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CODE

25.4.2 Development of deformed bars and deformed wires
in tension

25.4.2.1 Development length £, for deformed bars and
deformed wires in tension shall be the greater of (a) and (b):

(a) Length calculated in accordance with 25.4.2.2 or
25.42.3 using the applicable modification factors of
25424

(b) 300 mm

25.4.2.2 I'or deformed bars or deformed wires, £, shall be
calculated in accordance with Table 25.4.2.2.

Table 25.4.2.2—Development length for deformed
bars and deformed wires in tensiop .,
T h ’ ¢ zo

No. Wand
smaller bars and No.ﬂand
deformed wires | larger bars

Spacing and cover

| Clear spacing of bars or wires being
developed or lap spliced not less

than d,, clear cover at least d,. and

stirrups or ties throughout £, not less |/

./lw,\vfd [ Ly, R
tz.mﬁ ! me\/f

than the Code minimum
or
Clear spacing of bars or wires being
developed or lap spliced at least 2d,
and clear cover at least d,

J WY, ) ; AR
d, d,
Lanr ) RV

Other cases

American Concrete Institute — Copyrighted © Material — www.concrete.org
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\/?? up to 8.3 MPa, and because of the long-standing use
of the \/7(' in design, ACI Committee 318 has chosen not
to change the exponent applied to the compressive strength
used to calculate development and lap splice lengths, but
rather to set an upper limit of 8.3 MPa on \/7(’

R25.4.2 Development of deformed bars and deformed
wires in tension

R25.4.2.1 This provision gives a two-tier approach for
the calculation of tension development length. The user can
either use the simplified provisions of 25.4.2.2 or the general
development length equation (Eq. (25.4.2.3a)), which is
based on the expression previously endorsed by ACI 408.1R
(Jirsa et al. 1979). In Table 25.4.2.2, ¢, is based on two prese-
lected values of (¢, + Kp,)/d,, whereas £, from Eq. (25.4.2.34)
is based on the actual (¢ + K,,)/d.

Although there is no requirement for transverse rein-
forcement along the tension development or lap splice
length, research (Azizinamini ct al. 1999a.b) indicates that
in concrete with very high compressive strength, brittle
anchorage failure may occur for bars with inadequate trans-
verse reinforcement. In lap splice tests of No. 25 and
No. 36 bars in concrete with an f.' of approximately 105
MPa, transverse reinforcement improved ductile anchorage
behavior.

R25.4.2.2 This provision recognizes that many current
practical construction cases use spacing and cover values
along with confining reinforcement, such as stirrups or ties,
that result in a value of (¢; + K,,)/d, of at least 1.5. Exam-
ples include a minimum clear cover of d,, along with either
minimum clear spacing of 24}, or a combination of minimum
clear spacing of d, and minimum ties or stirrups. For these
frequently occurring cases, the development length for
larger bars can be taken as £, = [ﬁ,\y,we/(lj},\[/?)]d,,. In the
formulation of the provisions in ACI 318-95, a comparison
with past provisions and a check of a database of experi-
mental results maintained by ACI 408.1R indicated that for
No. 19 deformed bars and smaller, as well as for deformed
wire, the development lengths could be reduced 20 percent
using y, = 0.8. This is the basis for the No. 19 and smaller
bars and deformed wires column of Table 25.4.2.2. With less
cover and in the absence of minimum ties or stirrups, the
minimum clear spacing limits of 25.2.1 and the minimum
concrete cover requirements of 20.6.1.3 result in minimum
values of ¢, equal to . Thus, for “other cases,” the values
are based on using (¢, + K,.)/d, = 1.0 in Eq. (25.4.2.3a).

The user may easily construct simple, useful expressions.
For example, in all members with normalweight concrete (A
= 1.0), uncoated reinforcement (y, = 1.0), No. 22 and larger
bottom bars (y, = 1.0) with £.' = 28 MPa. and Grade 420
reinforcement, the expressions reduce to

_(420)(1.0)1.0) ,

O ot A S Y
1.7(1.0)W28 ’

d

Q)
2
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Table 25.4.2.4—Modification factors for development
of deformed bars and deformed wires in tension

Modification | Value of
~ factor Condition factor
Lightweight concrete 0.75
Lightweight Lightweight concrete, where f, is | In accordance
x 3 specified | with 19.2.4.3
|
Normalweight concrete | 1.0
Epoxy-coated or zinc and epoxy
| dual-coated reinforcement with clear 15
cover less than 3d}, or clear spacing -
. less than 64,
Epoxy!!! ;
M Epoxy-coated or zinc and epoxy dual-
Ve coated reinforcement for all other 1.2
| conditions
| Uncoated or zinc-coated (galvanized) 10
reinforcement
No. 22 and larger bars 1.0
Size
v, No. 19 and smaller bars and deformed 08
wires
] More than 300 mm of fresh
C?SF‘”%H concrete placed below horizontal 1.3
position reinforcement
\ A
' Other 1.0

MThe product y,y, need not exceed 1.7.

25.4.3 Development of standard hooks in tension

25.4.3.1 Development length £y, for deformed bars in
tension terminating in a standard hook shall be the greater
of (a) through (c):

(a) [MJ d, With W, Yo, Wy, and A given in 25.4.3.2.

W

(b) 84,
(¢) 150 mm

American Concrete Institute — Copyrighted © Material — www.concrete.org (ac
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lightweight concrete. Section 25.4.2.4 allows a higher factor
to be used when the splitting tensile strength of the light-
weight concrete is specified. Refer to 19.2.4.

The epoxy factor y, is based on studies (Treece and Jirsa
1989; Johnston and Zia 1982; Mathey and Clifton 1976) of
the anchorage of epoxy-coated bars that show bond strength
is reduced because the coating prevents adhesion and lowers
the coefficient of friction between the bar and the concrete.
The factors reflect the type of anchorage failure likely to
occur. If the cover or spacing is small, a splitting failure
can occur and the anchorage or bond strength is substan-
tially reduced. If the cover and spacing between bars is
large, a splitting failure is precluded and the effect of the
epoxy coating on anchorage strength is not as large. Studies
(Orangun et al. 1977) have shown that although the cover
or spacing may be small, the anchorage strength may be
increased by adding transverse reinforcement crossing the
plane of splitting, and restraining the splitting crack.

Because the bond of epoxy-coated bars or zinc and epoxy
dual-coated bars is already reduced due to the loss of adhe-
sion and lower coefficient of friction between the bar and the
concrete, an upper limit of 1.7 is established for the product
of the factors for top reinforcement casting position and
epoxy-coated reinforcement or zinc and epoxy dual-coated
reinforcement.

The reinforcement size factor y, reflects the more favor-
able performance of smaller-diameter reinforcement.

The reinforcement location or casting position factor w,
accounts for the position of the reinforcement in freshly
placed concrete. The factor 1.3 is based on research (Jirsa
and Breen 1981; Jeanty et al. 1988). The application of the
casting position factor should be considered in determina-
tion of development lengths for inclined reinforcement.

R25.4.3 Development of standard hooks in tension

R25.4.3.1 Study of failures of hooked bars indicate that
splitting of the concrete cover in the plane of the hook is
the primary cause of failure and that splitting originates at
the inside of the hook where local stress concentrations are
very high. Thus, hook development is a direct function of
bar diameter d;, which governs the magnitude of compres-
sive stresses on the inside of the hook. Only standard hooks
(refer to 25.3.1) are considered, and the influence of larger
bend radii cannot be evaluated by 25.4.3.

The hooked bar anchorage provisions give the total
hooked bar embedment length as shown in Table 25.3.1. The
development length £4, is measured from the critical section
to the outside end (or edge) of the hook.

The effects of bar yield strength, excess reinforcement,
lightweight concrete, and factors to reflect the resistance to
splitting provided from confinement by concrete and trans-
verse ties or stirrups are based on recommendations from
ACT 408.1R and Jirsa et al. (1979).

—>
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25.4.3.2 For the calculation of £, modification factors
shall be in accordance with Table 25.4.3.2. Factors . and
v, 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
- ” ]

Value
Modification of
factor Condition factor
Lightweight Lightweight concrete 0.75
} A Normalweight concrete 1.0
Epoxy-coated or zinc and epoxy dual- 19
Epoxy coated reinforcement -
We Uncoated or zinc-coated (galvanized) 10
reinforcement ’
For No. 36 bar and smaller hooks with side
cover (normal to plane of hook) > 65 mm
- . . 0.7
Cover and for 90-degree hook with cover on bar
Ve extension beyond hook > 50 mm
Other 1.0

For 90-degree hooks of No. 36 and smaller
bars

(1) enclosed along £, within ties or stir-

rups!!! perpendicular to £, at s < 3d,, or

(2) enclosed along the bar extension

beyond hook including the bend within ties 0.8

reinforﬁmenl or stirrups! perpendicular to £,,, at s < 3d,
Wt

Confining

For 180-degree hooks of No. 36 and
smaller bars enclosed along £, within ties
or stirrups!'! perpendicular to £, at s < 3d,

— ~ —

‘ | Other 1.0

I . -
The first tie or stirrup shall enclose the bent portion of the hook within 2d, of the
outside of the bend.

Bldy is the nominal diameter of the hooked bar.

COMMENTARY

A minimum value of 4 is specified to prevent failure by
direct pullout in cases where a hook may be located very
near the critical section.

R25.4.3.2 Unlike straight bar development, no distinction
is made for casting position.

The epoxy factor y, is based on tests (ITamad et al. 1993)
that indicate the development length for hooked bars should
be increased by 20 percent to account for reduced bond
when reinforcement is epoxy coated.

The confining reinforcement factor w, is based on tests
(Jirsa and Marques 1973) that indicate closely spaced ties
at or near the bend portion of a hooked bar are most effec-
tive in confining the hooked bar. For construction purposes,
this is not always practicable. The cases where the modifica-
tion factor y, may be used are illustrated in Fig. R25.4.3.2a
and R25.4.3.2b. Figure R25.4.3.2a shows placement of
ties or stirrups perpendicular to the bar being developed,
spaced along the development length £, of the hook: Figure
R25.4.3.2b shows placement of ties or stirrups parallel to the
bar being developed along the length of the tail extension of
the hook plus bend. The latter configuration would be typical
in a beam-column joint.

Fig. R25.4.3.2a—Ties or stirrups placed perpendicular o
the bar being developed, spaced along the development
length Ly,

=N
i

Tail of hook
(incl. bend) | Laxy

R o VR

Fig. R25.4.3.2b—Ties or stirrups placed parallel to the bar
being developed, spaced along the length of the tail exten-
sion of the hook plus bend.

American Concrete Institute — Copyrighted © Material — www.concrete.org
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Table 25.2.4—Minimum center-to-center spacing
of pretensioned strands at ends of members

\
}fm MPa | Nominal strand diameter, mm Minimum s

<28 | All 4d,
‘ <12.7 mm ’ 4d,
‘ >28 ‘T 12.7 mm ‘ 45 mm
‘ ‘ 50 mm
—_ ' __

15.2 mm

25.2.5 For pretensioned wire at ends of a member,
minimum center-to-center spacing s shall be the greater of
Sdy and [(4/3)d g, + dp).

25.2.6 Reduced vertical spacing including bundling of
prestressed reinforcement shall be permitted in the middie
portion of a span.

25.3—Standard hooks, seismic hooks, crossties,
and minimum inside bend diameters

25.3.1 Standard hooks for the development of deformed
bars in tension shall conform to Table 25.3.1.

COMMENTARY

R25.3—Standard hooks, seismic hooks, crossties,
and minimum inside bend diameters

R25.3.1 Standard bends in reinforcing bars are described
in terms of the inside diameter of bend because the inside
bend diameter is easier to measure than the radius of bend.
The primary factors affecting the minimum bend diameter
are feasibility of bending without breakage and avoidance of
crushing the concrete inside the bend.

Table 25.3.1—Standard hook geometry for development of deformed bars in

|

Type of standard hook

— Point at which

/ bar is developed

d

o 90—%egree

tension
1)pe of ’ i ‘ ‘ Straight J
| standard | | Minimum inside extension!! ‘
lmnk ‘ Bar size ’ bend dn.lmetcr, mm /&\.,, mm |
No 10 through [
No. 25 ‘ 6y
5 |
| No. 29 through 8, ﬂ
90-degree [ No. 36
w 12d,
’ hook | r
‘ No. 43 and
4} No. 57 ’ 1oes :
N -
[ IOthrough B
~ No.25
‘ No. 70[1rouqh
180-degree No. 36 Greater of
hook J ‘ | 4d, and 65 mm
No. 43 and 10d, J

‘ No. 57

— Point at which

/ bar is developed

f I

= [ 3
o

i A xlauddxd hool\ fol deformed bars in tension includes the specific inside bend diameter and str- aight extension length. It shall
be permitted to use a longer straight extension at the end of a hook, A longer extension shall not be considered to increase the

anchorage capacity of the hook.

25.3.2 Minimum inside bend diameters for bars used as
transverse reinforcement and standard hooks for bars used
to anchor stirrups, ties, hoops, and spirals shall conform
to Table 25.3.2. Standard hooks shall enclose longitudinal
reinforcement.

R25.3.2 Standard stirrup, tie, and hoop hooks are limited
to No. 25 bars and smaller, and the 90-degree hook with
6d}, extension is further limited to No. 16 bars and smaller,
as the result of research showing that larger bar sizes with
90-degree hooks and 64, extensions tend to spall off the
cover concrete when the reinforcement is stressed and the
hook straightens.

American Concrete Institute — Copyrighted © Material — www.concrete.org
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25.4.9 Development of deformed bars and deformed wires
in compression

25.4.9.1 Development length ¢, for deformed bars and
deformed wires in compression shall be the greater of (a)
and (b)

(a) Length calculated in accordance with 25.4.9.2
(b) 200 mm

25.4.9.2 £y shall be the greater of (a) and (b), using the
modification factors of 25.4.9.3:

0.24 L,

@ | —F7—=—14,
W7
(b) 0.043/,,dly
25.4.9.3 For the calculation of ¢4, modification factors
shall be in accordance with Table 25.4.9.3, except y, shall

be permitted to be taken as 1.0.

Table 25.4.9.3—Modification factors for deformed
bars and wires in compress:on

F\IodﬁncTtmn " 1lueol
L factor ‘ Condition factor

Lightweight concrete ‘ 0.75

In accoxdd nce
\Vlth 19.2 4

—

specified

L Normalweight concrete

‘ | Reinforcement enclosed within (1 1)
‘ J (2), (3), or (4):

’ (1) a spiral

|

Lxghtwemht Lightweight concrete, if £, is

[ (2) a circular continuously wound tie
with d, > 6 mm and pitch 100 mm {

Confining
reinforcement | (3) No. 13 bar or MD130 wire ties in
v, accordance with 25.7.2 spaced < 100

spaced < 100 mm on center

| mm on center
(4) hoops in accordance with 25.7.4

N
1.04[

|
L ‘ Other

25.4.10 Reduction of development length for excess
reinforcement

25.4.10.1 Reduction of development lengths defined
in 254.2.1(a), 254.3.1(a), 25.4.6.1(a), 25.4.7. 1(a), and
25.4.9.1(a) shall be permitted by use of the ratio (Ay requirea)!
(As providea)> €xcept where prohibited by 25.4.10.2. The modi-
fied development lengths shall not be less than the respective
minimums specified in 25.4.2.1(b), 25.4.3.1(b), 25.4.3.1(c),
25.4.6.1(b), 25.4.7.1(b), and 25.4.9.1(b).

25.4.10.2 A reduction of development length in accor-
dance with 25.4.10.1 is not permitted for (a) through (e).

American Concrete Institute — Copyrighted © Material — www.concrete.org
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R25.4.9 Development of deformed bars and deformed
wires in compression

R25.4.9.1 The weakening effect of flexural tension cracks
is not present for bars and wires in compression, and usuall %
end bearing of the bars on the concrete is beneficial. There-
fore, shorter development lengths are specified for compres-
sion than for tension.

R25.4.9.2 The constant 0.043 has units of mm¥N.

The term & is provided in the expression for development
in 25.4.9.2 recognizing that there are no known test data on
compression development in lightweight concrete but that
splitting is more likely in lightweight concrete.

R25.4.9.3 The development length may be reduced 25
percent when the reinforcement is enclosed within closely
spaced spirals, ties, or hoops.

R25.4.10 Reduction of development length for excess
reinforcement

R25.4.10.1 Areduction in development length is permitted
in limited circumstances if excess reinforcement is provided.

R25.4.10.2 The excess reinforcement factor (Asroguived!
A provided), applicable to deformed bars without heads, is not
applicable for headed bars where force is transferred through

(aci®



