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Table A.13b Coefficients for slabs with variable moment of inertiat

aila —~ |
load w pst ' : Ay
AA1ARARAARAARARAAARARARAAARASAAAMINN,
' . ~1.25 Ay
1,/6 24,73 R
i | 11 ]
H J, in perpendicular direction ¥
¢ ¢
_ Uniform load ; ‘ ]
Column . FEM = Stiffness Carryover
dimension coeff. (wl, 13) factort ' factor
Cra C1n , ;
: l_ l_ M Mg, L kn COF 45 COF“
1 1 ; )
0.00 0.00 0.088 0.088 478 478 054 0.541
0.05 0.087 0.089 4.80 4.82 0.545 0.541
0.10 0.087 0.090 483 . 494 0.553 0.541 -
0.15 0.085 0.093 487 512 0.567 0.540
0.20 0.084 0.096 493 5.36 0.585 0.537
0.25 0.082 0.100 500 5.68 0.606 0.534
0.05 0.05 0.088 0.088 4.84 484 0.545 0.545
0.10 0.087 0.090 487 495 0.553 0.544
015 0.085 0.093 491 5.13 0.567 0.543 -
0.20 0.084 0.096 497 538 - 0584 0.541
0.25 0.082 0.100 5.05 570 *0.606 0.537
0.10 0.10 0.089 0.089 498 498 0553 0.553
0.15 0.088 0.092 5.03 5.16 0.566 0.551
0.20 0.086 0.094 5.09 5.42 0.584 0.549
0.25 0.084 0.099 5.17 5.74 0.606 0.546
015 015 0.090 0.050 5.22 5.22 0.565 0.565
0.20 0.089 0.094 5.28 5.47 0.583 0.563
0.25 087 0.097 5.37 5.80 0.604 0.559
0.20 0.20 0.092 0.092 5.55 5.55 0.580 0.580
0.25 0.090 0.096 5.64 5.88 0.602 0.577
0.25 025  ° 0.094 0.094 5.98 5.98 0.598 0.598

t Applicable when ¢,/I, = ¢,/I,. For other relationships between these ratios, the constants will be
slightly in error.

+ Stiffness is K (5 = k (5E(I, h3/12!) and Ky, = ky, E(I, h3/121,).
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Table A.13¢ Coefficients for columns with variable moment of inertia

y 45 14
! = @ A f
T
/ = constont fy
\
g
Uniform load
Carryover
Slab coeff. (wl, 1?) factors
depth ;
Crally M 45 Mg, ks kgy " COF 44 COF,,
0.00 0.083 0.083 " 400 4.00 0.500 0.500
0.05 0.100 0.075 491 4.21 0.496 0.579
0.10 0.118 0.068 6.09 4.44 0.486 0.667
0.15 0.135 0.060 7.64 -4.71 0.471% 0.765
0.20 0.153 0.053 9.69 5.00 0.452 0.875
0.25 0.172 0.047 12.44 5.33 0.429 1.000

64



University of Baghdad
College of Engineering

-,

B f"
e
. \%
i Y |

POURTH YEAR CLAGSS

=L

e

7

e

/

2018 = 2019




Reinforced Concrete Design 11

Shear in slabs

One-way shear or beam-action shear: involves an inclined crack extending across the entire width
of the panel.
Two-way shear or punching shear: involves a truncated cone or pyramid-shaped surface around the

column

For each applicable factored load combination, design strength shall satisfy:
- ¢V,2V, atall sections in each direction for one-way shear.
- vy >, at the critical sections for two-way shear.

Interaction between load effects shall be considered.

Vi =V + Vg
Vn = V¢ (nominal shear strength for two-way members without shear reinforcement).

Vn = V¢ + Vg (nominal shear strength for two-way members with shear reinforcement other than
shearheads).

¢=0.75

V. is the factored shear force at the slab section considered.

V, is the nominal shear strength.

V. is the nominal shear strength provided by concrete.

V; is the nominal shear strength provided by shear reinforcement.

vy 1s the equivalent concrete stress corresponding to nominal two-way shear strength of slab.

vy is the maximum factored two-way shear stress calculated around the perimeter of a given critical
section.

vy 1s the factored shear stress on the slab critical section for two-way action due to gravity loads

without moment transfer.

shear cap: a projection below the slab used to increase the slab shear strength. It shall project below
the slab soffit and extend horizontally from the face of the column a distance at least equal to the

thickness of the projection below the slab soffit.
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Shear in slab with beams

Shear shall be checked at a distance d from the face of the support (beam).
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Tributary area for shear on an interior beam.
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Shear in flat plate and flat slab

Types:-

1- Beam action (one — way shear action)

2- Punching shear (two — way shear action)

Tribulary area
" for two-way

1
shear-column 1

AR

Tributary area for
twa- way shear-column 2 N

Critical section for

X

one-way shear-
/'/ column 4

Py >
Tributary area 10r
/ two-way shear-column 3

/ /

i

\ \\. \\ \
Trmutary area for

one-way shear-column & 1

\_\r\_x_

Grrt:cau
section

Critical sections and tributary areas for shear in flat plate.

73



Reinforced Concrete Design 11

{(a) Section through drop panel.

|
Edge of drop panel
Edg pe

:-— dol2

(b} Critical sections.

Critical sections in a slab with drop panels.

{a) Two-way shear. {b) One-way shear.

Critical shear perimeters and tributary areas for corner column.
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Factored one-way shear

For slabs built integrally with supports, V,, at the support shall be permitted to be calculated at the
face of support.

Sections between the face of support and a critical section located a distance d from the
face of support for nonprestressed slabs 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, introduces compression into the end regions of
the slab.

(b) Loads are applied at or near the top surface of the slab.

(c) No concentrated load occurs between the face of support and critical section.
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Reinforced Concrete Design 11

One-way shear strength
Nominal one-way shear strength at a section (V) shall be calculated by:
Vo=V, + Vi

Cross-sectional dimensions shall be selected to satisfy:

V, < ¢ (vc +0.66 \/{ bwd>

For nonprestressed members without axial force, V. shall be calculated by:
V. = 0.17,/f. bd

unless a more detailed calculation is made in accordance with Table 22.5.5.1.

Table 22.5.5.1 - Detailed method for calculating V.

Ve
V,d
(0.16JF5+ 17 pw g )bd @)
u
Least of (a), (b), (0.16 \/f_é +17 pw) bd (b)
and (c):
0.29/fIbd ©

M, occurs simultaneously with V, at the section considered.

Effect of any openings in members shall be considered in calculating V,,.

At each section where V,, > ¢V, transverse reinforcement shall be provided such that the equation

Vy
Vs = Ve

is satisfied.

The critical section extending across the entire width at a distance d from:-
1- The face of the rectangular column in flat plate.

2- The face of the equivalent square column capital or from the face of drop panel, if any in flat

slab.

The short direction is controlling because it has a wider area and short critical section:-

Vu:qu's'%_ (%'i‘ d)] ; Vy = V.n = Yn
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Factored two-way shear (punching)

Critical section:
Slabs shall be evaluated for two-way shear in the vicinity of columns, concentrated loads, and
reaction areas at critical sections.

Two-way shear shall be resisted by a section with a depth (d) and an assumed critical

perimeter (b,).

For calculation of v, and vy for two-way shear, d shall be the average of the effective depths
in the two orthogonal directions.

For two-way shear, critical sections shall be located so that the perimeter (b,) is a minimum
but need not be closer than d/2 to (a) and (b):
(a) Edges or corners of columns, concentrated loads, or reaction areas.

(b) Changes in slab or footing thickness, such as edges of capitals, drop panels, or shear caps.

For a circular or regular polygon-shaped column, critical sections for two-way shear shall be

permitted to be defined assuming a square column of equivalent area.

IR NN N NN RN E NN nE I
.

Punching shear crack 0.3/
intercepted by top =
reinforcement I
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Failure surface defined by punching shear

Nominal shear strength for two-way members without shear reinforcement shall be calculated by:
Vn = VC

v, for two-way shear shall be calculated in accordance with Table 22.6.5.2.

Table 22.6.5.2 - Calculation of v, for two-way shear

Ve
0.33/f! (a)
2
Least of (a), (b), and (¢): 0-17( 1+ E) fe (b)
0.083 (2 + a; d) f! (©)

Note: f is the ratio of long side to short side of the column, concentrated load, or reaction area.
o = 40 for interior columns

=30 for edge columns

= 20 for corner columns

Nominal shear strength for two-way members with shear reinforcement other than shearheads shall
be calculated by:

Vn = Ve T Vg

For two-way members with shear reinforcement, v, shall not exceed the limits:
ve = 0.17 /!

For two-way members with shear reinforcement, effective depth shall be selected such that v,
calculated at critical sections does not exceed the value:

Vu < ¢0.5 \/f—c’
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For two-way members reinforced with headed shear reinforcement or single- or multi-leg stirrups, a

critical section with perimeter b, located d/2 beyond the outermost peripheral line of shear

reinforcement shall also be considered. The shape of this critical section shall be a polygon selected

to minimize b,

Effective depth

For calculation of v, and v, for two-way shear, d shall be the average of the effective depths in the

two orthogonal directions.

Two-way shear strength provided by single- or multiple-leg stirrups:

Single- or multiple-leg stirrups fabricated from bars or wires shall be permitted to be used as shear

reinforcement in slabs and footings satisfying (a) and (b):
(a) d is at least 150 mm.

(b) d is at least 16dy,, where d,, is the diameter of the stirrups.

For two-way members with stirrups, v shall be calculated by:

A, fy
" by s

Vs

Where

A,: is the sum of the area of all legs of reinforcement on one peripheral line that is geometrically

similar to the perimeter of the column section.

s: is the spacing of the peripheral lines of shear reinforcement in the direction perpendicular to the

column face.

~_6d,
b

@ ®)

E—y b/ b
7 z
Z Code Sec7.1.3 Code Sec 7.1.3

(a) Single-leg stirrup. (b) Multiple-leg stirrup.

(c) Closed stirrups.

hss

Shear reinforcement.
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Critical section
through slab shear
reinforcement
(first line of
stirrup legs)

p

/

7

I
i

Critical section
outside slab shear
reinforcement

Slab

gl

Elevation

<2d

- —]
<dl2 s<df2

(!

Column

Arrangement of stirrup shear reinforcement, interior column.

Critical sections for two-way shear in slab with shear reinforcement at interior column.
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Critical section outside
e slab shear reinforcement
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d/2 y Critical section through

7 <
o slab shear reinforcement
_/ (first line of stirrup legs)

(T |

|-—ll'| Hl -

<2d |=d/2 s=d/2

Elevation

Arrangement of stirrup shear reinforcement, edge column.

Critical sections for two-way shear in slab with shear reinforcement at edge column.
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Slab edge

e

a

4

’ Critical section outside

’ slab shear reinforcement
d/2

Critical section through
slab shear reinforcement
(first line of stirrup legs)

O .
e [ - -

<2d |=d/2 s=d/2

Elevation

Arrangement of stirrup shear reinforcement, corner column.

Critical sections for two-way shear in slab with shear reinforcement at corner column.
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Column face

| fv - 01/2

Structural shearheads.
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(a) No shearhead ¢, :";.:}2 oo
(b) Small interior £,-€4/2
Sheafj i (c) Large interior
(e) shearhead
(n=4)
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(d) Small edgle;hearhead (e) Large edge
(n=23) shearhead
(n=23)

Location of critical section without and with shearheads.
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Typical arrangements of headed shear stud reinforcement and critical sections.
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Effect of any openings and free edges in slab shall be considered in calculating v,

Ineffective Opening

(@ (b)

Effect of openings and free edges (effective perimeter shown with dashed lines).
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Example:
The flat plate slab of 200 mm total thickness and 160 mm effective depth is carried by 300 mm

square column 4.50 m on centers in each direction. A factored load of 580 kN must be transmitted
from the slab to a typical interior column. Determine if shear reinforcement is required for the slab,

and if so, design integral beams with vertical stirrups to carry the excess shear. Use fy, = 414 MPa,
f, =30 MPa.

Solution:-
Shear perimeter (b,) =(300+ 160 ) x 4 =1840 mm

V, =580 kN
v, 580 x 103

Vug = 59T Tga0 x160 0 0 MPa

1) without shear reinforcement

The design shear strength of the concrete alone at the critical section d/2 from the face of column is

(0.33./f = 0.33V/30 = 1.807 MPa
2 2
0.17 (1 + E)Jf—c'= 0.17 (1 +T) X V30 =2.793 MPa

V. = min.

ag d 40 x 160
0.083 (2 + = )JE =0.083 (2 + —) x V30 = 2.49 MPa
b, 1840
300
:—:1

Pe=300

. v. = 1.807 MPa

Vo = Ve

¢ovn,=0.75x1.807=1.355 MPa < v,=1.97 MPa not O.K.

.. Shear reinforcement is required

i) with shear reinforcement

Vn = Ve Vs

For two-way members with shear reinforcement, effective depth shall be selected such that v,
calculated at critical sections does not exceed the value:

vy < 0.5/

Vy= vy = 197 MPa < ¢0.5,/f.=0.75 x 0.5 x V30 =2.054MPa  O.K.

ve = 0.17/ff =0.17 x V30 = 0.931 MPa

Let ¢vy,=v,=1.97 MPa

¢ (Ve tvs) =y
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\% 1.97
= v, = ;ﬁ— Ve = 5oz~ 0.931=1.696 MPa
A, fy
Vg =
b, s
Vsbes  1.696 x 1840 x 80 ,
= A, = ; = 114 = 603 mm s=§=80mm
y

The required area of vertical shear reinforcement = 603 mm?

For trial, 610 mm vertical closed hoop stirrups will be selected and arranged along four integral
beams.

effective depth = 160 mm =16 x 10 (d is at least 16dy). O.K.

A, provided is 4 x 2 x 78.5 =628 mm? at the first critical section, at distance d/2 = 80 mm from the

column face.

The required perimeter of the second critical section, at which the concrete alone can carry the

shear, is found from the controlling equation as follows:
Vy = Ovy, = OV, = ¢0.17\/f_c’ =0.75 x 0.17 x V30 = 0.698 MPa

580 x 103

Vu = Vug = 0698 = 3 Tey
o

b, = 5193.4 mm

5193.4=4x@3d+y)

= y=2818.35 mm

x = 818.35 x sin 45 =578.7 mm

8 stirrups at constant 80 mm spacing will be sufficient, the first placed at 80 mm from the column
face, this provides a shear perimeter (b,) at second critical section of:

9x80+150=870mm > x+240=818.7mm O.K.

It is essential that this shear reinforcement engage longitudinal reinforcement at both the top and
bottom of the slab, so 4 longitudinal 16 bars will be provided inside the corners of each closed

hoop stirrup. Alternatively, the main slab reinforcement could be used.
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Example:
Check the two way shear action (punching shear) only around an edge column (400x400) mm in a

flat plate floor of a span (6.0 x 6.0) m. Find the area of vertical shear reinforcement if required.
Assume d = 158 mm. Total q, = 16.0 kPa (including slab weight), f.’ =25 MPa, f, = 400 MPa.

Solution:-
Shear perimeter (b,) = (400 + 79) x 2 + (400 + 158) = 1516 mm

V=16 x (6 x3.2-0.558 x 0.479) = 302.923 kN
Vy 302923 x 103

Vag = 54~ 1516 x 158 26> MPa

1) without shear reinforcement

The design shear strength of the concrete alone at the critical section d/2 from the face of column is

(0.33 /f! = 0.33V25 = 1.65 MPa
2 2
0.17 (1 + —)«/fc' = 0.17 (1 +T) X V25 =2.55 MPa

V. = min. B
0.083 (2 + % d )\/F = 0.083 (2 + —30 X 158) X V25 =2.128 MPa
b, ¢ 1516
400
P. _W)_l
~ ve = 1.65 MPa
Vp = Ve

ovy,=0.75 x 1.65=1.238 MPa < v,=1.265 MPa not O.K.

.. Shear reinforcement is required

ii) with shear reinforcement

Vn = V¢ T Vg

For two-way members with shear reinforcement, effective depth shall be selected such that v,
calculated at critical sections does not exceed the value:

vy < $0.5/f!

vy = Vyg = 1.265 MPa < ¢0.5,/f=0.75 x 0.5 x V25=1.875MPa  O.K.

ve = 0.17,/ff =0.17 x V25 = 0.85 MPa

Let ¢v,=v,=1.265 MPa

¢ (Ve tvs) = vy

v 1.265
= v, = ;?— Ve = oo — 0.85 = 0.837 MPa
Y A, f,
S bys
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vsb,s  0.837 x 1516 x 79

£, 400

= A, =

= 250.6 mm? s=5 = 79 mm

The required area of vertical shear reinforcement = 250.6 mm®

To design the integral beams with the vertical stirrups to carry the excess shear:

For trial, 8 mm vertical closed hoop stirrups will be selected and arranged along three integral
beams.
effective depth = 158 mm > 16 x 8§ = 128 mm (d is at least 16dy). O.K.

A, provided is 3 x 2 x 50.2 =301 mm?” at the first critical section, at distance d/2 ~ 75 mm from the

column face.

The required perimeter of the second critical section, at which the concrete alone can carry the

shear, is found from the controlling equation as follows:
vy = v, = ¢ve = ¢ 0.17/fZ = 0.75 x 0.17 x V25 = 0.638 MPa

302.923 x 103
b, X 158

Vy = Vyg = 0.638 = b, = 3005.1 mm
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Example:
Check the two way shear action (punching shear) only around a corner column (400x400) mm in a

flat plate floor of a span (6.0x6.0) m. Find the area of vertical shear reinforcement if required.
Assume d =158 mm. Total q, = 19.0 kPa (including slab weight), {.’= 25 MPa, f, = 400 MPa.

Solution:-
Shear perimeter (b,) = (400 + 79) X 2 =958 mm
Vu=19 x(3.2x3.2-0.479 x 0.479) = 190.201 kN

Vo 190.201 x 103

_ - = 1.257 MP
Vug = 5 T4 T T 958 x 158 a

1) without shear reinforcement

The design shear strength of the concrete alone at the critical section d/2 from the face of column is

0.33/f! = 0.33V25 = 1.65 MPa
2 2
0.17 (1 + E),/fc' - o.17<1 +T> x V25 =2.55 MPa

V. = min.

ag d 20 x 158
0.083 (2 + = >\/f_c =0.083 (2 + —) x V25 = 2.199 MPa
b, 958
400
:—:1

Pe=%00

» v, =1.65 MPa

Vn = V¢

ov, =0.75 x 1.65=1.238 MPa < v,=1.257 MPa not O.K.

.. Shear reinforcement is required

i) with shear reinforcement

Vn = V¢ T Vg

For two-way members with shear reinforcement, effective depth shall be selected such that v,
calculated at critical sections does not exceed the value:

vy < $0.5/f!

Vy = vyg = 1257 MPa < ¢$0.5/f{ =075 x 0.5 x V25 =1875MPa  O.K.

ve = 0.17/fZ = 0.17 x V25 = 0.85 MPa

Let ¢v,=v,=1.257 MPa

O (Ve t vy = vy

v, 1.257
= VT T VeT s

(I) — 0.85=0.826 MPa
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LA
S bys
v.bys  0.826 x 958 x 75 d
= A, = = = 148.4 mm? s=75mm < = =79 mm
£, 400 2

The required area of vertical shear reinforcement = 148.4 mm’

Example:
Check the two way shear action (punching shear) only around an interior column (450x450) mm in

a flat plate floor of a span (5.8x5.6) m. Find the area of vertical shear reinforcement if required.
Assume d =150 mm. Total q, = 17.5 kPa (including slab weight), f.’=32 MPa, f;, =420 MPa.
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Example:
Check the two way shear action (punching shear) only around an interior column (400x500) mm in

a flat plate floor of a span (5.6x5.6) m. Find the area of vertical shear reinforcement if required.
Assume d =170 mm. Total q, = 18.0 kPa (including slab weight), f.’=30 MPa, f;, =420 MPa.

Solution:-
Shear perimeter (b,) = (400 + 170) x 2 + (500 + 170) x 2 = 2480 mm
V=18 x (5.6 x 5.6 —0.57 x 0.67) = 557.606 kN

Vy  557.606 x 103

_ - — 1.323 MP
Vug = T4 T 72480 x 170 a

1) without shear reinforcement

The design shear strength of the concrete alone at the critical section d/2 from the face of column is

0.33/ff = 0.33V/30 = 1.807 MPa

2 2
ve =min.{ 17 (1 + E)\/f_c: 0-17(1 +E> x V30 =2.421 MPa

ag d 40 x 170
0.083 (2 + = >\/f_c =0.083 (2 + —) x V30 = 2.156 MPa
b, 2480
B, _900_ 05
400
» v, =1.807 MPa
Vn = V¢

ov, =0.75x1.807 = 1.355 MPa > v, =1.323 MPa not O.K.

.. Shear reinforcement is not required

Example:
Check the two way shear action (punching shear) only around an edge column (300x300) mm in a

flat plate floor of a span (4.0x4.0) m. Find the area of vertical shear reinforcement if required.
Assume d =165 mm. Total q, = 17.6 kPa (including slab weight), f.’=35 MPa, f, =420 MPa.
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Transfer of moments to columns

The above analysis for punching shear in slabs assumed that the shear force (V,) was uniformly
distributed around the perimeter of the critical section (b,), at distance d/2 from the face of
supporting column and resisted by concrete shear strength (v.), which was given by the minimum of
three equations. If significant moment is to be transferred from the slab to the column, the shear
stress on the critical section is no longer uniformly distributed. The situation is shown in figures
below.

V, represents the total vertical reaction to be transferred to the column.

M, (yvM;) represents the unbalanced moment to be transferred by shear.

V, causes shear stress distributed uniformly around the perimeter of the critical section, which
acting downward. M, causes additional loading, which add to shear stresses in one side and subtract
to the other side.

Vv (Mu-; - Mug)

R My — My ¢
JC

{d) Total shear stresses.

Shear stresses due to shear and moment transfer at an interior column.
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Shear sirassas
dua 14 4,M,

@y Tranzfer of moment &l edge column

Wﬁf” o

(b Shaear siresses due to W,

{c) Ehaar stresges dus o M,

d} Total shear giresses

Shear stresses due to shear and moment transfer at an edge column.




Reinforced Concrete Design 11

c,+d € Col. €
pl__c___IA 1
J—i---— —— Vcni: —IVAB
I
c;+d| | B
: E\—Critig:al i
o S5 AR R section -mlll!lﬂl Shear
‘ Ccp'! cAB| stress
C .
(a) Interior column
¢, +d/2 ¢Col. ¢
————I—-: Vcni— _IVAB
|
:\Critipal
__1 section Shear
IE stress
CaB ¥

(b) Edge column

Assumed distribution of shear stress.

If there is a transfer of moment between the slab and column, a fraction of M., the factored slab
moment resisted by the column at a joint, shall be transferred by flexure (yfMs.), where vy shall be

calculated by:

1

Yfzﬁ
1+ (3)
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For nonprestressed slabs, where the limitations on v, and & in Table 8.4.2.3.4 are satisfied, yr shall

be permitted to be increased to the maximum modified values provided in Table 8.4.2.3.4, where v,

is calculated in accordance with Table 22.6.5.2, and v, is the factored shear stress on the slab

critical section for two-way action due to gravity loads without moment transfer.

Table 8.4.2.3.4—Maximum modified values of y; for
nonprestressed two-way slabs

&t
Column Span (within
location direction Vg bgiap) Maximum modified y,
Comer | Either | o o0 | 50004 1.0
column direction
Perpen-
dicularto | <0.75¢v. | =0.004 1.0
the ledge
Edge }e £
column Parallel & 1525 10
araretio | <0.4¢v, | =0.010 2) [p,
the edge I+ - | [
3)\b,

) ) 1.25 10
Interior :-Elthl-?l <04¢v, | 20.010 2\ 5 =18
column direction 1+ 3 W,

3

The effective slab width (bgap) for resisting y¢Ms. shall be the width of column or capital plus 1.5 h

of slab or drop panel on either side of column or capital.

Ca

(a) Interior column.

Transfer width

¢

Cz

Transfer width

(b) Exterior column with moment transferred
parallel to the edge.
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The fraction of Mg, not calculated to be resisted by flexure shall be assumed to be resisted by

eccentricity of shear.

For two-way shear with factored slab moment resisted by the column, factored shear stress (vy)
shall be calculated at critical sections. v, corresponds to a combination of v, and the shear stress

produced by v M.

The fraction of M, transferred by eccentricity of shear (y,Ms.) shall be applied at the centroid of the

critical section, where:

Yv=1-7¢

The stress distribution is assumed as illustrated in Figure above for an interior or exterior column.
The perimeter of the critical section, ABCD, is determined. The factored shear stress (v,,) and
factored slab moment resisted by the column (M) are determined at the centroidal axis c-c of the

critical section. The maximum factored shear stress may be calculated from:

_ Yv Msc CAB . _ Yv Msc CpB
VuaAB — Vug + ] ) Vucp = Vug - ]
c c

J. = property of assumed critical section analogous to polar moment of inertia

Interior column:
_d(e +d)? N (c; + d)d? N d(c, + d)(cq +d)?

c 6 6 2
or

b,d® db,? b;\?
Je = 2( 12 12 >+2(b2d)<7)

Edge column:

In case of moment about an axis parallel to the edge:

moment of area of the sides about AB

CaB = area of the sides

2(b,d) (b?)
AB = Z(b,d) + b,d

b,d® db,? b, 2 ,
Je = 2[ L+ Tt () (5= cn) ]+(bzd)cAB

In case of moment about an axis perpendicular to the edge:

= bzd3+ dby’ + 2(byd) ba)*
Je =3 12 1 (2)
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Corner column:
b

(byd) (2)

“AB = 1 d+ byd

_ [byd? N db,?
Je = 12 12

b 2
+ (byd) (71 - CAB) ] + (bpd)cip

At an interior support, columns or walls above and below the slab shall resist the factored moment
calculated by the equation below in direct proportion to their stiffnesses unless a general analysis is

made.
Msc = 0.07 [(un + 0.5 qLu) ‘BZ ‘Enz - un, 1'02, (lon,)z]
where un', €5, and £, refer to the shorter span.

The gravity load moment to be transferred between slab and edge column shall not be less than
0.3M,.

Calculation of factored shear strength v, (ACI 421.1R-4)
The maximum factored shear stress vy, at a critical section produced by the combination of factored

shear force V, and unbalanced moments M, and M, is:
Vu + YVX Mux y + YVy Muy X

vy = —
! A Jx ]y

A.: area of concrete of assumed critical section.

X, y: coordinate of the point at which v, is maximum with respect to the centroidal principal axes x
and y of the assumed critical section.

Mux, Myy: factored unbalanced moments transferred between the slab and the column about the
centroidal axes x and y of the assumed critical section, respectively

Yux> Yuy: fraction of moment between slab and column that is considered transferred by eccentricity

of shear about the axes x and y of the assumed critical section. The coefficients y,x and y,y are given

by:

1
Yvx = 1 -
- 1+ (2) 21/
1
Yvy = 1-

1+ (g) vV gxl/’gyl
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where € and ¢ are lengths of the sides in the x and y directions of the critical section at d/2 from
column face.

Ji, Jy: property of assumed critical section, analogous to polar amount of inertia about the axes x
and y, respectively. In the vicinity of an interior column, J, for a critical section at d/2 from column

face is:

e’ Pyptaa’] | tad®
]-‘/_d[6 Y2 |77

L, Ly
- 1
K ok ..
’ i \\ ..‘
:' N \\ \\
s’
'l ! \‘ \‘
I’ '_--!"'l ‘\\ ----: “\
]
L H ' | : M L X L 1 MLIX |L
g g e e s Ve N &
y{ v ' ] J' y ! X
\\ ' H ' rl H ,
‘\\ ' J=- - 'l' ---’i- ’I‘
. lMuy S uy |-
. \__i__' ¥ lo__.
y y
=1- Yvx = Same as for
1+ 3 t)/! interior column

Tyy = 52ME as for

I"— ( ,!r) -0.2 edge column

l-—--—— Tvy

®ut y,, = 0 when (£,/¢,) < 0.2)

Equations for y,x and 7Y,y applicable for critical sections at d/2 from column face and
outside shear-reinforced zone. Note: & and ¢ are projections of critical sections on

directions of principal x and y axes.

Properties of critical sections of general shape
This section is general; it applies regardless of the type of shear reinforcement used. Figure below
shows the top view of critical sections for shear in slab in the vicinity of interior column. The

centroidal x and y axes of the critical sections, Vy,, My, and M,y are shown in their positive
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directions. The shear force V, is acting at the column centroid; V,, My, and M,y represent the
effects of the column on the slab.

v, for a section of general shape, the parameters J; and J, may be approximated by the second
moments of area I, and I, given below. The coefficients y,x and Y.y are given in Figure, which is
based on finite element studies.

The critical section perimeter is generally composed of straight segments. The values of A, I, and

Iy can be determined by summation of the contribution of the segments:

=d) e

?
Iy = dz [5 (vi® +yiyj + sz)]

£
Iy = dz [§ (Xi2 + xl-x]- + ij)]

where X; , yi , X;j , and y; are coordinates of Points i and j at the extremities of the segment whose
length is <.

When the maximum v, occurs at a single point on the critical section, rather than on a side, the peak
value of v, does not govern the strength due to stress redistribution. In this case, v, may be
investigated at a point located at a distance 0.4d from the peak point. This will give a reduced v,

value compared with the peak value; the reduction should not be allowed to exceed 15%.

Moy Lgaligggi’;ruos

Myy
L — . S IENIT
> [ \| od
o~
~ /7 Cx N
©, Vg
7 | I l
- y I ad 0! -
o] lya| Iy T 777
> |
| N |
~N
S |
v 1

v, (UP) . AT \ T -
0) AT d72 FROM COLUMN FACE RITI .
SECION ' J
[ x2

" § "
y

) AT d/ TERMOST PERIPHER
b LiNEdO% XROélE 0ST PERIPHERAL

Critical sections for shear in slab in vicinity of interior column.
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Example:-
Check combined shear and moment transfer at an edge column 400 mm square column supporting
a flat plate slab system. Use f, =28 MPa |, fy =420 MPa
Overall slab thickness (t) = 190 mm, (d = 154 mm).
Consider two loading conditions:
1- Total factored shear force V, = 125 kN, the factored slab moment resisted by the column
(Mse) =35 kN.m, and & = 0.004
2- V,=250 kN , My =70 kN.m, and & > 0.004

Solution:

d 154
bl = C1+§:400+ 72477 mm

by =cy +d =400+ 154 =554 mm
b, =2b; +by=2 %477 +554=1508 mm

Edge column:

In case of moment about an axis parallel to the edge:

2(byd) (%) (b,)? (477)?
CAB = 30bid) % b,d  Zbi+ b, 2 X477 +55a 1009 mm
b,d® db,> b, z ,
Jo = [ 1 + 7‘*‘ (b;d) (E_CAB) ] + (bd)cap
477 x (154) 154 x (477)3 477 2
Jo = 2[ ———+ S+ (477 X 158) (7—150.9) ]+ (554 X 154)(150.9)2

= 6146105085.12 mm*

Ac=(2b;+by)d=(2x477+554)x 154 =232232 mm’

A.: area of critical section.

The design shear strength of the concrete alone (without shear reinforcement) at the critical section

d/2 from the face of the column is:

0.33/f. = 0.33V28 =1.746 MPa
2 2
0.17 (1 + E)Jf—c': 0.17 (1 +T> x V28 =2.699 MPa

V. = min.
agd 30 x 154
0.083 (2 + = ),/fc’ = 0.083 (2 + —) X V28 = 2.224 MPa
b, 1508
400
:_:1
P 400

~ v, =1.746 MPa
ov.=0.75 x 1.746 = 1.31 MPa
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Loading condition (1) V=125 kN, M. =35 kN.m, and & = 0.004

_V,  125%10°

= U= 227 — _ 0538 MP
Vug T AT 7232232 a

Span direction is perpendicular to the edge
0.75¢v.=0.75x1.31=0.983 MPa > v,,=0.538 MPa & &=0.004 = v;=1.0

Therefore, all of the factored slab moment resisted by the column (M;;) may be considered to be

transferred by flexure (i.e ye= 1.0 and y, = 0).

Check shear strength of the slab without shear reinforcement. Shear stress along inside face of the
critical section.

Vi = Ve

¢vy,=1.31 MPa > v, =v,;,;=0.538 MPa O.K.

.. Shear reinforcement is not required

Loading condition (2) Vu=250 kN, M. =70 kN.m, and & > 0.004
R 250 x 103 _ 1077 MP
Vug T AT 232232 a

Span direction is perpendicular to the edge

0.75¢v.=0.983 MPa < v, =1.077 MPa = 7y < 1.0

1 1
Y= = = 0.618

@B 1@z

yv=1-yr=1-0.618 =0.382

Check shear strength of the slab without shear reinforcement. Shear stress along inside face of the
critical section.

Vo = Ve
Yv Mg Cag 0.382 x 70 x 10° x 150.9

= b —""—1.077 + = 1.734 MP
VuaB = Vug I, 6146105085.12 a

ovy, =131 MPa < v,=1.734 MPa not O.K.

.. Shear reinforcement is required to carry excess shear stress.

Check maximum shear stress permitted with shear reinforcement.

v, <005f
v, = 1.734 MPa < 0.75 x 0.5vV28 = 1.984 MPa  O.K.

ve = 0.17,/ff =0.17 x V28 = 0.9 MPa
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Let ¢v,=v,=1.734 MPa
(Ve tvs)=wy

vy 1.734
= V= g Ve= oo - 09=1412MPa
o A
S bys
o = Vsbos _ 1412 x1508 x75 _ . .
= A= g 420 - oohe mm
154

d
here s = 5= =77 = 75 mm
The required area of vertical shear reinforcement = 380.2 mm?

For trial, 308 mm vertical single-leg stirrups will be selected and arranged along three integral
beams.

effective depth = 154 mm > 16 x 8§ = 128 mm (d is at least 16dy). O.K.

A, provided is 3 x 3 x 50.2 =451.8 mm? at the first critical section, at distance d/2 = 75 mm from
the column face.
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Example:
A flat plate floor has a thickness equals to 220 mm, and supported by 500 mm square columns

spaced 6.0 m on center each way. Check the adequacy of the slab in resisting punching shear at a
typical interior column, and provide shear reinforcement, if needed. The floor will carry a total
factored load of 17.0 kN/m? and the factored slab moment resisted by the column is 40 kN.m.

Use effective depth = 170 mm, f, =420 MPa, and f, = 28.0 MPa.

Solution:-

The first critical section for punching shear is at distance d/2 =85 mm from the column face.
by =c;+d=500+170=670 mm

by=c, +d=500+170 =670 mm

Shear perimeter (b,) =2 b; +2 b, =2 x 670 +2 x 670 = 2680 mm

The design shear strength of the concrete alone (without shear reinforcement) at the critical section

d/2 from the face of the column is:

0.33,/f{ = 0.33v28 =1.746 MPa
2 2
0.17 (1 + E),/fc’ = 0.17 (1 + T) X V28 =2.699 MPa

Ve = min.
og d 40 x 170
0.083 (2 + = ),/fc’ = 0.083 (2 + —) X V28 = 1.993 MPa
b, 2680
500
:—:1
b. 500

~ v, =1.746 MPa
ov.=0.75 x 1.746 = 1.31 MPa

Vo=17.0 x [ (6.0)*- (0.67)* 1= 604.369 kN
V, _ 604369 x10°

= = = 1.327 MP
Vug = | d T 72680 x 170 2
. Yv * Msc " CaB
VuAB = Vug + T
1 1
Yi= = = 0.6

@ @2

Yw=1-y=1-0.6=04
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Example:
The flat plate slab of 200 mm total thickness and 160 mm effective depth is carried by 300 mm

square column 4.50 m on centers in each direction. A factored load of 370 kN and a factored slab
moment resisted by the column is 44 kN.m must be transmitted from the slab to a typical interior
column. Determine if shear reinforcement is required for the slab, and if so, design integral beams

with vertical stirrups to carry the excess shear. Use f, = 420 MPa, f, =30 MPa.

Solution:-

The first critical section for punching shear is at distance d/2 =80 mm from the column face.

b1 =C; + d=
by=cr+d=
Shear perimeter (b,) =2 b; +2 b, =

The design shear strength of the concrete alone (without shear reinforcement) at the critical section

d/2 from the face of the column is:

(033 /fl =

2
ve = min. 0.17(1+ §> fl =
ag d
|k0.083<2+ > )\/f—c’=
o
300
:—:1
Pe=300
V, =370 kN

_ Vu o 370x10°
Vug = 5 Td T 1840 x 160 a
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