& CEEN 3304 Concrete Design

One-way slabs
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Assistant Professor
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& Slab types

(a) One-way slab (b) Two-way slab




Slab types

(c) One-way slab

(d) Flat plate
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Slab types
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(f) Grid or waffle slab

(e) Flat slab
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& One-way slab behavior
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$ Two-way slab deformation

i Slab reinforcement

= Main reinforcement
= Used to resist moment

» Shrinkage and temperature
reinforcement

= Used to prevent cracking due to
contraction of the concrete resulting from
shrinkage and temperature changes




$ Slab reinforcement

= Minimum reinforcement
= Shrinkage and temperature
= For fy = 40 to 50 ksi As(S&T) = 0.002bh
= For fy = 60 ksi As(S&T) = 0.0018bh

For fy > 60 ksi As(S&T) = (0.0018x60xbh)/fy >=
0.0014bh

b =12 in. (1 foot wide strip)
h = Slab thickness (in.)

i Minimum cover

= ACI 7.7.71 (if not exposed to weather or
In contact with soil)
= ¥ in. for # 11 and smaller
= 1.5in. for # 14 and # 18 bars
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Maximum spacing

= Main reinforcement

= ACI 10.5.4

= S <smaller of (3 hor18in.)
ACI10.6.4 3:15(4()?()())—2.500 slz(‘wfmj

S

S

Using min cover of 3 in. and fs =
2/3fy=2/3(60000) = 40,000 psi
= S=121n.
= Shrinkage and Temp. reinforcement
« ACI1 7.12.2.2
= Smax (S&T) = min(5h or 18 in.)
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Example

Figure 2-58 shows a section through a reinforced concrete simply-supported one-way
slab of an existing building. The maximum moment from dead loads, including the slab
weight, 1s 3.0 (ft-kip)/ft, and that from live loads is 2.0 (ft-kip)/ft. Check the adequacy of
the slab, including the shrinkage and temperature reinforcements, using (a) Method I, and
(b) Method II.

Use a concrete cover of 3/4in., f! = 3.0ksi, and fy = 40.0ksi.

<A \L Bin

K') [ L

T
#5 @7 in. (main) #3 @12 in. (S&T)
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Example

Solution

Step 1  Check the reinforcement ratio in the slab:
/ Diameter of #5 bars

vy=—+—=106in.

——/’
d=h-—%=6in. — 1.06in. = 494in.
#5 @ 7 in. (main reinforcement) —— Table A2—10 —— A, = 0.53 in¥/ft ]

AW
[SER--JR¥

Cover

i A
B a1 XA
£, = 3ksi —> Table A2-3 — p,., = 0.0232 > 0.00894 .ok

Jfy = 40ksi

Step2 Check the minimum area of main reinforcement. For slabs, this area is the
same as the requirement for shrinkage and temperature reinforcement:

A.\,min = A.?(S&T) = (.002bh ()‘} =40 kSI)
Agmin = (0,002)(12)(6) = 0.14 in¥/ft
A, = 0.53in%ft > 0.14in¥/ft " ok Page 13

Example

p = 0.00894
Step 3 fi= 3ksi — Table A2—5a —— R = 299 psi (by interpolation)
fy = 40ksi
Step 4
_ bd°R
R 12,000
(12)(4.94)%(299)
Mp=—
12,000

Mp = 7.3 ft-kip/ft
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Example

Step 5 Calculate the factored applied moment on the slab:

M, = 12Mp + 1.6M;

M,=12X30+ 1.6 X 2.0 = 6.8ft-kip < 7.31 ft-kip cook
Step 6 Check the main reinforcement spacing:

3in. = 5 = min{3h, 18in.}
The main reinforcement is #5 @ 7 in.:
3in. < 7in. < min{3 X 6in., 18in.}
3in. < 7in. < 18in. Lok
Slab is ok
Check the shrinkage and temperature reinforcements:
Agser) = 0.002bh = (0.002)(12)(6) = 0.14in%/ft

From Table A2—10 — #3@ 12in. —> A, = 0.11 in%/ft < 0.14 in*/ft
SO NG

Therefore, the shrinkage and temperature reinforcement in the slab does not
satisfy the current ACI Code’s minimum requirement.
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= Determine g o T
th e 1207 (5-1) '
reinforceme e
midspan and it . e
at the O o e e b
supports e
— =%

Section A-A




Design example

a. Slab Design at the Midspan

Step 1 Because S-1 is one end continuous, the minimum slab thickness (yp) fs:

£ 12x13
DA it AsIAL

i = in.

Step 2 Determine the loads on the slab:
Weight of slab = 150("/.3) 75 psf
Ceiling and floor finishing = 5 psf
Mechanical and electrical = 5 psf

Partitions = 15 psf

Total dead load = 100 psf
Total live load = 150 psf
On a 1 ft wide strip

wp = 101[::]:0 L 0.10 kip/ft
wp = -15:)[);; L = 0.15 kip/ft
w, = 12wp + 1.6wy = 1.2 X 0.10 + 1.6 X 0.15
wy, = 0.36 kip/ft
14 in.
€, =121t — = 10.83 ft
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Design example

The maximum factored moment at the midspan of S-1 (see Figure 2—-61) is

M == Wueg
# 14
3 .83)?
e (0.36)(10.83)*
14
M, = 3.0 ft-kip ;

Step3  Assuming 3/4in. cover, calculate the slab’s effective depth:
d=h— I#IGZin. = 6in. — 1.12in. = 4.88in.
Step4  Calculate the required resistance coefficient, R:
12,000M,,
bd*
12,000 X 3.0 %

_ 6 psi
(12)(4.88)* L
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Design example

Step 5 Find p from Tables A2-5 through A2-7:

R = 126 psi
fi = 4ksi — Table A2—-6b — p = 0.0024
fy = 60ksi

Therefore, the required area of main reinforcement (A;) is:
As = pbd = (0.0024)(12)(4.88)
A, = 0.14in*/1t
Step 6 The minimum amount of reinforcement for slabs cannot be less than the
required shrinkage and temperature reinforcement steel:
Asmin = Agsar) = 000185k  for f, = 60 ksi
Agmin = (0.0018)(12)(6) = 0.13in/ft < 0.14in%ft .". ok
A, = 0.14 in%/ft
From Table A2—10 — use#4 @ 17 in. (A, = 0.14in%ft)
Note that according to Section 2.28, the smallest size bar for main rein-

forcement is #4.
Step7 Check for the actual effective depth.

W
[SYR- RN

Aacual = 6 — = 5.0in. > dygumeqd = 4.88in. .. ok
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Design example

Step 8 Check the main reinforcement spacing, s, (f, = 60 ksi).
3in. = s = min{3h, 12in.}
3in. < 17in. < min{3 X 6in., 12in.}
3in, <t 1Fin > 12in.. 0. NG
Therefore:
Use#4 @ 12 in. for the main reinforcement at the midspan.
Step 9 Calculate the required shrinkage and temperature reinforcement.
Aysen = 0.00185h = 0.13 in*/ft
From Table A2— 10 — use#3 @ 10in.
The shrinkage and temperature reinforcement spacing (s) has to be within
the following range:
3in. = 5 = min{5h, 18in.}
3in. < 10in. < min{5 X 6in., 18in.}
3in. < 10in. < 18in. .". ok

Therefore,

Use #3 @ 10 in. for the shrinkage and temperature reinforcement.
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Design example

_wtE kg _mE W
24 14 10 1

FIGURE 2-61 Design factored moments for slab S-1 of Example 2-17 using AC| Code
coefficients from Table A2—-1.

b. Slab Design at the Supports
Step 1 From Step 1 of part a:
hin = 6in.

Step2  The factored uniformly distributed load on the slab (w,) from Step 2 of
part a is:

w, = 0.36 kip/ft
and the clear span (£,,) is:
€, = 10.83 ft
From Figure 2-61, the moments at the exterior and interior supports are;
__ widn (036)(10.83)2

M, 24 2 = L76 ft-kip (exterior support)
2 2
M, = E;lg—" 5 SO"%)%&M) = 4.22 ft-Xip (interior support) Page 21
Design example
Step 3
Assumed = h—1.12in. = 6-1.12 = 4.88 in.
Step 4
12,000 M, 12,000 X 1.76 ; ;
R = 5 L 5 = 74 psi (exterior support)
bd (12)(4.88)"
12,000 M, 12,000 X 4.22 s e
= ———"=-—""—""""2% — 177 psi (interior support)
bd* (12)(4.88)° :
Step 5
R = T4psi
For exterior support{ fi = 4ksi —— Table A2—6b — Pext. = 0.0014
Jy = 60ksi
R = 177 psi
For interior support { f. = 4ksi —— Table A2—6b —— Pin, = 0.0034
f) = 60 ksi Page 22

11



Design example

Therefore:
(Agext. = pbd = (0.0014)(12)(4.88) = 0.082 in*/ft
(Agin. = pbd = (0.0034)(12)(4.88) = 0.20 in*/ft
Step 6 From }Step 6 of part a:
Asmin = Agser) = 0.13 in%/ft
(Agexe = 0.082in%ft < 0.13in%/ft .". N.G.
Therefore, use

(Agexe. = 0.13 in?/ft
(Adin, = 0.20in%/ft > 0.13in%ft ", ok
From Table A2—-10 —— Try #4 @ 12 in. (exterior supports)
(Agine. = 0.20 in¥/ft
From Table A2—10 — Try #4 @ 12 in. (interior supports)
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Step 7 This is the same as in part a.
Step 8  Check the main reinforcement spacing:
3in. = 5 = min{3A, 12in.}
3in. = 5 = min{3 X 6in., 12in.}
3in. == 12in.
Sint. = Sext, = 12in. = 12in. .". ok
". Use #4 @ 12 in. for the exterior and interior supports.
Step9 The shrinkage and temperature reinforcement was designed in part a.
Figure 2-62 shows the slab as designed.
#4 @ 121in. #4 @ 12in.
\
\
X
’[7#3 @ 10 in. L#ti @ 12in.
: I — » Page 24
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