


Chapter 3. Example Based on BNBC 2015

3.2.9 Design of Shear Wall on Line 5

A summary of the design axial forces, bending moments, and shear forces at the base of the wall is given in
Table 3.6

Table 3.6: Summary of Design Axial Forces, bending moments, and Shear Forces at Base of Shear

Wall on Line 5
In SI Units In FPS Units

Load Case Axial | Bending Shear Load Case Axial Bending | Shear

Force | Moment, Force Force Moment, Force

(kN) | (kN-m) (kN) (Kips) (k-ft) (Kips)
Dead (D) 5048 0 0 Dead(D) 1135 0 0
Live (L) 423 0 0 Live(L) 95 0 0
Seismic (E) 14457 | +46949 | +2967 Seismic(E) + 1002 134628 | +667
1.4D 7073 0 0 1.4D 1590 0 0
1.2D+16L 6735 0 0 12D+ 1.6L 1514 0 0
1.277D+10L+1.0E | 11321 46949 2967 1.275D +1.0L +1.0E 2545 34628 667
0.823D +1.0E 8621 46949 2967 0.825D +1.0E 1938 34628 667

All load combinations are not shown here.
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3.2.9.1 Design for Shear

In SI Units In FPS Units
Reinforcement Requirements: According to BNBC | Reinforcement Requirements: According to BNBC
2015, § 83.62(ACI 318-11, § 21.9.2), the[2015, § 83.62(ACI 318-11, § 21.9.2), the

reinforcement ratio, for structural walls shall not be less
than 0.0025 along the longitudinal and transverse
directions. Reinforcement spacing each way shall not
exceed 450 mm and reinforcement provided for shear
strength shall be continuous and shall be distributed
across the shear plane, unless the design shear force
does not exceed 0.0834,,Vf. , where 4., is the gross area
of concrete section bounded by web thickness and
length of section in the direction of shear force
considered, mm?. In such cases, the shear
reinforcement may conform to BNBC 2015, §
6.6.3(ACI 318-11, § 14.3).

For the wall in this example, 4., = 375 x 4950 = 1856250 mm’
So, 0.0834,\f. = 0.083x1856250xV25/1000

=771 kN <V, =2967 kN

Therefore, the minimum reinforcement ratio is 0.0025
and the maximum spacing is 450 mm

(BNBC 2015, § 8.3.6.2) (ACI 318-11, § 21.9.2)

At least two layers of reinforcement shall be used in a
wall if the in-plane factored shear force assigned to the
wall exceeds

0.174.,\f, = 0.17 x 1856250x V25/1000 = 1578 kN.
Inthis case, two layers of reinforcement are required,
since 1578 kN <2967 kN.

The minimum required reinforcement in each direction
per metre of wall is equal to

0.0025 %375 x 1000 = 938 mm”.

Assumingd12 bars in two layers, required spacing s is
s=2x 113 x 1000/938 = 241 mm <450 mm

Provide 2 layers of d12 spaced at 225 mm.

Shear Strength Requirements:
In SI Units

reinforcement ratio, for structural walls shall not be less
than 0.0025 along the longitudinal and transverse
directions. Reinforcement spacing each way shall not
exceed 18 in. and reinforcement provided for shear
strength shall be continuous and shall be distributed
across the shear plane, unless the design shear force
does not exceed Aﬂ,\lff', where A4, is the gross area of
concrete section bounded by web thickness and length
of section in the direction of shear force considered, in*.
In such cases, the shear reinforcement may conform to
BNBC 2015, § 6.6.3(ACI 318-11, § 14.3).

For the wall in this example, 4.,= 15 x 198 = 2970in.2
So, A Vf, = 2970xV3625/1000

=179 kips <V, = 667 kips

Therefore, the minimum reinforcement ratio is 0.0025
and the maximum spacing is 18 in.

(BNBC 2015, § 8.3.6.2) (ACI 318-11, § 21.9.2)

At least two layers of reinforcement shall be used in a
wall if the in-plane factored shear force assigned to the
wall exceeds

24,1, =2 x 2970x V3625/1000 = 357 kips.

In this case, two layers of reinforcement are required,
since 357 kips < 667 kips.

The minimum required reinforcement in each direction
per foot of wall is equal to

0.0025 x 15 x 12 = 0.45in.”.

Assumingd12 bars in two layers, required spacing s is
§=2x0.175 % 12/0.45 = 9.3in. < 18in.

Provide 2 layers of d12 spaced at 9 in.

In FPS Units

According to BNBC 2015 Equation 6.8.13 (ACI
318-11, Eq. 21-7), nominal shear strength of
structural walls:

V, = 4,017 +p.f))

since ratio of wall height to length A,/1,,=37.2/8.21 =
45>2

(BNBC 2015, § 8.3.8.3) (ACI 318-11, § 21.9.2)

For two curtains of d12 horizontal bars spaced at 225mm
o, =2 x 113/(375 = 225) = 0.0026]

@V, =0.75 x 1856250 x (0.17 x 25 +0.0026 x 400) /1000
=2631kN <V, =2967 kN not O.K.

If 175 mm spacing is used then p, = 0.0029 & @V, =

3021 kN> V,=2967kN O.X.

Therefore, use 2 curtains of d12 @ 175 mm c/c in
horizontal direction.

Vertical Reinforcement ratio p; for the vertical
reinforcement must not be less than p; when 4,//,, <
2.0

According to BNBC 2015 Equation 6.8.13(ACI
318-11, Eq. 21-7), nominal shear strength of
structural walls:

V= A.Q\f +p.1)

since ratio of wall height to length 4,//,, = 122/26.92 =
45>2

(BNBC 2015, § 8.3.8.3) (ACI 318-11, § 21.9.2)

For two curtains of d12 horizontal bars spaced at 9 in.
[p:=2x0.175/(15 x 9) = 0.0026]

@V, =0.75 x 2970 x (2 x ¥3625 +0.0026 x 58000) /1000
= 604 kips <V, = 667 kips not O.K.

If 7 in. spacing is used then p, = 0.0033 & @V, = 695

kips > ¥, =667 kips O.K.

Therefore, use 2 curtains of d12 @ 7 in. c/c in

horizontal direction.

Vertical Reinforcement ratio p, for the vertical
reinforcement must not be less than p; when A, /[, <
2.0
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[BNBC 2015, § 8.3.8.3(e)] [ACI 318-11, § 21.9.4.3].
Since A,/l,,> 2, use minimum reinforcement ratio of
0.0025.

pi refers to horizontal reinforcement ratio & p, refers
to vertical reinforcement ratio.

Use two curtains of d12 spaced 175 mm c/c in the
vertical direction (p,= 0.0033 > 0.0025)

[BNBC 2015, § 8.3.8.3(e)] [ACI 318-11, § 21.9.4.3].

Since A,/I,,> 2, use minimum reinforcement ratio of
0.0025.

p refers to horizontal reinforcement ratio & p, refers
to vertical reinforcement ratio.

Use two curtains of d12 spaced 7 in. ¢/c in the vertical
direction (p; = 0.0033 > 0.0025)

Design for Axial Force & Bending

The interaction diagram of the wall is given in Figure 3.18. As seen from the figure, the wall is adequate for
the load combinations in Table 3.6.
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Figure 3.18 Design Strength Interaction Diagrams for the Shear Wall.

Special Boundary Elements

The need for special boundary elements at the edges of structural walls is evaluated in accordance with
BNBC 2015, § 8.3.6.6(b) (ACI 318-11, § 21.9.6.2) or 8.3.6.6(c) (ACI 318-11, § 21.9.6.3). The
displacement based approach in BNBC 2015, § 8.3.6.6(b) (ACI 318-11, § 21.9.6.2) is utilized in this
example. In this method, the wall is displaced at the top an amount equal to the expected design
displacement; special boundary elements are required to confine the concrete when the strain in the
extreme compression fiber of the wall exceeds a critical value. This method is applicable to walls or wall
piers that are essentially continuous in cross-section over the entire height & designed to have one critical
section for flexure & axial loads.

Compression zones are to be reinforced with special boundary elements where according to BNBC 2015,
Equation 6.8.10 (ACI 318-11, Equation 21-8)
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In SI Units

In FPS Units

¢

W

c2——F——
600(5, / h,)

3.20)
&atio 8./ h,, in Equation shall not be taken less than
0.007.

4

W

c2————
600(3, / h,)

3.20
glatio)d,/ h,, in Equation shall not be taken less than
0.007.

Where ¢ = distance from extreme compression fiber to the neutral axis as per BNBC 2015, § 6.3.2.7 (ACI
318-11, § 10.2.7) calculated for the factored axial force & nominal moment strength,
consistent with the design displacement &, , resulting in the largest neutral axis depth

£, = length of entire wall or segment of wall considered in the direction of shear force

6, = design displacement

governing code

total lateral displacement expected for the design-basis earthquake as specified by the

h,, = height of entire wall or of a segment of wall considered

The lower limit on the quantity &, / k,, is specified to require moderate wall deformation capacity for stiff

buildings.

In SI Units

In FPS Units

In this example, /,= 8.195 m= 8195 mm, &, isequal to
&, from Table 3.5, which is 313 mm at the top of the
wall & &,/h,,=0.008 > 0.007.

Therefore, special boundary elements are required if ¢ is
greater than or equal to 8195/ (600 * 0.008) = 1707 mm.

The distance ¢ to be in Equation (3.20) is the largest
neutral axis depth calculated for the factored axial
force & nominal moment strength consistent with the
design displacement 4,.

From a strain compatibility analysis, the largest c is
equal to 1345mm corresponding to a factored axial
load of 11321 kN & nominal moment strength of
46949 kN-m, which is not greater than 1707 mm,
Therefore special boundary elements are not required.
But for academic interest boundary columns are

In this example, /,, = 26.5ft = 328 in., &, is equal to &;
from Table 3.5, which is 12.52in. at the top of the wall
& &,/h,,= 0.008 > 0.007.

Therefore, special boundary elements are required if ¢
is greater than or equal to 318/ (600x0.008) = 66.3 in.

The distance ¢ to be in Equation (3.20) is the largest
neutral axis depth calculated for the factored axial
force & nominal moment strength consistent with the
design displacement &,.

From a strain compatibility analysis, the largest c is
equal to 53 in. corresponding to a factored axial load
of 2545 kips & nominal moment strength of 34628
kip-ft, which is not greater than 66.3 in., Therefore
special boundary elements are not required.

But for academic interest boundary columns are

included in this example.

Special Boundary must extend horizontally from the
extreme compression fiber a distance not less than the
largest of the following (BNBC 2015, § 8.3.6.6 (d))
(ACI 318-11, § 21.9.6.4):

» C-0.11,=1345—-(0.1x 8195) = 525 mm

» ¢/2 =1345/2 = 672 mm (governs)

Special boundary transverse reinforcement in
accordance with BNBC 2015, § 8.3.6.6(d) (ACI
318-11, § 21.9.6.4): is provided in the 750 mm
boundary element at the ends of the wall.

Vertical extent of special boundary transverse
reinforcement from base of wall is the largest of
[BNBC 2015, § 8.3.6.6 (b) (ii)] [ACI 318-11, §
21.9.6.2(b)]

» [ =8.195m (governs)

> M. — 46049/(4x2967) = 3.96 m
av

u
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included in this example.

Special Boundary must extend horizontally from the
extreme compression fiber a distance not less than the
largest of the following (BNBC 2015, § 8.3.6.6 (d))
(ACI1318-11, § 21.9.6.4):

»C-011/,=53-(0.1x318)=21.2in.

» ¢/2 =153/2=126.5in. (governs)

Special boundary transverse reinforcement in
accordance with BNBC 2015, § 8.3.6.6(d) (ACI
318-11, § 21.9.6.4) is provided in the 30 in. boundary
element at the ends of the wall.

Vertical extent of special boundary transverse
reinforcement from base of wall is the largest of
[BNBC 2015, § 8.3.6.6 (b) (ii)] [ACI 318-11, §
21.9.6.2(b)]
» [ =265 fi. (governs)
> M, =34628/(4x667) = 12.98 ft

av

u
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Special Boundary Element Transverse Reinforcement

Provisions for the amount & spacing of transverse reinforcement required in the special boundary elements
are given in BNBC 2015, § 8.3.6.6(d) (ACI 318-11, § 21.9.6.4). In particular, transverse reinforcement
requirements of BNBC 2015, § 8.3.5.4(a) (ACI 318-11, § 21.6.4.3) through BNBC 20135, § 8.3.5.4(c) (ACI
318-11, § 21.6.4.4) for columns in special moment frames must be satisfied except for BNBC 2015

Equation 6.8.7(ACI 318-11, Equation. 21-5).

In SI Units

In FPS Units

Assuming d12 rectangular hoops & crossties around
every other longitudinal in both directions of the 750mm
x 750 mm special boundary elements, the maximum
allowable spacing is the smallest of the following;

¢ Minimum member dimension/4 = 750/4 = 187.5 mm
¢ 6 x diameter of smallest longitudinal bar =6 x 25 =150 mm
e 5. =100+ [(350 - ) /3]
(where 100 mm < s,< 150 mm)
=100 + [(350 —243)/3] = 136 mm (governs)

where, h, = maximum horizontal spacing of hoop or
crosstie legs on all faces of the 750 mm * 750 mm column

=[750 -2(37.5+12) - 32] (2/6) + 25 + 12

= 243mm < 350 mm O.K.

Assuming a spacing of 125 mm, required area of
transverse reinforcement is determined by BNBC
2015 Equation 6.8.8(ACI 318-11, Equation. 21-5):
_ 0.09sh [
S
=0.09 x 125 x 663 x 25/400
= 466 mm’
where A = cross-sectional dimension of column core
measured center-to-center of confinement reinforcement
=750 - 2[37.5+ 12/2] = 663mm
d12 hoops with crossties around every other longitudinal
bar provides Ay, = 5 x 113 = 565mm” (0.K.)

A:h

Assuming d12 rectangular hoops & crossties around
every other longitudinal in both directions of the 30 in. x
30 in. special boundary elements, the maximum
allowable spacing is the smallest of the following:

¢ Minimum member dimension/4 = 30/4 = 7.5 in.
¢ 6 x diameter of smallest longitudinal bar = 6 x1 =6 in.
o s.=4+[(14- h) /3]
(Where 4 in. <s5,< 61in.)
=4+ [(14-9.7)/3] = 5.43 in. (governs)
where, A, = maximum horizontal spacing of hoop or
crosstie legs on all faces of the 30 in. % 30 in. column
=[30-2(1.5+0.5)-1.28] (2/6)+1+0.5
=9.7in. <14 in. O.K.

Assuming a spacing of 5 in., required area of
transverse reinforcement is determined by BNBC
2015 Equation 6.8.8(ACI 318-11, Equation. 21-5):
4 = 009k S,
Jon

=0.09 x 5 x 26.5 x 3.625/58

=0.75 in’
where h. = cross-sectional dimension of column core
measured center-to-center of confinement reinforcement

=30-2[1.5+0.5/2]1=26.5in.
d12 hoops with crossties around every other
longitudinal bar provides 4;,=5 x 0.18 = 0.9 in.’(0.K.)

37.5mm
(ll") —d12 hoops & crossties
~—ﬁ—— @ 125mm (5") ¢/c
E N - - » rd12 @ 175mm(7") c/c

E .| o L L @ L] L] E
ES] |W /7 £
B | ) )
M~ P l. PY PY Py o™

: . . \J [dlz @ 175mm (7") c/c

750mm
(30") |
-

4 -d32 + 20 -d25

Figure 3.19 Reinforcement Details for Shear Wall Along Line 5
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3.2.10 Slab Design

Design of Slab Column connection shall comply with BNBC 2015, § 8.3.12.4 (ACI 318-11, § 21.13.6).
This conformance satisfies the deformation compatibility requirements of BNBC 2015, § 2.5.14.4.

Minimum thickness / for slab without edge and interior beams is determined from BNBC 2015 Table
6.6.3. For systems without drop panels & with Grade 60 reinforcement (f, = 420 MPa (60000psi)), the

minimum thickness is

In SI Units l In FPS Units
h=1,/30=1[(7.32%1000) - 875] /33 = 195 mm h=1,/30=[(24x12)—-35] v/33="7.7 in.
where /, is the longest clear span length. Therefore, a | where /, is the longest clear span length. Therefore, a
212.5 mm slab thickness will satisfy the requirement. | 8.5 in. slab thickness will satisfy the requirement.

When two-way slabs are supported directly on columns, shear near the columns is critically important,
especially at exterior slab-column connections without spandrel beams. For flat plates, slab thickness will
almost always be governed by two-way shear rather than serviceability requirements. Shear strength
requirements are checked for both one-way & two-way shear forces due to gravity loads to determine if the
212.5 mm (8.5 in.) thick slab is adequate or not. It is worthwhile to perform these preliminary calculations
at this stage so that if any adjustment in slab thickness is required, it can be made before additional
calculations are performed.

Live loads on the slab are reduced in accordance with BNBC 2015 § 2.3.13

Subject to the limitation of BNBC 2015, § 2.3.13.2 through 2.3.13.5, members are permitted to be designed
for a reduced live load in accordance to BNBC 2015 Equation 6.2.1, if value of Ky, 4ris 37.16 m’ (400 ft%)

or more.

In SI Units In FPS Units

L=1L,(0.25+4.57N(K A7) L=1,(0.25+4.57N( Ky Ar)
Where, L= Reduced live load Where, L = Reduced live load
Unreduced live load, L, =2.87 KN/m? Unreduced live load, L, = 60 psf
Live load element factor K;;, = 4 (BNBC 2015 Table | Live load element factor K =4 (BNBC 2015 Table
2.3.5) 2.3.5)
Tributary area, A7 =7.32m x 6.40 m = 46.85 m’ Tributary area, 4r =24 ft x 21 ft =504 ft’
L=L,(0.25+4.5TN( K..A7) L=1L,(0.25+ 15/N( K A7)

=2.87 (0.25 + 4.57/(4 x 46.85)) =60 (0.25 + 15/\(4x504))

= 1.68 kKN/m’ =35 psf
The design loads are: The design loads are:
Factored slab wt. = 1.2x(212.5/1000)x 23.6 = 6.02 kN/m" | Factored slab weight = 1.2 x (8.5/12) x 150 = 128psf
Factored superimposed dead load =1.2 x 2.63 =3.16 kN/m’ | Factored superimposed dead load = 1.2 x 55 = 66 psf
Factored live load = 1.6 x 1.68 = 2.69 kN/m’ Factored live load = 1.6 x 35 = 56psf
Total factored load w, =6.02+3.16 +2.69 =1 1.87kN/m’ | Total factored load w, = 128 + 66 + 56 =250psf
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One-way shear:
In SI Units

In FPS Units

Investigation of one-way shear is made at a distance d
= 212.5 - 31.25 = 181.25 mm from the face of the
support in either direction, & is shown in Figure 3.20
at the section that gives the largest shear force

(BNBC 2015, § 6.4.10.1.1) (ACI 318-11, § 11.11.1.1)

Factored shear force at critical section is:

V.=11.87%(3.66—212.5/1000 - 181.25/1000) x 6.40
=248 kN

Shear design strength is computed in accordance with

Investigation of one-way shear is made at a distance d
= 8.5~ 1.25=7.25 in. from the face of the support in
either direction, & is shown in Figure 3.20 at the
section that gives the largest shear force

(BNBC 2015, § 6.4.10.1.1) (ACI 318-11, § 11.11.1.1)

Factored shear force at critical section is:
V.=025x%(12-17.5/12-7.25/12) x 21

= 52 kips
Shear design strength is computed in accordance with

BNBC 2015 Equation 6.6.49(ACI 318-11, § 11-3)
oV, =9 0.1, b,d
=0.75 x 0.17V25 x (6.40 x1000) x 181.25/1000
=739kN>¥, OK.

BNBC 2015 Equation 6.6.49(ACI 318-11, § 11-3)
oV, = 2\ b,d
=0.75 x 2¥3625 x (21x12) x 7.25/1000
=165kips >V, O.K.

7.32m
}-_- (24' _0")
¥
|
— jn _____________
|
| 875+181.25=1056.25mm
(35+;.25 = 4%.b5")
875 mm
(35",
E —~ Critical section for E g
E 3 two-way shear g ;l
© © N
181.25 mm ~—
] | (7.25")
- |
:|——Critical section for
i one-way shear
~ | 4
3.66 m
(12'- 0") ,

Figure 3.20 Critical Section for One-Way & Two-Way Shear at an Interior Column
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Two-way shear:

In SI Units

In FPS Units

Investigation of two-way shear is made at a distance
d/2 from the face of the support, as shown in Figure
3.20 for an interior column
(BNBC 2015, § 6.4.10.1.2) (ACI 318-11, §
11.11.1.2).
Maximum factored shear force at this location is:
Ve=w,(L1l;—bby)

=11.87x% [(7.32x6.40) — (1.05 x 1.05)]

=543 kN

Design shear strength is the smallest value determined
in accordance with BNBC 2015 Equations 6.6.72
(ACI 318-11, Equation 11-31) through 6.6.74 (ACI
318-11, Equation 11-33). For square columns,
Equation 6.6.74 (ACI 318-11, Equation 11-33)
governs:

o V.= ¢0.33\f, b,d
=0.75% 0.33V25 x (4x1056.25) x 181.25/1000
=948 kN>V, OXK.

It is important to note that the check for shear strength
is only preliminary at this stage. The shear stress
needs to be checked for gravity loads and combined
gravity and lateral loads at both an interior and
exterior slab-column connection. A more refined
check for shear strength is made at a later stage.

Investigation of two-way shear is made at a distance
d/2 from the face of the support, as shown in Figure
3.20 for an interior column
(BNBC 2015, § 6.4.10.1.2) (ACI 318-11, §
11.11.1.2).
Maximum factored shear force at this location is:
Vi=wu(lil; - biby)

=0.25 x [(24 x 21) — (42.25 x 42.25)/144]

=123 kips

Design shear strength is the smallest value determined
in accordance with BNBC 2015 Equations 6.6.72
(ACI 318-11, Equation 11-31) through 6.6.74 (ACI
318-11, Equation 11-33). For square columns,
Equation 6.6.74 (ACI 318-11, Equation. 11-33)
governs:

o V.= oa\f. b,d
=0.75 x 4V/3625x (4x 42.25) x 7.25/1000
=221 kips >V, O.K.

It is important to note that the check for shear strength
is only preliminary at this stage. The shear stress
needs to be checked for gravity loads and combined
gravity and lateral loads at both an interior and
exterior slab-column connection. A more refined
check for shear strength is made at a later stage.

Design for Flexure:

In lieu of other analysis methods, the Direct Design Method in BNBC 2015, § 6.5.6 (ACI318-11, § 13.6) is
utilized in this example to determine the bending moments in the slab due to gravity loads. This method can
be used only if certain geometric & loading criteria are met. All of the criteria are met in this example, as
indicated below:

There shall be a minimum of 3 consecutive spans in each direction.
This structure has 3 spans in one direction, 9 in other direction. =~ O.K.

Panels shall be rectangular with a center-to-center longer span to shorter span length ratio not
greater than 2,

In SI Units \ In FPS Units

In this structure longer span/shorter span
=7.32/640 =1.14<2 O.X.

In this structure longer span/shorter span
=24/21=1.14<2 OXK

Successive center-to-center span lengths in each direction shall not differ by more than one-third
the longer span.

In this structure in each direction, the span lengths are equal. O.K.

Columns may be offset a maximum of 10% of the span in the direction of offset from either axis
between centerlines of successive columns.

No column offsets are present.  O.K.

Loads must be uniformly distributed gravity loads only and the live load must be less than or equal
to 2 times the dead load.
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In SI Units | In FPS Units
In this structure uniform live load/dead load In this structure uniform live load/dead load
=1.68/765 = 0.22<2 OX. =35/162 = 0.22<2 OK.

The total static service load & live load moments for spans in an interior design strip in the E-W direction
are computed in accordance with BNBC 2015 Equation 6.6.84 (ACI 318-11, Equation 13-4)

M — quezen2

o

8
Where, /, is the length of clear span in direction that moments are being determined & I, = average of
adjacent transverse spans

In SI Units In FPS Units
Here, Here,
l,=7.32 —(875/1000) = 6.45m l,=24-(35/12)=21.08 ft
I;=6.40m L,=21f
(M,)p=17.65 % 6.40 x 6.45%/8 (M,)p=0.162 x 21 x 21.08%/8
=255KkN-m = 189 kip-ft
(M,).=1.68 % 6.40 x 6.45%/8 (M), =0.035 x 21 x 21.08%8
=56 kN-m = 41kip-ft

These moments are divided into positive & negative moments & then into column strip & middle strip
moments according to the distribution factors in BNBC 2015 § 6.5.6.3 (ACI 318-11, § 13.6.3), 6.5.6.4
(ACI318-11, § 13.6.4) & 6.5.6.6 (ACI 318-11, § 13.6.6). The distribution factors for a flat plate system are
given in Table 3.7, where negative moments are at the face of the supports. A summary of the service

gravity load bending moments in the column strip & middle strip of an end span and an interior span is
given in Table 3.8.

Table 3.7 Design Moments for Flat Plate supported Directly on Columns

End Span Interior Span
Slab Moments ; - T : . - . .
Exterior Negative | Positive | Interior Negative Positive | Interior Negative
Total Moment 0.26M, 0.52M, 0.70M, 0.35M, 0.65M,
Column Strip 0.26M, 0.31M, 0.53M, 0.21M, 0.49M,
Middie Strip 0 0.21M, 0.17M, 0.14M, 0.16M,

Table 3.8 a Service Dead & Live Load Bending Moments (kN-m) in N-S Interior Design Strip (In SI unit)

Location Moment | Mp (kN-m) | M; (kN-m)
End Span
Exterior Negative 0.26M, -66.3 -14.6
Column Strip Positive 0.31M, 79 17.4
Interior Negative 0.53M, -135 -29.7
Exterior Negative 0 0 0
Middle Strip Positive 0.21M, 53.6 11.8
Interior Negative 0.17M, -43.4 -9.52
Interior Span
Column Strip Positive 0.21M, 53.6 11.8
Interior Negative 0.49M, -125 -27.4
. . Positive 0.14M, 35.7 7.8
Middie Strip ; -
Interior Negative 0.16M, -40.8 -9.0
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Table 3.8b Service Dead & Live Load Bending Moments (kip-ft) in N-S Interior Design Strip (In FPS unit)

Location Moment | My, (kip-ft) I M, (kip-ft)
End Span

Exterior Negative 0.26M, -49 -10.7
Column Strip Positive 0.31M, 58.6 12.7

Interior Negative 0.53M, -100 -21.7

Exterior Negative 0 0 0
Middle Strip Positive 0.21M, 39.7 8.6

Interior Negative 0.17M, -32 -7.0

Interior Span
. Positive 0.21M, 39.7 8.6

Column Strip : 5

Interior Negative 0.49M, -92.6 -20
Middle Strip l.’ositive . 0.14M, 26.5 5.7

Interior Negative 0.16M, -30.2 -6.6

The required flexural reinforcement is given in Table-3.10. The provided areas of steel are greater than the
minimum required (BNBC 2015, § 6.5.3.1) (ACI 318-11, § 13.3.1). Also the provided spacing is less than the
maximum allowed as per BNBC 2015, § 6.5.3.2 (ACI 318-11, § 13.3.2).

The amount of slab reinforcement needs to be checked at the end support and the first interior support to
ensure that the moment transfer requirements of BNBC 2015, § 6.5.5.3 (ACI 318-11, § 13.5.3) are
satisfied.

Table 3.92 Summary of Slab Design Bending Moments (kN-m) at Floor Level 4 (In SI unit)

. End Span Interior Span
Load Case Location = mn Strip | Middle Strip | Column Strip | Middle Strip

Ext. neg. -66.3 0

Dead (D) Positive 79 53.6
Int. neg. -135 -43.4 -125 -40.8

Live (L) Positive 17.4 11.8 11.8 7.8
Int. neg. -29.7 -9.5 -274 -9.0
Ext. neg. + 137

Seismic Load (E) Positive
Int. neg. + 137 + 137
Load Combination
Ext. neg. -92.8 0.0 L e Ao I F o e
1.4D Positive 110.6 75 75 50
Int. neg. -189 - 60.8 -175 -57
Ext. neg. -103 0.0 L e
1.2D+1.6L Positive 122.6 83.2 83.2 55.3
Int. neg. -209.5 -673 -194 -63.4
Ext. neg. -236 0.0
1.275D+ 1.0L + 1.0E Positive 118 80 80 53
Int. neg. -339 - 64 -324 - 61
Ext. neg. -192 0.0
0.825D +1.0E Positive 65 44.2 44.2 30

Int. neg. 248 -35 - 240 -33
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Table 3.9b Summary of Slab Design Bending Moments (kip-ft) at Floor Level 4 (In FPS unit)

Load Case Location End Span Interior Span
Column Strip | Middle Strip | Column Strip | Middle Strip
Ext. neg. - 49 0
Dead (D) Positive 58.6 39.7 39.7 26.5
Int. neg. -100 -32 -92.6 -30.2
Ext. neg. -10.7 0
Live (L) Positive 12.7 8.6 8.6 5.7
Int. neg. -21.7 -7.0 -20 -6.6
Ext. neg. + 101
Seismic Load (E) Positive
Int. neg. + 101 + 101
Load Combination
Ext. neg. - 68.6 0.0 e e
14D Positive 82 55.6 55.6 37
Int. neg. -140 -44.8 -129.7 -423
Ext. neg. -76 0.0 0T i ass i e aicl
1.2D + 1.6L Positive 90.6 61.4 61.4 41
Int. neg. -154.7 -49.6 -143 -46.8
Ext. neg. -174 0.0
1.275D + 1.0L + 1.0E Positive 87 59 59 40
Int. neg. -250 - 48 -239 -45
Ext. neg. -141 0.0
0.825D +1.0E Positive 48 33 33 22
Int. neg. -183.5 -26 -177 -25
Since this example is done for academic purpose, all the load combinations are not shown here for
simplicity.
Table 3.10a Required Slab Reinforcement at Floor Level 4 (In SI Units)
. 2 . Reinforcement
Location M, (kN-m) | b (mm) | A;* (mm®) | Reinforcement* R X
after modification
Ext. neg. -236 3200 3675 19 —dl6 20-d16
Column -
strip Positive 122.6 3200 1850 10 -dl6 10—-dlé
Int. neg. -339 3200 5457 28 -dl16 28 -dl6
End Span
Ext. neg. 0.0 3200 1224 7-d16 7-dl16
Middle —
. Positive 83.2 3200 1224 7 -dl6 7-d16
St Int. neg. -67.3 3200 1224 7-dl6 7-dl16
Column | Positive 83.2 3200 1224 7-d16 7-d16
Interior strip Negative -324 3200 5191 27 -dl6 27 -dlé6
Span Middle Positive 553 3200 1224 7 -dl6 7 -dlé
strip Negative -63.4 3200 1224 7 -dlé 7-dl6
* Minimum 4, = 0.0018b% = 0.0018 x (3.2 x 1000) x 212.5 = 1224 mm’ (BNBC 2015, § 6.5.3.1) (ACI 318-11, § 13.3.1)
Maximum spacing = 2/ = 2x212.5 =425 mm, for b = 3200 mm, 3200/450 =7.1 spaces, say 8 bars
** Final reinforcement after modifications described in later sections
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Table 3.10b Required Slab Reinforcement at Floor Level 4 (In FPS Units)

i X X . . Reinforcement
Location M, (kip-ft) | b (in.) | A*(in.") Reinforcement* . i
after modification
Ext. neg. -174 126 5.88 19-d16 20-dl6
Column —
i Positive 90.6 126 2.87 10-d16 10-d16
s
P Int. neg. -250 126 8.73 28 -dlé6 28 -d16
End Span
) Ext. neg. 0.0 126 1.93 7-dl16 7-dié
Middle —
i Positive 61.4 126 1.93 7-d16 7-d16
s
P it neg | -496 126 | 193 7-d16 7-d16
Column Positive 61.4 126 1.93 7-d16 7-d16
Interior strip Negative -239 126 8.3 27 -d16 27 -d16
Span Middle Positive 41 126 1.93 7-dl6 7-d16
strip Negative -46.8 126 1.93 7-d16 7-dl6

* Minimum A4, = 0.0018b4 = 0.0018 x (10.5 x 12) x 8.5 = 1.93 in.? (BNBC 2015, § 6.5.3.1) (ACI 318-11, § 13.3.1)
Maximum spacing = 2k = 2x8.5 = 17 in,, for b= 126 in., 126/17 =7.4 spaces, say 8 bars

** Final reinforcement after modifications described in later sections

In SI Units

End support — additional flexural reinforcement required for moment transfer:

In FPS Units

The total unbalanced moment at this slab-column
connection is equal to 236 kN-m (see Table 3.9).

A fraction of this moment y M, must be transferred
over an effective width equal to c;+ 342 =875+ (3 x
212.5)=1512 mm

(BNBC 2015, § 6.5.5.3.2 ) (ACI 318-11, § 13.5.3.2)

The fraction of unbalanced moment transferred by
flexure is calculated in accordance with BNBC 2015
Equation 6.6.81 (ACI 318-11, Equation 13-1)

7 = U[1+ Q23)N(bi/by)]

=1/[1+Q3N((875+212.5)/( 875+212.5))]

=0.61
For edge column bending perpendicular to the edge,
the value of 3 may be increased up to 25% provided
that 7, < 0.4¢V. (BNBC 2015, § 6.5.5.3.3) (ACI
318-11, § 13.5.3.3). No adjustment is made in this
example.

Unbalanced moment transfer by flexure =y M, = 0.61
x 236 = 144 kN-m. The required area of steel to resist
this moment in the 1512 mm wide strip is 4, = 2248
mm?, which is equivalent to 12 — d16.

Provide the 12 -d16 bars by concentrating 12 of the

column strip bars (20 — d16) within the 1512 mm

width over the column. For symmetry, add another

bar in the column strip and check bar spacing:

= For 12 - d16 within 1512 mm width: 1512/12 = 126
mm < 425 mm O.K.

= For 8 - d16 within (3200 - 1512) mm = 1688 mm
width: 1688/8 =211 mm < 425 mm O.K.

The total unbalanced moment at this slab-column
connection is equal to 174kip-ft (see Table 3.9).

A fraction of this moment y;M, must be transferred
over an effective width equal to ¢;+3h =35+ (3 x
8.5) = 60in.

(BNBC 2015, § 6.5.5.3.2) (ACI 318-11, § 13.5.3.2)

The fraction of unbalanced moment transferred by
flexure is calculated in accordance with BNBC 2015
Equation 6.6.81(ACI 318-11, Equation 13-1)

% = U[1+ Q/13)N(by/by)]

= 1/[1+2/3)V((35+7.25/2)/( 35+7.25))]

=0.61
For edge column bending perpendicular to the edge,
the value of y may be increased up to 25% provided
that ¥, < 0.4¢V. (BNBC 2015, § 6.5.5.3.3) (ACI
318-11, § 13.5.3.3). No adjustment is made in this
example.

Unbalanced moment transfer by flexure =yM, = 0.61
x 174 = 106 kip-fi. The required area of steel to resist
this moment in the 60 in. wide strip is 4, = 3.6 in.%,
which is equivalent to 12 — d16.

Provide the 12 -d16 bars by concentrating 12 of the

column strip bars (20 — d16) within the 60 in. width

over the column. For symmetry, add another bar in

the column strip and check bar spacing:

= For 12- d16 within 60 in. width: 60/12 =5 in. <17
in. O.K.

= For 8 - d16 within (126 - 60) in. = 66 in. width:
66/8 =8.25in. <17 in. O.K.
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Figure 3.21 Reinforcement Detail at Exterior Column

First interior support — additional flexural reinforcement required for moment transfer:

In SI Units

In FPS Units

The total factored moment at first interior support is
339 - 336 = 15 kN-m (see Table 3.9. At an interior
column, % = 0.6 &y M, =0.6 x 15=9 kN-m.

Required area of steel to resist this moment in the 1512
mm wide strip is 4, = 125 mm’, which is less than
1(one) d16. It is clear that reinforcement provided in

The total factored moment at first interior support is
250 - 239 = 11 kip-ft (see Table 3.9. At an interior
column, 3 = 0.6 &y M, = 0.6 x 11 = 6.6 kip-ft.

Required area of steel to resist this moment in the 60
in. wide strip is 4, = 0.2 in.2, which is less than 1(one)
d16. It is clear that reinforcement provided in the

the column strip at the first interior column (27 — d16,
see Table 3.10) can satisfy this requirement.

column strip at the first interior column (27 — d16, see
Table 3.10) can satisfy this requirement.

Design for Shear:

In general, the total shear stress is the sum of the direct shear stress plus the shear stress due to the fraction
of unbalanced moment transferred by eccentricity of shear (BNBC 2015, § 6.4.10.7.1) (ACI 318-11, §
11.11.7.1). Assuming shear stress from moment transfer by eccentricity of shear varies linearly about the
centroid of the section, maximum factored shear stress v, at the face of the critical section due to direct
shear 7, & the unbalanced moment transferred by eccentricity of shear y, M, is:

M

u A J

[4

A. = area of concrete section resisting shear transfer = b, d
b, = perimeter of critical section
y, = fraction of unbalanced moment transferred by eccentricity of shear

Sy, =1- 1 [BNBC 2015 Equation 6.6.77, 6.6.81]
L 14(2/3)b, b,

[(ACI 318-11, Equation 11-37, 13-1]
M, = factored unbalanced moment at slab-column connection
J = property of critical section analogous to polar moment of inertia of segments forming 4.
¢ = distance from centroidal axis of critical section to perimeter of critical section in direction of analysis

Shear strength is checked at the slab-column connections at the end support and the first interior support for
gravity forces & for gravity plus lateral forces.
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End support — check for shear strength:
In SI Units

In FPS Units

MI_MZ
l

n

Vi :qu(AT _ble)_

=11.87(26 - 0.966 x 1.056) - [(275-102) / (7.32-875/1000)]
=270 kN
A, = tributary area of column

=(7.32/2 +437.5/1000) x 6.40

=26 m’

b, = length of critical section perimeter in direction of

analysis
= 875+ 181/2 =966 mm (see Figure 3.21)
b, = length of critical section perimeter perpendicular to
direction of analysis
=875+ 181 = 1056 mm

M, = total negative design strip moment at interior support

determined from Direct Design Method (BNBC 2015, §
6.5.6.3.3)(ACI 318-11, § 13.6.3.3)
=0.70 M, =0.70 x 393 = 275 kN-m
M, = total negative design strip moment at exterior support
determined from Direct Design Method
(BNBC 2015, § 6.5.6.3.3) (ACI 318-11, § 13.6.3.3)
=0.26 M,=0.26 x 393 = 102 kN-m
M, = total factored static moment in span determined by
BNBC 2015 Equation 6.6.84 (ACI 318-11,
Equation 13-4)

M — qu‘elgnz

o 8 2

=11.87x6.40%6.43%/8

=393 kN-m

where g,=1.2 x 7.65 + 1.6 x1.68 = 11.87kN/m’

The section properties of the critical section are
determined as follows;

A.= (2b, + by) d = 541575mm’

J _ 2b}d(b +2b,) +d’(2b +b))
c 6b,
=18.2x10'mm’
According to BNBC 2015, § 6.5.6.3.6 (ACI 318-11, §
13.6.3.6), gravity load moment to be transferred between

the slab & edge column must be set equal to 0.30M, =
118kN-m. Also, ¥, =1-0.61=0.39.

Therefore, the combined factored shear stress at the face
of the critical section due to gravity loads is:

v, = 270000/541575+ 0.39 x 118 x 1000 * 1000/(18.2 % 107

=0.75N/mm’

V,=4q, (Az _blbz)_'IWI—_Aiz“

=0.25[283 - 38.6 x 42.25/144] - [(204-76)/(24-35/12)]
=62 kips
A, = tributary area of column
=(24/2 + 17.5/12)=21
=283 f*
b, = length of critical section perimeter in direction of
analysis
=35+ 7.25/2 = 38.6 in. (see Figure 3.21)
b, = length of critical section perimeter perpendicular
to direction of analysis
=35+725=423in.
M, = total negative design strip moment at interior support
determined from Direct Design Method
(BNBC 2015, § 6.5.6.3.3) (ACI 318-11, § 13.6.3.3)
=0.70 M, = 0.70 x 291.6 = 204kip-ft
M, = total negative design strip moment at exterior
support determined from Direct Design Method
(BNBC 2015, § 6.5.6.3.3) (ACI 318-11, § 13.6.3.3)
=0.26 M,=0.26 x 291.6 =76 kip-ft
M, = total factored static moment in span determined
by BNBC 2015 Equation 6.6.84 (ACI 318-11,
Equation 13-4)

M — qu£2£n2

E 0.25§21><21.083f8

=291.6 kip-ft

where g, = 1.2 x 0.162 + 1.6 x 0.035 = 0.25 psf

The section properties of the critical section are
determined as follows;

A.= (@b, +b,) d=866in’

J _2b%d(b, +2b,)+d*(2b,+b,)
c 6,
=11631in”
According to BNBC 2015, § 6.5.6.3.6 (ACI 318-11, §
13.6.3.6), gravity load moment to be transferred

between the slab & edge column must be set equal to
0.30M,, = 87.5 kip-ft. Also, y,=1-0.61=0.39.

Therefore, the combined factored shear stress at the

face of the critical section due to gravity loads is:

v,= 62000/866 +0.39 x 87.5 x 12 x 1000/11631
=107 psi
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875 +/181/2 = 966 mm
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Figure 3.22 Critical Section for Two-way Shear at Exterior Column

Design shear strength of non-prestressed slabs is the smallest value determined in accordance with BNBC
2015 Equations 6.6.72 (ACI 318-11, Eq. 11-31), 6.6.73 (ACI 318-11, Equation 11-32), 6.6.74 (ACI
318-11, Equation 11-33). For square columns, Equation 6.6.74 (ACI 318-11, Equation 11-33) governs:

In SI Units

In FPS Units

@ v.=pV./b,d=0.33 ¢ \f. =0.33x0.75xV25
=1.24N/mm’> 0.75N/mm’>  O.K.
In addition to gravity load case, shear strength must be
checked for combined gravity & lateral loads. Direct
shear forces on the critical section are as follows:
M, -M
Vo =wp(4, _blbz)__w[_w
=7.65(26 — 0.966 x 1.056) — [(O."7 % 253) — (0.26 x

253)]/(7.32 - 875/1000)
=174 kN
(M,)p = 7.65%6.40x6.43%/8 [BNBC 2015 Equation
6.6.84] [ACI 318-11, Eq. 13-4]
= 253kN-m
MZL

M —
Vi=w.(4 _blbz)_u{,—

= 1.68(26 —0.966 x 1.056) — [(0.7x56) — (0.26%56)]/
(7.32-875/1000)
=38 kN
(M), = 1.68%6.40x 6.43%/8 = 56 kKN-m
Ve=(137+137)/6.43 =42.6 kN
Therefore total factored shear force at exterior
column is
Vu . 1275VD + IOVL + IOVE
=(1.275%x174) + (1.0x38) + (1.0x42.6)
=303 kN
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@ V.=V, /b,d= pa\f. = 0.75% 4xV3625

= 181psi > 107psi O.K
In addition to gravity load case, shear strength must be
checked for combined gravity & lateral loads. Direct
shear forces on the critical section are as follows:

Vo =wp(4, "blbz)_%ofﬁ
= 0.162(283 — 38.6 x 42.3/144) —"[(0.7X189) -

(0.26x189))/(24 -35/12)
= 40 kips
(M,)p = 0.162 x21x21.08%/8 [BNBC 2015 Equation
6.6.84] [ACI 318-11, Eq. 13-4]
= 189 kip-ft

V. =w. (4, -bb,)-

=0.035(283 — 38.6x42.3/144) — [(0.7x41) -
(0.26x41))/(24-35/12)
= 8.7 kips
(M,), = 0.035 x21x21.08%/8 = 41 kip-ft
Ve=(101+101)/21.08 = 9.6 kips
Therefore total factored shear force at exterior
column is
V.=1275Vp+ 1.0V, + 1.0V
= (1.275x40) + (1.0x8.7) + (1.0x9.6)
= 69 kips

MlL_MZL
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When lateral load is considered, shear stress
computations can be based on the actual unbalanced
moment, rather than on the provisions of BNBC
2015, § 6.5.6.3.6 (ACI 318-11, § 13.6.3.6), which as
shown above, requires the unbalanced moment to be
0.30 M,. the actual unbalanced moment at exterior
slab column connection is 236 kN-m (see Table 3.9).
The combined shear stress is

vo=303000/541575 + 0.39 x236x1000x1000/(18.2x10")
= 1.07N/mm’<1.24N/mm’* OK.
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When lateral load is considered, shear stress
computations can be based on the actual unbalanced
moment, rather than on the provisions of BNBC
2015, § 6.5.6.3.6 (ACI 318-11, § 13.6.3.6), which as
shown above, requires the unbalanced moment to be
0.30 M,. the actual unbalanced moment at exterior
slab column connection is 174 kip-ft (see Table 3.9).
The combined shear stress is
v, = 69000/866 + 0.39 x174x12x1000/11631
=150psi< 18l psi OK
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First interior support — check for shear strength:

At this location, the factored shear force ¥, due to gravity load is:

In SI Units

In FPS Units

Vi= wu(A4,— biby) + (M-M>) /1,
=11.87(47 — 1.056%) + ( 275-102)/ (7.32-875/1000)]
=541 kN
A, =17.32x6.40=47 m?
b, = b, =875+181 = 1056 mm
M, =0.70 M, =0.70 x 393 = 275 kN-m (see Table 3.7)
M, =0.26 M, = 0.26x393= 102kN-m (see Table-3.7)

The section properties of the critical section are
determined as follows:
A.= (2b, + by)d = 573408mm’

J_ bd(b, +3b2)+d3
c 3

=27.1x 10" mm’

The difference between the slab moments acting on
opposite faces of the interior support needs to be
transferred by shear to the first interior column. From
Table 3.7, the exterior moment at the face of the
support is 0.70 M, = 0.70 x 393 = 275 kN-m, & the
interior moment at the face of the support is 0.65 M, =
0.65 x 393 = 256 kip-fi.

Therefore the unbalanced moment = 275 — 256 =19

kN-m. The combined shear stress is

v, = 541000/573408 + 0.4x19 x 1000 x1000/(27.1 x 107
= 0.97N/mm’<1.24N/mm’0.K.

Shear strength must also be checked for combined
gravity & lateral loads. Direct shear forces on the
critical section are as nyows:

1D 2D

Vo =wp(4,-bb,)-

n

=7.65(47 — 1.056x1.056) — [(0.7x253) — (0.26 *
253))/ (7.32-875/1000)
=342 kN
V,=w,(4,-bb,) _%
= 1.68(47 — 1.056x1.056) — [(0.7x56) — (0.26x56))/
(7.32-875/1000)
=75kN
Ve=(137+137)/6.43 = 42,6 kN
Therefore total factored shear force at exterior
column is
V.=1275Vp+ 1.0V, + 1.0V
= (1.275%x342) + (1.0x75) + (1.0x42.6)
=554 kN

Vi= wu(d4,-b1by) + (M-M>)/l,
= (.25(504-42.25%/144) + (204-76)/21.08
=129 kips
A4,=24 x 21 =504 f?
by =b,=35+7.25=42.251n.
M, =0.70 M, =0.70 x 291.6 = 204 kip-ft (see Table 3.7)
M, =0.26 M, = 0.26x291.6=76 kip-ft (see Table-3.7)

The section properties of the critical section are
determined as follows:
A.= (2b + by))d =919 in.2

J _bd(b +3b)+d’
c 3

=17383 in.’

The difference between the slab moments acting on
opposite faces of the interior support needs to be
transferred by shear to the first interior column. From
Table 3.7, the exterior moment at the face of the
support is 0.70 M, = 0.70 x 291.6 = 204 kip-ft, & the
interior moment at the face of the support is 0.65 M, =
0.65 x291.6 = 190 kip-ft.

Therefore the unbalanced moment = 204 — 190 =14
kip-ft. The combined shear stress is
v, =129000/919 + 0.4x14x12x1000/17383

= 144 psi < 181 psi O.K.

Shear strength must also be checked for combined
gravity & lateral loads. Direct shear forces on the
critical section are as fal}owg M,,

Vo =wp(4, _blbz)__mz__

n

=0.162 (504 — 42.3 x 42.3/144) — [(0.7x189) -
(0.26x189)]/(24-35/12)

=76 kips
M, -M
V, =w, (4 —bb,)——L 2L

=0.035(504 — 42.3 x 42.3/144) — [(0.7x41) -
(0.26x41)]/(24-35/12)
=16.4 kips

Ve=(101+101)/21.08 = 9.6 kips
Therefore total factored shear force at exterior
column is
V.=1275Vp+ 1.0V, + 1.0V;

=(1.275x% 76) + (1.0x16.4) + (1.0x9.6)

=123 kips

The unbalanced moment at the first interior support due to gravity loads is the difference between moments
acting on the two sides of the support, while the unbalanced moment due to seismic forces is the sum of the

moments acting on the two sides of the support:
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In SI Units In FPS Units
M, = 1275 [(0.7x 253) — (0.65 x 253)] + 1.0 M, =1.275 [(0.7x189) — (0.65x189)] + 1.0 [(0.7x 41)
[(0.7x56) — (0.65%56)] + (137+137) —(0.65%41)]+ (101+101)
=293 kN-m = 216 kip-ft
The combined shear stress is: The combined shear stress is:
v, = 554000/573408 + 0.4 x 293 x 1000 x 1000/(27.1 * 10") | v, =123000/919 + 0.4 x 216 % 12 x 1000/17383
= 1.39N/mm’< 1.24 N/mm* not O.K. =193> 181 psi not O.K.
If Slab thickness is increased to 225 mm then If Slab thickness is increased to 9 in. then
A= 613800mm’ A.=982.3in?
cA 29.05x10" mm’ L 18601 in?
c c
Then v, = N/mm?< nN/mm’ O.K. Then v, = 180.96 <181 psi O.K.

Reinforcement Details

Slab reinforcement must conform to the requirements of BNBC 2015, § 6.5.3 (ACI 318-11, § 13.3). The
provisions in BNBC 2015, § 6.5.3.8 must also be satisfied for slabs without beams; included are
requirements for structural integrity (BNBC 2015, § 6.5.3.8.5) (ACI 318-11, § 13.3.8). Reinforcement
should be done according to ACI 318-11, Figure R21.3.6.3- Arrangement of reinforcement in slabs)
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Figure 3.23 Reinforcement Details for Exterior Design Strip

In frames where two-way slabs act as primary members resisting lateral loads, length of reinforcement
shall be determined by analysis but shall not be less than those prescribed in BNBC 2015 Figure 6.6.20
(BNBC 2015, § 6.5.3.8.4) [ACI 318-11, § 13.3.8.4].

Slab-Column Connections of two-way slabs without beams shall comply with BNBC 2015, § 8.3.12.4
(ACI 318-11, § 21.13.6). This conformance will satisfy the deformation compatibility requirements of
BNBC 2015, § 2.5.14.4. The requirements of this section may be satisfied lieu of those shown above.
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Chapter 3. Example Based on BNBC 2015

According to BNBC 2015, § 8.3.12.4 (ACI 318-11, § 21.13.6), reinforcement is not required to resist
punching shear at slab-column connections where

% < max {0.005, 0.035- 0.05[ 4

)

c

Where A = design storey drift determined in accordance with BNBC 2015, §2.5.7.7.
h = storey height
V. = factored punching shear from gravity loads excluding shear stress from unbalanced moment,
calculated for the load combination 1.2D + 0.5L

@V, = design two-way shear strength provided by concrete, computed in accordance with BNBC 20135,
§6.4.10.2 (ACI 318-11, § 11.11.2).

This requirement will be checked at both an end support & an interior support.

End support

In SI Units

In FPS Units

The design storey drifts in the N-S direction are
summarized in Table 3.5. The largest A /h = 30/
(3.048x1000) = 0.0097, which occurs at the 6%, 7%
8™ 9" 10" floors.
It was determined above that ¥, due to gravity loads at
an end support = 320 kN. Also,
oV.=pMf. b,d
=0.75 x0.33 V25 x (4 x 1056.25) x 181.25/1000
= 948kN
Therefore,
0.035-0.05(320/948) = 0.019
A/h=0.0097 < max(0.005, 0.019) = 0.019 O.K.

The design storey drifis in the N-S direction are
summarized in Table 3.5. The largest A /h = 1.17/
(10x12) = 0.0097, which occurs at the 6", 7%, 8% 9
10™floors.
It was determined above that 7, due to gravity loads at
an end support = 72 kips. Also,
oV.= oa\f. byd

= 0.75x43625%(4x42.25)%7.25/1000

=221 kips
Therefore,
0.035-0.05(72/221) = 0.019
A /h = 0.0097< max(0.005, 0.019) = 0.019 O.K.

Slab shear reinforcement is not required & the deformation compatibility requirements of BNBC 2015, §
2.5.14.4 are satisfied.

Interior support
At an interior support, no slab shear reinforcement is required, since A/h=<0.0019.

Similar calculations at the end & interior supports in the E-W direction show that no slab reinforcement is
required. Thus, the deformation compatibility requirements of BNBC 2015, § 2.5.14.4 are satisfied in this
example without providing any shear reinforcement in the slab.
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