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Development Length Concept

w
Development Length (Ld): is the minimum length of | 1 | ——
the bar which must be embedded in concrete beyond
I

any section to develop its full capacity

]

It is also called anchorage length in case of ax1al I~
tension or axial compression and called development
length in flexural tension or compression

Deformed bars give a better bond than plain bars due
to surface roughness. fy, f’c, bar diameter, and
concrete cover also influence the bond.
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Bond Mechanism — e

COLUNMN COLUMMN
a a= jnifdf £=¢,|0) — BE &4 — BE AN
mhﬂ!__‘ bond stress 7—# rebar stress @ — rebar strain £ :)-”

[ Al { R
Al
E Fi
E ! l T U 1 1
2 (4) iB]
Ll &l || |1 TYP. DETAIL OF BEAM TYP. DETAIL OF BEAM
& N AND COLUMN JUNCTION AND COLUMN JUNCTION
&l l a WITH DEVELOPMENT LEN GTH (Ld) WITHOUT DEVELOPMENT LENGTH (Ld)

1 — % gU'!:;té?_'ewa

J

uncracked
concrete

cracked

concrete

e G Ce g T T G4~
NN

concrete bar
(a) cover diameter (b)

(Load distribution)



Calculation of Ld (Tension Straight Bars)

Ld

fy ('ptlpe)lps

Yo d, = 300mm

dp
(lptlpe) < 1.7
Cp + Ktr
dp

40 Ay
tr — sn

<25

T 112 £ (M)

r

(25.4.2.4a)

A T
Table 25.4.2.5—Modification factors for

development of deformed bars and deformed
wires in tension

Figure 7.4 Examples of spalling of concrete cover. (a) High bottom cover, (b) wide spacing, and (c) small

bottom cover.

(b)

Modification Value of
factor Condition factor
_ _ Lightweight concrete 0.75
Lightweight A
Normalweight concrete 1.0
Grade 280 or Grade 420 1.0
Reinforcement Grade 550 1.15
grade y,
Grade 690 1.3
Epoxy-coated or zinc and epoxy dual-
coated reinforcement with clear cover 15
less than 3d; or clear spacing less than '
6dp
Epoxy™ w, Epoxy-coated or zinc and epoxy
dual-coated reinforcement for all other 12
conditions
Uncoated or zinc-coated (galvanized) 1.0
remnforcement ’
MNo. 22 and larger bars 1.0
Size y; No. 19 and smaller bars and deformed 0.8
wires "
. More than 300 mm of fresh concrete 13
Casting placed below honizontal reinforcement |
position™ y,
Other 1.0




fy (lptlpe)lpslpg d
b

T 11AF (& ;rbKtr)

Ld >300mm  (25.4.2.4a)

where '
y, = bar location (Top Factor: is fresh concrete below bars > 300mm)

y, = coating factor
w , = bar-size factor
v, = reinforcing grade factor
A = lightweight aggregate concrete factor
¢, = spacing or cover dimension'; the smaller of

(1) Distance from_center of bar or wire being developed to the nearest concrete surface or
(2) One-half the center-to-center spacing of bars or wires being developed

K, = transverse reinforcement index
=40 A, /sn
n = number of bars or wires being developed along the plane of splitting
s = maximum spacing of transverse reinforcement within /,, center to center
A,, = total sectional area of all transverse reinforcement within spacing s that crosses the potential
plane of splitting through to the reinforcement being developed




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

B Rebar Size Linear Weight Diameter Lateral area
U.s. Sl Ib/ft kg/m in mm in’ mm?’ Type of standard hook Bar size mm;lgiiti:zind::md smig:l: ﬁenr:mnm Type of standard hook
3 #10 0.38 0.56 0.38 9.53 0.11 71.00 No. 10 through No. 25 6d, /’L’S;'?;?J:L’.'EBM
4 #13 0.67 1.00 0.50 12.70 0.20 129.00 b . S0degre
5 #16 1.04 1.56 0.63 15.88 0.31 200.00 90-degree hook No. 29 through No. 36 8d, 124, _ I'
6 #19 150 224 075 19.05 044 284.00 - er
7/ #22 2.04 3.05 0.88 22.23 0.60 38/7.00 No. 43 through No. 57 10d, I B
3 #25 2.67 3.98 1.00 25.40 0.79 509.00
9 #29 340 507 113 2865  1.00 645.00 - 10 fhrough No. 25 o e db“'”
10 #32 430 642 127 3226 127 819.00 Greater of % =N
11 #36 531 792 141 3581 156 1006.00| | oot | e mheees sd" +ds 65 e o %“
12 #38 599 893 150 3810  1.77 1140.09 o4 doug o5 ol L= T
14 #43 7.65 11.41 1.69 43.00 2.25 1452.00
16 #50  10.65 1588  2.00  50.80  3.14 2026.83| catorsut i remin it n e oot s e e s ety o o 1l e et o v onges gt xtnion
18 #57 13.60 20.28 2.26 57.33 4.00 2581.00| Table 25.3.2—Minimum inside bend diameters and standard hook geometry for slirrups,tm hoops
20  #64  16.63  24.82 2.50  63.50 491 31FF9M [ 1ipe o standard Minimum inside bend Straight extension
hook Bar size diameter, mm oy MM Type of standard hook
fan ' No. ;2) Fhlrgugh 4d, Greater of 6dy and 75 mm b7~ D0-degrea
Clear spacing Lapped bar (typ.) A\ 20.75 an ‘ r % i ]1;:] tlzlr;)llgh ods 124,
\
2 l T 2, 135-degree hook Greater of 6d; and 75 mm
& ot |,
|,
Clear spacing \; Ties or stirrups 180-degree hook No. 19 through . Greater of 4d and 65 mm
No. 25 4

[ standard hook for stirrups, ties, and hoops includes the specific inside bend diameter and straight 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.

;] A



Example 1: Figure below shows the cross section of a simply supported beam reinforced with four @25 bars that are
confined with @10 stirrups spaced at 150mm. Determine the development length for two of bars if the beam is made of
normal-weight concrete, bars are not coated f'c=21 MPa, fy=420 MPa.

fy (Iptlpe)lpslpg d
b

Ld = >300mm  (25.4.2.4a)
1.1 Af! (Lffcr)
dp
A =1 (Normal Weight Concrete) (cb + Ktr> _ 25+ 20.933 _ 1837 <25 560 d=495
Y, =1 (Bottom Reinforcement) dp 25
Y, =1 (Not Coated bars) (W,) =1x1=1<17 o
Ys =1 (Bars = 22mm) 00 ¢
= < P65
=1 (f, <420) o L =1
( 65
75
@ = min (300 3 150) Ld = — 2 WX1XT, 4, = 49.88db = 1247mm >
3 :‘ T11 x1xy2l | Legy T TOesdb = RstimmE
L 2
Apr=2X % x 102 = 157
_ 40 A, B 40 x 157 — 20.933
" sn 0 150x2 T




Example 2: For the cantilever beam with section shown below compute the distance that the main reinforcement
should be embedded straightly in the support. f'c=28 MPa, fy=420 MPa.

I
( ) ‘ P s
Ld = — 1 Veibe islpg d, =>300mm  (25.4.2.4a)
1.1Af (%) 212200
b /
LT 5 500
A =1 (Normal Weight Concrete) Agr=2Xx 7 X 127 =226
for Y, ,calculate the distance y K, = 40 Agr — 40 x 226 — 15.066
" sn 200 x 3
y =500—-40—-12 — 25 =423mm = 300 y | Clear Cover=40mm
cp + K¢ 42.72 4+ 15.066 . 300 .

Ye =13 (y 2 300mm) ¥ = o =2311<25
Y., =1 (Not Coated bars) b \ 5
Y, =1 (Bars = 22mm) (Ye) =13 %x1=13 <17

—212@200

Yy, =1 (fy <420) y

( 25
40 + 12 + — = 64.5

2
64.5

Clear Cover=40mm

300 — 64.5 — 64.5
< =‘ Ld = 20 x(1'3)X1X1><d = 40.6 db
“ 2 T 11 x1x+28 2311 b =40,

~ 300 =




Calculation of Ldc (Compression Straight Bars)

The development length in compression shall be the greater value of (a), (b) and (c)

(@) Ldc = (0'24 Iy l'b“'") d, (25.4.9.2) Table 25.4.9.3—Modification factors for deformed
AN bars and wires in compression
Modification Value of
(b)  Ldc = 0.043 f, y Vr dy factor Condition factor
(c) Ldc =200mm Lightweight Lightweight concrete 0.75
A Normalweight concrete 1.0

Reinforcement enclosed within (1),
(2). (3), or (4):
(1) a spiral
(2) a circular continuously wound tie
Confining with d = 6 mm and pitch 100 mm
reinforcement | (3) No. 13 bar or MD130 wire ties in
v, accordance with 25.7.2 spaced < 100
mm on center
(4) hoops 1n accordance with 25.7.4
spaced < 100 mm on center

0.75

j—

Other

—




Example 3: A reinforced concrete column is reinforced with eight @32 bars, which should extend to the footing.
Determine the development length needed for the bars to extend down in the footing. Use normal weight concrete
with f’c=28 MPa and fy=420 MPa. Assume no confinement in the reinforcing steel.

0.24 f, 1,
(a) Ldc =( . f;;p )db

(b) Ldc = 0.043 f, ¥, d,,

(25.4.9.2)

(c) Ldc=200mm _ _ _
Y, = 1.0 (ignoring confinement)

A = 1.0 (normal weight concrete)

0.24 0.24 x 420 x 1
(a) de=< fywr)db =< )db=19 d, = 608 mm

NG 1x /28
(b)  Ldc = 0.043 x 420 x 1d, = 18.06 d,, = 578 mm
(¢) Ldc = 200 mm

Use development length Ldc=608 mm




Thank you...
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