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αf = Ib / Is = 7.29 / 1.55 = 4.70 
 

2. Find αfm for panels 
Corner Panel: αfm  = (12.46 + 3.98 + 14.48 + 4.7) / 4 = 8.905 
Exterior Panel(N-S) : αfm  = (14.48 + 4.70 + 3.98 + 3.98) / 4 = 6.785 
Exterior Panel(E-W) : αfm  = (12.46 + 3.98 + 4.7 + 4.7) / 4 = 6.46 
Interior Panel: αfm  = (3.98 + 3.98 + 4.7 + 4.7) / 4 = 4.34 
 

3. Find β for panels  (note: clear spans face to face of columns) 
Corner Panel: β  = (6.5 – 0.45) / (5.5 – 0.45) = 6.05 / 5.05 = 1.198 
Exterior Panel(N-S) : β  = 1.198 
Exterior Panel(E-W) : β  = 1.198 
Interior Panel: β  = 1.198 
 

4. Find min h for panels 
Since αfm  for all panels are > 2.0, ACI equation (d) controls: 
h = ln (0.8 + fy / 1400) / (36 + 9 β)                       ≥  90 mm 
    = ln (0.8 + 420/1400) / (36 + 9×1.198) 
    = ln / 42.53 = 6150 / 42.53 = 145 mm   < 150 mm used,  OK 
 
Use 150 mm slab thickness 
 
 
CW 1: 
Remove the interior beams only and estimate the slab thickness. (Flat plate with edge 
beams) 
CW 2: 
Remove all the beams and estimate the slab thickness. (Flat Plate w/o edge beams) 
HW: 
For Ex.2, reduce dimensions of all beams to 250×400 mm, and estimate the minimum 
slab thickness. Take prelim h = 150 mm 
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Direct Design Method 

Limitations of the DDM: 
1. There must be a minimum of three continuous spans in each direction. Thus, a 

nine panel structure (3 by 3) is the smallest that can be considered. 
2. Rectangular panels must have a long-span/short-span ratio that is not greater than 

2.  
3. Successive span lengths in each direction shall not differ by more than one-third 

of the longer span. 
4. Columns may be offset from the basic rectangular grid of the building by up to 

10% of the span parallel to the offset.  
5. All loads must be due to gravity only and uniformly distributed over an entire 

panel. The service live load shall not exceed two times the service dead load.  
6. For a panel with beams between supports on all sides, the relative stiffness of the 

beams in the two perpendicular directions shall not be less than 0.2 or greater than 
5: 
 

                                        0.2 ≤ {αf1 l2
2 / αf2 l1

2} ≤ 5 
 

                             Subscription 1 refers to direction 1 

                             Subscription 2 refers to direction 2 (┴ dir 1) 
 
 
 

   DDM:  

1. Determine Mo, the total static bending moment in a panel       
2. Moments assigned to critical sections 
3. Lateral distribution of moments (to cs,  ms, and beams if any) 
4. Moments assigned to columns   
5. Shear in slab systems with beams               
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1st interpolation  @βt =0       100% 
3rd interpolation  @βt =1.8    78%  ←  69.6 + (100 – 69.6)(2.5 – 1.8)/(2.5 – 0) =78% 
2nd interpolation  @βt =2.5    69.6% 
End span, exterior Mcs

−  = 78% (42.64) = 33.26  kNm 
 
Summary, and moments to mid strip and beams 
 Mu  (kNm) % to cs Mcs  (kNm) * 2-half ms Mms 

(kNm) 
End Span     
Ext. negative 42.64 78 33.26 9.38 
Positive 151.89 69.6 105.72 46.17 
Int. negative 186.53 69.6 129.82 56.71 
Interior Span     
Negative  173.21 69.6 120.55 52.66 
Positive 93.26 69.6 64.91 28.35 
* Beams shall take 85% of Mcs [ (αf1l2 / l1) > 1.0], and slab Mcs shall take 15% of it. 

Slab Reinforcement  
Column strip: 
 SlabMcs  (kNm)

15% of Mcs  * 
R = Mu / φbd2  

** 
ρ Table A.5  As mm2/m*** 

End Span     
Ext. negative 15%(33.26)= 4.99 0.129 0.0005   63 /use 270 
Positive 15.86 0.410 0.0010 125 /use 270 
Int. negative 19.47 0.503 0.0012 150 /use 270 
Interior Span     
Negative  18.08 0.468 0.0011 138 /use 270 
Positive 9.74 0.252 0.0006   75 /use 270 
     * Beams shall take 85% of Mcs [ (αf1l2 / l1) > 1.0], and slab Mcs shall take 15% of it. 
   ** bcs = l1/2 = 2750 mm, d = 125 mm 
*** As = ρbd , As min = 0.0018bh =270 mm2/m, use No.13@300 (430 mm2/m)everywhere 

          max spacing = 2h = 2(150) = 300 mm OK 
Middle strip: 
 2-half ms Mms 

(kNm) 
R = Mu / φbd2  

* 
ρ Table A.5  As mm2/m** 

End Span     
Ext. negative 9.38 0.178 0.0005 63 /use 270 
Positive 46.17 0.875 0.0021 263/use 270 
Int. negative 56.71 1.075 0.0026 325 
Interior Span     
Negative  52.66 0.999 0.0024 300 
Positive 28.35 0.538 0.0013 163 /use 270 
   * bms = l2 - bcs = 6500 - 2750 = 3750 mm, d = 125 mm 

 ** As = ρbd , As min = 0.0018 bh =270 mm2/m, use No.13@300 (430 mm2/m)everywhere  
          max spacing = 2h = 2(150) = 300 mm 
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The Slab-beam Stiffnes: Ksb    

 
The slab beam moment of inertia Isb is uniform thru the span but it changes at the 
support and drop panels if any. 
  
According to ACI 8.11.3; Isb,(inside support) = Isb /(1 – c2/l2)

2 

c2 = size of column or capital in direction of  l2 
l2 = panel width  
 
Analysis by the moment distribution method needs stiffness factors k, carry-over factors 
COF, and fixed-end moment factors M.  
These are given in Table A13a for slabs w/o drop panels and Table A13b for slabs with 
drop panels: 
 

 
                                     Ksb = k (EIsb / l1) 
 
 
                    Fixed-end Moment = (factorM)(qu l2 l1

2) 
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                        = 102.99 – 0 = 102.99 kN 
V (right  support)  = qul2l1 / 2 + (MR – ML) / l1 
                           = 102.99 + 0 = 102.99 kN 
 
Design –ve Moment = Joint moment – area of shear diagram bet support CL and face 
At joint 1, Design M− = 70.29 – (95.02 kN × 0.25 m) = 46.54 kNm 
At joint 2 left, Design M− = 114.11 – (110.96 kN × 0.25 m) = 86.37 kNm 
At joint 2 right, Design M− = 104.39 – (102.99 kN × 0.25 m) = 78.64 kNm 
At joint 3 left, Design M− = 78.64 kNm 

 
Moments at critical sections (summary): 
Interior spans 
Interior M− =  78.64 kN,  M+ =   45.39 kNm 
End span 
Exterior M− = 46.54 kNm,  M+ =  57.78 kNm, Interior M− =  86.37 kNm 
 

Disribution to col strip, mid strip  
l2 / l1 = 4.25 / 5.5 = 0.77,       (αf1l2 / l1) = 0 
 Mu  (kNm) % to cs Mcs  (kNm) * 2-half ms Mms 

(kNm) 
End Span     
Ext. negative 46.54 100 46.54 0 
Positive 57.78 60 34.67 23.11 
Int. negative 86.37 75 64.78 21.59 
Interior Span     
Negative  78.64 75 58.98 19.66 
Positive 45.39 60 27.23 17.81 
Slab Reinforcement  
Column strip: 
 SlabMcs  

(kNm) 
 

R = Mu / 
φbd2 * 

ρ Table A.5  As mm2/m** provide 

End Span      
Ext. negative 46.54 1.157 0.0028 406 No.13@300 

(430 mm2/m) 

Positive 34.67 0.863 0.0021 305 / use 306 No.13@300 
(430 mm2/m)

Int. negative 64.78 1.612 0.0040 580 No.13@200 
(645 mm2/m)

Interior Span      
Negative  58.98 1.467 0.0036 522 No.13@200 

645 mm2/m)

Positive 27.23 0.678 0.0017  247 / use 306 No.13@300 
(430 mm2/m)

     * bcs = l2/2 = 2125 mm, d = 145 mm 
** As = ρbd , As min = 0.0018bh =306 mm2/m, use No.13@300 (430 mm2/m) 

          max spacing = 2h = 2(150) = 300 mm OK 
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