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Two-Way Concrete Floor Slab with Beams Design and Detailing (CSA A23.3-14)

Design the slab system shown in Figure 1 for an intermediate floor where the story height = 3.7 m, column cross-
sectional dimensions = 450 mm x 450 mm, edge beam dimensions = 350 mm x 700 mm, interior beam dimensions =
350 mm x 500 mm, and unfactored live load = 4.8 kN/m?. The lateral loads are resisted by shear walls. Normal weight
concrete with ultimate strength (f.’= 25 MPa) is used for all members, respectively. And reinforcement with Fy, = 400

MPa is used. Use the Elastic Frame Method (EFM) and compare the results with spSlab model results.
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Figure 1 — Two-Way Slab with Beams Spanning between all Supports
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Design of Concrete Structures (CSA A23.3-14) and Explanatory Notes on CSA Group standard A23.3-14

“Design of Concrete Structures”

References

CAC Concrete Design Handbook, 4™ Edition, Cement Association of Canada
Notes on ACI 318-11 Building Code Requirements for Structural Concrete, Twelfth Edition, 2013 Portland

Cement Association.

Design Data

Floor-to-Floor Height = 3.7 m (provided by architectural drawings)
Columns = 450 x 450 mm
Interior beams = 350 x 500 mm

Edge beams = 350 x 700 mm

W = 24 KN/m®
fc.’ =25 MPa
f, = 400 MPa

Live load, Lo = 4.8 KN/m?

Solution

1.

Preliminary Slab Thickness Sizing

Control of deflections. CSA A23.3 (13.2.5)

slab

In lieu of detailed calculation for deflections, CSA A23.3 Code gives minimum thickness for two-way slab
with beams between all supports on all sides in Clause 13.2.5.

Ratio of moment of inertia of beam section to moment of inertia of a slab () is computed as follows:
I

a= I—b CSA A23.3 (13.2.5)

The moment of inertia for the effective beam and slab sections can be calculated as follows:

3
I, = b,h 2.5 l—E CSA A23.3 (Eq. 13.4)
12 h

The preliminary thickness of 155 mm is assumed and it will be checked in next steps.

Edge Beams:

The effective beam and slab sections for the computation of stiffness ratio for edge beam is calculated as
follows:
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For North-South Edge Beams:

3
=0T 641255 |-1.95:10°

12
3
1, = 220951 5 09x10°
12
10
o= 1.95><109 —965
2.02x10

For East-West Edge Beams:

3
= 0T 25x(1- 35 )] -1.95x10°
12 700

3
1, = 2500155 502;155 ~1.71x10° mm?*.

10
o 1.95x10 _11.41
1.71x10°

Interior Beams:

For North-South Interior Beams:

3
= B 2 1- 25 ) 6.20,10° '
12 500

9
o 6.29x10 _312
2.02x10°

For East-West Interior Beams:

I,

3
_ 3505007 2.5x(1—§j ~6.29x10° mm*
12 500

9
o 6.29><109 _368
1.71x10

The average of o for the beams on four sides of exterior and interior panels are calculated as:

. . (11.41+3.68+3.12+3.12)
For exterior panels: o, = 2
For interior panels: o, = (23.68+2x3.12) =3.40

4

am shall not be taken greater than 2.0, then am = 2.0 for both exterior and interior panels.
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The minimum slab thickness is given by:

fy
1] 0.6+
1,000
=— " 7 CSA A23.3-14 (13.2.5)

™ 30+4pa,

Where:

I, = clear span in the long direction measured face to face of columns = 6.05m = 6050 mm

_ clear span in the long direction ~ 6500—-450

= - —— = =1.182
clear span in the short direction  5500— 450

6,050[ 0.6+ 0
~ 1,000

min T 304 4x1.182x2

The assumed thickness is more than the hmin. Use 155 mm slab thickness.
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2. Two-Way Slab Analysis and Design — Using Elastic Frame Method (EFM)

EFM (as known as Equivalent Frame Method in the ACI 318) is the most comprehensive and detailed
procedure provided by the CSA A23.3 for the analysis and design of two-way slab systems where these
systems may, for purposes of analysis, be considered a series of plane frames acting longitudinally and
transversely through the building. Each frame shall be composed of equivalent line members intersecting at
member centerlines, shall follow a column line, and shall include the portion of slab bounded laterally by the
centerline of the panel on each side. CSA A23.3-14(13.8.1.1)

Probably the most frequently used method to determine design moments in regular two-way slab systems is
to consider the slab as a series of two-dimensional frames that are analyzed elastically. When using this
analogy, it is essential that stiffness properties of the elements of the frame be selected to properly represent

the behavior of the three-dimensional slab system.

In a typical frame analysis it is assumed that at a beam-column connection all members meeting at the joint
undergo the same rotation. For uniform gravity loading this reduced restraint is accounted for by reducing
the effective stiffness of the column by either Clause 13.8.2 or Clause 13.8.3. CSA A23.3-14 (N.13.8)
Each floor and roof slab with attached columns may be analyzed separately, with the far ends of the columns
considered fixed. CSA A23.3-14 (13.8.1.2)
The moment of inertia of column and slab-beam elements at any cross-section outside of joints or column
capitals shall be based on the gross area of concrete at that section. CSA A23.3-14 (13.8.2.5)

An equivalent column shall be assumed to consist of the actual columns above and below the slab- beam plus
an attached torsional member transverse to the direction of the span for which moments are being determined.
CSA A23.3-14 (13.8.2.5)

2.1. Elastic frame method limitations

In EFM, live load shall be arranged in accordance with 13.8.4 which requires slab systems to be analyzed

and designed for the most demanding set of forces established by investigating the effects of live load placed

in various critical patterns. CSA A23.3-14 (13.8.4)
Complete analysis must include representative interior and exterior elastic frames in both the longitudinal
and transverse directions of the floor. CSA A23.3-14(13.8.1.1)
Panels shall be rectangular, with a ratio of longer to shorter panel dimensions, measured center-to-center of
supports, not to exceed 2. CSA A23.3-14 (3.1a)
For slab systems with beams between supports, the relative effective stiffness of beams in the two directions
is not less than 0.2 or greater than 2. CSA A23.3-14 (3.1b)
Column offsets are not greater than 20% of the span (in the direction of offset) from either axis between
centerlines of successive columns. CSA A23.3-14 (3.1¢)
The reinforcement is placed in an orthogonal grid. CSA A23.3-14 (3.1d)
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2.2. Frame members of elastic frame

Determine moment distribution factors and fixed-end moments for the elastic frame members. The moment
distribution procedure will be used to analyze the elastic frame. Stiffness factorsk , carry over factors COF,
and fixed-end moment factors FEM for the slab-beams and column members are determined using the design
aids tables at Appendix 20A of PCA Notes on ACI 318-11. These calculations are shown below.

a. Flexural stiffness of slab-beams at both ends, Kgp.

S _ 450 _ogy Cnz _ 450 _ 4 0sg
¢, 5,500 (, 6,500
For c., =, stiffness factors, k. =k, =4.15 PCA Notes on ACI 318-11 (Table Al)
Ec Isb Ec Isb
Thus, Ky = Kye . 4.15£— PCA Notes on ACI 318-11 (Table Al)
1 1

Where Iy, is the moment of inertia of slab-beam section shown in Figure 2 and can be computed with the

aid of Figure 3 as follows: [,=6.5m

3 3 i
I, =C b,h =272 M =9.92%x10° mm* 155 mm < |
sb t 12 12 )

)
E 19.92x10° 345 mm
Ky = 415" _7.48x10° E, N.m !

5, 500 —= 350 mm ‘-H
Figure 2 — Cross-Section of Slab-Beam
Carry-over factor COF = 0.508 PCA Notes on ACI 318-11 (Table Al)
Fixed-end moment FEM = 0.0844w,,(,? PCA Notes on ACI 318-11 (Table Al)
. IL 1 [B :lhgh Jgp- d -
Ar =P =
/1.:3 =
. IO %
/’ =1 A7
=
A
s 7
s Y
5 2.0
3 "
© ,/ Io = 1 (buh?12)
/ / in which
/
15 / / _L b
1/ lTﬁ F
e
b 1 5 10 15 20
Ratio A =b/b,

Figure 3 — Coefficient C; for Gross Moment of Inertia of Flanged Sections
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b. Flexural stiffness of column members at both ends, K.

Referring to Table A7, Appendix 20A:

For Interior Columns:

t, =500-155/2=422.5mm,t =77.5mm

H =3.7 m=3700 mm, H, =3700-500 = 3200 mm, :—a =5.45, Hi =1.16

b c

Thus, k =6.55and k

» e, top

. botom = 4-91 by interpolation.

¢t (450)"

. =3.42x10° mm*
12

le =3.7m=3,700 mm

k.E.I
K:CCCC

c 7 PCA Notes on ACI 318-11 (Table A7)

c

_ 6.55x3.42 x10° x E.

K =
1P 3,700

=6.05x10°E, N.m

4.915x3.42x10° x E,
3,700

K =

¢, bottom

= 454x10°E, N.m

For Exterior Columns:

t, =700-155/2=622.5mm, t, =77.5mm

H=3.7m=3,700 mm, H, =3,700-700 = 3,000 mm, :—a=8.0, Hi=l.23

b c

Thus, k; ,, =8.45and K, ,,,, = 5.47 by interpolation.

| _C'_ (450’

. =3.42x10° mm*
12

¢, =3.7 ft=3,700 mm

_k.E,l

. % PCA Notes on ACI 318-11 (Table A7)

c

K

_ 8.45x3.42 %107 x E,

K =
o1op 3,700

—7.80x10°E, N.m

5.47 x3.42x10° x E,
3,700

K =

¢, bottom

=5.05x10°E,
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c. Torsional stiffness of torsional members, K.

9E_.C

X
[@=")1

t

For Interior Columns:

CSA A23.3-14(13.8.2.8)

9
= X ABDA0T_ g 74 16°E. Nim
5,500(0.918)
Where:
_G 1 %0 o018
l, ,500
x [ Xy
C=>1-063= =5 CSA A23.3-14 (13.8.2.9)
y
X1 = 350 mm X2 =155 mm X1 =350 mm X2 =150 mm
y1 = 345 mm y2 = 1,040 mm y1 =500 mm y2 = 345 mm
Ci=1.78x10° C,=1.17x10° Ci = 3.99x10° C, =3.08x108
> C=1.78x10° + 1.17x10° = 2.95x10° mm* 3C =3.99x10° + 3.07x10% = 4.61x10° mm*
Ar \
| e | | SRLN |
T x|y L < < v v A% 5
% Y % % ¢
I | I |
X) X]
v A
by t2hy =bwt 8hy
1040 mm -
/ " r : h=155 mm <~
[ '\\
hw =345 mm
torsional bw =350 mm
member

Figure 4 — Attached Torsional Member at Interior Column
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For Exterior Columns:
9
(= S XTALAD ) o 10'E, Nm
5,500(0.918)
Where:
1-% 1 %0 918
L, 5,500
x\[ Xy
C= Z 1-0.63— 3 CSA A23.3-14 (13.8.2.9)
y
X1 =350 mm X2 = 155 mm X1 =350 mm X2 = 155 mm
y1 =545 mm y2 =895 mm y1 =700 mm Y2 = 545 mm
C1=4.64x10° C, = 9.90x108 C1 = 6.85x10° C, =5.55x10°
3 C = 4.64x10° + 9.90x108 = 5.63x10° mm* Y'C = 6.85x10%+ 5.55x10°= 7.41 x10° mm*
K A\
Y2 | b |
_/{ AR Vx>
% Y1 L
Y
| |
X X
/\v v

545 mm (hw < 4hy)
./.

1040 mm
N / //: h=155mm-—

hw=545 mm<"

e }4—.'
torsiomal | bw=350mm
member

Figure 5 — Attached Torsional Member at Exterior Column
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d. Increased torsional stiffness due to parallel beams, K.

For Interior Columns:

6.5m

/“ ]hf:lii mm ?

hw = 345 mm

|
L

-—
—2s
parallel beam bw =350 mm

Figure 6 — Slab-Beam in the Direction of Analysis

Ky  9.74x10°E x 9.92x10°

K, =— b = 4.79x10°E, N.m
I 2.02x10
Where:
3 3
2 lxt 8800155, 1 10° mm
12 12

For Exterior Columns:

K. = Ktlsb —

ta
IS

1.57x10%E, x9.92x10°
2.02x10°

=7.70x10*E, N.m

e. Equivalent column stiffness Kee.

_ 2K 2K,
YK +ZK,

Where Y K is for two torsional members one on each side of the
column, and >’ K is for the upper and lower columns at the slab-

beam joint of an intermediate floor.

For Interior Columns:

_ (6.05x10°E, +4.54x10°E,)(2x4.79x10'E, )

ec — 3 3 2 :9.53><103 Ec
(6.05x10°E, +4.54x10°E, ) + (2% 4.79x10°E,)

clop

Kra ]l . /

ll/ } X,

K

¢, bottom

Figure 7 — Equivalent Column

Stiffness
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For Exterior Columns:

_ (7.80x10°E, +5.05x10°E,)(2x 7.70x10*E,)

ec 3 3 2 =l.19><104 Ec
(7.80x10°E, +5.05x10°E, ) + (2x 7.70x10"E, )

f. Slab-beam joint distribution factors, DF.

At exterior joint,

7.48x10°E,

F= . ——=0.387
(7.48x10°E, +1.19x10°E,)

1.19 x 10* Ee
9.53x 10° Ec

748x10° E.  748x10° E. 748 x 10° E.

At interior joint,

7.48x10°E,

F= : ——=0.305
(7.48x10°E, +9.53x10°E,)

COF for slab-beam =0.508 Figure 8 — Slab and Column Stiffness

2.3. Elastic frame analysis

Determine negative and positive moments for the slab-beams using the moment distribution method.
With an unfactored live-to-dead load ratio:

= 48 1.29> 3

D (24x155/1000) 4
The frame will be analyzed for five loading conditions with pattern loading and partial live load as allowed

by CSA A23.3-14 (13.8.4).

a. Factored load and Fixed-End Moments (FEM’s).
Factored dead load w,, =1.25(3.72+0.446) = 5.21 kN/m®
Where (0.446 kN/m? = (0.345 x 0.35) x 24 / 6.5 is the weight of beam stem per foot divided by I,)
Factored live load w, =1.5(4.8) = 7.2 kKN/m?

Factored load w, =w,, +Ww, =12.41kN/m’

FEM's for slab-beam = m, w, (¢ ? PCA Notes on ACI 318-11 (Table A1)

FEM due to w,, +W, = 0.0844x (12.41x6.5)x5.5° = 206.02 KN.m

FEM due to wy, +%wu =0.0844x (10.61x6.5)x5.5* =176.13 KN.m

FEM due to w,,, = 0.0844x (5.21x6.5)x5.5° =86.47 kN.m

10
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b. Moment distribution.

Moment distribution for the five loading conditions is shown in Table 1 (The unit for moment values is

kN.m). Counter-clockwise rotational moments acting on member ends are taken as positive. Positive span

moments are determined from the following equation:

M

Where M, is the moment at the midspan for a simple beam.

u(midspan)

M, -

2

(MuL + MuR)

When the end moments are not equal, the maximum moment in the span does not occur at the midspan, but

its value is close to that midspan for this example.

Positive moment in span 1-2 for loading (1):

2
M; = (12.41x6.5)%

_ (131.1+232.8)

Positive moment span 2-3 for loading (1):

2
M; = (12.41x 6.5)%

_ (2135+2135)

2

=123.0 kN.m

=91.5 kN.m

Table 1 — Moment Distribution for Partial Frame (Transverse Direction)

Joint 1 2 3 4
Member | 1-2 2-1 23 | 32 3-4 4-3 G T T T T
DF | 0.387 | 0.305 | 0.305 | 0.305 | 0.305 | 0.387 L 2l 3 4L
COF | 0508 | 0508 | 0508 | 0.508 | 0.508 | 0.508
Loading (1) All spans loaded with full factored live load

FEM 206.0 | -206.0 | 206.0 | -206.0 | 206.0 | -206.0

Dist 797 | 0.0 0.0 0.0 0.0 79.7

co 00 | -405 | 0.0 00 | 405 0.0

Dist 0.0 124 | 124 | -124 | -124 | 00

co 6.3 0.0 -6.3 6.3 0.0 -6.3

Dist 2.4 1.9 1.9 -1.9 -1.9 2.4 Tixea. ot amare ends

5 S S RN

co 1.0 -1.2 -1.0 1.0 1.2 -1.0 | LA T }
Dist 0.4 0.7 0.7 0.7 0.7 0.4 A 8 G DJ_/
co 0.3 02 | -03 0.3 0.2 -0.3 T Lo e o e 3 e <345

Dist -0.1 0.2 0.2 02 | -02 0.1

co 0.1 01 | -01 0.1 0.1 -0.1

Dist 0.0 0.1 0.1 01 | -01 0.0

M 131.1 | -232.8 | 2135 | -2135 | 2328 | -131.1
Mi?\;pa” 123.0 915 123.0

11
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Loading (2) First and third spans loaded with 3/4 factored live load

FEM 176.1 | -176.1 | 865 | -865 | 176.1 | -176.1
Dist 681 | 274 274 | 274 | 274 | 681

co 139 | -346 | -139 | 139 346 | -13.9
Dist 5.4 14.8 148 | -148 | -148 5.4

co -2.9 3.1 3.1 -3.1 -3.1 2.9
Dist 1.6 -1.5 -1.6 1.6 15 -1.6

co -0.6 0.9 0.9 -0.9 -0.9 0.6 Twatsawe 5 T T
Dist 0.5 0.3 0.5 0.5 0.3 0.5 A [ — = =

co 0.2 0.2 0.2 0.2 0.2 0.2 £ £ ,‘L L
Dist 0.1 0.1 0.1 0.1 0.1 0.1 (&) Leading pattem for pasiive desion moment in span A%

co 0.1 0.1 0.1 0.1 0.1 0.1
Dist 0.0 0.0 0.0 0.0 0.0 0.0

M 122.6 | -168.8 | 109.4 | -109.4 | 168.8 | -122.6

Midspan 115.0 186 1150
Loading (3) Center span loaded with 3/4 factored live load

FEM 865 | -865 | 176.1 | -176.1 | 865 | -865

Dist 334 | 274 | 2714 | 274 27.4 334

co -139 | -17.0 | 139 | -139 | 170 13.9

Dist 5.4 0.9 0.9 0.9 0.9 5.4

co 0.5 2.7 -0.5 0.5 2.7 0.5 N .
Dist 02 | 07 | 07 | 07 | 07 | 02 T w et T - .
co 04 | 01 | 04 | -04 | 01 0.4 A 5 < o
Dist 0.1 0.1 -0.1 0.1 0.1 0.1 <+ \L ~= «l«

(3) Loading pattern for positive design moment in span BC*

co 0.0 0.1 0.0 0.0 0.1 0.0

Dist 0.0 0.0 0.0 0.0 0.0 0.0

M 446 | -128.0 | 162.7 | -162.7 | 128.0 | -44.6

M'?\jpa” 417 98.0 417

Loading (4) First span loaded with 3/4 factored live load and beam-slab assumed fixed at support two spans away

FEM 1761 | -1761 86.5 -86.5
Dist -68.1 274 274 0.0
co 13.9 34.6 0.0 13.9
Dist 5.4 10.6 106 0.0
co 5.4 2.7 0.0 5.4 N N
Dist 2.1 0.8 0.8 0.0 — N T e
co 0.4 A1 0.0 0.4 A B T spons dience
Dist -0.2 0.3 0.3 0.0 ) Loaing sattern for nagative desian moment at support A°
co 0.2 0.1 0.0 0.2
Dist 01 0.0 0.0 0.0
M 120.2 -175.5 125.6 -66.6
Mi‘f\'jlpa” 112.8 31.9

12
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Loading (5) First and second spans loaded with 3/4 factored live load

FEM 176.1 -176.1 176.1 -176.1 86.5 -86.5
Dist -68.1 0.0 0.0 274 274 334

CO 0.0 -34.6 13.9 0.0 17.0 13.9
Dist 0.0 6.3 6.3 -5.2 -5.2 5.4

CO 3.2 0.0 -2.6 3.2 -2.7 -2.6

Dist -1.2 0.8 0.8 -0.2 -0.2 1.0 S wraaw S S
co 0.4 -0.6 -0.1 0.4 05 | -0.1 | [ -
Dist -0.2 0.2 0.2 -0.3 -0.3 0.0 A B I ¢

~= ~ e

CO 0'1 _0'1 _0'1 0'1 0'0 -0'1 (5) Loading pattern for negative design moment at support B*
Dist 0.0 0.1 0.1 0.0 0.0 0.1

CO 0.0 0.0 0.0 0.0 0.0 0.0
Dist 0.0 0.0 0.0 0.0 0.0 0.0

M 77.6 -146.0 139.1 -105.7 84.1 -29.5

Midspan 74.3 63.7 283
M
T T T T
LooL L
==X '“LTK
Max M- 1311 | 2328 | 2135 | -2135| 2328 | -13L1
Max M* 123.0 98.0 123.0
2.4. Design moments

supports.

450 mm < 0.175x5,500 = 926.5 mm (use face of support location)

Positive and negative factored moments for the slab system in the direction of analysis are plotted in Figure
9. The negative moments used for design are taken at the faces of supports (rectangle section or equivalent

rectangle for circular or polygon sections) but not at distances greater than 0.175¢, from the centers of

CSA A23.3-14 (13.8.5.1)

13



Structure|Point

slab

CONCRETE SOFTWARE SOLUTIONS

9 2
’ Wf=12.41x 6.5=80.66 kKN/m ‘
mmmm
55m 55m I

|~ L >

1
' 232.8
’ 2135 2135 232.8

N1 A
|
*Span loaded
with 3/4 design
live load
88.1

103.5 FRAME MOMENTS (kN.m) ’
\

180.8 180.8
165.6 165.6

-
A\ ,

123.0 DESIGN MOMENTS (kN.m)

Figure 9 — Positive and Negative Design Moments for Slab-Beam (All Spans Loaded with Full Factored Live Load

except as Noted)

2.5. Distribution of design moments

Check Applicability of Direct Design Method:

1.
2.

There shall be a minimum of three continuous spans in each direction (3 spans)CSA A23.3-14 (13.9.1.2)

Successive span lengths centre-to-centre of supports in each direction shall not differ by more than one-
third of the longer span (span lengths are equal) CSA A23.3-14 (13.9.1.3)

. All loads shall be due to gravity only and uniformly distributed over an entire panel (Loads are uniformly

distributed over the entire panel) CSA A23.3-14 (13.9.1.4)

The factored live load shall not exceed twice the factored dead load (Factored live-to-dead load ratio of
1.38 < 2.0) CSA A23.3-14 (13.9.1.4)

. For slabs with beams between supports, the relative effective stiffness of beams in the two directions

(a)? 1 a,)?) is not less than 0.2 or greater than 5.0. CSA A23.3-14 (13.9.1.1)

o, =3.68,1, =55m=5,500 mm
a,=11.41,1 =5.5m=5,500 mm

2 2
“1'22 = 3'12X6’5002 —045 — 0.2<0.45<5.0 O.K.
a,l?  9.65%5,500

Since all the criteria are met, Direct Design Method can be utilized.
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b. Distribute factored moments to column and middle strips:

The negative and positive factored moments at critical sections may be distributed to the column strip and

the two half-middle strips of the slab-beam according to the Direct Designh Method (DDM) in 13.9, provided
that limitations in 13.9.1.1 is satisfied. CSA A.23.3-14 (13.2)

Beams shall be reinforced to resist the following fraction of the positive or interior negative factored moments
determined by analysis or determined as specified in Clause 13.9.3. CSA A.23.3-14 (13.12.2.1)

Portion of design moment resisted by beam:;

@ (1) _312 (1— 6.5 j=0.553
03+a, " 3l,) 03+312\" 3x55

Factored moments at critical sections are summarized in Table 2.

Table 2 - Lateral distribution of factored moments

Column Strip Moments in
Factored - Two
Moments | Beam Strip Bﬁjgnmsetnrt'p Column Strip |  Column Strip HaIf-MlcidIe
(kN.m) Percent K Percent Moment (KN.m) Strips
(kN.m) (kN.m)
Exterior
Negative 87.39 100 87.39 0.00 0.00 0.00
SEpnac:1 Positive 123.05 55.3 68.03 17.4 21.47 33.55
,\'I”te”.or 180.80 55.3 99.96 17.4 3155 49.29
egative
Interior | Negative | 16561 55.3 91.56 17.4 28.90 45.15
Span Positive 97.98 55.3 54.17 174 17.10 26.71

*That portion of the factored moment not resisted by the column strip is assigned to the two half-middle strips

2.6. Flexural reinforcement requirements

a. Determine flexural reinforcement required for strip moments

The flexural reinforcement calculation for the column strip of end span — interior negative location is

provided below:
M, =31.55kN.m

Column strip width, b = (5,500 /2) - 350 = 2,400 mm
Use dayg = 127 mm

In this example, jd is assumed equal to 0.98d. The assumption will be verified once the area of steel in

finalized.

Assume jd =0.98xd =447.3 mm

Column strip width, b = (5,500 /2) - 350 = 2,400 mm
Middle strip width, b = 6,500 —2,400—350 = 3,750 mm

15



Structure|Point

slab
CONCRETE SOFTWARE SOLUTIONS
M 6
A= r_ 31.55%x10 2075 mm?
o f,jd  0.85x400x447.3
a, =0.85-0.0015f_ =0.81>0.67 CSA A23.3-14 (10.1.7)
f
Recalculate 'a’ for the actual A =207.5mm’* - a= AATL, __ 0.85x207.5x400 =15.26 mm

.o f'.b  0.65%x0.81x35x%2,400

_ 2 12 e mm
A 091
The tension reinforcement in flexural members shall not be assumed to reach yield unless:
e 700 CSA A23.3-14 (10.5.2)
d 700+ f,
168 _ 0.13<0.64
127

jd =d -8/ =0.98d

A i =0.002x 2400x155 = 744 mm? > 207.5 mm? CSA A23.3-14 (7.8.1)
S Ay =774 mm?
Maximum spacing: CSA A23.3-14 (13.10.4)

- Negative reinforcement in the band defined by by: 1.5h, =232.5 mm <250 mm
- Remaining negative moment reinforcement: 3h, = 465 mm <500 mm
Provide 6 — 15M bars with As = 200 mm? and s = 2,400/6 = 400 mm < Sax
The flexural reinforcement calculation for the beam strip of end span — interior negative location is provided
below:
M, =99.96 kN.m
Beam strip width, b = 350 mm
Use d = 468 mm
jd is assumed equal to 0.948d. The assumption will be verified once the area of steel in finalized.
Assume jd =0.948xd =443.6 mm

M 99.96x10°

A = — = =662.6 mm’

o f,jd  0.85x400x443.6
a, =0.85-0.0015f_ =0.81>0.67 CSA A23.3-14 (10.1.7)
f, =0.97-0.0025 fc' =0.91>0.67 CSA A23.3-14 (10.1.7)

f
Recalculate 'a’ for the actual A, =662.6 mm* —a = AATL, __0.85x6626x400 =48.75 mm

g, f'.b  0.65x0.81x35%x350

a_BB o mm

B 091

The tension reinforcement in flexural members shall not be assumed to reach yield unless:

c_ 700
—<
700+ f,

d
4875 =0.115<0.64
472

CSA A23.3-14 (10.5.2)

16



Structure|Point

slab
CONCRETE SOFTWARE SOLUTIONS
jd=d _a2 =0.948d
0.2x «/ f 0.24/25
A rin =— V¥ Cyhtxh= x350x500 = 437.5 mm? CSA A23.3-14(10.5.1.2)
' fy 400
- A =662.6 mm’
Provide 2 — 25M bars with As = 500 mm?
All the values on Table 3 are calculated based on the procedure outlined above.
Table 3 - Required Slab Reinforcement for Flexure [Elastic Frame Method (EFM)]
. As Prov.
. M+ b* d™ As Req’d Min Ast Reinforcement for
Span Location for flexure 2 .
(kN.m) (mm) (mm) 2 (mm?) Provided flexure
(mm?) (mm?)
End Span
Exterior 87.39 350 468 575.1 4375 2 -25M 1,000
Negative
Eﬁ?g“ Positive 68.03 350 458 4435 4375 2 - 25M 1,000
Interior
Negative 99.96 350 468 662.6 437.5 2-25M 1,000
Exterior 0.00 2,400 127 0.0 744 6 15M 1,200
Negative
gt?:;m” Positive 21.47 2,400 127 135.3 744 6 15M 1,200
Interior 3155 2,400 127 200.0 744 6 15M 1,200
Negative
Exterior
_ Negative 0.00 3,750 127 0.0 1,162.5 9-15M 1,800
S'\::’?;Ie Positive 33.55 3,750 127 212.9 1,162.5 9-15M 1,800
Interior 49.29 3,750 127 316.0 1,162.5 9-15M 1,800
Negative
Interior Span
Beam L.
Strip Positive 54.17 350 457 437.5 437.5 2-25M 1,000
gg:gm” Positive 17.10 2,400 127 107.5 744 6 15M 1,200
SI\:;?;IE Positive 26.71 3,750 127 168.8 1,162.5 9-15M 1,800
* Column strip width, b = (5,500/2) - 350 = 2,400 mm
* Middle strip width, b = 6,500-2,400-350 = 3,750 mm
* Beam strip width, b = 350 mm
" Use average d = 155 — 20 — 7 = 127 mm for Column and Middle strips
** Use average d = 500 - 30 -13 = 457 mm for Beam strip Positive moment regions
" Use average d = 500 - 20 - 12 = 468 mm for Beam strip Negative moment regions
T Min. As=0.002 x b x h =0.31 x b for Column and Middle strips CSA A23.3-14 (7.8.1)
 Min. As = (0.2(f)"0.5/f,*b*d for Beam strip CSA A23.3-14 (10.5.1.2)

b. Calculate additional slab reinforcement at columns for moment transfer between slab and column by

flexure
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Portion of the unbalanced moment transferred by flexure is yr x M;
Where:

1
14(2/3)x b /b,

Vs CSA A23.3-14 (13.10.2)

b, =Width width of the critical section for shear measured in the direction of the span for which moments
are determined according to CSA A23.3-14, clause 13 (see Figure 10).

b, = Width of the critical section for shear measured in the direction perpendicular to b1 according to CSA
A23.3-14, clause 13 (see Figure 10).

b, = Effective slab width =c, +3xh, CSA A23.3-14 (3.2)

For Exterior Column:

b, =cl+%=450+%=513.5 mm, b, =c, +d =450+127 =577 mm, b, =c, +3 h=450+3 (155) =915 mm

Vi = L =0.614
1+(2/3)x+[513.5/577
Edge of slab
1 a
C D
SR T By o — D
i ! I | %y l
Cep| | | b Ccp| | ] < by
: ! ¢ ! : ‘ | 3 !
| 1 | . I H |
Z—-— —,-—--4—-—{—-:-——-|— —_—Zz Z——]————f——— —1—-—2Z
N7 caf | | !
Capl | ! | AT T B
| i | P
L e a_ ¥ I b | ]
Al | .|B 2
b, w |
w
Critical shear perimeter for interior column Critical shear perimeter for exterior column
Figure 10 — Critical Shear Perimeters for Columns
7iM o =0.614x131.1=80.48 KN.m
A, o LXOBIXE XDy e 2% Mo
o o, %1, @, % 0.81x f, xb,
6
A e = 0.65x0.81x 25x 915 117_J1172 _ 2x80.48x10 — 3,507 mm®
' 0.85x400 0.65x0.81x 25x 915
A in =0.002x 2400x155 = 744 mm’ < 3,507 mm’ CSA A23.3-14 (7.8.1)

5o A regra = 3,507 mm?
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A%, provided = (AE provided )(beam) + (AS provided )(b[J 7bbeam)

o =2X +0ox X O2F mm- < g =9, mm
oroviced = 2x500+6x 200 9125 0350 1283 mm’* <A .4 = 3,507 mm?

.. Additional slab reinforcement at the exterior column is required.

Avera. s = 3507 —1283 = 2224.5 mm?

Use 12 - 15M — A ag =12x200=2,400in7 > Ay o = 2,224.5 mm?

Table 4 - Additional Slab Reinforcement at columns for moment transfer between slab and column [Elastic Frame Method (EFM)]

Effective " Asreq’d A prov. for S
Span Location slab width, (mdm) ve (k'\NAum) (E\er;) within by flexure within Qgi?]fl
by (mm) : i (mm?) by (Mm?) '
End Span
Exterior 915 117 | 0614 | 1311 80.48 3,507 1,283 12-15M
Column Negative
Strip Interior
Negative 915 117 0.600 59.4 35.64 1,022 1,283

*M: is taken at the centerline of the support in Elastic Frame Method solution.

b. Determine transverse reinforcement required for beam strip shear

The transverse reinforcement calculation for the beam strip of end span — exterior location is provided

below.

Shear Diagram for Exterior Span (kN)

2033

-240.3

X, m

Figure 11 — Shear at critical sections for the end span (at distance dy from the face of the column)

dv = Max (0.9d,0.72h) = Max (0.9x457,0.72x500) = 411.7mm CSA A23.3-14 (3.2)

The required shear at a distance d from the face of the supporting column V 4= 152 kN (Figure 11).
V, max = 0.25x0.65x 25x350x 411.7 /1000 = 585.5 kN — .. section is adequate CSA A23.3-14 (11.3.3)

V, = cocﬂﬂ\/f:; b, dv CSA A23.3-14 (Eg. 11.5)
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V, =0.65x1x0.18x% 25 x350x 411.7 /1,000 = 84.21 kN<152 kN = Stirrups are required.

Distance from the column face beyond which minimum reinforcement is required:
V.=V, -V, ACI 318-14 (22.5.10.1)

C

V, =152 -84.21=67.8 kN

V, -V
(ij - LI = 67.8x1000 =0.338 mm?/mm  CSA A23.3-14 (11.3.5.1)
S Jreq #x fyxd,xcoté 0.85x400x411.7xcot 35°
Where 6 =35 CSA A23.3-14 (11.3.6.2)
0.06x 4/ f.
(ﬂj :@ CSA A23.3-14 (11.2.8.2)
S min fyt

=0.263 mm?/mm

A 0.06x/25x350
S Jmin 400

_ A _2x100
e ( A ) 0.263
req

S

S =590.9 mm

Check whether the required spacing based on the shear demand meets the spacing limits for shear
reinforcement per CSA A23.3-14 (11.3.8).

0.1254¢, f.b,dv = 292.73>V, CSA A23.3-14 (11.3.8.3)

Therefore, maximum stirrup spacing shall be the smallest of 0.7dy, and 600 mm.  CSA A23.3-14(11.3.8.1)

0.7d, 0.7x411.7 288 mm
Smax = lesser of = lesser of = lesser of =288 mm
600 mm 600 mm

600 mm
SINCe Spoqy > Sy —> USE Sy

Select Sprovided = 280 mm — 10M stirrups with first stirrup located at distance 140 mm from the column
face.

The distance where the shear is zero is calculated as follows:

| 55

X=XV, =2 %203.3=252m = 2,520 mm
Vi 4V e Ut 203.3+2403

The distance at which no shear reinforcement is required is calculated as follows:

X = x—Vixvc - 2.52—%%4.21:1.48 m =1,480 mm

f

S .
Xl_&_m 1,480—@—@
#of stirrups = 2 2 1= 2 2 11~6->useb stirrups
s 280

provided
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All the values on Table 5 are calculated based on the procedure outlined above.

Table 5 - Required Beam Reinforcement for Shear

spantocation | nEEL L AR | e | | provieea
End Span
Exterior 0.263 0.338 590 288 6—-10M @ 280 mm
Interior 0.263 0.535 373 288 6—-10M @ 280 mm
Interior Span
Interior 0.263 0.431 464 288 8- 10M @ 280 mm
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2.7. Column design moments

The unbalanced moment from the slab-beams at the supports of the frame are distributed to the actual

columns above and below the slab-beam in proportion to the relative stiffness of the actual columns.

Referring to Fig. 9, the unbalanced moment at joints 1 and 2 are:

Joint 1 =+131.1 kN.m

Joint 2 =-204.0 + 194.6 =-9.45 kN.m

The stiffness and carry-over factors of the actual columns and the distribution of the unbalanced moments

to the exterior and interior columns are shown in Fig 12.

il 3939 kN.m
g
]
&b
=
COF = 0.495 2
K=7.80x 10 77.09kNm  §
DF =0.61 7958 kNm £
—— 3
COF =0.86 51.52kN.m—~", =
Ke=5.05 x 10° Ec 35.40 kN.m/ _§
DF =0.39 3
B
=]
o
%
%
7 4431 KN.m
EXTERIOR COLUMN
2.?8£N.111 o
A
=
z \
=i i
B2 Y
'OF =0.52
e 5.23 kN.m CTO_F .? 3
5 \/~5.40 kN.m Reom X 10
< - =0.5
£ ’/' DF = 0.57
= 7—‘ :
g 4.05 kN.m / COF =0.69 ;
B 2.90 kN.m— \ Ke=4.54x 10° Ec
S DF =0.43
8 \
E \I"\
E Y
278 KN.m s
INTERIOR COLUMN

Figure 12 - Column Moments (Unbalanced Moments from Slab-Beam)
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In summary:
Design moment in exterior column = 59.57 KN.m

Design moment in interior column = 5.40 kN.m

The moments determined above are combined with the factored axial loads (for each story) and factored
moments in the transverse direction for design of column sections. A detailed analysis to obtain the moment
values at the face of interior, exterior, and corner columns from the unbalanced moment values can be found

in the “Two-Way Flat Plate Concrete Floor Slab Design” example.

3. Design of Interior, Edge, and Corner Columns

The design of interior, edge, and corner columns is explained in the “Two-Way Flat Plate Concrete Floor Slab

Design” example.
4. Two-Way Slab Shear Strength

Shear strength of the slab in the vicinity of columns/supports includes an evaluation of one-way shear (beam
action) and two-way shear (punching) in accordance with CSA A23.3-14 clause 13.
4.1. One-Way (Beam action) Shear Strength

One-way shear is critical at a distance dy from the face of the column. Figure 13 shows the Vi at the critical
sections around each column. Since there is no shear reinforcement, the design shear capacity of the section
equals to the design shear capacity of the concrete:

V=V 4V 4V, =V, (V =V, =0) CSA A23.3-14 (Eq. 11.4)
Where:

V, =0, 28|f.b,d, CSA A23.3-14 (Eq. 11.5)
A =1 for normal weight concrete

B =0.21 for slabs with overall thickness not greater than 350 mm CSA A23.3-14 (11.3.6.2)
dv = Max (0.9d,,,,0.72h) = Max (0.9x127,0.72x 155) = 114 mm CSA A23.3-14 (3.2)
Jf. =5 MPa <8 MPa CSA A23.3-14 (11.3.4)

114

V. = 0.65x1x0.21x /25 x 5,500 x ——— = 427.92 kN >V,

1000

Because V, >V, at all the critical sections, the slab has adequate one-way shear strength.
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Shear Diagram (kN)

2218 240.3

)
S
[
L

170.47

-170.47
-221.80

-240.3
X, m

Figure 13 — One-way shear at critical sections (at distance dy from the face of the supporting column)

4.2. Two-Way (Punching) Shear Strength

Two-way shear is critical on a rectangular section located at dsian/2 away from the face of the column. The
factored shear force Vs in the critical section is calculated as the reaction at the centroid of the critical section
minus the self-weight and any superimposed surface dead and live load acting within the critical section.

The factored unbalanced moment used for shear transfer, Munp, is calculated as the sum of the joint moments to
the left and right. Moment of the vertical reaction with respect to the centroid of the critical section is also taken
into account.

For the exterior column:

514x578

10°

V, = 203.2—12.41( j =199.5kN

M, =93.1-43.56

( 20.5—9-1029 -18/ 2) _ 84,37 fikip

For the exterior column in Figure 14, the location of the

centroidal axis z-z is:

_ moment of area of the sides about AB
area of the sides

AB

Figure 14 — Critical section of exterior
support of interior frame

_ 2(350x672x (514—350/ 2) + (514 — 350)x 127 x (514 350) / 2)
A T 2% (350% 672+ (514 —350) x127) + 350% 472 + (577 — 514) x 127

=230.4 mm
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A, = 2x (350 672+127 x (514 — 350)) + 127 x (577 — 350) + 350x 472 = 7.05x10° mm?

The polar moment J. of the shear perimeter is:

3

+':bbeam,Extdbeam,Ext:| {%-"(bl_bbeam,Ext)_cAB} ]

3
] =2 bbeam,Extdbeam,Exl dbeam,Exlbbeam,Ext
¢ = +
12 12

42 (bl _bbeam,Ext ) djlab,Ext N dslab (bl _bbeam,Ext) ’ +[(b1 —bbeam_Ext ) ds|ab:| |:CAB . bl B bbeam,Ext :|2

12 12 2

+|:bbeam,lnt dbeam.lnt +(b2 _bbeam,lnt) dslab] CIZXB

3 3 2
Je = 2{350 I2672 + 672:2350 +[350x672] [? +(514-350) - 230.4} }

514-350)x127° 127 (514 -350)’ _350T
+2[( )27 127x( ) [(514-350)x127] [230.4—MH
12 12 2

+[ 350 x457 + (577 -350) x127 | x230.47

J, =3.94x10" mm*
y, =1—-y, =1-0.614=0.386 CSA A23.3-14 (Eq. 13.8)

The length of the critical perimeter for the exterior column:

b, = 2x (450+127 / 2) + (450+127) =1604 mm

= Vi TMige CSA A23.3-14 (Eq.13.9)
b,xd J
v, = 199.5><10(5)0 N 0.386x43.7 ><10(1)00>< 230.4 _ 0538 MPa
7.05x10 3.94x10
The factored resisting shear stress, V, shall be the smallest of: CSA A23.3-14(13.3.4.1)

2 . 2
) V=V, =|1+— 01944 [t =[ 1+ |0.19x0.65x /25 =1.85 MPa
) r c ( ﬂj ¢C C ( 1)

C

b) v,=v, =(Osd +0-19j/1¢c~/f; =(312$7 +o.19jx1xo.65xﬁ=1.39 MPa

(o]

) V,=v, =0.3814,\[f, =0.38x1x0.65x+/25 =1.24 MPa
In this example, since the dag = 440.1 mm around the joint for two-way shear, exceeds 300 mm, therefore the
value of v obtained above shall be multiplied by 1300/(1000+d). CSA A23.3-14 (13.3.4.3)
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1300 124 1300

V= x124=—"— ___»124=1115MPa
(1000+d) (1000 +440.1)

Since v, > vr at the critical section, the slab has adequate two-way shear strength at this joint.

For the interior column:

577x577

V; =240.3+ 221.8—12.41( 0 j =458 kN

-7
M, =232.8—213.8—458(0) =19.0 kN.m

For the interior column in Figure 15, the location of the centroidal

/) |

axis z-z is: / ) |

AB=M=E=2885mm
2 2

A, =4x(350x 472+ (577 —350)x127) = 7.76 x10° mm*

Figure 15 — Critical section of interior
support of interior frame

The polar moment J. of the shear perimeter is:

2
Booarn 1 O d : -
\]c _ 2[ beam, Int ¥ beam, Int " beam,lntbbeam,lnl " [bbeamedbeame :| |:bbeam,lnt " ( bl bbeam,lnt ]_ CAB :| ]

12 12 2 2

(bl - bbeam,lnt j d3 dslab [bl B bbeam,lm

) 2 slab, Int . 2 J +|:[b1 ~Byeam, int ] ds|ab:| |:CAB : By — Bhcarm, it }

12 12 2 2x2

+ 2 |:bbeam,lnt dbeam.lnt + (bz - bbeam,lnt ) dslahj| ciB

3 3 _ 2
J. = 2|i350 X472 + 472:2350 + [350 X 472] {% + (—577 > 350 ) - 288.5} :|

12

(577 —350] “127° 197 (577 -350

3
) :
49 2 N 2 N 577-350 <127 288.5—577_350
12 12 2 2x2

+[350 x472+(577-350) x127] x288.52
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J, =4.5x10"° mm*
y, =1—7y, =1-0.600 = 0.400 ACI 318-14 (Eq. 8.4.4.2.2)

The length of the critical perimeter for the exterior column;
b, =4x(450+127) = 2,308 mm

vz Vi YWMie CSA A23.3-14 (Eq.13.9)
b,xd J
v, = 458 xl,O(iO N 0.4x19.0x1, 001g)><288.5 — 0,639 MPa
7.76x10 45x10
The factored resisting shear stress, V, shall be the smallest of: CSA A23.3-14(13.3.4.1)

Q) v,=v, :(1+ﬂ3j0.19/1¢w/f'c :[1%)0.1%0.6&@:1.85 MPa

c

ad : 4x127
b) v.=v =|—=-+0.19 |2 ,ff = +0.19 |x1x0.65%x+/25 =1.33 MPa
) r c [ b j ¢c c [2,308 jx x x

0

) V,=v, =0.3814,\[f, =0.38x1x0.65x+/25 =1.24 MPa

In this example, since the da,y = 336.3 mm around the joint for two-way shear, exceeds 300 mm, therefore the

value of v obtained above shall be multiplied by 1300/(1000+d). CSA A23.3-14 (13.3.4.3)
vV, = ﬂxl.m = &xl.m:l.zm MPa
(1000+d) (1000+336.3)

Since v, > vt at the critical section, the slab has adequate two-way shear strength at this joint.

5. Two-Way Slab Deflection Control (Serviceability Requirements)

Since the slab thickness was selected based on the minimum slab thickness equations in CSA A23.3-14, the
deflection calculations are not required. However, the calculations of immediate and time-dependent deflections
are covered in this section for illustration and comparison with spSlab model results.
5.1. Immediate (Instantaneous) Deflections
The calculation of deflections for two-way slabs is challenging even if linear elastic behavior can be assumed.
Elastic analysis for three service load levels (D, D + Lsystained, D+Lgun) is used to obtain immediate deflections
of the two-way slab in this example. However, other procedures may be used if they result in predictions of

deflection in reasonable agreement with the results of comprehensive tests. ACI 318-14 (24.2.3)

The effective moment of inertia (l¢) is used to account for the cracking effect on the flexural stiffness of the
slab. I for uncracked section (M¢r > M) is equal to lg. When the section is cracked (M < Ma), then the

following equation should be used:

27


http://www.spslab.com/

Structure|Point

CONCRETE SOFTWARE SOLUTIONS

slab

3
=1, (1, - I)(I\l\jj <l CSA A23.3-14 (Eq.9.1)
Where:
Ma = Maximum moment in member due to service loads at stage deflection is calculated.
The values of the maximum moments for the three service load levels are calculated from structural analysis as

shown previously in this document. These moments are shown in Figure 16.

Moment Diagram (kN.m)
1. DL
2.DL+LL,

sustained

| | ~-7596 7596 | % |

19.07 39.07

X m * Moment values at columns centerlines

Moment Diagram (kN.m)
3. DL+ LLgy,

-163.49 -163.49

63.56 /
84.08 84.08

X, M
* Moment values at colummns centerlines

Figure 16 — Maximum Moments for the Three Service Load Levels

For positive moment (midspan) section of the exterior span:

M., = Cracking moment.

_ T, _(3.00/2)x(9.95x10°)

M cr T
Y, 395.74

x107° =37.73kN.m CSA A23.3-14 (Eq.9.2)
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fr should be taken as half of Eq.8.3 CSA A23.3-14 (9.8.2.3)
r = Modulus of rapture of concrete.
f = 0.61\/?; =0.6x1.0x+25 = 3.00 MPa CSA A23.3-14 (Eg.8.3)

Iy = Moment of inertia of the gross uncracked concrete section

I, =9.95x10° mm* for T-section (see Figure 21)
y: = Distance from centroidal axis of gross section, neglecting reinforcement, to tension face, in.
y, = 395.74 mm (see Figure 17)

Ky

104.26 mm
| 155 mm_ 1 NA

500 mm

395.74 mm

350 mm
6.5 m

T

Figure 17 — |4 calculations for slab section near support

I, = Moment of inertia of the cracked section transformed to concrete.

CAC Concrete Design Handbook 4" Edition (5.2.3)
As calculated previously, the positive reinforcement for the end span frame strip is 15 — 15M bars located at 20

mm along the slab section from the bottom of the slab and 2 — 25M bars located at 30 mm along the beam

section from the bottom of the beam. Three of the slab section bars are not continuous and will be excluded

from the calculation of I. Figure 18 shows all the parameters needed to calculate the moment of inertia of the

cracked section transformed to concrete at midspan.

| jx A'(.’T diab NA.
‘e @ @ ® ele @ o Y .
_______________ beam ———r d 1
I } beam nAg gab
I } n=Es/Ec
1 I
1® 9.0 & — I
*********** Tension
qu ”As. beam
Jheam
b

Figure 18 — Cracked Transformed Section (positive moment section)

Ecs = Modulus of elasticity of slab concrete.

15 15
E,, = (3,300,f, +6,900) —Z— | = (3,300y25+ 6,900) 24471 _ 55 684 MPa CSA A23.3-14(8.6.2.2)
2,300 2,300
n= % = % =7.79 CAC Concrete Design Handbook 4" Edition (Table 6.2a)
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6,500 =3,250 mm

b
a=—=

2
b=nA . +N A . = 7.79%(2x500)+7.79x (12 200) = 26, 476.1 mm’

C==1x(N A e peam + 1 A a0 i ) = —1%(7.79%(2x500) x 457 +7.79x (12 200) x127 ) = -5.93x10 ° mm?

b+ b’ —4ac _ ~26,476.1+/26,476. ~4x3,250x—5.93x10° _ o0,
2a 2x3,250 '

kd =

_b(kd)®

cr 3 + n&,slab (dslab - kd)z + n&,beam (dbeam - kd)Z

3
_ 6:500x(3884)" , 7 79, (12x200) (127 - 38.84)” +7.79%(2x500) (457 — 38.84)" =1.63x10° mm*

cr

For negative moment section (near the interior support of the end span):

The negative reinforcement for the end span frame strip near the interior support is 27 #4 bars located at 1.0 in.

along the section from the top of the slab.

fl, (3.00/2)x(3.65x10°) _

M, =—%= x10° = 21.88 kN.m CSA A23.3-14 (EQ.9.2)
Y, 250

f = 0.61\/?; =0.6x1.0x25 = 3.00 MPa CSA A23.3-14 (Eg.8.3)

l, = 3.65x10° mm*

Y, =250 mm
i ’7 777777777 - T — — — — —‘
\ \
250 mm } |
L 00mm_, N
¥ — | — T — — —NA.
250 mm
350 mm
| 6.5 m )

Figure 19 — |4 calculations for slab section near support

15 15
. y 2,447
E_.=(3,300,/f +6,900)] —=— | =(3,300425+6,900)] —— | = 25,684 MPa CSA A23.3-14(8.6.2.2
., = (3300, )(2’3()0} (3,300 )(woj (£622)
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n= B _ 200,000 7.79 CAC Concrete Design Handbook 4" Edition (Table 6.2a)
E. 25684
B= Boam  _ 350 =0.011mm™

CNAga  7.79%(15% 200+ 2x500)

CAC Concrete Design Handbook 4" Edition (Table 6.2a)

V2dB+1-1 2x468x0.011+1-1

kd = =213 mm
468
CAC Concrete Design Handbook 4" Edition (Table 6.2a)
3
I, = W+ NA, o (d —kd)? CAC Concrete Design Handbook 4" Edition (Table 6.2a)
3
I, = w +7.79x% (15>< 200+ 2x 500)>< (468— 213)2 =3.15x10°mm?*
ree T T T Ty T T T - Tension HAS, fotal
:@O@@O@@@@Tﬁa@l — .
S 1 hbenm = | n=Es/Ec
- :
kd ] _
——
“beam
b

Figure 20 — Cracked Transformed Section (interior negative moment section for end span)

The effective moment of inertia procedure described in the Code is considered sufficiently accurate to estimate
deflections. The effective moment of inertia, l., was developed to provide a transition between the upper and
lower bounds of I and I as a function of the ratio Mc/Ma. For conventionally reinforced (nonprestressed)
members, the effective moment of inertia, le, shall be calculated by by Eqg. (9.1) in CSA A23.3-14 unless
obtained by a more comprehensive analysis.
For continuous prismatic members, the effective moment of inertia may be taken as the weighted average of
the values obtained from Eq. (9.1) in CSA A23.3-14 for the critical positive and negative moment sections.
CSA A23.3-14(9.8.2.4)
For the exterior span (span with one end continuous) with service load level (D+LL¢):

3
;=1 +(1,- |c,)(M“j , M, =21.88kN.m <M, =179.92 kN.m
Ma

ACI 318-14 (24.2.3.53)

Where l¢ is the effective moment of inertia for the critical negative moment section (near the support).

21.88

|, =3.15x10° +(3.65x10° —3.15><109)(
179.92

3
] =3.15x10° mm*
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For positive moment section (midspan):

3
=1, (1, - |)[MJ M, =37.73kN.m < M, = 39.07 kN.m
Ma

Where I¢* is the effective moment of inertia for the critical positive moment section (midpan).

3
|, =1.63x10° +(9.95x10° —1.63><109)(37'73) =2.39x10° mm*
84.08

Where I¢* is the effective moment of inertia for the critical positive moment section (midspan).

Since midspan stiffness (including the effect of cracking) has a dominant effect on deflections, midspan section
is heavily represented in calculation of I and this is considered satisfactory in approximate deflection
calculations. The averaged effective moment of inertia (le,avg) iS given by:

Ieya\,g =0.85 I;’ +0.15 Ie‘ for end span CSA A23.3-14 (9.8.2.4)

. =085 (2.39><109)+0.15 (3.15><109):2.50><109 mm*

e,avg

Where:

Ie‘ = The effective moment of inertia for the critical negative moment section near the support.

Ie+ = The effective moment of inertia for the critical positive moment section (midspan).

For the interior span (span with both ends continuous) with service load level (D+LLgu):

3
=1, (1, - |)£Mj , M, =21.88kN.m < M_=163.49 kN.m
Ma

ACI 318-14 (24.2.3.5a)

21.88

|, =3.15x10° +(3.65x10° —3.15><109)(
163.49

3
j =3.15x10° mm*

For positive moment section (midspan):

3
=1, (1, - |cr)(M“] , M, =37.73kN.m <M, = 56.88 kN.m
Ma

Where I¢* is the effective moment of inertia for the critical positive moment section (midpan).

3
|, =1.63x10° +(9.95x10° —l.63><109)[37'73j = 4.06x10° mm*
56.88

The averaged effective moment of inertia (leavg) is given by:

| =0.701"+0.15 (I~ +1~ |for interior span CSA A23.3-14 (9.8.2.4)
e.avg e el er

I =070 (4.06><109)+O.15 (3.15><109 +3.15x109) =3.79x10° mm*

e,avg
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Where:

Ie‘I = The effective moment of inertia for the critical negative moment section near the left support.

Ie‘ . The effective moment of inertia for the critical negative moment section near the right support.

Table 6 provides a summary of the required parameters and calculated values needed for deflections for exterior
and interior equivalent frame. It also provides a summary of the same values for column strip and middle strip

to facilitate calculation of panel deflection.

Table 6 — Averaged Effective Moment of Inertia Calculations

For Frame Strip

lg, ler, Ma, KN.m M le, mm* (><109) le.avg, mm?* (><109)
Cry
Span | zone mrgg“ mrgg“ 5 D+ | D+ | kNm [ o [ D+ | D+ | 5 | D+ | D+
(109 | 409 L Lsus L unr L L sus L fun LLsys L funr
Left 3.65 3.15 -44.85 | -44.85 | -96.52 21.88 3.21 3.21 3.16

Ext | Midspan 9.95 1.63 39.07 | 39.07 84.08 37.73 9.13 9.13 2.39 8.23 8.23 2.50
Right 3.65 3.15 | -83.60 | -83.60 | -179.92 | 21.88 3.16 3.16 3.15
Left 3.65 315 | -75.96 | -75.96 | -163.49 | 21.88 3.16 3.16 3.15
Int Mid 9.95 1.63 26.43 | 26.43 63.56 37.73 9.95 9.95 4.06 7.92 7.92 3.79
Right 3.65 315 | -75.96 | -75.96 | -163.49 | 21.88 3.16 3.16 3.15

Deflections in two-way slab systems shall be calculated taking into account size and shape of the panel,
conditions of support, and nature of restraints at the panel edges. For immediate deflections two-way slab
systems the midpanel deflection is computed as the sum of deflection at midspan of the column strip or column
line in one direction (Acx Or Acy) and deflection at midspan of the middle strip in the orthogonal direction (Amx
or Amy). Figure 21 shows the deflection computation for a rectangular panel. The average A for panels that have

different properties in the two direction is calculated as follows:

A= (Acx +Amy) + (Acy +Amx)

2 PCA Notes on ACI 318-11 (9.5.3.4 Eq. 8)
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Direction —__ Assumed

of Analysis -/~ Support Line
Acx
>

Assumed
Support Line

Y >a X
X
Assumed Assumed 5 /
Support Line Support Line y Direction

(b) Y Direction Bending of Analysis

(a) X Direction Bending

A +A )+ [ A +A )
ox my cy mx

2

(c) Combined Bending

Figure 21 — Deflection Computation for a rectangular Panel

To calculate each term of the previous equation, the following procedure should be used. Figure 22 shows the

procedure of calculating the term Ac. same procedure can be used to find the other terms.

A_=A +A0._,+A8

ax cx, fixed cx.R ex,L

| | |
I

1

Sframe

Av:ﬁved = LDFC X Aﬁame,fmad X( I J AQL‘,R = HC,R (
g

c

1 4 LDFT + LDF,
———— LDF, = 2
2 9 — (Mnet.R)calumn 9 — (M

¢.R K— c.L X

ec ec

net L )calumn

wit

A =
frame, fixed 384E ]

c” frame.averaged

L

Figure 22 —A calculation procedure

For exterior span - service dead load case:
3 wl*
frame, fixed 384E |

c ' frame,averaged

A PCA Notes on ACI 318-11 (9.5.3.4 Eq. 10)

Where:
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A = Deflection of column strip assuing fixed end condition.

frame, fixed

24x155 N 24x(500-155) %350

J(G.S) =27.08 kN/m
1000 6.5x1000

w = slab weight + beam weight :(

15 15

. , 2,447

E.. = (3,300/f, +6,900)( —Z*— | =(3,300y/25+6,900)| == | = 25,684 MPa
- = ¢ {2,300) ( )[2 300]

CSA A23.3-14(8.6.2.2)
lirame, averaged = The averaged effective moment of inertia (le,avg) for the frame strip for service dead load case

from Table 6 =8.23 x 10° mm*

(27.08) (5500 450)"

A o =0.217 mm
frame, fixed 384(25, 684)(823X109 )

c

|
A, s = LDF XA o x( f"*'"eJ PCA Notes on ACI 318-11 (9.5.3.4 Eq. 11)
9

Where LDF. is the load distribution factor for the column strip. The load distribution factor for the column

strip can be found from the following equation:

LD+ 4 LDF +LDF,

LDF, =
2

And the load distribution factor for the middle strip can be found from the following equation:
LDF, =1-LDF,
For the end span, LDF for exterior negative region (LDF_ ), interior negative region (LDFg ), and positive

region (LDF_") are 1.00, 0.727, and 0.727, respectively (From Table 2 of this document). Thus, the load

distribution factor for the column strip for the end span is given by:

0727 + 1.00+0.727

LDF, = > 2 0795

lcg = The gross moment of inertia (lg) for the column strip (for T section) = 7.93 x 10° mm*

ltrame.g = The gross moment of inertia (lg) for the frame strip (for T section) = 9.95 x 10° mm?*

9
A s =0.795x0.217x 22210 _ 5217 ram
| 7.93x10
(Mnet,L )frame
O = PCA Notes on ACI 318-11 (9.5.3.4 Eq. 12)
Where:
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6., = Rotation of the span left support.
(M a1 ) frame =4-49x107 N.mm = Net frame strip negative moment of the left support.
Kee = effective column stiffness for exterior column.

=3.05 x 10 N.mm/rad (calculated previously).

7
= 24940 _ 60015 rad
"~ 3.05x10
I I
AG. =0, (8) Tg PCA Notes on ACI 318-11 (9.5.3.4 Eqg. 14)
€ / frame

Where:

A6, = Midspan deflection due to rotation of left support.

I . S .
[gj = Gross-to-effective moment of inertia ratio for frame strip.
frame

e

5500450 9.95x10°

A6, =0.00015x x =0.112mm
' 8 823x10
M _ 7
g, = Mrer)ione _ (8:36-7.60)x10" _ 505
' K., 2.45x10
Where

6. » = Rotation of the end span right support.

C

(M ¢t r) rame = Net frame strip negative moment of the right support.

Kee = effective column stiffness for interior column.

= 2.45 x 10** N.mm/rad (calculated previously).

| _ 9
A0 =6 ) o] =000003x 300490, 995 10 _ 0.024mm
R . 8 8.23x10

Where:
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A6, , = Midspan delfection due to rotation of right support.

Ay = Aoy fired + A0y g + A6,y PCA Notes on ACI 318-11 (9.5.3.4 Eg. 9)

CX

A, =0.217+0.112+0.024 = 0.353 mm

Following the same procedure, Amx can be calculated for the middle strip. This procedure is repeated for the
equivalent frame in the orthogonal direction to obtain Acy, and Amy for the end and middle spans for the other
load levels (D+LLgys and D+LL).

Assuming square panel, Acx = Ac¢y= 0.009 in. and Amx = Amy= 0.021 in.

The average A for the corner panel is calculated as follows:

A= (4 +A”’Y);(A°y + ) =(Ag +An )= (A, +A,, ) =0.009+0.021=0.030 in.
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Table 7 - Instantaneous Deflections

Column Strip Middle Strip
D D
Span LDF Aframe-fixed, Ac-fixeds 0.1, 0., A0, A0y, Acx, LDF Aframe-fixed, Anmfixed, Omy, Oma2, ABy, Abrmz, Amx,
mm mm rad rad mm mm mm mm mm rad rad mm mm mm
Ext 0.795 0.217 0.217 0.00015 0.00003 0.112 | 0.024 0.353 0.205 0.217 0.381 0.00015 0.00003 0.112 0.024 0.517
Int 0.727 0.225 0.206 0.00003 | 0.00003 | 0.025 | 0.025 | 0.156 0.273 0.225 0.528 0.00003 0.00003 0.025 0.025 | 0.479
D+LLgs D+LLgs
Span LDF Aframe-fixed, Ac-fixed, 0.1, 0., A0, A0y, Acx, LDF Aframe-fixed, A fixed, Om1, Oma2, ABy, Abrmz, Amx,
mm mm rad rad mm mm mm mm mm rad rad mm mm mm
Ext 0.795 0.217 0.217 0.00015 | 0.00003 | 0.112 | 0.024 | 0.353 0.205 0.217 0.381 0.00015 0.00003 0.112 0.024 | 0.517
Int 0.727 0.225 0.206 0.00003 | 0.00003 | 0.025 | 0.025 | 0.156 0.273 0.225 0.528 0.00003 0.00003 0.025 0.025 | 0.479
D+L L D+L L
Span LDF Aframe-fixed, Ac-fixed, 0c1, 0.2, ABc1, | AB, Acxs LDF Atrame-fixed, A fixed, Om1, Om2, ABpy, ABp, Amx,
mm mm rad rad mm mm mm mm mm rad rad mm mm mm
Ext 0.795 1.537 1.534 0.00032 | 0.00007 | 0.795 | 0.168 | 2.497 0.205 1.537 2.700 0.00032 0.00007 0.795 0.168 | 3.663
Int 0.727 1.014 0.925 0.00007 | 0.00007 | 0.111 | 0.111 | 0.703 0.273 1.014 2.375 0.00007 0.00007 0.111 0.111 | 2.153
LL LL
Span LDF Aok, LDF A
mm mm
Ext 0.795 2.144 0.205 3.146
Int 0.727 0.547 0.273 1.674
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5.2. Time-Dependent (Long-Term) Deflections (Ar)
The additional time-dependent (long-term) deflection resulting from creep and shrinkage (4cs) may be estimated

as follows:

Ay =2 %< (D) PCA Notes on ACI 318-11 (9.5.2.5 Eq. 4)

The total time-dependent (long-term) deflection is calculated as:

(Atotal )It = (Asust)lnst x (1+ /,i'A) + [(Atmal )Inst - (Asust)lnst] CSA A233-04 (N9825)

Where:

(Ayg) e = Immediate (instantaneous) deflection due to sustained load, in.

A= ACI 318-14 (24.2.4.1.1)
1+505"

(A ) = Time-dependent (long-term) total delfection, in.

(A )i = Total immediate (instantaneous) deflection, in.

For the exterior span

& =2, consider the sustained load duration to be 60 months or more. ACI 318-14 (Table 24.2.4.1.3)

p'=0, conservatively.

2

= :2
1+50x0

A
A, =2x0.353=0.706 mm

(Agga ), = 0.353x (1+2) +(2.497 - 0.353) = 3.203 mm

Table 8 shows long-term deflections for the exterior and interior spans for the analysis in the x-direction, for

column and middle strips.
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Table 8 - Long-Term Deflections

Column Strip
Span (Asust)inst, mm I Acs, MM (Atotal)inst, MM (Atotal)it, mm
Exterior 0.353 2.000 0.706 2.497 3.203
Interior 0.156 2.000 0.312 0.703 1.015
Middle Strip
Exterior 0.517 2.000 1.034 3.663 4.697
Interior 0.479 2.000 0.958 2.153 3.111

spSlab Software Program Model Solution

spSlab program utilizes the Elastic Frame Method described and illustrated in details here for modeling, analysis
and design of two-way concrete floor slab systems. spSlab uses the exact geometry and boundary conditions
provided as input to perform an elastic stiffness (matrix) analysis of the equivalent frame taking into account the
torsional stiffness of the slabs framing into the column. It also takes into account the complications introduced by
a large number of parameters such as vertical and torsional stiffness of transverse beams, the stiffening effect of
drop panels, column capitals, and effective contribution of columns above and below the floor slab using the of
equivalent column concept (CSA A23.3-14 (13.8.2.6)).

spSlab Program models the elastic frame as a design strip. The design strip is, then, separated by spSlab into
column and middle strips. The program calculates the internal forces (Shear Force & Bending Moment), moment
and shear capacity vs. demand diagrams for column and middle strips, instantaneous and long-term deflection
results, and required flexural reinforcement for column and middle strips. The graphical and text results will be

provided from the spSlab model in a future revision to this document.

40


http://www.spslab.com/
http://www.spslab.com/
http://www.spslab.com/
http://www.spslab.com/
http://www.spslab.com/

Structure|Point

slab
CONCRETE SOFTWARE SOLUTIONS
o]
s
23
= >
L

W

\ ]
b | A
s“\

[

=
p

AN

NS

N

spSlab v5.00. Licensed to: StructurePoint. License ID: 00000-0000000-4-25EF2-2C6B6

File: CA\TSDA\Two-Way Slab wi...\TSDA-spSlab-Two-Way Slab with Beams Spanning Between Supports CSA A23.3-14.slb
Project: Two-Way Slab With Bearns Spanning Between Supports

Frame: Interior Frame

Engineer: 5P

Code: C5A A23.3-14

Date: 10/03/18

Time: 09:11:06
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4.8 kN/m2 4.8 kN/m2 4.8 kN/m2 4.8 kN/m2 4.8 kN/m2

CASE/PATTERN: Live/All

4.166 kN/m2 4.166 kN/m2 4.166 kN/m2 4.166 kN/m2 4.166 kN/m2

CASE: Dead

spSlab v5.00. Licensed to: StructurePoint. License ID: 00000-0000000-4-25EF2-2C6B6

File: CA\TSDA\Two-Way Slab wi..\TSDA-spSlab-Two-Way Slab with Beams Spanning Between Supports CSA A23.3-14.slb
Project: Two-Way Slab With Beams Spanning Between Supports

Frame: Interior Frame

Engineer: SP

Code: C5A A23.3-14

Date: 10/03/18

Time: 09:13:13
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" 1-#25(884) 1-#25(1025) | ' | 1-#25(947) 1-4#25(947) | '| 1-#25(1025) 1-#25(884) | '
2-#25(b2d)c i i 2-4t5(p25)c
|: 1-#25(1351) 1-#25(2168) : 1-#25(2390425(2390) : 1-#25(2168) 1-#25(1351) :|
| | | | | |
1 1 1 1
1 1 1 1
i i i i i i i
| 2-#25(5500)c | 2-#25(5500)c | 2-#25(5500)c |
| | | |
| 8-#10@286 | | 6-#10@28[L | 6-#10@28]
6-#10@281 6-10@281 8-#10[@286 )
Beam Strip Flexural and Transverse Reinforcement
1 1 1 1
| | | |
| 9-15(2026) | 9-#15(2249) | 9-#15(541)| |
9-#15(p35)c [ [ 9-#L5(p25)c
|, 9-#15(541) , 9-#15(2249) , 9-#15(2026) ,|
| | |
IR | | ]
1 l 1 l 1 l 1
6-#15(5500)c 6-#15(5500)c 6-#15(5500)c
i 3-#15(a675) || 3-4#15(3850) | | 3-4#15(4675)
1 1 1 1
| | | |
1 1 1 1
Middle Strip Flexural Reinforcement
1 1 1 1
| | | |
| |2-#15(525) 2-#15(587)| | [2-#15(553) 2-#15(553)| | [2-#15(587) 2-#15(525)| |
B-#15(p45)c [ [ 6-#L5(p25)c
|, la-#15(541) 4—ff15[202(3]| , la-ms{zleswls{zzas]l , la-ms{zuzs) 4-#15(541 ,|
IR | | ]
1 l 1 l 1 l 1
| 6-#15(5500)c | 6-#15(5500)c | 6-#15(5500)c |
1 1 1 1
| | | |
1 1 1 1

Column Strip Flexural Reinforcement
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be responsible

for processing by the spSlab computer
any warranty expressed nor

spSlab v5.00 (TM)
A Computer Frogram for Analysis, Design, and Investigation of
Reinforced Concrete Beams, One-way and Two-way Slab Systems
Copyright ® 2003-2015, STRUCTUREPOINT, LLC
All rights reserved
above acknowledges that STRUCTUREPOQINT {SF) is not
or either the accuracy or adequacy of the material
program. Furthermore, STRUCTUREPOINT
implied with respect to the correctness of the output

by the spSlab program. Although
program is not a
analysis, desig
STRUCTUREPOINT d
analysis, design
program.

nd cannot be certified
n and engineering

STRUCTUREFCINT
infallible.
documents

contract,

isclaims all responsibility in

or engineering documents prepared

File name: C:\TSDA\Two-Way 5...\TSDA-spSlab-Two-Way S5lab with Beams Spanning Between Supports CSA A23.3-14.slb

endeavored to produce

Project: Two-Way Slab With Beams Spanning Between Supports

Frame: Interior Frame
Engineer: 5P
Code: C5A A23.3-14

Reinforcement Database: CSA G30.18

Mode: Design

Number of supports = 4 + Left cantilever + Right cantilever
Floor System: Two-Way

Live load pattern ratio = 75%

Minimum free edge distance for punching shear

In negative moment regions, Ig and Mcr DO NOT include flange/slab contribution (if available)

(slulalals]
o [=]u]
alslatalsla]
oo oo
oo (=]u]
=ls] (=]n]
00000 ©

o

oo

oo

oo

[slalalelal}

oo oo

oo oo

[=1a} oo
[a]=¥sTalsl {TM)

i= the

negligence or other
in connection

with the wuse of

= 5 times slab effective depth.
Circular critical section arocund circular supports used (if possible).
Deflections are based on cracked section properties.

Long-term deflections are calculated for load duration of 60 months.

0% of live load is sust

ained.

Compression reinforcement calculations NOT selected.

Default incremental reb

ar design selected.

Combined M-V-T reinforcement design NOT selected.

User-defined slab strip widths NOT selected.

User-defined distribution factors NOT selected.

One-way shear in drop p

Distribution of shear to strips NOT selected.

Beam T-section design N

Longitudinal beam contribution in negative reinforcement design owver support NOT selected.
Transverse beam contribution in negatiwve reinforcement design over support NOT selected.

Material Properties

wC = 2447.3
f'c = 25
Ec = 25684
fr = 1.5

Precast concrete construction is not selected.

fy = 400 MP
fyt = 400 MP
Es - 200000 MP

rcement Database

(mm), Ab (mm"
Db Ab

anel NOT selected.

0T selected.

Columns
2447.3 kg/m3
25 MPa
25684 MPa
3 MPa

a, Bars are not epoxy-coated

a
a

2), Wb (kg/m)
Wb Size

supplied

spSlab error free the
final and only responsibility for
licensee's.

09:37:04 AM
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#30

8]
#45 4

b L

Span Data

License ID:

00000-0000000-4-25EF2-2C6B6E

700 5 #35 36 1000 8
1500 1z #55 56 2500 20
wR, L2ZL, L2R (m); t, Hmin (mm)
L1 t wl wR L2L L2R Hmin
225 155 3.250 3.250 6.500 6.500 ——— LC *i
. 500 155 3.250 3.250 6.500 6.500 153
. 500 155 3.250 3.250 6.500 6.500 153
. 500 155 3.250 3.250 6.500 6.500 153
L2235 155 3.250 3.250 6.500 6.500 —-—— RC *i

Span Loc
1 Int
Z Int
3 Int
4 Int
5 Int

NOTES:

Deflection check required for panels where code-specified Hmin for two-way construction doesn't apply due to:
*1 - cantilever end span (LC, RC)

Ribs and Longitudinal Beams

support condition

Units: b, h, Sp (mm)
Ribs Beams
Span b h Sp b h Offset
1 0 0 0 350 500 0
2 0 0 0 350 500 0
3 0 0 0 350 500 0
4 0 0 0 350 500 0
5 0 0 0 350 500 0
Units: cla, cZa, clb, c2b (mm); Ha, Hb (m)
Supp cla cZa Ha clb cZb Hb Red%
1 450 450 3.700 450 3.700 100
2 450 450 3.700 450 3.700 100
3 450 450 3.700 450 3.700 100
4 450 450 3.700 450 3.700 100
Transverse Beams
Units: b, Ecc (mm)
Supp h Ecc
1 700 =50
2 500 0
3 500 0
4 700 50

Units: Kz (kN/mm); Kry (kN-mm/rad)
Spring Kry Far End A Far End B

Supp Spring Kz
1 0
2 0
3 0
4 4]

Load Cases and Combinations
Case Dead Live
Type DEAD LIVE
U1 1.250 1.500

Units: Wa (kN/m2)

Case/Patt Spa

n

Live

W L R s L P

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

05:37:04 AM
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Live/0Odd 1 3.60
3 3. 60
5 3. 60
Live/Even 2 3.60
4 3.60
Live/51 1 3.60
2 3.60
Live/52 2 3.60
3 3.60
Live/53 3 3.60
4 3.60
Live/54 4 3. 60
5 3. 60

rcement Criteria

_ Bottom bars

Min Max
Bar Size #15 #35 #15 #35
Bar spacing 25 457 25 457 mm
Reinf ratio 0.14 5.00 0.14 5.00 %
Cover 20 20 mm

Beams

Top bars_ _ Bottom bars_ Stirrups

Min Max Min Max Min Max
Bar Size #25 #30 #25 #30 #10 #10
Bar spacing 25 457 25 457 152 457 mm
Reinf ratio 0.14 5.00 0.14 5.00 %
Cover 30 30 mm
Layer dist. 25 25 mm
No. of legs 2 6
S5ide cover 38 mm
1st Stirrup T6 mm

There is NOT more than 300 mm of concrete below top bars.
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spSlab v5.00 (TM)
A Computer Program for Analysis, Design, and Investigation of

Reinforced Concrete Beams, One-way and Two-way Slab Systems
Copyright & 2003-2015, STRUCTUREPOINT, LLC
All rights reserved
Licensee stated above acknowledges that STRUCTUREFOINT (5F) is not and cannot
be responsible for either the accuracy or adequacy of the material supplied as input

for processing by the spSlab computer program. Furthermore, STRUCTUREPCOINT neither makes
any warranty expressed nor implied with respect to the correctness of the output prepared
by the spSlab program. Although STRUCTUREPOINT has endeavored to produce spSlab error free the
program is not and cannot be certified infallible. The final and only responsibility for
analysis, design and engineering document s is e licensee's. Accordingly,
STRUCTUREFOINT disclaims all responsibility in contract, negligence or other tort for any
analysis, design or engineering documents prepared in connection with the use of the spSlab
program.

[2]) DESI

GH RESULTS*

*Unless
in the

Strip Widths and Distribution Fact

otherwise noted, all results are in the direction of analysis only. Ancother analysis
perpendicular direction has to be carried out for two-way slab systems.

-

Units: Width (m).

Width Moment Factor
Span Strip Left** Right** Bottom* Left** Right** Bottom*
1 Column 2.40 2.40 2.40 0.000 0.000 0.185
Middle 3.75 3.75 3.75 0.000 0.000 0.207
Beam 0.35 0.35 0.35 1.000 1.000 0.608
2 Column 2.40 2.40 0.000 0.174 0.174
Middle 3.75 3.75 0.000 0.273 0.273
Beam 0.35 0.35 1.000 0.553 0.553
3 Column 2.40 2.40 0.174 0.174 0.174
Middle 3.75 3.75 0.273 0.273 0.273
Beam 0.35 0.35 0.553 0.553 0.553
4 Column 2.40 2.40 0.174 0.000 0.174
Middle 3.75 3.75 0.273 0.000 0.273
Beam 0.35 0.35 0.553 1.000 0.553
5 Column 2.40 2.40 0.000 0.000 0.185
Middle 3.75 3.75 0.000 0.000 0.207
Beam 0.35 0.35 1.000 1.000 0.608
*Used for bottom reinforcement. **Used for top reinforcement.
Top Reinforcement
Units: Width (m), Mmax (kNm), X¥Xmax (m), As (mm*2Z), Sp (mm)
Span 5trip Zone Width Mmax Xmax AsMin AsMax AsReqg SpProv Bars
1 Column Left Z2.40 0.00 0.000 T44 6835 o 400 6—#15 *3 *5
Midspan Z2.40 0.00 0.083 T44 6835 o 400 6—#15 *3 *5
Right 2.40 0.00 0.186 T44 £835 0 400 E—#15 #3 *5
Middle Left 3.75 0.00 0.000 1163 10680 0 417 9—#15 *3 *3
Midspan 3.75 0.00 0.083 1163 10680 o 417 9—#15 *3 *5
Right 3.75 0.00 0.186 1163 10680 o 417 9—#15 *3 *5
Beam Left 0.35 0.20 0.065 438 3590 1 220 2-#25 *3
Midspan 0.35 0.64 0.121 438 3590 4 220 2-#25 *3
Right 0.35 1.45 0.186 438 3580 9 220 2-$25 *3
2 Column Left Z2.40 0.43 0.522 T44 6835 10 400 6—#15 *3 *5
Midspan 2.40 0.00 2.750 a 6835 ] a -
Right 2.40 34.27 5.275 T44 6835 822 400 E—$15 *5
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Middle Left 3.75 0.67 0.522 1163 10680 16 417 9-#15
Midspan 3.75 0.00 2.750 o 10680 o o -
Right 3.75 53.55 5.275 1163 10680 1285 417 9-#15
Beam Le