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CHAPTER 5

Shear in Reinforced Concrete Beams

ABSTRACT

The objective of today’s reinforced concrete designer
is to produce ductile members that provide warning
of impending failure. To achieve this goal, the code
provides design shear values that have larger safety
factors against shear failures than do those provided
for bending failures.

The failures of reinforced concrete beams in shear
are different from their failures in bending. Shear
failures occur suddenly with little or no advance
warning. Thus, beams are designed to fail in bending
under loads that are appreciably smaller than those
that would cause shear failures. As a result, those
members will fail ductility. They may crack and sag a
great deal if overloaded, but they will not fall apart,
as they might if shear failures were possible.

Ali R. Emami
Reinforced Concrete: Mechanics and Design
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(b) Flexure-shear cracks.
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FIGURE 7.29 Damage at failure in series of tests on beams without transverse reinforcement. (After Leonhardt, 1962.)
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22.5.1.1 Nominal one-way shear strength at a section, V/,,
shall be calculated by:

V,=V.+V, (22.5.1.1)

22.5.1.2 Cross-sectional dimensions shall be selected to
satisfy Eq. (22.5.1.2).

V, <oV, +0.66,/f/b,d) (22.5.1.2)

R22.5.1.2 The limit on cross-sectional dimensions in
22.5.1.2 is intended to minimize the likelihood of diagonal

~ compression failure in the concrete and limit the extent of
- cracking.

S99 S @9l il (bl e y2

22.5.5.1 For nonprestressed members without axial force,
V. shall be calculated by:

V.= 0170/ f/b,d (22.5.5.1)

unless a more detailed calculation is made in accordance

with Table 22.5.5.1. p, = ratio of 4;to b,d

Table 22.5.5.1—Detailed method for calculating V.

Ve
J (1]
[0.16AJ7;+ 17p., L"—]bwd (a)
Least of (a), (b), -
and (c): (0.16\[f/+17p,)b,d (b)
0.290 /b, d (©)
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22.5.6.1 For nonprestressed members with axial compres-
sion, V. shall be calculated by:

VC=O.17(

unless a more detailed calculation i1s made in accordance
with Table 22.5.6.1, where N, is positive for compression.

N;[ Jl\/fbwd (22.5.6.1)

Table 22.5.6.1—Detailed method for calculating
V. for nonprestressed members with axial
compression

Ve
(1]
0.16A/f/ +17p,, Vu‘(zh_d) b.d
M,-N ~——
U u 8 (a)
Lesser
of (a) (4h-d) _

and (b): Equation not applicable if A/, — N,

0290/, d {1 029N, (b)
g

(1M, occurs simultaneously with ¥, at the section considered.

10
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22.5.7 V. for nonprestressed members with significant
axial tension

22.5.7.1 For nonprestressed members with significant
axial tension, V, shall be calculated by:

N
V. =0.17| 1+ == Mbd  (22.5.7.0)
) g

where N, is negative for tension, and V, shall not be less

than zero.
ol S 4l T il i

19.2.4.2 The value of A shall be based on the composition
of the aggregate in the concrete mixture in accordance with
Table 19.2.4.2 or as permitted in 19.2.4.3.

Table 19.2.4.2—Modification factor i,

Concrete Composition of aggregates A
Fine: ASTM C330M
Coarse: ASTM C330M
Fine: Combination of ASTM

C330M and C33M 0.75 to 0.85]
Coarse: ASTM C330M
Fine: ASTM C33M

Sand-lightweight Coarse: ASTM C330M i

Fine: ASTM C33M
Coarse: Combination of ASTM 0.85 to 112
C330M and C33M

, Fine: ASTM C33M
Normalweight Coarse: ASTM C33M :

All-lightweight 0.75

Lightweight, fine
blend

Sand-lightweight,
coarse blend

11
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Open stirrups for beams with negligible torsion (ACI 11.5.1)

hangers ﬂ
(a) () © () ©)

Closed stitrups for beams with significant torsion (see ACI 11.5.2.1)

not less
than
1 . 3 ed

® (2

> o9

These types of
L— .

stirrups are not

satisfactory for

members designed

for seismic forces.

concrete confinement
both sides

concrete confinement concrete confinement
one side \ one side \

- = -

) (i) G
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22.5.10 One-way shear reinforcement

22.5.10.1 At each section where V, > ¢V, transverse
reinforcement shall be provided such that Eq. (22.5.10.1) is
satisfied.

—V (22.5.10.1)

22.5.10.2 For one-way members reinforced with trans-
verse reinforcement, V, shall be calculated in accordance
~with 22.5.10.5.

22.5.10.5.1 In nonprestressed and prestressed members,
shear reinforcement satisfying (a), (b), or (c) shall be permitted:

(a) Stirrups, ties, or hoops perpendicular to longitudinal
axis of member

(b) Welded wire reinforcement with wires located perpen-
dicular to longitudinal axis of member

(¢) Spiral reinforcement

22.5.10.5.2 Inclined stirrups making an angle of at
least 45 degrees with the longitudinal axis of the member and
crossing the plane of the potential shear crack shall be permitted
to be used as shear reinforcement i nonprestressed members.

14
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22.5.10.5.3 V for shear reinforcement 1n 22.5.10.5.1 shall
be calculated by:

_Afd

A

V

Ay

(22.5.10.5.3)

where s is the spiral pitch or the longitudinal spacing of
the shear reinforcement, and A, is given in 22.5.10.5.5 or
22.5.10.5.6.

(T LTI

(uill) i

SO 590 f Caiuen il 90 (g pl 32 G kel

22.5.10.5.4 V; for shear reinforcement in 22.5.10.5.2 shall
be calculated by:

_ 4,1, (sina+cosa)d

A}

%

s

(22.5.10.5.4)

where a 1s the angle between the inclined stirrups and the
longitudinal axis of the member, s is measured parallel to the
longitudinal reinforcement, and 4, is given in 22.5.10.5.5.

§§§§ : :'az45: 2 iééz
hm

() e
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22.5.10.5.5 For each rectangular tie, stirrup, hoop, or
crosstie, A, shall be the effective area of all bar legs or wires
within spacing s.

22.5.10.5.6 For each circular tie or spiral, A, shall be two
‘times the area of the bar or wire within spacing s.

Open stirrups for beams with negligible torsion (ACI 11.5.1)

hangers
@) () © (@ O]
Closed stirrups for beams with significant torsion (see ACI 11.5.2.1)
& 7
| These types of
not less stirrups are not
than satisfactory for
134 members designed
for seismic forces.
®) (&
concrete confinement concrete confinement concrete cor}finement
one side \ one side \ both sides
() @ G

18



Ol Wi 3 Odet o (5l 02 220k e L) W (g ) e
22.5.10.6 One-way shear strength provided by bent-up
longitudinal bars
5 ghaie )3 (ghp Vg el (sl (orslin by, 5 oad o3 Jab oY
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s Bl b (oS 5 O j90 4 (ogatd; ad o3 Job oVgh 09 o0 pald
Do oo Dgme by sBVgE el sl (orslio Gy cdile b ol

ol
e (z)

22.5.10.6.2 If shear reinforcement consists of a single bar

or a single group of parallel bars having an area A,, all bent

“the same distance from the support, V; shall be the lesser of
(a) and (b):

(a) Vs = Af,sina (22.5.10.6.2a)

(b) ¥, =0.25\f/b,d (22.5.10.6.2b)

where a is the angle between bent-up reinforcement and
longitudinal axis of the member.

S 53 wslae (Jsb slao Kl 5 29,5 b g Job oKL s oS 3y
Ceaglie wigh p3 3l 4y Cond @ gy b g YL Byb 4 oFaSS I ol AL

229350 a3 pj Ay SIACI318 uld byl 2
: l =
V,=A,f,sina < Z‘/i‘— b.d (¥Y-Y)
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sin o + cos o )d
V. = Afo"‘( ) (22.5.10.5.4)
S
> 30" /
&z:_ — = — ;!_,j}
/Zf’WI (') i

22.5.10.6.1 The center three-fourths of the inclined portion
of bent-up longitudinal bars shall be permitted to be used as
shear reinforcement in nonprestressed members if the angle
o between the bent-up bars and the longitudinal axis of the
‘member is at least 30 degrees.

22.5.10.6.3 If shear reinforcement consists of a series of
parallel bent-up bars or groups of parallel bent-up bars at
different distances from the support, V; shall be calculated
by Eq. (22.5.10.5.4).

CLelfaSs ;0 g e S ailad lawy 0 4T Gyl Glays o
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9.4.3.2 Sections between the face of support and a critical
section located d from the face of support for nonprestressed
beams and h/2 from the face of support for prestressed
beams shall be permitted to be designed for V), at that critical
section if (a) through (c) are satisfied:

(a) Support reaction, in direction of applied shear, intro-
duces compression into the end region of the beam

(b) Loads are applied at or near the top surface of the beam
(¢) No concentrated load occurs between the face of
support and critical section

itical
|"/—cntlcalsect

LTS ™% L
)

A

..RDM

T

{R
Fig. R9.4.3.2a—F'ree body diagrams of the end of a beam.

I‘/_ Critical section

L LD

\ Beam ledge

4 —L

4R
Fig. R9.4.3.2b—Location of critical section for shear in a
~beam loaded near bottom.
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Fig. R9.4.3.2(c), (d), (e), (N—Dypical support conditions for
locating factored shear force V,,.
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9.6.3 Minimum shear reinforcement

9.6.3.1 A minimum area of shear reinforcement, A, i,
shall be provided in all regions where V, > 0.5¢ V. except
for the cases in Table 9.6.3.1. For these cases, at least A, yin
shall be provided where V, > ¢ V..

Table 9.6.3.3—Required A, in

Beam type Ay min$
0.062./ 1 b,
Nonprestressed 06 \/Z f_
yt
aqd prestressed Greater of:
with A4, < b
0.4(Apsfpu + Asfy) 0.35f—w
yt

24
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Table 9.7.6.2.2—Maximum spacing of shear
reinforcement

Maximum s, mm
Nonprestressed Prestressed
Vi beam beam
df2 3h/4
<0.33,/f/b,d | Lesser of:

600

dl4 3h/8
>0.33/f’p,d | Lesser of: 300

ket Gy (& i el St 2] 9o bl i 5o 5 2T G e 9 il

18.4.2.4 At both ends of the beam, hoops shall be provided
over a length of at least 24 measured from the face of the
supporting member toward midspan. The first hoop shall be
located not more than 50 mm from the face of the supporting
member. Spacing of hoops shall not exceed the smallest of

(a) through (d):

(a) d/4

(b) Eight times the diameter of the smallest longitudinal
bar enclosed

(c) 24 times the diameter of the hoop bar

(d) 300 mm

18.4.2.5 Transverse reinforcement spacing shall not
“exceed d/2 throughout the length of the beam.

25
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