
 
 

 
 

 

 

 

 

Chapter One   

Direct Design 

Method  
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Flat slabs: 

Concrete slabs may be carried directly by columns as shown in Fig.(1-1) 
without the use of beams or girders. Such slabs are described as flat plates 
and are commonly used where spans are not large and loads not particularly 
heavy. 

1

Col.

Slab

 

Fig.(1-1) Slab supported directly on column. 

At point (1) there is more (-M) and shearing stress, and col. try to punch the 
slab. 

Flat slab construction shown in Fig.(1-2) is also beamless but incorporates a 
thickened slab region (drop panels) and column capitals. 

Col

drop

slab

Col. Capital

 

Fig.(1-2) Flat slab. 
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Column capital: An element at the end of the column to give a wider 
support for the floor slab 

Column capital and drop panel are used to reduce: 

1- Stresses due to shear.  
2- Negative bending around the columns. 

Size of drop panel shall be in accordance with the following ACI-code 
(8.2.4 –ACI-2014). Drop panel shall be extended in each direction from 
center line of support a distance not less than one-sixth the span length 
measured from center to center of supports in that direction. 

 

The side of the drop panel shall be at least (3/ܮ), 

Where 

.ܿ) :ܮ .ݐ ܿ) 

 Thickness of slab :ݐ

 ଵ:Thickness of slab with dropݐ

 ଶ:Thickness of dropݐ

ଶݐ ≥
ݐ
4
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Bending moments in flat slab floors: 

For purposes of design, a typical panel is divided into column strips and 
middle strips.  

ACI-2014 (8.4.1.5) column strip is a design strip with a width on each side 
of a column centerline equal to (0.25݈ଵ) or (0.25݈ଶ), whichever is less. 
Column strip includes beams, if any. 

 

In all cases  

݈ଵ: is the span in the direction of the moment analysis (c. to c.). 

݈ଶ: is the span in the lateral direction (transvers to݈ଵc.to.c). 

݈: clear span in ݈ଵdirection. 
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݈ଵ ݀݅݊݅ݐܿ݁ݎ   Panels (1,2,3,7,8,9)  Exterior slab 
Panels (4,5,6) Interior slab 

݈ଶ ݀݅݊݅ݐܿ݁ݎ   Panels (1,4,7,3,6,9)  Exterior slab 
Panels (2,5,8) Interior slab 

 

In case of flat slab the column strip is more critical than middle strip 
because it work as beam carrying the middle strip load to the column 
therefore column strip need more reinforcement. Plus that the beam takes 
85% of the slab moment in the case of two-way slab with beams.

panel 

 
  

panel panel 
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ଵ
ଶ

ܯ) (ௗܯ+ ܯ+ = ଵ
଼
 ௨݈ଶ݈ଶݓ

A similar requirement exists in the perpendicular direction. 

 

Deflection control of two-way slab: 

Design limits (ACI-code 2014): 

Minimum slab thickness:  

8.3.1.1 For nonprestressed slabs without interior beams spanning between 
supports on all sides, having a maximum ratio of long-to-short span of 2, 
overall slab thickness h shall not be less than the limits in Table 8.3.1.1 and 
shall be at least the value in (a) or (b) unless the calculated deflection limits 
of 8.3.2 are satisfied: 

(a) Slabs without drop panels as defined in 8.2.4..............................125 mm. 

(b) Slabs with drop panels as defined in 8.2.4 ..................................100 mm. 



2015-2016                                                                                                    7 

 Prof. Dr. Mustafa B. Dawood                       Dr. Bilal Ismaeel Al-Shraify 
 

 

8.3.1.2 For nonprestressed slabs with beams spanning between supports on 
all sides, overall slab thickness h shall satisfy the limits in Table 8.3.1.2 
unless the calculated deflection limits of 8.3.2 are satisfied. 
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Direct design method of two way slabs (8.10.2 ACI-2014): 

Limitations: 

Moments in two-way slab can be found using direct design method subject 
to the following restrictions: 

8.10.2.1 There shall be at least three continuous spans in each direction. 

8.10.2.2 Successive span lengths measured center-to-center of supports in 
each direction shall not differ by more than one-third the longer span. 
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8.10.2.3 Panels shall be rectangular, with a ratio of longer to shorter panel 
dimensions measured center-to-center of supports, not exceed 2. 

8.10.2.4 Columns offset shall not exceed 10 percent of the span in direction 
of offset from either axis between centerlines of successive columns. 

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

8.10.2.6 Unfactored live load shall not exceed two times the unfactored 
dead load. 

.ܮ ܮ
ܦ.ܦ ≤ 2.0 

8.10.2.1 For a panel with beams between supports on all sides, Eq. 
(8.10.2.7a) shall be satisfied for beams in the two perpendicular directions 

0.2 ≤
αଵlଶଶ

αଶlଵଶ
≤ 5.0                                  (8.10.2.7a) 

Where ߙଵandߙଶare calculated by: 

                             α = ౙౘ୍ౘ
ౙ౩୍౩

                                          (8.10.2.7b) 

αଵ=α in direction ݈ଵ  

 in direction ݈ଶߙ=ଶߙ  

In the case of monolithic construction (two-way slab with beams) 

 

 

Single side slab                              Symmetric slab 
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ߙ =
ܫܧ
ݏܫ௦ܧ

௦ܫ    ,        =
݈ଶℎଷ

12  

 

 

For internal strip    ݈ଶ = ಲାಳ
ଶ

 

For external strip    ݈ଶ = ಲ
ଶ

+ 
ଶ
 

Total static moment for end span 

ܯ =
௨݈ଶ݈ଶݓ

8  

݈ଵ = ݈ 
݈ → ݈ଵ 
l୬ → clear span face to face of columns, capitals, brackets or walls. 
݈ ≥ 0.65 ݈ଵ 

For other direction: 

End span 

Interior span 

End span 

Panel Panel 
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For internal strip    ݈ଶ = ೌା್
ଶ

 

For external strip    ݈ଶ = ೌ
ଶ

+ 
ଶ
 

Total static moment for end span, ܯ = ௪ೠమమ

଼
 

݈ଵ = ݈                     ݈ → ݈ଵ  

݈: Clear span, circular or regular polygon shaped support shall be treated as 
square support with the same area.  

Panel 

Panel 

End span Int span End span 
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Negative and positive factored moment:  

For interior span (8.10.4.1): 

Negative Mu = 0.65M୭ 
Positive Mu = 0.35 M୭ 

For end span: 

Use Table 8.10.4.2 (ACI-2014) 
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8.10.4.5 Negative moment Mu shall be the greater of the two  negative Mu 
calculated for spans framing into a common support unless an analysis is 
made to distribute the unbalanced moment in accordance with stiffnesses of 
adjoining elements. 

 

beam 
slab 

 

Exterior  Interior  



2015-2016                                                                                                    14 

 Prof. Dr. Mustafa B. Dawood                       Dr. Bilal Ismaeel Al-Shraify 
 

 

 

Factored moments in column strips  

8.10.5.1 The column strips shall resist the portion of interior negative Mu in 
accordance with Table 8.10.5.1.  

 

8.10.5.2 The column strips shall resist the portion of exterior negative Mu in 
accordance with Table 8.10.5.2. 

Slab with beams between supports 
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The relative restrained provided by the torsional resistance of the effective 
transverse edge beam is reflected by the parameter  ߚ௧, defined as: 

௧ߚ =
ܥܧ

௦ܫ௦ܧ2
                                            (8.10.5.2ܽ) 

The constant C for T- or L- section is calculated by dividing the section into 
separate rectangular parts, each having smaller dimension (x) and larger 
dimension (y), and summing the values of C for each part.  

 

ܥ = ൬1 − 0.63
ݔ
൰ݕ

(ݕଷݔ)
3                (8.10.5.2ܾ)   

The subdivision can be done in such away as to maximize C. 

 

8.10.5.5 The column strips shall resist the portion of positive Mu in 
accordance with Table 8.10.5.5. 



2015-2016                                                                                                    16 

 Prof. Dr. Mustafa B. Dawood                       Dr. Bilal Ismaeel Al-Shraify 
 

 

Factored moments in beams 

8.10.5.7.1 Beams between supports shall resist the portion of column strip 
Mu in accordance with Table 8.10.5.7.1. 

 

 

 

Direct loads on beams:- factored beam self-weight + factored wall weight  

(௨ݓ) = (ℎ − ℎ݂)ܾ௪ ∗ 24 ∗ 1.2 ݐℎ݃݅݁ݓ ݈݈ܽݓ+ ∗ 1.2 

(ܯ) =
݈ଶ(௨ݓ)

8  , ݈ =  ܾ݉ܽ݁ ݎ݂ ݊ܽݏ ݎ݈ܽ݁ܿ

Interior beam  

Total negative moment = 0.85 col. Strip moment +  0.65 (M୭)ୠ 
Total pos. moment = 0.85 col. Strip moment +  0.35 (M୭)ୠ 
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End beam (Use Table 8.10.4.2):  

Internal negative moment = 0.85 col. Strip moment +  factor (M୭)ୠ 
pos. moment = 0.85 col. Strip moment +  factor (M୭)ୠ 
External neg. moment = 0.85 col. Strip moment +  factor (M୭)ୠ 

Design of moment reinforcement for slab 

ρ =
1
m 1−ඨ1 −

2R୳m
fy   ,    R୳ =

M୳

∅bdଶ 

m =
fy

0.85 ∗ fcᇱ
         As = ρ ∗ bd 

As୫୧୬ = 0.002 A for f୷  < 420 N/mmଶ 

As୫୧୬ =
0.0018 ∗ 420

f୷
 for f୷  ≥ 420

N
mmଶ  or As୫୧୬ = 0.0014A 

S୫ୟ୧୬ =
As(provided by one bar)

total As (req. ) ∗ width of strip 

S୫ୟ୶ = 2t(2hf) 
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 ଶߚ ଵߚ

Ex
t. 
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Ex\\ A two-way reinforced concrete building floor system is composed of 
slab panels measuring 6*7.5 m in plan supported by column-line beams as 
shown in figure below. Using concrete with fc’=27.6 MPa and steel having 
fy=414 MPa, design typical exterior panel to carry a service live load of 6.9 
kN/m2 in addition to its own weight of the floor. 
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Sol: 

Try h=17 cm 

Either x=h-hf=500-170=330 mm=33 cm 

Or x=4*hf=4*170=680 mm=68cm 

Chose min. value  (x=33 cm) 

 () ࢇࢋ

ܫ =
(36 ∗ 50ଷ)

12 ∗ 1.5 = 562500 ܿ݉ସ 

ℎݐ݀݅ݓ ݅ݎݐݏ ܾ݈ܽܵ =
7.5
2

+
0.36

2
= 3.93 ݉ 

ௌܫ =
393 ∗ 100 ∗ 17ଷ

12 = 160901 ܿ݉ସ 

ଵߙ =
ܧ ∗ ܫ
௦ܧ ∗ ௌܫ

=
562500
160901 = 3.5 

 () ࢇࢋ

ܫ =
36 ∗ 50ଷ

12
∗ 2 = 750000 ܿ݉ସ 

Slab strip width = 6m 

Iୗ =
600 ∗ 17ଷ

12 = 245650 cmସ 

αଶ =
750000
245650

= 3.1 

Beam () 

Iୠ = 750000 cmସ 
slab strip width = 7.5 m 

Iୱ =
750 ∗ 17ଷ

12 = 307063 cmସ 

αଷ =
750000
307063 = 2.44 

α୫ =
3.5 + 3.1 + 3.1 + 2.44

4
= 3.035 

ߚ =
7.5 − 0.36
6 − 0.36

= 1.27 
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ߙ >  ℎ ݂݀݁݊݅ ݐ 9.13 ݍ݁ ݁ݏݑ ܾ݉ܽ݁ ݎ݅ݎ݁ݐ݊݅ ℎݐ݅ݓ ܾ݈ܽݏ 2.0

h =
l୬ ቀ0.8 + fy

ଵସ
ቁ

36 + 9 ∗ β =
7.14 ቀ0.8 + ସଵସ

ଵସ
ቁ

36 + 9 ∗ 1.27 ∗ 10ଷ = 165 mm > 90 mm ok 

∴ ℎ =  ݇ ݏ݅ ݉ܿ 17

self− weight of slab =
17

100
∗ 24 = 4.08 kN/mଶ 

w୳ = (1.2 ∗ 4.08) + 1.6 ∗ 6.9 = 16 kN/mଶ 

Short span direction  

ܯ =
௨݈ଶ݈ଶݓ

8
 

 (ࢎ࢚ࢊ࢝  ૠ.) ࢚࢙࢘ ࢈ࢇ࢙ ࢘࢘ࢋ࢚

M =
16 ∗ 7.5 ∗ (5.64)ଶ

8 = 477 kN. m 

sec 8.10.4.1 
ܯ+ = 0.35 ∗ 477 = 167 ݇ܰ.݉ 
ܯ− = 0.65 ∗ 477 = 310 ݇ܰ. 

݈ଶ/݈ଵ =
7.5
6

= 1.25 

ଵ݈ଶߙ
݈ଵ

=
2.44 ∗ 7.5

6
= 3.1 

sec  8.10.5.1  68% from (−M) → C. S 
0.68 ∗ 310 = 211 kN. m   C. S 
0.85 ∗ 211 = 179 kN. m Beam 
0.15 ∗ 211 = 32 kN. m Slab C. S 

310− 211 = 99 kN. m M. S 

sec (ܯ+) ݉ݎ68%݂  8.10.5.5  → .ܥ ܵ 
0.68 ∗ 167 = 114 kN. m C. S 
0.85 ∗ 114 = 47 kN. m beam 
0.15 ∗ 114 = 17 kN. m Slab C. S 
167− 114 = 53 kN. m   M. S 
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 (ܐܜ܌ܑܟ ܕ .ૢ) ܘܑܚܜܛ ܊܉ܔܛ ܚܗܑܚ܍ܜܠ۳

M୭ =
16 ∗ 3.93 ∗ 5.643

8 = 250 kN. m    

 ૡ....܋܍ܛ
+M = 0.35 ∗ 250 = 88 kN. m    
−M = 0.65 ∗ 250 = 163 kN. m   

 lଶ/lଵ =
7.5
6

= 1.25 

αଵlଶ
lଵ

=
3.5 ∗ 7.5

6
= 3.1 

 ૡ....܋܍ܛ
68% from (−M) → C. S 
0.68 ∗ 163 = 111 kN. m    C. S 
0.85 ∗ 111 = 94 kN. m   beam 
0.15 ∗ 111 = 17 kN. m   Slab C. S 
163 − 111 = 52 kN. m   M. S 
68% from(+M) → C. S 
0.68 ∗ 88 = 60 kN. m   C. S 

0.85*60= 51 kN.m beam 
0.15 ∗ 60 = 9 kN. m   Slab C. S 
88 − 60 =  ܵ.ܯ   ݉.ܰ݇ 28

 Beam 
moment 

Slab C.S 
moment 

M.S 
moment 

Interior slab strip 6m span 
Positive 
Negative   

 
97 

179 

 
17 
32 

 
53 
99 

Exterior  slab strip 6m span 
Positive 
Negative   

 
51 
94 

 
9 

17 

 
28 
52 
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 Long span direction ( slab strip 6 m) 

M୭ =
16 ∗ 6 ∗ 7.14ଶ

8
= 612 kN. m 

sec 8.10.4.2 
Ext.−M = 0.16 ∗ 612 = 98 kN. m 
        +M = 0.57 ∗ 612 = 349 kN. m 
Int − M = 0.7 ∗ 612 = 428 kN. m 
 

c = ∑ቀ1− 0.63 ∗ ୶
୷
ቁ ∗ ୶

య୷
ଷ

 

case 1 

c = ൬1 − 0.63 ∗
33
36
൰ ∗

33ଷ ∗ 36
3

+ ൬1− 0.63 ∗
17
69
൰ ∗

17ଷ ∗ 69
3

= 277 ∗ 10ଷ ܿ݉ସ 
case 2 

c = ൬1 − 0.63 ∗
36
50
൰ ∗

36ଷ ∗ 50
3

+ ൬1− 0.63 ∗
17
33
൰ ∗

17ଷ ∗ 33
3

= 461 ∗ 10ଷ cmସ 
use c = 461000 ܿ݉ସ 
݈ଶ
݈ଵ

=
6

7.5
= 0.8    

ଵ݈ଶߙ
݈ଵ

= 3.1 ∗ 0.8 = 2.5 

௧ߚ =
ܥܧ

௦ܫ௦ܧ2
 

Sec 8.10.5 

ܯ−.ݐݔܧ ݉ݎ݂ 93% → .ܥ ܵ       ܾ݈ܶܽ݁  8.10.5.2 
݉ݎ݂ 81% + ܯ → ܥ .ܵ               ܾ݈ܶܽ݁ 8.10.5.5 
ܯ−.ݐ݊ܶ ݉ݎ݂ 81% → .ܥ ܵ       ܾ݈ܶܽ݁ 8.10.5.1 
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 Beam 
moment 

Slab C.S 
moment 

M.S 
moment 

Slab - beam strip (7.5m span) 
 (98) ܯ−.ݐݔܧ
 (349) ܯ+
 (428) ܯ−.ݐ݊ܫ

 
77 

240 
295 

 
14 
42 
52 

 
7 

66 
81 

ܣ = 0.002 ∗ 1000 ∗ 170 = 340 ݉݉ଶ 
݀ = 170− 20− 1.5 ∗ 12 = 132 ݉݉ 

݀௦௧ = 170− 20−
12
2

= 144 ݉݉ 

ߩ ݊݅ݐܿ݁ݎ݅݀ ݈݃݊ ݊ܫ =
340

132 ∗ 1000
= 0.0025 

ߩ ݊݅ݐܿ݁ݎ݅݀ ݐݎℎݏ ݊ܫ =
340

144 ∗ 1000
= 0.0023 

ρ୫ୟ୶ = 0.0206 
S୫ୟ୶ = 2h = 2 ∗ 170 = 340mm 

Required (d) for flexure: 

ݑܯ = ଶ݀ ܾ ݕfߩ∅ ൬1 − 0.59 ∗ ߩ ∗
fݕ
fܿᇱ
൰

= 0.9 ∗ 0.0206 ∗ 414 ∗ 1000 ∗ ݀ଶ ൬1− 0.59 ∗ 0.0206 ∗
414
276

൰ 

In long direction  

݀ = ඨ
ݑܯ

6276 = ඨ27 ∗ 10

6276 = 65.6 ݉݉ < . ݉݉ 132 ݇  

In short direction  

݀ = ඨ22 ∗ 10

6276
= 59.2 ݉݉ <  ݇. ݉݉ 144

ߩ =
1
݉
1− ඨ1−

2 ∗ ݑܴ ∗ ݉
fݕ

 

݉ =
fݕ

0.85fܿᇱ =
414

0.85 ∗ 272 = 17.65 
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ݑܴ =
Mu

Ø ∗ ܾ ∗ ݀ଶ =
16*10

Ø ∗ 1000 ∗ 132ଶ = 1.0203 

 

ߩ = 0.0025 

௨ܸ@ ݀ ݂݈݃݊ ݂ ݂݁ܿܽ ݉ݎ ܾ݁ܽ݉ 

௨ܸ = 16 ൬3 −
360

2 ∗ 1000
−

144
1000

൰ = 42.8 ݇ܰ 

∅ ܸ = 0.17 ∗ 0.75 ∗ √27.6 ∗ 1000 ∗ 144 ∗ 10ିଷ = 96.45 ݇ܰ → ௨ܸ < ∅ ܸ .   ݇ 

  location ܯ 
݇ܰ.݉ b mm d mm 

ݑܯ
ܾ
∗ 1000 

 ଶ Number݉݉ ݏܣ ߩ
of bars 

7.
5m

 sp
an

 Two 
half 
C.S 

Ext. -M 
+M 

Int. -M 

14 
42 
52 

2640 
2640 
2640 

132 
132 
132 

5.3 
16 
20 

0.0025 
0.0025 
0.0031 

871 
871 
1080 

8 
8 

10 
Two 
half 
M.S 

Ext. -M 
+M 

Int. -M 

7 
66 
81 

3000 
3000 
3000 

132 
132 
132 

2.3 
22 
27 

0.0025 
0.0035 
0.0043 

990 
1386 
1702 

9 
13 
15 

6 
m

 sp
an

 

Ext. 
half 
C.S 

-M 
+M 

17 
9 

1320 
1320 

144 
144 

12.8 
6.8 

0.0023 
0.0023 

437 
437 

4 
4 

M.S -M 
+M 

99 
53 

4500 
4500 

144 
144 

22 
11.7 

0.0029 
0.0023 

1880 
1361 

17 
14 

Int. half 
C.S 

-M 
+M 

16 
8.5 

1320 
1320 

144 
144 

12.1 
6.4 

0.0023 
0.0023 

437 
437 

4 
4 

 


