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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               

                               
 
 
 
 
 

 

  



3 Dire

1. D

Wher

qu = 
 
l2 = th
and p
cente
 
ln = c

ect Design Me

Determine 
The total 
panel on e
 

              

re; 

1.2 D + 1.

he span (cen
parallel to an
erline is used

clear span in 
≥ 0.65 l1   

              

This fig. s
of suppor

ethod TW Slab

Mo  in pan
static BM in
each side of 

                

.6 L   (kN/

nterline-to-ce
n edge is bein
d for l2 in cal

the direction
, see fig. bel

           

shows critica
rt. 

bs                    

nels 
n a span, for 
the centerlin

         Mo=

m2) 

enterline) tra
ng considere
lculation of M

n of analysis
low: 

al sections fo

     Prof Dr Ba

a strip boun
ne of suppor

= qu l2 ln
2

ansverse to ln

ed, the distan
Mo 

s (dir. 1) fac

or design neg

ayan Salim 

nded laterally
rts, is 

/ 8         

ln; however, 
nce from edg

e to face of 

gative mome

y by the cent

      

when the sp
ge of slab to 

supports. 

ents, and def

terline of the

pan adjacent 
panel 

 
fines the fac

4 

e 

e 



3 Dire

2. M

ect Design Me

Moments a
a. For i

 

            
            

                  

 
b. For e

Mome

          

 

 

ethod TW Slab

assigned to
interior sp

              
              

      

end spans 
ents are assig

                   

bs                    

o critical s
pans (ACI 

         M−

         M+

gned accord

    M = (fa

     Prof Dr Ba

sections 
8.10.4.1)

− =  0.65 M
+  =  0.35 M

ding to Table

actor from 

ayan Salim 

Mo                

Mo           

e 8.10.4.2: 

Table)× M

                 

Mo 

 

5 



3 Dire

3. L
a

b

c

ect Design Me

a) Ext e
b) Slab 
c) Slab 
d) Flat p
e) Exter

 
Lateral Dis
a. Interior

b. Exterior

. Positive

ethod TW Slab

  

edge unrestra
with beams 
w/o beams, 
plate with ed
rior edge ful

stribution
r M− : 

r M− : 

e M+: 

bs                    

    

       
ained; e.g., a
between all 
i.e., flat plat

dge beams 
lly restrained

 of Momen

     Prof Dr Ba

a masonry w
supports 

te 

d; e.g., a mon

nts (to cs, 

ayan Salim 

         

 
wall 

nolithic RC 

ms, and b

wall. 

beams) 

 

 

 

6 



3 Dire

Two-
to thi
the m
corre
Mms (

ect Design Me

.Parame
effective t

                
x = smalle
Slab mom
Constant 
largest of 
1. A por

capita
2. The p

slab 
3. The tr

βt  = 0
     βt  = 2.

-half Middle
is is a middle

moment to be
esponding to
(ext strip supp by w

ethod TW Slab

eter βt: The
transverse ed

     
er dimension

ment of inerti
C = torsiona

f the followin
rtion of the s
al in the direc
ortion in 1 p

ransverse be

0  for flat pla
.5  for RC w

e strip shall t
e strip adjac

e resisted is t
o the first row
wall) = 2 Mms 

bs                    

e relative res
dge beam is 

n,  y = larger
ia, Is = l2 h

3

al rigidity of
ng: 
lab having a
ction in whic
plus that part

am as shown

ate w/o edge 
wall. 

take the mom
cent to and p
twice the fac
w of interior

(neighbor int strip

     Prof Dr Ba

straint provid
reflected by

         
r dimension.
/12  

f beam effect

a width equa
ch moments 
t of any trans

n in page 2.

beams , and

ments not ass
parallel with 
ctored mome
r supports: 
ip) 

ayan Salim 

ded by the to
y the parame

. 

tive cross se

al to that of th
 are taken 
sverse beam

d if support i

signed to co
an edge sup

ent assigned 

orsional resi
eter βt , defin

ection, taken

he column, b

m above and b

is a masonry

olumn strip. A
pported by a
to the half m

istance of the
ned as 

 

n as the 

bracket, or 

below the 

y wall. 

An exception
a wall, where
middle strip 

7 

e 

n 
e 

 



3 Dire

Mom
 
When
 
When
 Mbea

 
In ad
inclu
 
Mom
Colum
factor
At int
 

 
At ex
slab s
 
Colum
 
Mcol a

 
 
Shea
Beam
areas
the pa

         

In ad

ect Design Me

ments to bea

n  (αf1l2 / l1) 

n  0 ≤ (αf1l2 /
am   is found b

ddition, the b
ding weight 

ments to colu
mns and wal
red loads on
terior suppo

terior colum
system (Tab

mns above a

above  = [Kcol a

ar in Slab sy
ms with (αf1l2

, (shown sha
anels and  th

                   

ddition, beam

ethod TW Slab

ams:   

≥1.0,       M

/ l1) ≤ 1.0,    
by linear inte

eam section
of beam ste

umns and w
lls built integ

n the slab sys
rts,  

mn or wall su
le 8.10.4.2) 

and below sl

above / (Kcol ab

ystems with 
2 / l1) ≥ 1.0, 
aded in fig.),
he centerline

                   

ms shall resis

bs                    

Mbeam = 85 %

 0  ≤   Mbeam

erpolation 

n must resist 
em projecting

walls:   
grally with a
stem. 

upports, the t
is transferre

ab shall resi

bove + Kcol bel

Beams   
  shall resist 
, which are b

es of the adja

   

st shears cau

     Prof Dr Ba

Mcs  

m  ≤ 85 % M

the effects o
g above or b

a slab system

total exterior
d directly to

st moments 

ow)] Mcol   , w

shear cause
bounded by 4
acent panels 

sed by facto

ayan Salim 

Mcs ; 

of loads appl
below the sla

m shall resist

r negative fa
o the support

in direct pro

where Kcol = 

ed by factore
45o lines dra
parallel to th

ored loads ap

lied directly 
ab. 

t moments c

 

actored mom
ting member

oportion of th

4 EIcol / lcol 

ed loads on tr
awn from the
he long side

 

pplied directl

to the beam

aused by 

ment from th
rs. 

heir stiffness

ributary 
e corners of 
s. 

ly on beams

8 

m, 

e 

s; 

. 



3 Dire

Rein
 

 

 
 
 

 
 

 

  
 

ect Design Me

nforcemen
Reinforce
the sides o
1 db less t
dinner steel =
For TW s
For beam
Straight b
where no 
Max bar s
Min cove
As,min (for

 
Bars cuto

ethod TW Slab

nt for TW 
ement in TW
of the panels
than the oute
= douter steel − d
labs with be
less TW slab

bars are gene
longer need

spacing = 2 h
r = 20 mm 

r shrinkage a

ff, see figure

bs                    

Slabs: (AC
W slabs is pla

s. This will c
er steel. 
db 

eams, short d
bs, long dir b
erally used, a
ded, to provid
h (to ensure 

and tempera

e below for b

     Prof Dr Ba

CI 8.7) 
aced in an or
cause the inn

dir bars have
bars have th
although in s
de for part o
crack contr

ature crack c

beamless sla

ayan Salim 

rthogonal gri
ner steel will

e the larger d
e larger d. 
some cases +
or all the –veM
rol). 

control) = 0.0

abs: 

id, with bars
l have an eff

d. 

+veM steel i
M steel. 

0018 bh 

s parallel to 
fective depth

s bent up 

9 

h 



3 Dire

Exam
Use t
(shad
Given
Edge
Interi
Colum
Slab 
c.c. s
c.c. s
f′c = 2
Servi
  
Solu
 
Chec
in cha
         

       

Chec
Limit
Chec
Calcu
Corn
Exter
Exter
Interi
There
Fact
Aver
wt. o
Total

ect Design Me

mple: Dir
the DDM to 
ded design st
n; 
 beam dims:
ior beam dim
mn dims: 45
thickness  h
pans in N-S 
pans in E-W
28 MPa,  fy =
ice live load 

ution: 

ck slab thi
apter  2.       
                   

          

ck the limi
tations 1, 2,3
k the ratio   
ulate αf  for b
er panel: (12
rior panel NS
rior panel EW
ior panel; (3
efore, DDM 
tored loads
age wt. of be
f slab = (0.1
l D = 0.45 + 

ethod TW Slab

ect Design
determine th
trip) in an ite

: 350 × 650 m
ms: 350 × 50
50 × 450 mm
 = 150 mm 
direction ar

W direction ar
= 420 MPa  
L = 5 kN/m

ickness  h =
             
                   

itations of 
3,4,5 are rea
   0.2 ≤ {αf1 

beams, see e
2.46+3.98)6.
S; (3.98+3.9
W; (12.46+3
.98+3.98)6.5
is applicabl

s: 
eam stem = 
5)(24 kN/m3

3.6 = 4.05 k

bs                    

n Method;
he design mo
ermediate flo

mm 
00 mm 
m 

re 5.50 m 
re 6.50 m 
    

m2   

= 150 mm is

                   

                

f the DDM
dily satisfac
l2

2 / αf2 l1
2} ≤

example in ch
.52 / (14.48+

98)6.52 / (14.
3.98)6.52 / (4
52 / (4.7+4.7
le. 

(0.35×0.35/6
3) = 3.6 kN/m

kN/m2 

     Prof Dr Ba

 Slab with
oments for th
oor. 

s satisfactory

            |    6

 

M: (see page 3
tory   
≤ 5     for pa
hapter 2, 

+4.7)5.52 = 1
.48+4.7)5.52

4.7+4.7)5.52

7)5.52 = 1.18

6.5)(24 kN/m
m2 

ayan Salim 

h beams 
the slab syste

y for deflecti

6.5m    |    

3) 

anels 

.2,     0.2 < 
2 = 0.58 OK
= 2.44 OK

8 OK 

m3) = 0.45 k

em in the NS

ion control, 

6.5m    | 

 

1.2 < 5 OK 

kN/m2 

1

S direction 

see example

            

10 

e 



3 Dire

Facto
Tota
ln = 5
Mo= 
Mom
Inter
Interi
         
End 
Exter
         
Interi
 

Disr
l2 / l1 
Inter
% to 
Interi
End s
Posit
% to 
Interi
End s
Exter

         
Edge
– 150

         
C1 = 
      =
C2 = 
      =
 
Is = l2

         
 
 

ect Design Me

ored load, wu

al static BM
5.5 – 0.45 = 5
wu l2 ln

2 / 8 =
ments at cr
rior spans 
ior M− = 0.6
    M+ = 0.3
span 
rior M− = 0.1
     M+ = 0.5

ior M− = 0.7

ribution to 
= 6.5 / 5.5 =

rior negative
col strip = 7
ior spans Mc

span, Interio
tive moment
col strip = 7
ior spans Mc

span Mcs
+ = 

rior negative

                   
 Beam dims

0) = 850 mm

          
(1 – 0.63×35

= 3.995×109 +
(1 – 0.63×35

= 6.138×109 +

l2 h
3 /12 = 65

                   

ethod TW Slab

u = 1.2(4.05)
M, Mo:  
5.05 m   (fac
= 12.86×6.5
ritical secti

65 Mo = 0.65
5 Mo = 0.35

16 Mo = 0.16
57 Mo = 0.57
70 Mo = 0.70

col strip, m
= 1.18,       (α
e moments 
75 – [(1.18 –
cs
−  = 69.6% (

or Mcs
−  = 69.

ts 
75 – [(1.18 –
cs

+ = 69.6% (
69.6% (151
e moments  

                   
: bw = 350, H

m 

50/500)3503

+ 8.50×108 =
50/650)3503

+ 4.56×108 =

500(150)3/ 1

 
 = C / 2Is = 

bs                    

) + 1.6(5) = 

ce to face of 
×5.052 / 8 = 
ions: 

5×266.47 = 1
×266.47 = 9

6×266.47 = 4
7×266.47 = 1
×266.47 = 18

mid strip a
αf1l2 / l1) = 3

– 1)/(2 – 1)] (
(173.21) = 1
.6% (186.53

– 1)/(2 – 1)] (
(93.26) = 64
.89) = 105.7
                   

                   
H = 650, hf =

3×500/3 + (1
= 4.845×109

3×650/3 + (1
= 6.594×109

2 = 1.828×1

6.594 / (2×1

     Prof Dr Ba

12.86 kN/m2

f columns) 
266.47 kNm

173.21 kNm
93.26 kNm 

42.64 kNm
151.89 kNm
86.53 kNm 

and beams
3.98×6.5/5.5 

(75 – 45) = 6
120.55 kNm
) = 129.82 k

(75 – 45) = 6
4.91 kNm  
72 kNm  
                   

  
=150, then fl

 
 – 0.63×150

9 mm3 

 – 0.63×150
9 mm3 Use (l

09 mm3 

1.828) = 1.80

ayan Salim 

2 

m 

m 

s 
 = 4.7 ≥ 1.0

69.6%  

kNm 

69.6%  

  |← 850 →|

lange b = bw

0/850)1503×8

0/500)1503×5
larger C) 

0 

 
w + (H – hf) =

850/3  

500/3  

1

= 350 + (650

11 

0 



12 
3 Direct Design Method TW Slabs                         Prof Dr Bayan Salim 

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 
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** 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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