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Chapter 2

Direct Design Method

The direct design method (DDM) ACI Code 8.10 is an approximate procedure for the analysis
and design of two-way slabs. It is limited to slab systems subjected to uniformly distribution loads
and supported on equally or nearly spaced columns. The method uses a set of coefficients to
determine the design moments at critical sections. Two-way slab systems that do not meet the
limitations of the ACI Code 8.10.2 must be analysis by more accurate procedures (like equivalent
frame or Finite Elements methods).

Limitations for use of direct design method ACI Code 8.10.2

1. There must be a minimum of three continues spans in each direction.

© © © ©

5000

5000

S
K

| | _"I:. B .‘I B 77|777|7777|777 i
e Thus. A nine panel structure (3 by 3) is the smallest that can be considered.

2. The panel must be rectangular with the ratio of the longer to the shorter spans within a panel
not greater than 2.

e If the ratio of the two spans (long span/short span) of a panel exceeds 2, the slab resists the
moment in the shorter span essentially as a one-way slab.
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Chapter Two Direct Design Method

3. Column offset shall not exceed 10 percent of the span in direction of offset from either axis
between center-lines of successive columns
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Offset <0.1¢
1700? 0.1x4000
1700 > 400 not O.K

4. 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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L,—Ls S% x L,
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3m>2.67 mnot O.K.

Lec. Hasanain M. Al-Musawi Page 45 Reinforced Concrete Design 11



Chapter Two Direct Design Method

5. All loads shall be due to gravity only (no lateral loads) and uniformly distributed over an
entire panel. The DDM cannot be used for unbraced, laterally loads frames, foundation mats

and prestress slabs.

6. Unfactored live load shall not exceed two times the unfactored dead load L.L <2D.L.

7._1f beams are used between supports on all sides, the relative stiffness ratio of the beams in the
two perpendicular directions must be between 0.2 and 0.5.
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Chapter Two Direct Design Method
Example: For the slab shown below check the limitation of the direct design method

W, =2 kN/m*,Wp=3 kN/m” (including self-weight), a;, for all beams= 3.5
as, for all beams=4
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Solution:
1. There must be a minimum of three continues spans in each direction
There are three spans in each direction O.K

2. The panel must be rectangular with the ratio of the longer to the shorter spans within a

panel not greater than 2.

L-%-15<20K
S 4 —

3. Column offset shall not exceed 10 percent of the span in direction of offset from either
axis between center-lines of successive columns.
All columns in each direction are on the same center line, and then the offset is equal to zero in
each direction O.K

4. Successive span lengths measured center-to-center of supports in each direction shall not
differ by more than one-third the longer span.
The successive span length is equal in each direction O.K

5. All loads shall be due to gravity only (no lateral loads) and uniformly distributed over an
entire panel.
There is nothing mentioned about lateral loads and all loads are due to gravity only O.K

6. Unfactored live load shall not exceed two times the unfactored dead load L.L. <2D.L.
2<2*3=2<6 O.K
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e The first six of these criteria area easily satisfied by inception.

7.1f beams are used between supports on all sides, the relative stiffness ratio of the beams in
the two perpendicular directions must be between 0.2 and 0.5.
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All Panels have the same ar; and ay,

_3.5435 _

ap=——— =35
242

A=~ =

3.5%42
2%62

0.2<

<5

0.2<0.78<50K

All the limitations of DDM are satisfied. ®
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Chapter Two Direct Design Method

General Concept for design of Two-way Slab by DDM

1. Divide the slab into panels by drawing center lines along the columns.
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e A panel is bounded by column, beam, or wall centerlines on all sides (ACI Code 8.4.1.7).
2. Transform the three dimensional building into a simpler two dimensional frames by cutting the
structure by imaginary vertical planes along the center lines of the panels (in each direction).
Determine the design frames in the direction of the design (usually mentioned in the
question).
I | | |

| |
+:F__+__4___L___’___i___4___ C.L column

Exterior longitudinal frame € i i Framl'le (A) : i
¥ . | | . . —-— C.L panel
- o el " Frame(B): _ . C.Lcolumn
erior longitudinal frame l‘ —l_ —I 'a'H?
| 1 |
¥ ___!___j___r___,___l___j___ C.L panel
Interior longitudinal frame ¢, | | L - _!_ . —JFranJIe (C) !_ . _!_ L J_ . C.L column
¥ L. C.L panel
Exterior longitudinal frame ¢, ! : ! Franj,]e (D)! | |
| | | | | | |
—— _ —-—— C.Lcolumn
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Chapter Two
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Chapter Two Direct Design Method
3. For each frame calculate the total static moment M, For the exterior and interior frames.

wyl,

o~ 8
Where:
Wu=1.2Wp+1.6W_
£, :Frame width.
L, : clear span of £, as follows: face to face of columns, capitals, brackets or wall but not less
than 0.65 ¢, .ACI Code (8.10.3.2.1).
The clear span €, in the direction of moments is used.

ACI Code (8.10.3.2)

4. Longitudinal Distribute the total static moment M, into —ve and +ve moments for each of the
end spans and interior spans. ACI Code (8.10.4.1).
5. Lateral distribution of negative and positive moment to column and middle strips and to
beams, if any.
e The moment in column strip is distributed into the moment in the slab and the moment in
beam (if there is any beam) this will be discussed later.
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L_ongitudinal Distribute of Total Factored Static Moment Mo

A. Interior span
+ve moment at center of span=0.35M,
-ve moment at face of support=0.65M,

+ve=0.35M,

=
£l

Exterior span Interior span Exterior span

B. End (exterior) span
In the case of end spans, the apportionment of the total static moment among the three

critical moment sections (interior negative, positive , and exterior negative) depend upon
the flexural restraint provided for the slab by the exterior column or the wall, and depends
also upon the presence or absence of beams on the column lines.

ACI Code Table 8.10.4.2. Specifies five alternative sets of moment distributions for end

span shown in table below.

Table 8.10.4.2—Distribution coefficients for end

spans
Slab without
beams between
Slab with | interior supports
Exterior beams Without | With Exterior
edge between all edge edge | edge fully
unrestrained | supports beam beam | restrained
Intenor 0.75 0.70 070 | 070 | 0.5
negative
Positive 0.63 0.57 0.52 0.50 0.35
Extenor 0 0.16 026 | 0.30 0.65
negative
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First
Extericr interiar interiar
A T A
T
Support Support
End span - Interior span — ¥~
075) 065 065
0 1 LA
1. Mo restraint ‘+| ! + i
|
i:i 0.6 065) (065 0.35 065
2. Full restraint + [t | g
035 0704 |pas 035 065
016
3. Slab with beams behween - ] = —
supports + i Al
057 0.701 105 0.35 0.65
0.30
4. Edge beam N I 4
Onl'f (HD — TTIT s o T " T n
other beams) + |1 !
050 070 |oss 0.35 0.65
026 \ /
5. No beams T 1 Em”
052 0.35

Longitudinal Distribution of total static moment into negative and positive span moments

e ACI Code (8.10.4.4) states that critical section for negative moment shall be at the face of
rectangular supports.
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Chapter Two
e In case 1 (exterior edge unrestrained), the exterior edge has no moment restraint, such as
WOUId be the Condltlon Wlth a masonry Wa” Table 8.10.4.2—Distribution coefficients for end
spans
L i T Lol e S A 5 Slab without
beams between
Slab with | interior supports
Exterior beams Without | With Exterior
edge between all edge edge | edge fully
unrestrained | supports beam beam | restrained
L‘:‘;“:’\‘c 0.75 0.70 0.70 0.70 0.65
Positive 0.63 0.57 0.52 0.50 0.35
f:;:“‘:’c 0 0.16 0.26 0.30 0.65

e
—

-
T

e In Case 2 (slab with beams between all supports) represents a two way slab with beams on
all sides of the panels

Table 8.10.4.2—Distribution coefficients for end

spans
Slab without
beams between
Slab with | interior supports
Exterior beams Without | With Exterior
edge between all edge edge | edge fully
unrestrained | supports beam beam | restrained
e 075 0.70 070 | 0.70 0.65
negative
Positive 0.63 0.57 0.52 0.50 0.35
Estenos 0 0.16 026 | 030 0.65
negative
035 0.70
0.16
11117
‘ 1 )
+ I
1
057

¢ In Case 3 (slab without beams between interior supports and without edge beam) it is like
a flat plate, with no beams at all.

Table 8.10.4.2—Distribution coefficients for end

spans
Slab without
beams between
Slab with | interior supports
Exterior beams Without | With Exterior
edge between all edge edge | edge fully
unrestrained | supports beam beam | restrained
o 0.75 0.70 0.70 0.70 0.65
negative
Positive 0.63 0.57 0.52 0.50 0.35
Extenior 0 0.16 0.26 0.30 0.65
negative
N
. 026
TV Y r
L+
052
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Chapter Two
¢ In Case 4 (slab without beams between interior supports and with edge beam) it is like a

flat slab with edge beams along exterior edge only.

Table 8.10.4.2—Distribution coefficients for end

spans
Slab without
beams between
Slab with | interior supports
Exterior beams Without | With Exterior
edge between all edge edge | edge fully
unrestrained | supports beam beam | restrained
enos 0.75 0.70 0.70 0.70 0.65
negative
Positive 0.63 0.57 0.52 0.50 0.35
Exterion 0 0.16 026 | 0.30 0.65
negative

™

050 0.7

e Finally ((Exterior edge fully restrained ) represents a fully restrained edge, such as that
obtained if the slab is monolithic with very stiff reinforced concrete wall

Table 8.10.4.2—Distribution coefficients for end

spans
Slab without
beams between
Slab with | interior supports
Exterior beams Without | With Exterior
edge between all edge edge | edge fully
unrestrained | supports beam beam | restrained
P 0.75 0.70 0.70 0.70 0.65
negative
Positive 0.63 0.57 0.52 0.50 0.35
Raterior 0 0.16 0.26 0.30 0.65
negative
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Chapter Two Direct Design Method
Example 1: For the flat plate slab shown below, the slab is subjected to W,= 3 kN/m* and

Wp=2.5 KN/m? (including self-weight), Columns dimensions are (400x400) mm. find:
1. Longitudinal distribution of the total static moment at factored loads for interior longitudinal
frame.

2. Longitudinal distribution of the total static moment at factored loads for exterior transverse
frame.

Solution:

Wu=1.2Wp+1.6W,

Wu=1.2(2.5) +1.6(3) =7.8 kN/m*

1. Longitudinal distribution of the total static O B C) B )
moment at factored loads for interior 1 1 f

longitudinal frame. —p—— - F—-—-—p—4—)
M= Wuxln?£2 ! ! ! ! ”
o 8 R - ——d—1—(5)
€,=6-0.4=5.6 m or 0.65 *£,=0.65*6=3.9 m | | | | ]
Use £,=5.6 m ! ' ! Lo
T - —
_ 7.8%5.6%%5 | | | | o
°” 8 I R S S N B
- 152.88 kN.m i B T f

Longitudinal interior frame
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Chapter Two
£
o
s
-Distribute the static moment ) _ .
. Exterior span Interior span Exterior span E F
(152.88 kN.m) into +ve and — @ O = p -9+ L2
N )
ve moments. 5.60 m 0 .
1 1 8
L . 6.00 m !
Longitudinal distribution 0
21

For interior span:
+ve moment at center of span=0.35M,=0.35*152.88=53.508 kN.m

-ve moment at face of support=0.65M,=0.65*152.508=99.37 kN.m

For exterior (end) span:

Table 8.10.4.2—Distribution coefficients for end

spans
Slab without
beams between
Slab with || interior supports
Exterior beams Without | With Exterior
edge between all edge edge | edge fully
unrestrained | supports beam beam | restrained
Tnterior 0.75 0.70 0.70 0.65
negative
Positive 0.63 0.57 0.50 0.35
Exterior 0 0.16 0.30 0.65
negative

Moment for Interior negative at the face of support=0.7*M,=0.7*152.88=107.016 KN.m
Positive moment at the center of span=0.52*M,=0.52*152.88=79.497 kN.m
Moment for exterior negative at face of support=0.26*M,=0.26*152.88=39.7488 kN.m

0.52M, 0.35M, /OSZM\
y V N N
0-20M, 07&& M 0'65M°7'|%.7M0 0.26M"
€, —
L

Exterior span Interior span Exterior span
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79.497 79.497
53.508

N R N\ N
0 e 107-C>£V 99.37 9937 ff'Momles 375!
£,=5.6 N

[1:6
Exterior span Interior span Exterior span

Longitudinal distribution of the total static moment (kN.m) at factored loads for interior longitudinal
frames.

075 -+ 70do7" 10701 hoo sy 5aene - $957h 107006 1oz saTsl
0.7 19407 4070160037 _ 3508+ 9037y 107086 1949L L BUTR o

Exterior span Interior span Exterior span

Longitudinal distribution of the total static moment (kN.m) at factored loads for interior longitudinal
frames.
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Chapter Two Direct Design Method

2. Longitudinal distribution of the total static
moment at factored loads for exterior transverse
frame.

Wu=7.8 kN/m?
M. = Wu*i’;z*{’z
£,=5-0.4=4.6 m or 0.65* £,=0.65*5=3.25 m

Use £,=4.6 m
t=G+22)=32m

_ 7.8%4.6%x3.2
= T

8
=66.019 KN.m

Transverse exterior frame

-Distribute the span moment (66.019 kN.m) into +ve
and —ve moments.

02
Longitudinal distribution 3.2m

For interior span: ==

+ve moment at center of span=0.35M,,=0.35%66.019=23.1 kN.m c ! E !

-ve moment at face of support=0.65M,=0.65*66.019=42.9 kN.m o | tle e

L = EOER

For exterior (end) span: oo

Interior negative moment =0.7*M,=0.7*66.019=46.21 kN.m e

Positive moment =0.52*M,=0.52*66.019=34.33 kN.m RNRIEI

el o

Exterior negative moment=0.26*M,=0.26*66.019=17.16 KN.m o T

il

e [

o P
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34.33 34.33

y1r1e 46.21\@; /12 4>9?i'y 4621 1116

Exterior span

Interior span

Longitudinal distribution of static moment

Exterior span

2.2 m

[} +
T |
iy

el
1
a9 ok
R

[Fegars

429
__?_;t';.f__4§:2'1.; Cod

1716

Reinforced Concrete Design 11
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Chapter Two Direct Design Method
e Section (8.10.3.2.3) of ACI Code states that if the transverse span of panels on either side

of the centerline of supports varies, €, shall be taken as the average of adjacent
transverse spans.

Example: Find ¢, for figure shown B B [oj -
E
_ /3 3.5, _ —_— = =
£,= (E+7) =3.25m | ot

: E
— - —Hgqrx

E

— _ I:] —

Example 2: For the multi-story building shown in figures below, for frame (A) find the
longitudinal distribution of the static moment at factored loads. Slab thickness is (200) mm

Wu=12.96 kN/m? and column dimensions are (500 x 500) mm.

?m T som T son T

T T 1 1
|

g O

| | | |

s
e @

| | | | S

| | | |~
A R I A

| | | | <

| | | |
s B B
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Solution:
W,=12.96 kN/m?

For Frame (A)
Wuxfn?£2

M=
8

£,=5-0.5=4.5 m or 0.65 *{,=0.65*5=3.25m

Use £,=4.5m

Longitudinal interior frame

S.0m S.0m S.0m
T T T T

S @
6 7 .
t=(2+2)=65m  ACI Code (810323) | : : E
, —# —&— S Frame (A} - — - —f - T
.96+%4.5“%6.5 | | ' |
M, = 22045765 _ 513 23 KN.m | | | E
e {©
| | | | &
| | | |
S e A
e e - — = -
I 45m |
[ 1l U Tl | =R N
e P — = = 5 |S
le}
| |
Longitudinal Distribution 5'051“

For interior span:

Table 8.10.4.2—Distribution coefficients for end

s
+ve moment at center of span=0.35M,=0.35*213.23=74.63 kN.m o l“ o gy |
-ve moment at face of support=0.65M,=0.65*213.23=138.6 kN.m |__ d\| :-Efff:m b' d “"
For exterior (end) span: ST o R

Interior negative moment =0.7*M,=0.7*213.23=149.26 KN.m

Positive moment =0.57*M,=0.57*213.23=121.54 kN.m
Exterior negative moment=0.16*M,=0.16*213.23=34.12 kN.m
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121.54 121.54
/\ 74.63
.'.'_l_/ | Ass.e 1355\ 1 / \ |
} 34.12 14; 45m 14026 34.1‘;‘:_
| Exterior span Interior span Exterior span |

Example 3: for the longitudinal interior frame (A) of the flat plate floor shown in figure below
by using direct design method find:

Longitudinal distribution of the static moment at factored loads

Slab thickness = 200 mm, d=165 mm

w,=15.0 KN/m?

All edge beams=250x500 mm
All columns =500x500 mm
fc'=25 Mpa, fy=400 Mpa

= 5000 5000 - 5000 .
. .
|

s
/

.
N
|

<
_GE_, AT . Jr
S !
LL
| 1l g
b
N S
[
[
b
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Solution:

For frame (A)

£,=5000 mm

£,=5000-500=4500 mm or 0.65 ¢,

£,=4500mm or 3250mm use larger
6400 , 6400

L= (T+T) = 6400 mm
M.= Wuxfn2#£2
8
5%4.52x6.
Mo= —22>0% —943 kN.m

Longitudinal distribution of total static moment at factored loads

Interior span:

Neg. Mu=0.65M,=0.65*243=157.95 KN.m

P0s.Mu=0.35M,=0.35*243=85.05kN.m

Table 8.10.4.2—Distribution coefficients for end

spans
Slab without
End Span .b::u.ns betweel:

. Slab with interior supports
|nteI’I0r NegMU:O7M0:O7*243:1701 kNm Exterior beams Without j| With | Exterior
P0s.Mu=0.5M,=0.5*243=121.5 kN.m anresrained | upports | beam || beam | meseaine
Exterior NegMu:OBMO=03*243=729 kN.m f)l::::c 0.75 0.70 0.70 0.70 0.65

Positive 0.63 0.57 0.52 0.50 0.35
5::21 0 0.16 026 | o030 o065
0.5 M,
121.5 kN.m
0.35 M,
85.05 kN.m
03M /
72 9 KN.M 0.65 M, 0.65 M,
' ' 07 M 157.95 KN.m 157.95 KN.m
. o]
170.1 KN.m

- 45m T - 45m -
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Chapter Two Direct Design Method
Home Work: For the transverse interior frame (Frame C) of the flat plate floor with edge beams

shown in Figure below, by using the direct design method find:

Longitudinal distribution of total static moment at factored loads
Slab thickness = 180 mm, d=150 mm

w,=14.0 KN/m?
All edge beams=250x500 mm L

All columns =500x500 mm
fc'=24 Mpa, fy=400 Mpa
=
@
._.
=
@
._.
=
@
H
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Chapter Two Direct Design Method
Lateral distribution of longitudinal moment

e Having distributed the total factored static moment (M,) to the positive and negative

moment as described previously, the designer still must distribute each of positive and
negative moments into the column strip and middle strip for each design frame.

e The longitudinal moment values mentioned in the previous section are for the entire
width of the equivalent building frame. This frame width is the sum of the widths of two
half column strips and two half-middle strips of two adjacent panels, as shown in Fig.
below The lateral (transverse) distribution of the longitudinal moments to the middle and
column strips is a function of the 1. Relative stiffness of parallel beam (a5), 2. The ratios

of £,/t;, 3. Torsional stiffness of torsional member (C) and 4. Relative stiffness for

.9 .9

—-—®

Torsional member (ft).

[

| |

B - = =isE =
Half Column Strip
| f

H

_I —

6

- —F-Column stripg— — -

[ Middlestrip:

l
f - " viddie strip i
f

|
I
|
|
|
! i
J_] - _é_(:olumn_stripék - _ £|_ - @
@
:

1 Middle strip

_ _ | i
J:' ~ _%alf (Zolumn_SthILE ~ ~ ~ ~ _@

e A column strip is a design strip with a width on each side of a column centerline
equal to lesser of 0.25¢; or 0.25f,. A column strip should include beams with in if
presented. ACI Code (8.4.1.5).

e A middle strip is a design strip bounded by two column strip. ACI Code (8.1.4.6)

12
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® ®

| 6 1 ¢ 1 ¢ |
l | | |
T arcaumae [
1 1 1 1
| =TV strp | T

| |
|EI - _|J|—:|_C0Lumnstrip|g_ - - [|_ - _.®
| |
\-:lidﬂe strip_;_ !
- ]
J_j - _J-__;_Column_stripé_-_k -
! i Middle strip 1
I I
| | |
J—‘l I_LHaIf Columr’l/sg"
: i H

C.L Panel = - = = = — —
| Half Middle strip 0.25¢; }.2582 (smaller)
<
C.L Column [ — L4 —Column strip— | — - H— -
| | Half Middle strip | I
C.L Panel | | L |

0.25¢; or 0.25¢> (smaller)
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Chapter Two Direct Design Method

A. Interior negative factored moments in the column strip
Column strip shall be proportioned to resist the following portions in percent of interior
negative factored moments ACI Code (8.10.5.1).

Table 8.10.5.1—Portion of interior negative M, in
column strip

206
anfsl 0.5 1.0 2.0
0 0.75 0.75 0.75
=10 0.90 0.75 0.45

MNote: Linear interpolations shall be made between values shown.

Note: The linear interpolation for transverse distribution of interior negative moment

between the column strips can be based on the following equation:

. ' £
1 1

e «y - (value of ag :% in the direction of the moment)

L
o {)—2 . (center to center of support)
1

e \When there is no beam in the direction of o5= 0
e When (afli—z) >1, use 1 in above equation.
1

Negative Mc s interior=C.S *-M interior

e The portion of negative and positive factored moments not resisted by column strips shall
be proportionately assigned to corresponding half middle strips ACI Code (8.10.6.1).

Negative My, s interior= M interior- Negative Mc s
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Chapter Two
B. Positive factored moments in the column strip (for all spans)
Column strips shall be proportioned to resist the following portions in percent of positive
factored moments ACI Code (8.10.5.5).

Direct Design Method

Table 8.10.5.5—Portion of positive M, in column strip

6
uafaff 0.5 1.0 2.0
0 0.60 0.60 0.60
=1.0 0.90 0.75 0.45

Mote: Linear interpolations shall be made between values shown.

Note: The linear interpolation for transverse distribution of positive moment between the
column strips can be based on the following equation:
2

?
F+C.S coefficient Y0 = 60 + 30(6(]01 ﬁ) X (1.5- 7

® 0 - (value of ay = % in the direction of the moment)

?
3 {)—2 . (center to center of support)
1

e \When there is no beam in the direction of os= 0

e When (as; j—z) > 1, use 1 in above equation.
1

Positive Mcs=C.S x +M

Positive My s = +M - Positive Mc g

C. Exterior negative factored moments in the column strip

Column strip shall be proportioned to resist the following portions in percent of exterior
negative factored moment.

Table 8.10.5.2—Portion of exterior negative M, in
column strip

6t
ands/ly B 0.5 1.0 2.0
. 0 1.0 1.0 1.0
>2.5 0.75 0.75 0.75
0 1.0 1.0 1.0
>1.0
=25 0.90 0.75 0.45

Note: Linear interpolations shall be made between values shown. By is calculated using

Eq. (8.10.5.2a), where C is calculated wsing Eq. (8.10.5.2b).
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Chapter Two Direct Design Method
Note: the linear interpolation for transverse distribution of exterior negative moment

between the column strip and middle strip can be based on the following equation:

. £ £

E,C
- §.10.5.2
P 2E_I ( ?)
X .1'3 !
C':E[I—D.ISS—JT} (8.10.5.2b)
y

Negative Mc s Exterior=C.S*-M

Negative My, s =M Exterior - Negative Mc g

Notes: ACI Code R (8.10.5.2)
1.B;= 0 (for flat plat without edge beam and brick wall)
By= 2.5 (reinforced concrete wall)
2. Where walls are used as supports along column lines, they can be regarded as very stiff

. ¢
beams with an ocfl{)—z >1
1

Torsional constant (C)
The constant C is calculated by dividing the section into its component rectangles, each
having smaller dimension x and larger dimension y, and summing the contributions of all
the parts by mean of the equation:

C=X(1 - 0.63 %)(%
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Chapter Two Direct Design Method

TR (g3 ==
e ) > |

L bw _| | min(4hf h-hf) L x L X |

(a) (b) (c)
e The maximum value normally is obtained when wider rectangle is made as long as
possible. Thus, the rectangular chosen in Figure (b) above will give larger C than

those in Figure (c).

Example: compute the torsional constant C for the edge beam in figure below:
All edge beams are (700 x 350) mm
Columns dimensions are (350x350) mm oom CJ eom @P 60m C?

|
|
|
|
y
|
|
(
©

Slab thickness is 163 mm | |
| |

®

i

Min (4*163,700-163) = (652,537)
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Chapter Two Direct Design Method
Either the section is divided to:

. 887
I~
o
L
B I;__3_5_D__;I
_ Xy X3y 163, ,1633x887 350, ,3503%537
C1=)(1 - 0.63 ;)(T =[(1 —-0.63 887)( 3 )+ (1 —0.63 537)( 3 )l

C1=1.13x10°+4.54 x10°=5.67 x 10° mm*

Or the section is divided to:

537

700

350, ,3503%700

C2=)(1 - 0.63 %)(x%y):[(l — 0,630 (E0+ (1 - 0.63 163)(1633*537

537 3 )]
C2=6.85x 10°+ 0.628 x 10°= 7.48 x 10° mm”*
The C will be the maximum of the two values:
C=7.48 x 10° mm*
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Chapter Two Direct Design Method
Example 1: For the longitudinal interior frame (A) of the flat plate shown in figure below,

by using direct design method find:
1. Longitudinal distribution of total static moment at factored loads.
2. Lateral distribution of moment at interior and exterior panels.

Slab thickness = 200 mm, d = 180 mm @) @
0,=15.2 kN/m” ? 5.0 m @ 5.0 m ? 5.0 m @

all columns =400 x 400 mm ' -

fc' = 25 MPa ,fy=400 MPa _T_'_‘T_‘—'flﬁ-—-—nlr ()
| | | | £
— Frame (A) ___@
0P
T
| | | |5
| | | |
i A e ASY

Solution:
1. Longitudinal distribution of total static moment at
factored loads.
u=15.2 kN/m?

#fnZxf2
|V|0= du -

{n=5—(0.4)= 4.6 m or 0.65(; = 0.65*5=3.25 m use = 4.6 m
.5
{,= (%5+67) =65m

_ 15.2%4.6%%6.5

M, = = 261.33 kN.m
Lo
. 4.6 m .
= = B — .E EZ
| 50 m o
1 El 1
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Chapter Two Direct Design Method

Longitudinal distribution
For interior span:

Neg. Mu =0.65 M, Table 8.10.4.2—Distribution coefficients for end
Pos.Mu =0.35 M, Spans

Slab without
beams between

End (exterior) span: Slab with (| interior supports
Exterior beams Withouty With | Exterior
edge between al edge edge | edge fully

unrestrained | supports beam | beam | restrained

Interior

; 0.75 0.70 070 | o070 | o065
llegatl\'e
Positive | 0.63 0.57 052 [os0 | 035
i 0 0.16 026 ] 030 | o065
negatlve )
0.52M,
91.46 kN.m

/ 0.65M,

0.26M, 0.65M,
68 KN.m 169.8 KN.m 169.8 kN.m

0.7M,
183kN.m

46m 46m

2. Lateral distribution of moment at interior and exterior panels.
For Interior panel

1. Negative Moment Table 8.10.5.1—Portion of interior negative M, in

column strip

Total Negative moment = 169.8 kN.m o=

Vel
asg = 0 (no beam in the direction of moment) anllty 05 1.0 20
25 6.5 0 0.75 0.75 0.75
—=—=1.3 >1.0 0.90 0.75 0.45

¢, 5
C.S%=75%

Note: Linear interpolations shall be made between values shown.
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Direct Design Method

Or by using equation:
: ¢
-Interior C.S coefficient%0 = 75+30(afq ﬁ—z)* (1- {J—Z)
1 1

-Interior C.8 costicien% = 75+30%(0)* (22)*(1- °2) = 75%

Negative moment at column strip = C.S%*Mpyey = 0.75*169.8 = 127.35 KN.m
Negative moment at middle strip = 169.8-127.35 = 42.45 KN.m

. Positive Moment

Total Positive Moment = 91.46 KN.m

as = 0 (no beam in the direction of moment)

Table 8.10.5.5—Portion of positive M, in column strip

t2_65_ 13 i

£, 5 ' anls/ty 0.5 1.0 2.0
C.5% =60% 0 0.60 0.60 0.60
Or by using equation: 210 0.9 0.75 045

Note: Linear interpolations shall be made between values shown

+C.S coefricien0 = 60+30(as4 i—i) X (1.5 - i—i)

+C.S coefficient% — 60+30(0)*( %) X (1-5 - 6?5) = 60%
Positive moment at column strip = 0.6*91.46 = 54.88 kN.m
Positive moment at middle strip = 91.46-54.88 =36.58 kN.m

For End (exterior) span

1. Interior Negative moment
Total negative moment =183 kN.m
Negative moment at column strip = 0.75*183 = 137.25 kN.m
Negative moment at middle strip =183-137.25 = 45.75 KN.m
2. Positive moment
Total positive moment = 135.88 KN.m
Positive moment at column strip = 0.6*135.88 = 81.53 KN.m
Positive moment at middle strip = 135.88 -81.53 = 54.35 KN.m
3. Exterior Negative moment Table 8.10.5.2—Portion of exterior negative M, in

column strip

Total negative moment = 68 kN.m i

Bt = 0 (no edge beam) anh R m—— = —

o1 = 0 (no beam in the direction of moment) ’ > 075 075 0.75

g 6.5 5960 0 1.0 1.0 1.0

2 - = 1.3 - >2.5 0.90 0.75 045

‘El 5 ' Note: Linear interpolations shall be made between values shown. By is calculated using

Eq. (8.10.5.2a), where C is calculated using Eq. (8.10.5.2b).
C.S% =100%
Or by using equation

) {
"EXterior C.S coercent = 100-10Bt +12 Pt (a; 32) X (1~ =)
1 1

“EXterior C.S weffcien = 100-10%0+12 X 0 x (0) (1— =) =100%
Negative moment at column strip = 1*68 = 68 kN.m
Negative moment at middle strip = 68—68 =0 m
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Chapter Two Direct Design Method
Example 2: for the longitudinal interior frame (A) of the flat plate floor shown in figure below

by using direct design method find:
1. Longitudinal distribution of the static moment at factored loads.

2. Lateral distribution of the moment at exterior support.
Slab thickness = 200 mm, d =165 mm

w, = 15.0 kKN/m®
All edge beams = 250 x 500 mm
All columns = 500 x 500 mm

fc'= 25 Mpa, fy = 400 Mpa

= 5000 5000 - 5000 .
. .
IL |

A

5,
N
|

<
_ GE_, AT . Jr
S |
LL
! Sl
I
3

n . . .

Solution:

1. Longitudinal distribution of the static moment at factored loads.
For frame (A)

£, =5000 mm

£,=5000 — 500 = 4500 mm or 0.65 ¢,

£, = 4500 mm or 3250 mm use larger
6400 6400

0= (T+T) = 6400 mm
_ Wusfn?«£2
Mo= ——
2
M= 242202 = 243 kN.m
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Direct Design Method

Longitudinal distribution of total static moment at factored loads

Interior span:

Neg. Mu = 0.65M,=0.65*243 = 157.95 kN.m
Pos.Mu = 0.35M,=0.35*243 = 85.05kN.m

Table 8.10.4.2—Distribution coefficients for end

spans
Slab withou
End Span: - . .b‘e:u.ns b:t\\[')ezl:

; Slab wit interior supports
|ntel’IOI' NegMu = O7MO=O7*243 = 1701 kNm Exterior beams Without || With | Exterior
P0os.Mu=0.5M, = 0.5*243 = 121.5 kN.m aretegined| supports | beam || bstha] restetnes
Exterior Neg.Mu = 0.3M,=0.3*243 = 72.9 KN.m f::::::‘e 075 0.70 070 | 00| oss

Po;iti\'e 0.63 0.57 0.52 0.50 0.35
5:;:‘;:’: 0 0.16 026 | 030 0.65
0.5 M,
121.5 KN.m
0.35 M,
85.05 kN.m
72 9 KN.m 0.65 M 0.65 M,
R 07 M 157.95 kN.m 157.95 kN.m
. 0
170.1 kN.m
- 45m - 45m -
2. Lateral distribution of the moment at exterior support.
Negative moment at exterior support = 72.9 kN.m
Negative Mc s Exterior = C.S  qefficient%0*-M Exterior
Negative My s = M - Negative Mcs o 220 -
¢ ¢
“Exterior C.S coetrcien%0 = 100-10pt + 12 Bt (ar1 5 —2 * (1- f %
1
ar1 = 0 (no beam in the direction of moment)
Find Bt: S
C ly
Pe= T
Calculate C:
L2501 300
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Chapter Two Direct Design Method

=y(1-0635F2
C=3¥(1-063)(5 _ 300 _
200, ,2003%300 250 2503*500) —

Cl=(1-0.63 5 )(—— )+ (1 - 0.63-)(—

200

Cl=4.64*10%+ 1.783*10°=2.2478*10° mm*

200 ,2003%550 250, ,2503%300, S
C2=(1-0.63*_)(—— )+ (1-063+> ()3
C2 =1.13*10%+7.42*10%=1.8721*10° mm*
~ C =2.2478*10° mm* (larger value)
I = L2217 - 6400°2007 _ ) 971 09 Lt
12 12
B, = < _ 2.2478*1099 = 0.263 . 220 |
21g 2%4.267%10 %
(-
(-
(a9
2250

EXtErior C.S cuerneen% = 100-10pt +12 t (a1 22) X (1- 22)
1 1
=100-10 x 0.263 +12 x 0.263 X (0*=7) (1- =)

'EXterior C.S Coefficient% = 97.37%

Negative moment at column strip for exterior support = 0.9736x72.9 = 70.975 kN.m
Negative moment at middle strip for exterior support = 72.9-70.975 =1.925kN.m ®
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Example 3: For the longitudinal interior frame of the flat plate shown in figure, by using
the direct design method, Find:
a. Longitudinal distribution of total static moment at factored loads.
b. Lateral distribution of moment at exterior panel.
Slab thickness = 180 mm, d =150 mm . 000 . ro00 . 000
Wu=14 kN/m? i + +

.

All edge beams = 250 x 500 mm
All columns = 400 x 400 mm _ _ =
T3]
fc'=24 Mpa , fy=400 Mpa A | $
. < 7/
Solution: " 5
a. : W :
For frame (A) g M 2
oy
£, =5000 mm
0, = £,-400=5000-400 = 4600 mm > ()/65(,
Wuxfn?+£2
M= ———— =
8 ©
14%4.62%6.5 : :
My,=——— = 240.695 KN.m L L
8 i |
Longitudinal distribution of total static moment at factored loads
Interior span:
Neg. M = 065M0 :::I:s&10.4.2—Distribution coefficients for end
Pos.M = 0.35M, E el
Slab with { interior supports)
Exterior beams Without || With Exterior
edge between all edge edge | edge fully
unrestrained | supports beam beam | restrained
_________ f:‘:::e_ __ors __|__o70 _| o0 J oo 0.65
End Span: _______________________________ Positive 0.63 0.57 0.52 0.50 0.35
0.5 M, f:;:f‘e 0 0.16 026 [ 030 0.65
120.348 KN.m 0.35 M,
82.243 KN.m
0.3 M, oé M, 0.65 M,
72.92kN.m 156.452 KN.m 156.452 KN.m
0.7 M,
168.45 kN.m
46m 46m
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b.
Exterior Panel

1. Negative moment at interior support
Total negative moment = 168.45 kN.m
ag = 0 (no beam in the direction of moment)

Table 8.10.5.1—Portion of interior negative M, in

column strip

LG

(lﬂlz/(]

0.5

1.0

2.0

| 0

0.75

0.75

0.75

21.0

0.90

0.75

0.45

£2 _ 65 _

= = 1 3 O Note: Linear interpolations shall be made between values shown.

0”5
. -g ‘e
-Interior C.S coefficient %0 = 75 +%* (1- ﬁ)

-Interior C.S coefficient %0 = 75 + 30(0 * 1.3)* (1- 1.3) = 75%

Negative moment at column strip = 0.75*168.45 = 126.34 KkN.m
Negative moment at middle strip = 168.45-126.34 = 42.11 kKN.m

2. Positive Moment Table 8.10.5.5—Portion of positive M, in column strip

Total positive moment =120.348 kN.m 6/t

ar = 0 (no beam in the direction of moment) g00/ 0.5 10 2.0
£2 6.5 0 0.60 0.60 0.60
- =13 >1.0 0.90 0.75 0.45
£1 5 21, : : :

Note: Linear interpolations shall be made between values shown.

t £
+C.S coefricient?0 = 60 + 3O(C¥f1 ﬁ)* (1.5- ﬁ

+C.S Coefficient% = 60 + 30(0 * 1.3)* (1.5' 1.3) = 60%
Positive moment at column strip = 0.6*120.348 = 72.21 kN.m
Positive moment at middle strip = 120.348—72.21 = 48.138 KN.m

3. Negative moment at exterior support
y: 570 «

Total negative moment = 72.209 I p
ar, = 0 (no beam in the direction of moment) kY
. ¥ £2 8
Find Pt:
Bt= — T 2504320~
2lg
Calculate C:
xy x3y

—_ — (L . A—x=320—A
C=X(1-0.637)(5 - o

_ 180, ,1803%320 250, ,2503%500 <
C1=4.016*10°+1.783*10°=2.185*10° mm* '

h Fx=250-F
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180, ,1803%570 250, ,2503%320 2 y=570 /
C2=(1-063*_)(—5—)+ (1 =063 ) (=) A 3 A 5
[e0]
C2 = 8.87*10%+8.46*10%=1.733*10° mm* u
A\

.. C =2.185*10° mm* (larger value)

__ #,xh3 _ 6500%1803
12 12
C 2.185%10°

Bt=—=———"—=10.346
2l  2%3.159%10

Is = 3.159*10° mm?*

y=

h 32H

. ¢ 22 _

“EXterior C.S coetrcient% =100-10Bt + 12 Bt (g ﬁ) x (1-57) Fx=2507
=100 - 10 x 0.346 + 12 x 0.346 x (0%1.3) (11.3)

-Exterior C.S coefficient?0=96.54%

Negative moment at column strip = 0.9654*72.209 = 69.71 kN.m
Negative moment at middle strip = 72.209-69.71= 2.499 kN.m .
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Example 4: for the longitudinal interior (frame A) of the flat plate floor show in figure, by

using the direct design method finds:

a. Longitudinal distribution of the total static moment at factored loads.
b. Lateral distribution of moment at interior panel (column and middle strip moments at

negative and positive moments).
Slab thickness = 180 mm, d =150 mm

u =15 kN/m?
All columns = 400 x 400 mm
fc'=24 Mpa , fy=400 Mpa

Solution:

a.

For frame (A)
£1=4400 mm
£,=4600 mm

£n= €,-400=4400-400=4000 mm > 0.65£,=2860 mm|;

WuxfZ £,
O= 8
15%42%4.6
M= s = 138 KN.m

1" 4400 1’ 4400 1" 4400 1"

[ A A

=]
<
©
g
=

Longitudinal distribution of total static moment at factored loads

Table 8.10.4.2—Distribution coefficients for end

. . spans
Interior span: Stab without
Neg_M — 0_65M0 R 'bea'ms.bemeen
Pos.M = 0.35M, e [l g | e |redpetils
unrestrained | supports beam beam | restrained
End Span: ::‘::::’\‘c 0.75 0.70 070 ] o070 | o065
Positive 0.63 0.57 052 fos0 [ 035
0.52 M, i:;:fle 0 0.16 026 J 030 | 065
48.3 KN.m
0.26 Mo /0_65 M, 0.65 Mo
3588 kN.m 0.7 M, 89.7 kN.m 89.7 kN.m
96.6 KN.m
4m 4m
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b.

Interior Panel
1. Negative moment
Total negative moment = 89.7 KN.m

as = 0 (no beam in the direction of moment)

_ ¢
-Interior C.S coefficient % = 75+30(af4 {,—2)* (1-
1

'Interior C.S coefficient % :75%

Table 8.10.5.1—Portion of interior negative M, in

2

21

column strip
Ll
(141/1/(1 0-5 10 2i0
0 075 075 075
1.0 0.90 0.75 045

Note: Linear interpolations shall be made between values shown.

Negative moment at column strip = 0.75*89.7 = 67.275 kN.m
Negative moment at middle strip = 89.7-67.275 = 22.425 KN.m

2. Positive moment
Total positive moment = 48.3 kN.m

as = 0 (no beam in the direction of moment)

? ¢
+C.S coeﬁicient%:60+30(af1 i)* (1.5- ﬁ

+C.S coefricient?0 = 60%

Table 8.10.5.5—Portion of positive M, in column strip

6HiG

0.60

0.60

= s "

0.60

21.0

0.90

0.75

0.45

Positive moment at column strip = 0.6*48.3 = 28.98 KN.m
Positive moment at middle strip = 48.3 -28.98 =19.32 kN.m ®
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Chapter Two Direct Design Method
Example 5: For the exterior longitudinal frame (Frame B) of the flat late floor shown in

figure, and by using the Direct Design method, Find:
a. Longitudinal distribution of the total static moment at factored loads.

b. Lateral distribution of moment at exterior panel
Slab thickness = 175 mm, d =140 mm

(——5000—+——5000————5000——
Wu =14 kN/m2 %L ' ' ' ' ' —\
All columns = 600 x 400 mm | |/ /Frame B '
Solution:
a. — - 85— 1 §
For frame (b)
£1=5000 mm S
_ 6400 _ 600 3

L= — +T = 3200 + 300 = 3500 mm

_ Wuxfn?+£2
- 8

*4.6%2%3.5
M= % =129.6 KN.m

Cd

o

6400

" W S

Longitudinal distribution of total static moment at factored loads
Interior span:

L

Table 8.10.4.2—Distribution coefficients for end

Neg.M = 0.65M, S —
Pos.M = 0.35M, o
Exterior ibeams Without (| With | Exterior
edge between all edge edge | edge fully
. unrestrained | supports beam beam | restrained
End span: 5 | s | on I o | on
;:::nlx\: 0.63 0.57 0.52 0.50 0.35
052 M, i:g‘::i": 0 o6 | 02 Joso | o6s
45.36 KN.m
0.26 M, /0 65 M 0.65 M,
. (o]
33.7 kN.m 0.7 M, 84.24 kN.m 84.24 kN.m
90.72 kN.
4.6 m 4.6 m
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b.
Exterior Panel

Table 8.10.5.1—Portion of interior negative M, in

Direct Design Method

. . column strip
1. Interior Negative moment —
- Vel
Total negative moment = 90.72 kN.m anlily 0.5 10 20
as; = 0 (no beam in the direction of moment) . Ll Ll Ll
21.0 0.90 0.75 045

. £2 £2
-Interior C.S coefficient %=75+3O(af1 H)* (1- 71

'Interior C.S coefficient %=75%

Note: Linear interpolations shall be made between values shown.

Negative moment at column strip=0.75*90.72 =68.04 KN.m

Negative moment at middle strip=90.72 -68.04 =22.68 KN.m

2. Positive moment

Lec. Hasanain M. Al-Musawi

Total positive moment = 67.39 kN.m

as = 0 (no beam in the direction of moment)

Table 8.10.5.5—Portion of positive M, in column strip

66

agly/l) 05 1.0 2.0
£2 £2 0 0.60 0.60 0.60
+C.S coetficient%0 = 60 + 30(ar1 {’_1)* (L.5- £1 >10 0.90 0.75 0.45

ﬁ coefficient70 = 60%

Positive moment at column strip = 0.6*67.39 =40.434 KN.m

Positive moment at middle strip = 67.39 — 40.434 =27.497 KN.m

. Exterior Negative Moment

Total negative moment = 33.7 KN.m

ar1 =0 (no beam in the direction of moment)

Bt =0 (no Edge Beam)

Table 8.10.5.2—Portion of exterior negative M, in

column strip

0,/t,
and/ly B 0.5 1.0 2.0
0 0 1.0 1.0 1.0
>2.5 0.75 0.75 0.75
>1.0 0 1.0 1.0 1.0
>2.5 0.90 0.75 0.45

Note: Linear interpolations shall be made between values shown.

Note: Linear interpolations shall be made between values shown. B, is calculated using
Eq. (8.10.5.2a), where C is calculated using Eq. (8.10.5.2b).

. ? £2
-Exterior C.S coefricient¥0 =100 —10Bt + 12 Bt (atf1 ﬁ)* Q-—

1
-Exterior C.S oefficient?0 = 100%

Negative moment at column strip =1*33.7 = 33.7 KN.m
Negative moment at middle strip = 33.7-33.7=0kN.m m
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Chapter Two Direct Design Method
Example 6: For the the transverse extiror frame (Frame D) of the falt plate floor, without edge
beams, shown in Figure, and by using the Direct Design Method, find:
a. Longitudinal distribution of the total static moment at factored loads.
b. Lateral distribution of moment at interior panel (column and middle strip moments at
negative and positive moments).
Slab thickness = 180 mm, d = 150 mm !

50 m——5.0———5.0—
qu = 15.0 KN/m? 4 ! L Iy
All columns = 400x400 mm

o

Solution @

a. — L L m—t
El =6.0m

EZ = 27 m —={IFrame [D=— <

£, =0,-04=6.0-04=56m <

* 2*
M,= W - ,\ . I g
*D, 2* .
M,= % =158.76 kN.m s
—a n . 5
0.52 M, )
82.555 kKN.m 0.35 Mo
55.566 kN.m
41.278 kN.m 0.7 M, 0.65 M, 0.65 M,
111132 kNm 103.194 kN.m 103.194 kN.m
Exterior panel Interior panel

Longitudinal distribution of total static moment at factored loads
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Chapter Two
b.

Interior panel

1. Negative moment
Total moment = 103.194 KN.m
Negative moment at column strip = 103.194 x 0.75 = 77.396 KN.m
Negative moment at middle strip = 103.194 - 77.396 = 25.798 kN.m

Table 8.10.5.1—Portion of interior negative M, in

Direct Design Method

column strip
HlG
anl)/ly 0.5 1.0 2.0
0 0.75 0.75 0.75
2. Positive moment 210 = =0 L

Note: Linear interpolations shall be made between values shown.

Total moment = 55.566 kN.m
Negative moment at column strip = 55.566 x 0.60 = 33.34 KN.m
Negative moment at middle strip = 55.566 - 33.34 = 22.226 kN.m

Table 8.10.5.5—Portion of positive M, in column strip

OHlG

anly/ly 0.5 1.0 2.0
0 0.60 0.60 0.60
21.0 0.90 0.75 0.45

Note: Linear interpolations shall be made between values shown.
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Chapter Two Direct Design Method
Example 7: For the transverse interior frame (Frame A) of the flat plate floor

(without edge beams) shown in Figure. By using the Direct Design Method, find:
a. Longitudinal distribution of the total static moment at factored loads.
b. Lateral distribution of moment at interior panel (column and middle strip

moments at negative and positive moments).
Slab thickness = 180 mm, d = 150 mm

Gy = 15.0 kN/m? —*——-—L—Lf—/-j— %
All columns = 400x400 mm | v | E
| / A 7 | =+
s |
H * */ " T ~
Solution | < eime f— | .
a. | A |
i =4.4m ﬁi—ff—/#—«——% - —*— N
6, =4.6m RS9 .
ly=10,-04=44-04=40m | SV | 5
M - M l // L Z 0 l N
8 l I I
«AZ54, ¢— 4.6 —— 46— 4.5 4
M,= % =138.0 kN.m ! L 1
0.52 M, )
71.76 kN.m 0.35 Mo
48.3 kKN.m
35.88 kKN.m 0.7 Mo 0.65 Mo 0.65 Mo
966 kN.m 89.7 kN.m 89.7 kN.m

Longitudinal distribution of total static moment at factored loads
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Chapter Two

Direct Design Method

b.
Interior panel

1. Negative moment

Total moment = 89.7 kN.m
Negative moment at column strip = 89.7%0.75 = 67.275 KN.m

Negative moment at middle strip = 89.7-67.275 = 22.425 KN.m

Table 8.10.5.1—Portion of interior negative M, in

2. Positive moment

column strip
it
anly/t 05 1.0 2.0
0 075 075 075 ]|
21.0 0.90 075 045 |

Note: Linear interpolations shall be made between values shown.

Total moment = 48.3 KN.m
Negative moment at column strip = 48.3%0.60 = 28.98 kN.m
Negative moment at middle strip = 48.3-28.98 = 19.32 KN.m

Lec. Hasanain M. Al-Musawi

Table 8.10.5.5—Portion of positive M, in column strip

Hlh

anlr/ly 0.5 1.0 2.0
0 0.60 0.60 0.60
21.0 0.90 0.75 0.45

Note: Linear interpolations shall be made between values shown.
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Chapter Two Direct Design Method
Example 8: For the exterior transverse frame of the flat slab shown in Figure, by

using direct design method find:
a. Longitudinal distribution of total static moment at factored loads.

b. Lateral distribution of moment at exterior panel.
D = 6.5 kN/m* (include self weight)

L = 5.0 KN/m? ‘ e ‘ ‘
Solution ; : :
a N S v N v o
£;=5m
p=2+2=265m L
0,=0,-03=5-03=4.7m s
W,=1.2 Wp+1.6W_ x
— * *C — 2 ' '
W,=1.2 *6.5+1.6*5 =15.8 kN/m Ll Sl | .
M =wu*{,’n *xf2 s,:_
0 3 421000 Joogont

5.8%4.7%%2.65 =

M,= ~ “; 2% -115.6 kN.m S
U e Y e v O s v B
Je 5000 e 5000 b
§ A—2000—
— e
E A-300
0.52 M,
60.112 kN.m 0.35 M,
40.46 KN.m

426 Mo /
30.1 KN.m 0.65 Mo

0.65M
75.14 KN.m ¢
0.7 M, 75.14 KN.nm

80.92 kN.m

c. Solve it as homework.
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Chapter Two Direct Design Method

Home Work:

For the the transverse interior frame (Frame C) of the flat plate floor with edge beams

shown in Figure, by using the Direct Design Method, find:

1. Longitudinal distribution of total static moment at factored loads.

2. Lateral distribution of moment at interior panel (column and middle strip moments at
negative and positive moments).

3. Lateral distribution of moment at exterior panel (column and middle strip moments at
negative and positive moments).

#— 5000 —4— 5000 5000

T
,I/

6000

6000

\

|
1
i

A B
|
)
7

T—
# 6000

Slab thickness =180 mm, d =150 mm
g, =16.0kN/m?

All edge beams = 250x500 mm

All columns =500x500 mm
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Chapter Two

Direct Design Method

Home Work Solution:

For the the transverse interior frame (Frame C) of the flat plate floor with edge beams
shown in Figure, by using the Direct Design Method, find:
1. Longitudinal distribution of total static moment at factored loads.

2. Lateral distribution of moment at interior panel (column and middle strip moments at

negative and positive moments).

3. Lateral distribution of moment at exterior panel (column and middle strip moments at

negative and positive moments).
Slab thickness =180 mm, d =150 mm
q, =16.0kN/m?’
All edge beams = 250 x 500 mm
All columns =500x500 mm

Solution
,=6—05=55m>0.65%x6=3.9m
L, = 5m
. =16 kN/m?
M. = Wy £
© 8

2

M, = 22X237 X5 — 349 5 |kN.m

1. Longitudinal distribution of total static
moment at factored loads.

Table 8.10.4.2—Distribution coefficients for end
spans

Slab without
beams between
interior supports
Without
edge

supports beam

Slab with
beams
between all

With
edge

Exterior
edge fully
restrained

Exterior
edge

unrestrained beam

lmengr 075 0.70 0.70 0.70 0.65
negam‘e

Positive 0.63 0.57 0.52 0.50 0.35

Exterior

0 0.16 0.26 0.30 0.65

negative

5000 —-

5000

th

6000

\
|

)
4

6000

\
|

1
4

7(* 6000

L R S S

Lec. Hasanain M. Al-Musawi

0.5 M,
151.25 KN.m 0.35 M,
105.875 kN.m
43 Mo /65 Mo 0.65 M,
90.75 kN.m 0.7 M, 196.625 kN.m 196.625 kN|m
211.75 kN.
5.0m 5.5m
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Chapter Two

2. Lateral distribution of moment at interior panel (column and middle strip moments at

negative and positive moments).

Negative moment

Total moment = 196.625 kN.m

Negative moment at column strip = 196.625 x 0.75 = 147.5 kN.m
Negative moment at middle strip = 196.625—147.5 = 49.125 kN.m

Table 8.10.5.1—Portion of interior negative M, in
column strip

HlG

Direct Design Method

anl)/ty

0.5

1.0

2.0

0

0.75

0.75

0.75

21.0

0.90

0.75

0.45

Note: Linear interpolations shall be made between values shown.

Positive moment

Total moment = 105.875 KN.m

Negative moment at column strip = 105.875 x 0.60 = 63.525 kN.m
Negative moment at middle strip = 105.875 — 63.525 = 42.35 kN.m

Table 8.10.5.5—Portion of positive M, in column strip
6Lt

(1/1(2/(1

0.5

1.0

2.0

0

0.60

0.60

0.60

21.0

0.90

0.75

0.45

Note: Linear interpolations shall be made between values shown.

3. Lateral distribution of moment at exterior panel (column and middle strip moments at

Lec. Hasanain M. Al-Musawi

negative and positive moments).
Negative moment at interior support

Total negative moment = 211.75 KN.m
Negative moment at column strip = 211.75 x 0.75 = 158.8125 KN.m
Negative moment at middle strip = 211.75 —158.8125 = 52.94 KN.m

Positive moment
Total moment = 151.25 kKN.m
Negative moment at column strip = 151.25 x 0.60 = 90.75 kN.m

Negative moment at middle strip = 151.25 - 90.75 = 60.5 kN.m
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Chapter Two

Direct Design Method

Negative moment at exterior support
Total negative moment = 90.75 kN.m

ar1 = 0 (no beam in the direction of moment)

. £ £2
-EXterior C.S weffcien% =100-10Bt +12 Pt (s ﬁ)* (-

Find pt:
C
Bt=5-

T 21
Calculate C:

C=X(1 - 0.63 %)(%

180

C1=(1-0.63 x 22) (@)*(

500

C1=4.016 x 108+ 1.783 x 10°= 2.185 x 10° mm*

C2 :(1 — 0.63 * %) (1803*57°)+ (1—0.63=)(

3

1— 063 x @) (2503><500

3

250 ,2503%320

320 3

C2 =8.87 x 10%+ 8.46 x 108=1.733*10° mm*

=~ C=2.185 x 10° mm* (larger value)

Is

__ #,+xh3 _ 5000%1803

12

2l 2%2.43%x10°

| 7 2

-EXterior C.S weftcien =100 —10Bt + 12 Bt (027 {,—i) x (1- )
=100 —10 x 0.4495

_Exterior C.S coerricient% = 95.505% = 0.95505

Negative moment at column strip = 0.95505 x 90.75 = 86.67 KN.m
Negative moment at middle strip = 90.75 — 86.67 = 4.08 kN.m

12
B C _ 2185%10°
t

= 0.4495

= 2.43 x 10° mm*

You can find —ExteriorC.S by interpolation:

0

)

y=500

BZH

hy

« o570

N\

b 30— »1807

—

F-250+—320—~

f—x=320—

1
1800

L

Jey=050F
ye y=570 /

7

1800

b

Jx=250-7

Table 8.10.5.2—Portigmofexteriormygative M, in

2, c column strip f_Z =0.833
-2 =>=0.833 . .
1 6 anlylly B 0.5 1.0 2.0
_ 44 \ 0 1.0 1.0 1.0
Bf 0 9 x 0.75 0 >2.5 075 Y 075 0.75
1-075 X 10 0 L0 L0 10
2.5-0  2.5-0.4495 Bt 0 0.4495 2.5 i : 225 050 075 045
X = 0 20502 Note: Linear interpolations shall be made between values shown. p, is calculated using
) Eq. (8.10.5.2a), where C is calculated using Eq. (8.10.5.2b).
-Exterior C.S =0.20502 + 0.75
-Exterior C.S = 0.95505
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Chapter Two Direct Design Method
Effect of Circular and Capital Columns on Total Static Moment

¢ ACI states that circular or regular polygon shaped supports shall be treated as square supports

having the same area, in calculating clear span £,.

0.89h

eFor flat slabs, particularly with column capitals the clear span £, computed from using

equivalent square supports shall be compared with equation below.

M. = Wu tr¢] « (1— ﬁ)Z 1 7
0 3¢,7 T Choose larger value of M,
" — from these two equations.
Wut, ¢
MO: % ......... 2

Where C is the larger diameter of column or capital column if exist.

eIn some cases the latter value is larger and should be used.

|
i g .-\'. 1{.. ;-.\‘]

.

Capital Column
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Chapter Two Direct Design Method
Example 9: Compute the total factored static moment in the long and short

direction for longitudinal and transverse interior frames for interior panel in flat
slab, capital column diameter 1.4 m, circular column diameter 0.8 m and square
column (0.8 x 0.8) m. Wu=15 kN/m?

| !
: \
o Q !
- @,E"u |
Al S,
[ . ' Jﬁq&i . ‘\./ |I
T ole
.
s i
zf-r
///
B - E
| Im I m _I
Side view for the slab
Solution:
For long direction
2
M, = W“fzfl «(1— g)z M, = W”:;Z{)” choose larger value
1

€1=7, Ez—6 Ln=7—0.89x1.4=5754m>0.65(,

*6% * *O* 2
Mo= 2207 (1 — 2242 2414 kN.m - or M= 222575 = 3724 kN.m use 414 kN.m
For short direction
2
M, = 22520 o tath X (1-— ?)2 M= Lelztn choose larger value
1

€1=6, ,=7,0,=6 —0.89 X 1.4 =4.754 m > 0.65¢(,
* /% * * /% 2
M, = 154762 (1_214) =337 kN.m or M= 1547%4.754

=296.6 KN.muse 337 KN.m =
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Chapter Two Direct Design Method
Home Work Problem 1: Find the total factored static moment for exterior panel

for longitudinal and transverse interior frames for
previous example.

Home Work Problem 2: Compute the total factored static moment in the long and
short direction for an interior frame for interior panel in
flat slab, Drop panel dimensions (2 x 2 )m capital
column diameter 1.4 m, circular column diameter 0.8 m
and square column (0.8 x 0.8) m. Wu=15 kN/m?

. h5m

r5m

B . . T_. . il —

| Am 8m |

Hint for H.W problem 2: A drop panel has no effect in compute clear span (£n).
€, for long direction for interior panel =8 — 0.89 x 1.4 =6.754 m
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