Two Way Beam Supported Slab
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Types of slabs
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Figure: Moment variations of a uniformly loaded slab with simple supports on four sides.

Two way Slabs with Beams on All Sides:
The parameter used to define the relative stiffness of the beam and slab spanning in either
Eep Iy

direction is a, calculated from o = "
CS s

In which E, and Es are the modulus of elasticity of the beam and slab concrete (usually the
same) and I, and Is are the moments of inertia of the effective beam and the slab.

Then an, is defined as the average value of a for all beams on the edges of a given panel.

Minimum Thickness for two way slabs:



Question: What are the ACI guidelines for the minimum thickness, h for slabs with beams
spanning between the supports on all sides?

Slabs with Interior Beams

To determine the minimum thickness of slabs with beams spanning between their supports on
all sides, Section 9.5.3.3 of the code must be followed. Involved in the expressions presented
there are span lengths, panel shapes, flexural stiffness of beams if they are used, steel yield
stresses, and so on. In these equations, the following terms are used:

L, = the clear span in the long direction, measured face to face, of (a) columns for
slabs without beams and (b) beams for slab with beams
B = the ratio of the long to the short clear span
ag, = the average value of the ratios of beam-to-slab stiffness on all sides of a panel

The minimum thickness of slabs or other two-way construction may be obtained by
substituting into the equations to follow, which are given in Section 9.5.3.3 of the code. In the
equations, the quantity B is used to take into account the effect of the shape of the panel on
its deflection, while the effect of beams (if any) is represented by Uy - It there are no beams
present (as is the case for flat slabs). o, will equal 0.

1. For Upp < 0.2, the minimum thicknesses are obtained as they were for slabs without
interior beams spanning between their supports.

2. For 0.2 < ap, < 2.0, the thickness may not be less than 5 in. or

1,
¢ (038 )
" ( T 350,000

= 36+ 5Blay, —02)

(ACI Equation 9-12)

3. For o, > 2.0, the thickness may not be less than 3.5 in. or

7,

¢, (038 )
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36+ 98

h =

(ACI Equation 9-13)

where £, and f, are in inches and psi, respectively.
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9.5.3.3 — For slabs with beams spanning between
the supports on all sides, the minimum thickness, h,
shall be as follows:

(a) For ag, equal to or less than 0.2, the provisions
of 9.5.3.2 shall apply;

(b) For ay,;, greater than 0.2 but not greater than 2.0,
h shall not be less than

tn 0.8 +

h

fy

200,00

A

and not less than 5 in.;

"~ 36+5B(a,,-02)

(9-12)

(c) For azy, greater than 2.0, h shall not be less than

£,(0.8+

h =

—y )
200,000 )

36+ Op

and not less than 3.5 in.;

(9-13)

(1) According to ACI code 9.5.3.3, for am equal to or less than 0.2, the minimum thickness

of ACI Table 9.5(c): shall apply.

ACI Table 9.5(c): Minimum thickness of slabs without interior beams

Without Drop Panels

With Drop Panels

Yield Exterior Panels Interior Exterior Panels Interior
Stress fy, Panels Panels
psi Without With Edge Without With Edge

Edge Beams?® Edge Beams®

Beams Beams
40,000 1,/33 1,/36 1,/36 1,/36 1,/40 1,/40
60,000 1,/30 1,/33 1,/33 1,/33 1,/36 I,/36
75,000 1,/28 1,/31 1,/31 1,/31 1,/34 1,/34

#Slabs with beams along exterior edges. The value of a for the edge beam shall not be less than 0.8.

(2) For oy greater than 0.2 but not greater than 2.0, the slab thickness must not be less than

_ln{ZED.8+(W)]

fy

 36+58(am—0.2)

and not less than 5.0 inch..... (01)




(3) For oy, greater than 2.0, the thickness must not be less than

:ln{ZED.8+(20(I;%)]

36498

and not less than 3.5 inch..... (02)

where [,,= clear span in long direction, inches
o, = average value of a for all beams on edges of a panel.
B= ratio of clear span in long direction to clear span in short direction.
fy = Yield strength of steel in psi

Note: At discontinuous edges, an edge beam must be provided with a stiffness ratio o not less
than 0.8; otherwise the minimum thickness provided by Eq. (01) or (02) must be increased by at
least 10 percent in the panel with the discontinuous edge.

Additional Notes:

In all cases, slab thickness less than stated minimum may be used if it can be shown by
computation that deflections will not exceed the limit values of ACI Table 9.5 (b).

ACI Table 9.5 (b): Maximum allowable computed deflections

Type of member Deflection to be considered Deflection
Limitation

Flat roofs not supporting or attached | Immediate deflection due to the live l
to nonstructural elements likely to be | load (LL) 180
damaged by large deflections
Floors not supporting or attached to Immediate deflection due to the live l
nonstructural elements likely to be load (LL) 360
damaged by large deflections
Roof or floor construction supporting | That part of the total deflection l
or attached to nonstructural elements | occurring after attachment of the 480
likely to be damaged by large nonstructural elements (sum of the long-
deflections time deflection due to all sustained loads
Roof or floor construction supporting | and the immediate deflection due to any l
or attached to nonstructural elements | additional live load) 240
not likely to be damaged by large
deflections




Flat Plate With Spandrel Beams* and Flat Slab
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Finding the slab thickness for two way slab with edge beams

Approximate Alternate Method for determining the slab thickness for two way slab with
edge beams

For grade 60 steel, thickness, h, inches = P /160 [note: P=, Perimeter in inches]
hw = 4hf

by + 2hy < by, + 8h;

[ ﬁ l

k- by, l- b,,

(a) Symmetric slab (b) Single side slab



Example: The two-way slab shown in Figure below has been assumed to have a thickness of 7
in. Section A-A in the figure shows the beam cross section. Check the ACI equations to
determine if the slab thickness is satisfactory for an interior panel. f’c = 3000 psi, fy = 60,000

psi, and normal-weight concrete.
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Solution:
Computing «4 for Long (Horizontal) Span for Interior Beams

Iy = gross moment of inertia of slab 20 ft wide
1
= (ﬁ) (12in/ft x 20 in.) (7 in.)® = 6860 in.*

I, = gross | of T-beam cross section shown in Figure -
about centroidal axis = 18,060 in.*

. _Ely_ (B(18060inY
"Bl (B)(6860inY)




b, +2h, < b+ 8h

I-— 42 in. —a-l _L
_';';_n,
15 in.

}

= h

= hh’

e

Section A-A

Computing «, for Long Interior Beams
. 1 . : : .
I, for 24-ft-wide slab = (ﬁ) (12 in/ft x 24 in.)(7 in.)® = 8232 in.*

l, = 18,060 in.*
(E) (18,060 in.%)
(E) (8232 in.7)
o+,  2.63+2.19

=2.19

= =2.41
afm 2 2
Determining Slab Thickness per ACI Section 9.5.3.3
o, =2.41>2 .. Use ACI Equation 9-13

¢ (08 —fy
n ( 1 200,000 psi)
36198

=24ft—1ft=231t

h=

£

nlong

L, shon = 20 ft — 1 ft =19 ft
23 ft

= —— =1.21
F=1o%
60,000 psi
(23 ft) (0.8 + P
200,000 psi :
h= 36 79 (1.21) = 0540ft =6.47 in.
+ ' Use 7-in. slab

Note that the interior panel will generally not control the required slab thickness. Usually it will
be an edge or corner panel. The interior panel was chosen here to illustrate the calculations and
to avoid excess complexity. Had a corner panel been selected, each edge of the panel would

have had a different o;.



The following example was done by Mr. Naim Hassan, 3™ Year 2™ Semester Student of CE
Dept., AUST

Given a slab of 18 feet by 20 feet and supported on all four edges by beams width of 12 inches on
two sides & 14 inches on other two sides , beams’ depth 11 inches below the slab. The slab is
a typical interior slab. ;=60 ksi . f*:=3 ksi ; For this slab assume slab thickness 7 inches . if it

is sufficient or not? /v\l'l” ’ @
T 20 .
Solution: T b
4 ) Ill/
_ (18+20)x12x2_ g ¢ | iz ‘//D
he="—=——==5.5 inch ) 18 @
- _Bebry, _aL \ =
now, a=—" D T
lg s =2X12X65° _ 494395 in'
Bl 12
20x12x6.53 4 - 3" > G 9(’," —_—
132“4 _T =5492.50 in — t — S
= E=5—
bw+2h,<by+8h; = 12+2x11<12+8x6.5 B / s /I
n ® A4
by+2hy=34 in _L / //] ' Q J
Vi ‘
for beam the centroid is, sy b
= 34x6.5x%5+11x12>((645+%) ~6.52in %Y gide ) 4(3) bor side (2) _{ /z/)
s 34x6.5+11x12 e
Ty = 2222 4 11x12x((6.5+11/2)-6.52) + 2225 + 34x6.5(6.5/2-6.52)° = 8436.25 in'

by+2h,= 14+2x11=36 in

36%6.5x22+11X 14X (6.5+5)

Vou = 6.72 in
S 36X6.5+11x14
2 36%6.53 b AR
= “fz“ + 11x14x((6.5+11/2)-6.72)" + ===+ 36x6.5(6.5/2-6.72)" = 9487.55 in
_Ipia _ 843625 _
Aml3= 70" doas s 1.71
_ lsp4 _ 9487555 _
@m1.3 Isz4 5492.50 1.73
1.71+1.71+1.73+1.73
Amavg =_“_——4 =1.72
f 60000
1,(0.84+—2—) 18x12(0.8+ ) .
Since 0.2< Amave<2  : Npin= = 200000 — 200000~ =5 5 jnch

36+58(afm—0.2) 36+5x5(1.72-0.2)
f 16

Hence, it is sufficient to provide 7 inches slab thickness.
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Calculation of Inertia for T beam-Example:

e o )
2’| |® ®
) — .fj= — e —"e i - + — s ¢ G
é"
o sammmdics @— @
bAL

Iyx = sum (Ie + Ad%)

In this case:

Izx = Ia +Aad® + Ip +Apd?®

Ixx = 1/12(6in) (2in)°3 + (12in%) (2in}% + 1/12(2in) (6in)° + 12in%(2in)?
Ixx = 4 in* + 48 in%*+ 36 in* + 48 int

Tyx = 134 int

Alternate Design:
Design Procedure of Two-way Slabs using ACI Moment Coefficients:

Step 01: Determination of thickness of the slab panel.
Determine the thickness of the slab panel using previous article.

Step 02: Calculation of factored load.

W= 1.2*DL+1.6*LL

where DL= Total dead load (i.e.: Slab self weight, Floor finish, Partition wall, Plaster etc.)
LL= Live load.

Step 03: Determination of moment coefficients.
m= E
where A= Shorter length of the slab.

B= Longer length of the slab.
Case type is identified from end condition. Using the value of ‘m’ corresponding moment
coefficients are obtained for respective ‘case type’ from corresponding tables. The co-efficients
are:

e Ca neg and Cg neg

e CapL pos and CgpL pos
e CaLL pos and Cg L pos

11



Table for Ca negand Cg neg

o Case 1 | Case 2 i|Cza|se3 Case 4 |Case 5 Case 6 | Case 7 ]CaseB Case 9
w2 B ) 3] | i) S
;'00 Civoy 0045 0.050 | 0.075 0.071 0.033 | 0.061
" Chaee || 0045| 0076 0.050 | 0.071 | 0.061 | 0.033
095 Ctme 0.050 | 0.055 0.0795 0.075 0.038 | 0.065

Ciiic 0.041 | 0072 0.045 0.067 | 0.056 | 0.029
;.90 Cawe | | 0055 0.060 | 0080 | 0079 0.043 | 0.068
Gl 0.037 | 0.070 | 0.040 0.062 | 0.052 | 0.025
(:;;C‘ i 0.080 0.066 | 0.082 | 0.083 ) | 0.049 | 0.072
Counia | 0031 0.065 | 0.034 0.057 0.046 | 0.021
Bl 0065 | 0071 0083 | 0086 | | 0055 | 0.07
i, 0.027 | 0.061 | 0.029 0.051 ' 0.041 | 0.017
075 Crm ~ | 0069 | 0076 | 0085 0088 | 0.061 | 0.078
Coues | | 0022 0.056 | 0.024 | 0.044 | 0.036 | 0.014
070 4 0.074 | 0.081 | 0.086 | 0.091 0.068 | 0.081
Chinee 0.017 | 0.050 | 0.019 0.038 | 0.029 | 0011
0;'5"0;";' | 0.077 0.085 | 0.087 | 0.093 0.074 | 0.083
O nen 0.014 | 0.043  0.015 0.031 | 0.024 | 0.008
260 C4™ 0.081 | 0.089 | 0.088 | 0.095 0.080 | 0.085
Gy 0.010 = 0.035 | 0.011 0.024 | 0.018 | 0.006
055 C | 0.084 0.092 | 0.089 | 0.096 Mi 10085 | 0.086
Cisia 0.007 | 0.028 | 0.008 0.019 | 0.014  0.005
;0 Cawee | | 0086 | | 0.094 | 009 | 0.097 0.089 0.088
Crave 0.006 | 0.022  0.006 0.014 | 0.010 | 0.003

*A cross-hé-(ched edge indicates that the slab continues across or is fixed at the support;

an unmarked edge indicates a support at which torsional resistance is negligible.

12



Table 04: Table for Capr posand Cg pi pos

o Case 1| Case 2| Case 3| Case 4| Case 5| Case 6 | Case 7| Case 8 | Case 9
=_g_Cjt:I‘CI{JFJ[ ll——J!L..J!L__j
g Ceme | 0036 | 0018 0018 | 0027 | 0.027 | 0.033 | 0.027 | 0.020 | 0.023
Csou | 0.036 | 0.018 | 0.027 | 0.027 | 0.018 | 0.027 | 0.033 | 0.023 | 0.020

C.ow | 0.040 | 0.020 | 0021 | 0.030 | 0.028 | 0.036 | 0.031 | 0.022 | 0.024

09 oo | 0033 | 0016 | 0025 | 0024 | 0015 | 0024 | 0031 | 0021 | 0.017
000 C*vv | 0045 [ 0022 | 0025 | 0033 | 0.029 | 0.039 | 0.035 | 0025 | 0.026
Cape | 0.029 | 0.014 | 0.024 | 0.022 | 0.013 | 0.021 | 0.028 | 0.019 | 0.015

0gs Ctov | 0050 | 0024 | 0029 | 0036 | 0.031 | 0.042 | 0.040 | 0029 | 0.028
Crow | 0.026 | 0012 | 0.022 | 0019 | 0.011 | 0.017 | 0.025 | 0.017 | 0.013
0:(;@ oo | 0.056 | 0.026 | 0.034 | 0.039 | 0.032 | 0.045 | 0.045 | 0.032 | 0.029
Cspe | 0.023 | 0.011 | 0.020 | 0.016 | 0.009 | 0.015 | 0.022 | 0.015 | 0.010

;;5 Cave | 0.061 | 0.028 | 0.040 | 0.043 | 0.033 | 0.048 | 0.051 | 0.036 | 0.031
Cso. | 0.019 | 0009 | 0.018 | 0.013 | 0.007 | 0.012 | 0.020 | 0.013 | 0.007

oqo Ctv | 0:068 | 0.030 | 0046 | 0.046 0.035 | 0.051 | 0.058 | 0.040 | 0.033
Csoe | 0016 | 0.007 | 0.016 | 0.011 | 0.005 | 0.009 | 0.017 | 0.011 | 0.006

ogs Ctov | 007 0.032 | 0.054 | 0.050 | 0.036 | 0.054 | 0.065 | 0.044 | 0.034
Csoe | 0.013 | 0.006 | 0.014 | 0.009 | 0.004 | 0.007 | 0.014 | 0.009 | 0.005

ogo Cimv | 0081 0.034 | 0.062 | 0.053 | 0.037 | 0.056 | 0.073 | 0.048 | 0.036
Cso. | 0.010 | 0.004 | 0.011 | 0.007 | 0.003 | 0.006 | 0.012 | 0.007 | 0.004
W—dbéé 0.035 | 0.071 | 0.056 | 0.038 | 0.058 | 0.081 | 0.052 | 0.037
Cuoe | 0.008 | 0.003 | 0.009 | 0.005 | 0.002 | 0.004 | 0.009 | 0.005 | 0.003

050 O™ 0095 | 0.037 | 0.080 | 0.059 | 0.039 | 0.061 | 0.089 | 0.056 | 0.038
Caoe | 0.006 | 0.002 | 0.007 | 0.004 | 0.001 | 0.003 | 0.007 | 0.004 | 0.002

*A cross-hatched edge indicates that the slab conlinﬁeé acCTross or is (lxgd ét ﬁ\e ;J[;p()rt»;
an unmarked edge indicates a support at which torsional resistance is negligible.
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Table: Table for Ca i posand Cg L pos

e Case 1| Case2| Case3|Case4 |Case5 Case6 |Case7|Case8 |Case9
m=A o B3 = o] L | e e ]
T Caw | 0.036 | 0.027 | 0.027 | 0.032 | 0.032 | 0.035 | 0.032 | 0.028 | 0.030
MO0 e | 0036 | 0027 | 0.032 | 0032 | 0.027 | 0.032 | 0035 | 0030 | 0.028
0o Cw | 0040 | 0030 0.031 | 0.035 | 0.034 | 0.038 | 0.036 | 0.031 | 0.032

Crue | 0033 | 0.025 | 0.020 | 0029 | 0.024 | 0.029 | 0.032 | 0.027 | 0.025
Cawn | 0.045 | 0.034 | 0.035 | 0.039 | 0.037 | 0.042 | 0.040 | 0.035 | 0.036
o Cawe | 0.029 | 0022 | 0027 | 0.026 | 0.021 | 0.025 | 0.029 | 0.024 | 0.022
T Cuw | 0050 | 0.037 | 0.040 | 0.043 | 0.041 | 0.046 | 0.045 | 0.040 | 0.039
08 v | 0026 | 0.019 | 0.024 | 0023 | 0.019 | 0.022 | 0.026 | 0.022 | 0.020
Cewu | 0.056 | 0.041 | 0.045 | 0048 | 0.044 | 0.051 | 0.051 | 0.044 | 0.042
080 o | 0023 | 0017 | 0.022 | 0.020 | 0.016 | 0.019 | 0.023 | 0.019 | 0.017
Cave | 0.061 | 0.045 | 0.051 | 0.052 | 0.047 | 0.055 | 0.056 | 0.049 | 0.046
o1 Cru | 0.019 | 0014 | 0.019 | 0.016 | 0.013 | 0.016 | 0.020 | 0.016 | 0.013
Cars | 0.068 | 0.049 [ 0.057 | 0.057 | 0.051 | 0.060 | 0.063 | 0.054 | 0.050
T_,Q' w | 0.016 | 0.012 | 0016 | 0.014 | 0.011 | 0.013 | 0017 | 0.014 | 0.011
Cawe | 0.074 | 0.053 | 0.064 | 0.062 | 0.055 | 0.064 | 0.070 | 0.059 | 0.054
06 o | 0013 | 0.010 | 0014 | 0.011 | 0.009 | 0.010 | 0014 | 0.011 | 0.009
Cuoue | 0.081 | 0.058 | 0.071 | 0.067 | 0.059 | 0.068 | 0.077 | 0.065 | 0.059
080 . | 0010 | 0007 | 0.011 | 0009 | 0.007 | 0.008 | 0011 | 0.009 | 0.007
Care | 0088 | 0.062 | 0.080 | 0072 | 0.063 | 0.073 | 0.085 | 0.070 | 0.063
035 ue | 0.008 | 0.006 | 0.009 | 0.007 | 0.005 | 0.006 | 0.009 | 0.007 | 0.008
Cawe | 0.095 | 0.066 | 0.088 | 0.077 | 0.067 | 0.078 = 0.092 | 0.076 | 0.067
030 . o | 0.006 | 0.004 | 0.007 | 0.005 | 0.004 | 0.005 | 0.007 | 0.005 | 0.004

*A cross-hatched edge indicates that the slab continues across ox: kis fixed a'ti the support:

an unmarked edge indicates a support at which torsional resistance is negligible.
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Step 04: Calculation of moments.
Positive moments:

+Ma= CapL XWp XLa%+ Ca Ll XWi XLaZ;
+Mg= Cg p. XWp XLg"+ Cg 1 XWy XLg’.

Negative Moments:

-Ma= Ca, negXWrxLa’;
-Mg= Ca  negxWrXLg?;
WpXLa?+ Ca L XWi

W, =Uniform Live load per unit area, Wp_ =Uniform Dead load per unit area
W = Total Uniform load per unit area = W + Wp_

Start with Max moment, M then,

- M
*9xfy(d—3)
L Asxfy
Now, find a YT

Then, do at least another trial, with new a, and find area of steel.

Last Updated: May 27, 2016
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