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Typical detailing

& We learned before the required extension for
flexural reinforcement

% But this only applies for specific conditions

& Applied load must be uniformly distributed
¢ Equal spans

12/16/2020 2


https://students-hub.com

General loading

& Reinforcement is only needed in tension zones

® We can cut the bars when moment 1s zero o R o e oo
Load Diagram i

& For the given moment diagrams, What is the
location and extension of the reinforcement?

| 2800 Ib

—2000 Ib P
\ |' ¥ =

Shear Diagram

& However, The bar need to perfectly bonded with the
concrete to act as one material!!!

& So far, we assumed a perfect bond between the steel
and the concrete
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Bond strength

- Concrete

& Sources of bond strength

Reinforcing bar -

. (a)
& Friction p

& Adhesion between concrete & reinforcement.

& Mechanical Interlock. (that’s why steel bars are corrugated)

¢ The edge stress concentration causes cracking to occur.

¢ Splitting failure will occur if bars are not properly spaced

(d)
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Bond strength

& Such splitting comes largely from wedging
action when the ribs of the deformed bar
bear against the concrete.

& The horizontal type of splitting frequently
begins at a diagonal crack.

® The dowel action increases the tendency
toward splitting.

¢ This indicates that shear and bond failure are
often intricately interrelated.

(b) On concrete (c) Components
on concrete
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Bond strength

_concrete

, . U forces on
' ..)h

& The tension force in the bar is developed due to loading

% The full tension in the bar remains till the point of zero moment. (..,

No internal moment — No tension)

¢ To avoid bond failure, the tension force in the bar must be
transferred gradually to the concrete after the point of zero moment.

& The distance required to achieve this transfer is called the
DEVELOPMENT LENGTH (l,;)

Shortest length of bar in which the bar stress can increase from zero to the
yield strength, fy. (- Eond e

E—ij t% —>T. A:{\/

—_— = S =

M &V forte Distvibution
OPYOY. .
Linear
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Development length

ZF=O.=>T—BondForce=O

m dp
= 2 fy — T dplop =
d
zldzﬁ
4u

L = bond stress (coefficient of friction) = k / f

k = f(¢ bar)

VSR AR R

c, +K, )
d,
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Development length

& ACI requirements for bars in tension

&

0
4

d,

c, 1s a factor that represents the least of the side cover, the concrete cover to
the bar or wire (in both cases measured to the center of the bar or wire), or
one-half the center-to-center spacing of the bars or wires

K, 1s a factor that represents the contribution of confining reinforcement
across potential splitting planes. It shall be permitted to use K= 0 as a
design simplification even if transverse reinforcement is present or required.

v, 1s the reinforcement location factor to reflect the effect of the casting
position (that 1s, formerly denoted as “top bar effect”).

V. 1s a coating factor reflecting the effects of epoxy coating. There is a limit
on the product yy..

y, reinforcement size factor reflects the more favorable performance of
smaller diameter reinforcement

V, is the reinforcement grade factor accounting for the yield strength of the
reinforcement

) )‘1 ATRTRTS

¢, =—2tr tTeliley
TOLNS (¢, +K,

Table 25.4.2.5—Modification factors for
development of deformed bars and deformed
wires in tension

Modification Value of
factor Condition factor
. o Lightweight concrete ‘
Lightweight A :
Normalweight conerete -‘

Grade 280 or Grade 420
Reinforcement _ _
Grade 550
grade v,
Grade 690

Epoxy-coated or zinc and epoxy dual-

coated reinforcement with clear cover

less than 3d, or clear spacing less than
5(35

Epoxy!!! v, Epoxy-coated or zine and epoxy
dual-coated reinforcement for all other
conditions

Uncoated or zinc-coated (galvanized)
reinforcement
No. 22 and larger bars
No. 19 and smaller bars and deformed
wires
More than 300 mm of fresh concrete

Casting placed below horizontal reinforcement

positiont y;

UThe product way, need not exceed 1.7.
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Development length

& ACI requirements for bars 1n tension : Simplified equations

le: Table 25.4.2.3—Development length for deformed
& For cXample. bars and deformed wires in tension
. . ' No. 19 and smaller
In all members with normal weight concrete (A = 1.0), uncoated bars and deformed | No.22 and
reinforcement (y, = 1.0), No. 22 and larger bottom bars (y, = 1.0) with Spacing and cover wires larger bars
fc' =28 MPa, and Grade 420 reinforcement (y, = 1.0) Clear spacing of bars or wires
g being developed or lap spliced
& If minimum cover of d, is provided along with a minimum clear spacing of 2d,, not less than dp, clear cover
at least d. and stirrups or ties
& or a minimum clear cover of d, and a minimum clear spacing of d, are provided throughout £, not less than the SAAAA
along with minimum ties or stirrups Code 12‘:“““““ [ > 1\ \/}T J @

Clear spacing of bars or wires
being developed or lap spliced

_ (420)(1.0)1.0)1.0)

l d = 47d at least 2d and clear cover at
; 1.7(1.0)v28  ° ’ least d,
: - : . i AR
& The penalty for spacing bars closer or providing less cover is the requirement that Other cases [W ]t‘- >
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Development length

® ACI requirements for bars 1n tension : Simplified equations

TABLE A.10
Simplified tension development in bar diameters I /dj, for uncoated bars
and normalweight concrete '
No. 19 (No. 6) and Smaller® No. 22 (No. 7) and Larger
f., MPa f., MPa

(1) Bottom bars

Spacing, cover
and ties as per
Case a and b 2 2

Other cases

(2) Top bars -

Spacing, cover 280 33
and ties as per 420 49 A A€ 61
Case g and b 520 61 : 75

Other cases 280 49 ‘ 44 / 63
420 74 : _ 94
520 91 82 75 116

Case a: Clear spacing of bars being developed or spliced = d,,, clear cover = d,, and stirrups or ties throughout /, not less than
the Code minimum.
Case b: Clear spacing of bars being developed or spliced = 24, and clear cover not less than d,.

“ACI Committee 408 recommends that the values indicated for bar sizes No. 22 (No. 7) and larger be used for all bar sizes.
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Development length

& ACI requirements for bars in compression (l;.)

&

&

¢ Minimum development length in compression 1s 200mm

weakening effect of flexural tension cracks is not present for bars

and wires in compression

Usually end bearing of the bars on the concrete is beneficial.

Therefore, shorter development lengths are specified for

compression than for tension.

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

hoops.

0.0437,y,d),

Table 25.4.9.3—Modification factors for deformed

bars and wires in compression

Modification
factor

Lightweight
A

Confining
reinforcement
v,

Lightweight concrete

. ), or (4):
(1) a spiral
(2) a circular continuously wound tie
with d, = 6 mm and pitch 100 mm

(3) No. 13 bar or MD130 wire ties in
accordance with 25.7.2 spaced < 100

mm on center
(4) hoops 1n accordance with 25.7.4

spaced < 100 mm on center

Value of
factor

12/16/2020
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Development length

@& ACI requirements for bars in compression (l;.): Simplified equations

TABLE A.11
Development length in compression, mm, for normalweight concrete
lsc = greater of (0.24f,/\/f])d, or 0.043f,d,, (Minimum of 200 mm in all cases)

f., MPa

Bar No. 21 28 35 42

Inch- Basic Basic Basic Basic
Pound Iy Confined lye Confined lye Confined lae

200 200 200 200 200
210 200 200 200 200
260 200 220 : 210

200 200
210 240
260 300

200 200
260
320
210
320
390

240
370
450

280
420
520

Confined

200
200
200

200
200
210

200
220
270
200
260
320

200
300
370

230
340
430

1,0
1,350
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Development length

¢ Reduction of development length for excess reinforcement

9 n(req'd)
% n(provided)

Reduction factor = (Asreq’d )/ (As provided) OR

¢ A reduction of development length in accordance 1s not permitted for :

&

© @ T OREOIEY

At noncontinuous supports

At locations where anchorage or development for fy is required

Where bars are required to be continuous

For hooked, headed, and mechanically anchored deformed reinforcement

In seismic-force-resisting systems in structures assigned to Seismic Design Categories C, D, E, or F

Anchorage of concrete piles and concrete filled pipe piles to pile caps in structures assigned to Seismic Design
Categories C, D, E, or F

® Good practice to ignore this provision, since use of structure may change over time.

12/16/2020
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Standard Hooks and Anchorage

& In some cases, the actual available length for development 1s less than the calculated
development length

& Hooks are not allowed to developed compression reinforcement.

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

Minimum inside bend Straight extension!!!
Type of standard hook Bar size diameter, mm { oy MM Type of standard hook

-~ Paoint at which
0. 10 through No. 25 dp " baris developed

90-degree hook 0. 29 through No. 36
0. 43 through No. 57

0. 10 through No. 25 dp _~— Paint at which
= bar is developed

Greater of

180-degree hook 0. 29 through No. 36 4d,, and 65 mm

0. 43 through No. 57

A standard hook for deformed bars in tension 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.
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Standard Hooks and Anchorage

¢ Bend diameters for bars used as transverse reinforcement and standard hooks for bars used to

anchor stirrups, ties, hoops, and spirals

Table 25.3.2—Minimum inside bend diameters and standard hook geometry for stirrups, ties, and hoops

Type of standard Minimum inside bend Straight extension!
hook Bar size diameter, mm { orts MM Type of standard hook
10 through _ | 90-degree
1

No. 10 through ) [
No. 16 g " 135-degree
.10 bend

Greater of 6dp and 75 mm

90-degree hook

135-degree hook )
= Diameter -

No. 19 through
No. 25

No. 10 through
No. 16

t}_uough

180-degree hook Greater of 44 and 65 mm

A 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.
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Standard Hooks and Anchorage

& Development length of Hooked bars (1;5,)

& Development length (,, for deformed bars in tension
terminating in a standard hook shall be the greater of

l4n = max<

(Fy e o

23 A/ f!

8d,

\ 150 mm

1.5
dp

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

Modification
factor Condition Value of factor

_ o Lightweight concrete
Lightweight A
Normalweight concrete

Epoxy-coated or zinc and epoxy
dual-coated reinforcement
Epoxy v,
Uncoated or zinc-coated

(galvanized) reinforcement

Confining
reinforcement

Location v, For No. 36 and smaller diameter
hooked bars:
(1) Terminating inside column
core with side cover normal to

plane of hook mm, or
(2) With side cover normal to
plane of hook = 6d,

Concrete
strength v,

ls is minimum center-to-center spacing of hooked bars.

(4, is nominal diameter of hooked bar.

12/16/2020 16


https://students-hub.com

Standard Hooks and Anchorage

& Development length of Hooked bars ({;5)

¢ The total cross-sectional area of ties or stirrups confining hooked
bars A, shall consist of:

& Standard Ties or stirrups that enclose the hook

& OR Other reinforcement enclosing the hook, that extends at least 0.750
from the enclosed hook in the direction of the bar in tension

¢ For bars being developed by a standard hook at discontinuous
ends of members with both side cover and top (or bottom) cover
to hook less than 65 mm

@ The hook shall be enclosed along £dh within ties or stirrups
perpendicular to £, at s < 3d,

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

Ties or
stirrups
required

Ceih

£3d, <=2d, SectionA-A
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Lap Splices

® In some cases, we encounter a situation where we need to cut reinforcement while it still in
tension (Very long beam)

& In this case, the required Tension lap splice length €

Table 25.5.2.1—Lap splice lengths of deformed
bars and deformed wires in tension

Maximum
percent of A;
spliced within
required lap

Clear spacing Lapped bar (typ.) N\

1

"{ s_ui.'ll."ol':"a'er.\""a ‘4 s,required

over length of splice

Greater | 1.3{;and
of: | 300 mm

[lRatio of area of reinforcement provided to area of reinforcement required by analysis
at splice location.

Clear spacing _/
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Example:

& Calculate the length of all bars and draw side view the beam reinforcement

f, = 420 MPa

5 ' = 28 MPa
614 Je

: 614

312 _ Length (m)

3d12

-10

-12 5q)22
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Example:

& Calculate the length of all bars and draw side view the beam reinforcement

f, = 420 MPa
f! =28 MPa

5®16 btm
3 D12 top

1 2 3 4 5 6 7 8 9 Length (m)

3d14
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