6"or a combination of mininrLrnr

clcar spacing olr[, and minimum tics ol stiu'ups. ]-ol thcsc
l-r'equentll occLrrring cascs. thc development length lbr
Iar gcl bals crn bc takcrr as (,1= lf',.rqt4tol(1.7).1 f,'ll(th. In thc
tbmrLrlatior.r o1'tire plol'isior.rs in ACll 318-95. a compalist,rr
rr,ith past plovisions and a check of'a databasc of'cxpcli-
mental rcsults nraintaincd b1' :1t;l .1(l,8.ll( indicated that tbr'

No. l9 delblrned brls and srraller. as riell as lor delblrned
rvire. lhe developmenl lensths could be reduced ?0 perccnt
Lrsing ry. = 0.8. This is the basis for the.\ro. I9 and.;ntaller
bors und delbrnted tt'ire.y colrLmn o I' I trble 25.1.2.2. With less

covcr and in Lhc abscnce o1- minirnurn tics or stillups. Lhc

minirlunr clear spacine liniits o1'25.2.1 and the ntininturn
collcrcrtc cover lcrluirements o1'21).(). I ."r resLtlt in nrinirtrrrru
values of c6 cclual to r/6. 1-hus, tbr"'other cases." the r alucs
arc based on using (c6 + K,,)1d1, = 1.0 in IJc1. (2-5.4.2.3a).

The r"rser ma1' easill' conslrllct sirnple. uselll erplessiuns.
For example. in all rrenrbers u,ith normalu,ei_qhl concrete (i
= 1.0). uncoated reintorcement (ry" = 1.0). No. 22 and larser'

bottom ba|s (V, = 1.0) rvith.,['= 28 N{Pa" and Cratlc 420

reinlorcernent, the erprcssions leduce tcr

@

,,, =!1149,tn=177,' l 7(l o)J:rJ
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Spacing and cover

1r*o, )4 arrd

smaller bars antl
defornred rvires

q20
No.//and
larger bars

(ilerir splcrnt ot bars or u ires treing

tleveloped or lap splrccrl not less

lhan ./i,. cl!'ar cor cr at lcast rl. ard
stin ups or tics tlrroughoLrt 1',7 not Iess

than thc Codc mininrrul
or

a LJ . f.rLlr)e .,J I'.rt: ur \\lrJs I'ril19
dcvclopcd or Iap spliced at least 2,[

and clcrr coi cr al ltasl rl,

( )thcr cascs (#). I r,vv" ),
Ir rr./r.']'

[##J.
I tv,r. ) ,

[;m]"'



Nlodification
factor Condition

Value of
factor

L iglrr rve ight

l.i glrtu,creirt concrete 0.75

Lightu'cigil concrelc. u hcrc'/,, is

specified

In accordrnce
rvith 19 2 -l.l

Nornralu cr ghl concrete 10

LPoxl Irl

\/,,

Epo\)'-coated or zinc and eporl
tlual-coated reinforcement ri'ith clear

!o\(r le\5 thr,tr J/ or .lcrr .pi,iing
less than 6rf,

ti

Eptrrl-coatcd or zinc and epory ciual-

coalcd rcinlirrcemcnt firr all olhcr

corrrLitions

t2

Ullcoalcd or zinc-coiilcd ( gal\,anizcd)

re irltbrcemenl
10

Size

\[.

No. ll and largcr bars 10

Nrr l9 antl snraller bars ancl delbmred
nires

08

castr ng

posilionll

Molc than 30(t nrn oltiesh
concrete placeil belou, horizontal

reinl-orcemcnt
t.3

f)ther 1.0

r l he producl r1r,u need not erceed I 7
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Table 25.4.2.21-Modif ication factors for development
of deformed bars and deformed wires in tension

25.4"3 l)ct,clr.tpntant of .\tutld(u'cl hoolcs in lension

25.4.3"1 Do'clopnlcnt lcngth lT, tbr clcfbrn'red bars it.t

tension terrninating in a standard hook shali bc the sreatet'

of1a) through 1c):

COMMBNTARY

lightrvcight collcrete. Scotion 25.4.2.4 allorvs a higher thctor'

to be used \\'hcn thc splitting tensile strength of thc li-_eht-

\veight conclctc is specified. Ref'er to 19.1.":i.

The epoxl lhctor y., is based ort sLLldjes ( llrtcc etril .lilrrt
1981):.lohrrsl.Lrti r\n\\'y'.1il 1t132: \luLher lnti {. lil1on lt.tTfr) ol'
the anchorage ofepo\)-coaLed bars that shori bond strength

is rcdrLccci because thc coating prevents adhcsion and lorvcls
thc coctficienl o1'liiction bctueen tire bal and thc c()ncrcLc.
'l'he lactors rcflcct the L1'pe ol anchoragc lirilLu'e likcl,r' to

occllr. lf thc colel or spacing is srlall. a splittin-s. tailllrc
can occur ar-rd the anchoragc or bond strength is substan-

tialll' reduced. If thc cover and spacing bctu'eeu hars is

large, a splitting thilule is precluded and the eltbct ol the

epox]' coating on anchorage strength is not as lat',qe. Sitidies
(Olangun rt Lrl. 1977) have shour thal althor-rgh the coret'
()r' spacing ma\ be small. thc arlchorage st|cngth nta-r bc

incleased b1' adding transvcrse leinlorccmcnt crossing thc
planc o1'sp)itting. and rcstrainillg thc splitting crack.

Becausc thc bond oiepox)'-coatcd bals or zinc and cpo-\\'

dual-coated bars is alrcadl' reduced due to thc loss of adhe-

sion and lou,cr coefTicient olfiiction bctrvcen the bar and thc

concrete, an npper limit of 1.7 is established lbr the prodLrct

of the f-actors lor top reinlblcement casling position and

epox\'-coaLed reinforcernent or zinc and epox)' dual-coatecl

lcin Ibrccnrcr-rt.
'I'he reinlbrcerrcnt sjzc firctor ry. rellecls Lhc mol'c l'avor-

abl c pt:rlblrnance o l smaller-clianrclcr rci n fbrccmenl.
l'l-re leir-rtblccmcr-rt Iocatior-r or casting position ihctor ry,

accounts fo| the position of the rcinlblccrnent in ticshll
placcd concrete. 'l'he factor 1.3 is bascd on research (.Jiis:r

iln.l []recn l?E1;Jcrnt"r,ct ll. l9li8). The application olthe
casting position lactor shoulcl be consideled in clelelrninrr-
tion older"eloplrent lengths fbl inclined reinlbrcernent.

It25.4.J Det,elopntent ofstunclturl hooks in len.siott

I.i.z5.,{.3, t StLrdr. of tailurcs of hookccl bals indicatc that

splitting of thc concrete cLrver in thc planc of the hook is
thc primary cause of tailure and that splitting orisinrtt: s i.rt

the inside olthe hook \vhere local stress concenlratiilns rre
ver1, high. Thus. hook developmenl is a direct tirnctirtn o1-

bar diametel r/6. nhich governs the nragnitude of colnpres-
sivc strcsscs on the insicle o1'lhc hook. Only'stanclarcl hooks
(r'el-er to 25.3.1) arc considcred, and the inlluencc ol'largcr
bcnd ladii cannot bc cvaluated b1'25.1.-i.

lhc hookcd bal ancholrge plor isitrns uii e the total
hookcd bar ernbedment lcngth as shon'n in l:rble 25.1.1.'thc
dcvelopmcnt lcrrgth l7,7, is measured from thc critical section

to the oLrtside end (or edge) olthe hook.
The etl'ects ol' bar yield strength. e.xcess reinforcernent.

lightn,eight concrete" and l)ctors to reflect the t'esistance l.tt

splitting prol'idcd lj'onr conhnement b) concrete and trons-

Verse ties o| sti|rups are bascd on rccommenclalions lloLn

,\( l -l0t.lNd and .lilsa 11 al. ( l97i)).

(-) | tll+y v 
1,7 r' ith V. V. W. an<J ). gir cn in 25.4.3.2.I i\,/' I

(b) 8/,
(c) I50 rnn.r C
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25.4.3.2 For the calculation of /a7,, modification factors
slrall be in accordance ra,ith Table 25.4.3.2. Factors y" and
r;r, shall be permitted to be taken as 1.0. At discontinuous
ends of members, 25.4.3.3 shall apply.

Table 25.4.3.2-Modification factors for development
of hooked bars in tension

I iThc tirst tle or slirrup shril rnclose thc i)cnt portion ol the hook \!ithin lrlr. ofthc
rrrnsiclc oi the berrd

trlrI is rhe norninal diarrrctir o1 1lle Itookcd bar.

COMMENTARY

A n-rinirnum valLrc of lz, is specificd 1cr prevcnt failur-e by

dircct pullout in cascs '"vherc a hook mal be locatcd vcr)
ncar the critical sectiotr.

{125.;1"3.2 tJnlike straight bar der.eloprrent, no disrinction
is nrade fbr casting position.

'l'he cpo.rr' thctol rlr" is based on tcsts (il;rrirrl r:L ll. l9i)i)
thaL irrclicalc Lhe der.clciltrrcnL length lbr hookcd bals should
bc incrreascd by 20 pct'ccnt Lo account fbr rccluccd bond
uhen leiufblcement is cpox1, coatcd.

Tlic confining reinfbrccrncnt 1)ctor ry, is based on trrsts
(.lilsa arrri N{ariluts lt)751 tl'rat indicate closclv spaced ties
at ol'near the bend portion oi-a hooked bar are rnost ellec-
tive in confining the lTrtoked bar. For consu'uction purposes"
Lhis is noL als avs placticable. The cases rr'here the ntodifica-
tion lirctor Vr ma), be Lrscd ale illustratcd in I.ig. 11.25.,1.3.2a

ancl It2,5.4.3.2b. F igurc It25.4.3.2a shorvs placentent of'
ties or stirlr.ips pcrpendicular lo the bar bcing dcrclopcd.
spaccd along the developr.ncnt length la, of the hook: f igLrr.c

R25.4.3.2b shor.r,s placerrcnt of tics ol stirrups parallcl to the
bar being ds,'cloped along thc length of thc tail extcrrsion of
the hook plus bend. The latter conficuration ri oLrld be tl,pical
in a beam-colutnn.joint.

s 2da s 3da

Fig. R25.4.-1.2u Ties or stirnrps placecl perpenclictrlor to
the bur being developetl, spaced along the detelopment
length la6.

Tail of hook
(incl. bend)

Fig. R25.4.-1.2b T'ies or .stirrup.s pltrcecl porallel to the but.
being deteloped, .tpaced olong the length of the toil exten-
sion td the hook plus ben,:l

llod ifica tion
lirc to r Condition

Value
of

factor

t. ir:hnr,ei ght
i,

L lshl\'ersirt concrele 0 7,5

Norrralrvcishl concrctc 1.0

Eport
il/.

l rport -coatc'd or zrncr iind cport dLrirl-

coatetl r cintbrcenrott
12

LJncoatcd or zinc-coated (galvatrizecl)
rcinforcenlclt

10

Cover
\l/"

lor No. J6 bar and srraller hooks rvith side
Co\ cr , ltut iltdl to pl.rn< of huok, t,i trtrrr

itnd lbr q()-dcgree hook tr ith covcr on bar
cxtcilsrorl bcYond hook;,r0 ntnt

0.7

(lthcr 1.0

Confining
reinlbrccrlenl

\/,lrl

For 90-dcsrcc ltooks o1'Nri J6 and sntaller
bars

' I 
,.rt.lus:J nlotrq / u lll,t tt,. ^r :ltr-

rupslrl perpcndicular to 1r), at s: jr.4. or
,I , e r,.lo:<,1 .llonr llt( h:ri J\lll ton
ber,ond hook itrclLrding the Lrend litlirn ties
or stirrupstr I perltendicultr to 1,.,, at ,i ..r i.r,

0.8

Iior I llO-.1egree hooks o1 No i6 and
snraller blrs enciosed along 1,,7, u ithin ties
or stirrupsi I perpendicular to 1,,r, ar,!.,: -1.{

Other 1.0

. - -o
I

l\
r- < 3da
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Table 25.2.4-M i n i m um center-to-center spaci n g
of pretensioned strands at ends of members
/"i'. tII'a Nominal strand diameter, mm Minimurn s

<28 Ail 1du

>28

-: 12.7 mm 4dr

12 7 mnr 4i mur

15.2 rntn 50 u'un

25.2.5 For prctensioncd \\,ire at cnds of a lnetrbt:r,
nrinintunt centcr-lo-ceutcr spacing s shall be thc qrcater.of
5rf, and [(113)d,,""+ dbl.

25.2.6 Recluced vertical spacins including bundling of
prestlesscd rcintbrcemcnt shall be permitted in tire nricldlc
portion ofu span.

25.3*$tane{ard hooks,,$e i$r,1ic hooks, cro$sties,
and minim{;m inside bencl diameters

25."1.1 Standard hooks firr thc developrnent of clefomred
bals in tension shall conlorrl to Tatrle 25.3. | .

COMMENTARY

fi25.3-$tandard hooks, seismic hooks, crossties,
and minimum inside bend diameters

R25.3.f Standard bends in reinforcing bars are described
in terms of the inside diameter of bend because the inside
bend diameter is easier to measute than the radius of bend.
The primary factors affecting the minimum bend diameter
are feasibility ofbending without breakage and avoidance of
crushing the concrete inside the bend.

Itz5.3.2 Standat'd stir.r.up. tie. and hoop hooks are lin.rited
to No. 25 bars and sntaller. and the 90-degree hook lvith
6rfi extcnsion is lirrthel limited Lo No. 16 btu.s and smallcr"
as thc lesult o1'r'esearch shou,ing that lar.-e,er.bar.sizcs n,ith
90-degrcc hooks and 6rfi cxtensions tcnd to spall o1l thc
covcr concretc rvhen the reinfor.ccrlent is stressed and tl-re
hook straightens.

Table 25.3.1-Standard hook geometry for development of deformed bars in
tension

\\lrlrJil'l lt""ktblJ'lhrrr'crll''rr'ttlts't.tottir''l,,Jc.rlr,t'c.,h.rrr.rJcl,er,.l J[ilrcrcrrrrd.rrdr,:lrr c\t(r\ronlsrrrt]r lt<lrall
be pcrrlrttccl to use a lotrger strright ertcusion at lhc end ola hook. A longer cxtension shall not bc consiclcrecl to ilcreasc the
arcirorage caprcity of tlte hook

25.3.2 N{inirnun.r inside bend diarreter.s 1br. bar.s used as
transverse reinfot.centent and standard lrooks fbr bars used
to ilnckrl stir-r'Lrps. ties. hoops. ar-rd spir.als shali conlornr
to lable 25.3.2. Standar.d hooks shall cnclosc loneituciinal
rcinfblcentent.

(ocl-

Type of
standnrd

hook Bl r size

Minimum inside
bend diameter, mm

Straight
extensionlrl

f 
"il, 

mm Type ofstandard hook

90-degree

hook

No. l0 tlrrouglt
No. 25

6d1,

12dt,

No 29 through
No ,.16

8dt

No. -13 and

No. 57
10dt,

1 80-dcgrec

hook

No l0 throuqh
No. 15

6dr

Greater o1'

:ldi and 65 lrm

No 2o rhrough
No. 36

8dn

No .13 and

No. 57
todb
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25.,4.9 Deyelopntent o/'de.fbrtned bar.y antl defbrtned l,ires
in contpres's'ion

25.,1.9.1 Developmenl length l2 1or delbr.n.red bars and
delbnned rviles in cornpression shall be the greater ol (a)
and (b)

(a) Length calculated in accordancc ri,ith 25.4.9.2
(b) 200 rnrr

23.1.9.2 fu. shall bc thc grcater of (a) and (b). using the
modifi cation tactor.s of 25..1.9.3 :

Io.:+I,u )(a)l- #l,/I IJI:, )

(b) 0.0a3/iy,d6

25.;1.9.3 For the calculation of ft". rnodilication tactor.s
shall be in acoor.dance u,ith lable 2i..+.9.3, cxcept y" shail
be pemitted to be taken as 1.0.

Table 25.4.9.3-Modification factors for deformed
bars and wires in compression

COMMENTARY

It25."{.9 Dettelopntent ot'' t{efbrnted bars antl defitrnetl
vv ires' in cont press i.on

I{25.,{.9, I The r.r,eakening ellect of fle.rur.al tensittn cracl<s
is not plesent 1br bals and u,ir.es in cornpl.ession. and usuaiit
end bealing olthe bar.s on the concrete is beneficial. Ther.e-
1brc, sholtel dcr.eIopr.nent iengths ar.e specificcl for compt.cs-
sion than 1br teusion.

f{23.1.9.2 'I'hc constant ().043 has units of mmr/rr-.
The tcnn ), is providcd in the expression fbr.der.clopntent

in 25.1.9.2 r'ecognizing that ther.e are no knor.r,n tesl clala on
cornpression development in lightrveight concrete but that
splitting is ntole likelv in lir:htweight concr.ete.

It25.4.9.3 The der.clopment lcngth ma1,, be rcduced 25
percent rvhen the leinforcentent is enclosecl u,ithir-r c-losclv
spaced spilals. lies. ol hoops.

Modification
factor Condition

Value of
factor

Liglrnveight

Lightrvcrght cotcrcte 075
Lights eight concrete. rt'L, is

specifi ed

ln accordance

u,ith 19.2 4.3

Non.nal\\,elgltt concrele 1.0

Confining
reinlbrcement

\T,

Reinlorcentent enclosed rvithin ( I ),
(l), (l r. or (,1r:

(1)aspiral
(2) a circular contrnuously rvormd tte
with d7, >- 6 ml and prtch l00 ntnt
/ir \,r lJ h.rror MDIIU rrrrc lies rrr

accottlance rvith 25.7.2 siraced .r: 100

ltlm on center
(4) hoops in accordance rvjrh 2-j 7..1

spaced 1 100 mnt on ccnter

0.7 5

Other 1.0

25.4.11) Ileduction r.f tlerelopnent length fbr exce.s.s
re inforcc ment

:5..1. 10.1 Reduction of der.elopr.nent Icngths dcfinccl
in 25.4.2.1(a). 2,5.4.3.i(a). 25.4.6.1(a), 25.4.7.1(a). and
25.,1.9.1(a) shall bc pennittcd b1.' usc of tl.re ratio (A,,,",,u;,,.,1)/
(A,.p,o,ld",i, except \\'ltere pr.oliibited b1, 25.4.10.2. Tlie nrodi_
fied developntenL lengths shall not be less than the respective
nrininrums specifi ed in 25..1.2. 1(tr). 25..+.3. 1 (b), 25..1.3. I (c).
25.:1.6. I ( b). 25.4.7. 1(b)" and 25.,1.9. I (b).

25.1.1t).2 A rcdr,rction of der,clopment length in accor-
clance.,r,ith 25.4.10.1 is not pcr.rnitted ibr (a) thr.ough 1e.1.

R25..1.i0 Reductictn oJ' development len,gth /br exce.;.;
t'e infbrce nrcnl

1125.;1. l0.I A rcduction in devclopment lcngth is penr.ritte d
in limitcd circumstanccs if excess r.einfbrccment is provicled.

R25.4.10.2 The excess reinforcement faclor (A,,uou;,"/
As,p,o,i,t"d), applicable to deformed bars without heads, is not
applicable for headed bars r,vhere force is transferred through
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