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Mathematical structural analysis of one way riblstabs was introduced
in this paper. The results of this analysis are pared with the results of
the finite element method by SAP program. In SA#gnam, the model
has been divided to frame elements "to represéust and beams" and
shell elements "to represent the slab and solid"p&efore using the
SAP program to compare the results with the mathiealamodel, the
results of the SAP program are evaluated by thriesedsion analysis
through ANSYS program. The suggested mathematigdysas in this
work was more accurate than the traditional metfzodi gives close
values of the induced moments of the ribs compasddthe results of
finite element method.

1- INTRODUCTION

The ribbed slab is analyzed in the traditional radthccording to the Egyptian code as
solid slab. In this method "traditional' the stiwell system of the ribs is considered as
beams supported on main cross beams which aredevedi as rigid supports. The
supporting beams are assumed to be simple if tiseome bay slab and continues
supporting beams if there are more then one bayhiSrprinciple which is mentioned
previously the bending moments are determined.

As recommended in this method, solid parts havgetased at the connection
of the ribs with the supported beam. These solitspasist the internal forces which
are higher than the loading capacity of the ribgheut any effect on the internal
forces.

In the one way ribbed slab where the ribs are i@ dinection, it is assumed
that the loads are distributed in the directiontha# ribs only .so the load which is
transferred through each rib is as follows :-

w=W*s ... 1)
Where: w = the load of each rib /m’

W = the load acted on slabfm

s = the distance between the ribs

From the previous analysis of the ribbed slab & tdaditional methods it is
noted that the following assumptions are taken dotasideration:-

» The load completely transfers from the slab torthe regardless the stiffness
of the slab and ribs.
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* Ribs are supported on the beam which considerimgy@ssupport.
» Both the width and the thickness of solid partsehaw effect on the behavior
of the rib.

As a result of the previous discussion about thditional method, there is
need to study other methods of analysis taking adoount these factors using the
finite element theory through sap 2000 program. $hggested model provides the
behavior for ribbed slab by analyzing the structaseone-unite in two dimensions. In
this method the structure is divided to frame eletisi@and shell elements. Stiffens
matrix for these elements are determined. This oektiakes into consideration the
deformations happened in all elements such ascaédisplacements and rotations in
the two directions,y ,and finding the internal forces produced in thelsenents.

2- DESCRIPTION OF FINITE ELEMENT METHOD

The slab has been divided to frame elements taesept ribs and beams, and shell
elements to represent the slab and solid part. &gand shell describe the cross-section
of one or more elements.

Each frame element has its own local coordinateesysised to define section
properties and loads. The axes of this local systendenoted 1, 2 and 3. The first axis
is directed along the length of the element; theaiaing two axes lie in the plane
perpendicular to the element with specified oridota

Also each shell element has its own local coordirgtstem used to define
material properties and loads. The axes of thiallsgstem are denoted 1, 2 and 3. The
first two axes lie in the plane of the element vegecified orientation; the third axis is
normalto the plane.

The internal forces in the frame element are theefls and moments that result
from integrating the stresses over an element @estion. These internal forces are:

* P, the axial force

* V2, the shear force in the 1-2 plane

* V3, the shear force in the 1-3 plane

e T, the axial torque

e M2, the bending moment in the 1-3 plane (about axis 2
e M3, the bending moment in the 1-2 plane (about axis 3

These internal forces and moments are given ayearess section along the
length of the element as shown in Fig (1)

FPositive Axial Forcos mnd Torauo

Fig (1) frame element internal force
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3- COMPARISON BETWEEN THE RESULTS OF FINITE
ELEMENT METHOD AND TRADITIONAL METHOD

Two bays one way ribbed slab is analyzed by badlditional and finite element
methods to determine the induced moments of theTtib dimensions of each bay are
5.6x5.4m. The ribs have cross section 0.1x 0.25dnth@ space between ribs is 0.5m.
The thickness of top slab equals to 0.05m. Thesciection of edge beams is
0.25x0.7m and the cross section of middle beanBig009 m. the width of solid part in

both direction equals to 0.3m. The Slab is subj¢b uniform load 1 t/fh and as
shown in Fig.(2).
éllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

edgs beams
0. 7x0.25m
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Fig (2) the model of analyzed slab

The B.M.Ds for the rib by the traditional methodidimite element method by
SAP program are shown in Figs (3) and (4) respelgtiv

18

z ’ 1.3 ! 1.3

0.3 03
1.02 102

Fig (3) B.M.D by traditional method

101
044 Lol 044

062 062
Fig (4) B.M.D by finite element method "SAP progtam

Figures (3) and (4) show a great difference inktheding moments which are
produced by the two methods "traditional method! dmite element method".

The value of positive B.M of the rib in finite elem method is 60.8% the B.M
in the traditional method. And the value of maximoegative B.M at the connection
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between the rib and middle support in finite elebmapethod is 77.7% of the negative
B.M in the traditional method

Also, in the finite element method, the effectivguwalent load on the rib
which causes the momentB.M,,B.M,),is

_ 8, —-veBM, +-veBM
Weq - |_2(( 2

In the previous example, it was found that the esjent load equals 0.467
t/m’, this means 93.4% of the total load "0.5 t/is transferred by the rib and 6.6 % is
transferred by slab. But in the traditional meti@@ % of the load transfers by the rib.

As well as B.M at the connecting zone of the ritthwthe edge solid part is

positive in the traditional method while it is ctéa the finite element method, the B.M
is negative at this connecting zone.

2) + (+veBM)) ....... 2

4- EVALUATION THE RESULTS OF SAP PROGRAM

The same slab was analyzed in three dimensionsing the ANSYS program. This

analysis takes into account the reinforcement ab.sIn the ANSYS program, the

concrete element was represented as solid 65 elenfesmd the reinforced steel was
represented as link bar elemeniT@8e B.M.D for the rib by the ANSYS was obtained
after integration the stress of the rib as showrigns

041 099

e e e

066

Fig (5) B.M.D by finite element method "ANSYS pragn"

From investigation Figs 4 and 5, it was observed there is near in the values
of B.M.D of the rib between the SAP and ANSYS peogr And due to the facility of
using the SAP program, it can be used it in evaloahe results of the mathematical
method.

5- MATHEMATICAL STRUCTURAL ANALYSIS

After showing the great difference in the induceahments of the rib between the two
methods, finite element and traditional, there wes need to another approximate
manual method to determinate the induced momeriteeaibs.

M.A.Farouk et al.(2010) used nonlinear analysis of ribbed slabs they
concluded that, there were high deformations atctirenection between the ribs and
the supported solid parts. So in mathematical siratanalysis in this work, the rib
was represented as a beam element supported drsfipport. Where the ends of solid
parts are the fixed supports. Rotation and vdrtiisplacement have occurred for
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these supports. The loads in this method are aaster only by the ribs but there is
role for the top slab in transferring this loadvéi be mentioned in section 4-3. The
mathematical method in this work is not exact sotutor analysis of one way ribbed
slabs but it is more accurate than the traditiomethod as will be shown in the results.
The slab in Fig (2) can be modeled according tonlathematical model as shown in

Fig (6).

the end of right
solid part at middle support

d; lid t
§ edge solid par -
e : | 94
P N T
1 Rib / _ Rib /
¥2 / w3l X / v

“the end of left ' the end of
solid part at middle edge solid part

"the end of

support

Fig (6) Mathematical model for the slab in Fig (2)

4-1 Determine the displacement and rotation at the ends of solid
part:-

To determine the displacement and rotation at tigis ef solid part, firstly assume that
the shear and moment reactions at the ends oftttee M , andQ, or A M, and

A, Q; .Whered ., A, are arbitrary factors to facilitate the convergers will be

shown after. Considering that the solid parts agtilexer beams have depth equal to
depth of the rib, width equal to the space betwdles and the span of these beams
equal to the width of the solid part in the maindwmloof ribbed slab. The supported

beams in the main model are represented as spuingods for the solid parts as

shown in Fig7. The stiffness of these springs ateutated with considering that the

beams are subjected to constant distribution torara vertical load. Where:-

384El
Kyp ©- the vertical stiffness of the supported beam 5—|4 b
b
Kg - rotation stiffness of the beamggji

b

Case (I) edge solid part:-

Analysis of the solid parts to determine the disptaent and rotation at node 2,
8," as shown in Fig 7
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tik

w 4
mf
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Rf |
= L +
Qf
mf
B
solid part

Fig (7) structural system for edge solid part

Where:-

W - the applied load on slay m?
w - the applied load on the ribm
P - the distribution load on solid part
M

2
¢ - fixed end moments of the ends of the—v:\LHl'!g

Q; - shear fixed of the ends of the F'Fb\%l
L - span of the rib

B - width of solid part

E - modules of elasticity

Iy - moment of inertia of the beam

[, - span of the supported beam

G - modules of shear

J - torsion constantzy_ bt®

It can be used simple model for the solid partrstdad the spring supports
with fixed support. The fixed support has vertiaal rotation displacemen®d{ and

6,) as shown in Fig 8 2
1
af ' Pr-wxs RQF
5 _— ] 2
1 o
—4_' -

Pr=" =5

Kﬂ)
£

I 4 U4 E
51

Fig (8) modified structural system for edge solattp



R :the total vertical reaction
M :the moment reaction
By using the force method:-

1
El

0, =

Effect of the applied load effect of the vertid&placement at node 1 effect of the
rotation at node 1

1|B B’ M
82: _(Mf +Mt)_—p +— 4)
El,| 2 12 Kg

Where:-

o | £s
I - moment of inertia of solid part as beamﬁ:
S - space between rib and equal to width of qudid as beam
R - the reaction PB+Q;

2

M, - total moment JDZB +Q;B+M;

Case (Il) middle solid part:-

When the solid part lies in between two ribs, detee o and 8 at the ends of solid
part as follows:-

i
h‘i" G K;ﬁmPest

node 3L B B

Fig (9) structural system for middle solid part
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By using the force method:-

_1/g*, B .\ PB'|. R _MB MB
dJ_E|S|: I\/Ifr-i- 3(I\/Itr Mfr) 24:|+ +

(5)
2 Ko Kg Ke
1 B| M, M
63r - r (M fr tr)_ p - + - { (6)
EI 12 Koy Ky

In similar for node 2L

2 2 4
53L:E]i {32' MfL"'Br (Mu__MfL)_pEL }' R +MtL3'_Mtra_

v (7)
24 | K, Kg Kg
1 B’|, M, M
Oy =— LS (M it tL)_ +—-—L (8)
El, 12 Ky K,

Where :
B, - width of right solid part
B, - width of left solid part
Q, - fixed shear at the ends of right rib
Q. - fixed shear at the ends of left rib
M, - fixed end moment of the right rib
M, - fixed end moment of the left rib
M, - =PPligB M

tr - 2 er r fL

82

My - =P =+QuB +M

4-2 Determine the moments at the ends of the rib:-

After obtaining the deformations at the ends oitspart  and @, it can be calculated
the moments at the ends of the rib by using theefanethod as follows :-

—

. %
Rib

Yy

w
Fig (10) the main system
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wil?
2
-

Fig (11-a) M,

L

I_—

Fig (11-b) M,

1
=

Fig (11-b) M,
Oy + X0y + X ,0,, = =0, )
Oy t X0y + X0, =6, . (10)
Where :-
X, - the vertical reaction at node 3
X, - the moment at node 3
0, - vertical deflection at node 3
o, - rotation at node 3
wl* wl?
Op="F————+Vv,+8)l 11-a
©BEI, 24EI, * 7 (11-2)
| 3 | 3 (11_b)
520 = Wr_ - Wi + 92
4El, 12El, (11-c)
|3
Oy =——+V, +6,l 11-d
522='_+02 S = (11-d)
El,
| 2
0, ~——+6, (11-e)

2El,
By substituting equations (11-a to 11-e) in equegti(®and 10). , and solve

these equations, we obtain:-
1,0 53 _ 0y

6
M, == (=2 - (12)
: Z 521 511 521 521
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1
R = 5_ (_63 —-M 3522 - 520) (13)

21
Where:-
521 511

Z

By applying M3, Q3, M2, Q2 in another trial on thalid parts and determine
the deformations of the ends of solid parts anotimee. It can be stopped the trials
until occurring the convergence between the lastttvals.

4-3 The Applied Load on the Rib:-

As shown in the previous results that there was paithe load transfer by slab.
M.A.Farouk et-al (2008) based on linear analysis for some ribbed slabsleded that
28% of the load transfer by the slab and 72% ofdhd transfer by the rib.

In this section, eight slabs were analyzed by SA&gnram to try finding
relation between the stiffness of slab to stiffneSsb and the applied load on the rib.
The analyzed slabs are shown in table 1

Table (1)
slab ﬁj'irrlentionf - Width of a _b‘ s"m" | dr'm"| N Ks Kr w
a'm' [ b'm" | solid =gpan
1 96 94 03 5 48 | 005 | 015 9 09 | 457 | 034
2 96 | 54 | 03 5 48 | 005 | 02 9 09 | 1085 | 041
3 96 94 03 5 48 | 005 | 025 9 09 | 219 | 046
4 96 | 54 | 03 5 48 |1 006 | 03 9 09 | 366 | 048
9 96 | 54 | 03 5 48 | 005 | 035 9 09 | 5815 | 049
6 56 54 03 5 48 | 007 | 025 9 248 | 219 | 039
7 96 | 54 | 03 5 48 | 009 | 025 9 521 | 219 | 0%
8 96 | 54 | 03 5 48 | 011 | 025 9 962 | 219 | 04
where -
a a - width of solid part E  200E+06
b - wicith of solid part v=02
fs thickness of slab
dr depth of the rib
no. of the ribs
w the applied load on the rib
__ E: K, =N,
K. = — r 3
* 12(1-v?)ab I
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0.6

0.5 4

0.4

load o
0.2
y =1.0215x? - 1.0475x + 0.5058
R2 =0.9909
0.1 -
0 : : . .
0 0.1 0.2 0.3 0.4 0.5

Ks
Kr

Fig(12) the relationship betwedf, / K, and the applied load on the rib

From the relationship between the stiffness of sk to stiffness of rib
K, and the applied load on the rib, we obtain the ggoa

w:1.0215(%)2 - 1047(%) + 0506 ... (14)

r r

This equation is not general equation but it islimited use and is a variable
for some cases only. This equation is as guideotoptete the mathematical model
.The general equation for the applied load on theeeds to high effort and must be
taken into consideration a lot of factors suchhesrtgidity of edge beams, solid parts
and the connection between the ribs and suppogahb

4-4 Summary for the Mathematical Analysis by Solving Example:-

Two bays one way ribbed slabs, each bay equals6ixb@m. The ribs have cross
section 0.1x0.25m and the space between ribs 0.bentop thickness of slab equals to
0.05m. The cross section of edge beams equal2b5x@7m and the cross section of
middle beam equals to 0.3x0.9m. The width of ednga part equals to 0.3m. The
right width of middle solid part equals to the lefidth 0.3m. The applied load

1t/m?, E = 2x10°t/m? and G =833333/m?

Thefirst trial:-
Step (1):- calculating the applied load on the rib:-

By using equation 14 :-
K,=09 K, =219
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w:1.0215(20—'199)2 - 1047 0'9) + 0506= 046t/ m?

219

Step (2):- calculating the displacement and rotation at the end of
edge solid part:-

Span of the beam =5.6m and cross section 0.25x0.

|, = 714x10°m*  J = 425x10°

_ 384El

51

3
K., =?C2;—J:600m.t/rad | = 029705

b
Span of the rib = 5.4-0.6"solid parts" = 4.8m, umss thatd = 0.5 A,=1.0

K., = 1115 t/m

=0.00065n"

2
05M , = 07" = gaame
12
wi
Qf:2r:l'1t R=pB +Q;
_ pB’

M, =

+Q,B+M, = 097mt

By using equations 3 and 4
0, =0.0015n

6, = 0.00146ad.

Step (3):- calculating the displacement and rotation at the ends of
middle solid part:-

Qf
r
M Qar K:E?\APEWXS
L - Mf
Ay} Jhl | r
P
node 3L BL Br node 3r
K

wh

The cross section of the middle beam is 0.3x0.9m
I, = 0.0182m* J=64x1073
El, _

4
l b

K,, =384 2842t/ m
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8GJ

Ke = T =1360mt/rad

b
assume thafl ,=A.=1.0 . And because the two bays are equally :-

W|2r
M, =My = 12

_n W,
er _QfL 2

R=p(B, +B)+Q, +Q, = 25t
M, =M, =123mt

= 088mt

By applying equations 5and 6
2 2 4
53L 53I': 1 |:Br M +B_r(Mtr_Mfr)_pBr :|+ R MtrBr _MtLBr

El,l 2 " 3 24 | K, K, K,
=.001m

1 B’ M, M
0y =0, =—| =M, +M,) - L2 |+ P s

El, 12 | K, K,
=0.00024rad.

Step (4) determine moments and reactions at the ends of the rib:-

Where the right bay equals to the left bay , it barsolve one bay as follows :-

= =
Z Rib N
RUs
[
S

By using equation 12 and 13 as foIIOWS'-

.= 1(510 0; Oy 3)
Z 0y Oy 521 5,

R, =— (_63 —M;0,, = 0y)
Oy
Where :-
3, =00794m &, =00210M J,,=001261 &, =0.0352n

5,=0095mm &, =0028m  Z=00805
We obtain: -M3 =1.11m.t R3=1.26t M2=(86 R2=0.99t
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The second trial

By applying (M2 = 0.35m.t,, R2 = 0.99t ) on thegedsolid part , applying (M3 =
1.11m.t R3 = 1.26t) on the middle solid part aegblution the steps 2 to 4
We obtain M3=1.02m.t R3=122t M2=0md R2=.99t

The third trial

Also by applying (M2 = 0.44m.t,, R2 =0.99t) thre edge solid part , applying (M3 =
1.02 m.t R3=1.22t) on the middle solid pard aesolution the steps 2 to 4

We obtain M3=1.06 mt R3=123t M2=080 R2=.97t

It was observed that near of the values betweetaitéwo trials. So it can be stopped
the trials.

By drawing the B.M.D to compare the results witl fimite element and traditional
methods

039 106 106 .
i - — | [ — |

06 06

Fig (13-a )B.M.D by mathematical method

T L L A T L A A
062 0.62

Fig (13-b) B.M.D by finite element method "SAP pram"

L&
I L3 13

03 03
102 102

Fig (13-c) B.M.D by traditional method

It can conclude that the obtained results by matiieal structural analysis are
match with results by finite element method. Asaslied from the steps of solving the
mathematical method that this method takes int@wuca lot of factors such as the
rigidity of slab, rigidity of rib, rigidity of thesolid parts and the beams.

4-5 Check the Efficiency of the Mathematical Models

Twenty four one way ribbed slabs were analyzedhegyrhathematical method, finite
element method and traditional model to check thigiency of the mathematical
method. All slabs were two bays. These slabs waesdyzed with change a lot of
factors such as the depth of the rib, thicknesslath, width of solid parts, depth of
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edge beams, dimensions of slab and density ofodwe IThe analyzed slabs and their
results are shown in table 4 and Figures 14 to 21.

Table2
rib slab | solid part SAP analysis | Math. Model | % | %
shb| | Load edge |middle e:;” 9:;”
No. m2)| d | s | ts | d | b |beam |beam | M1 | M2 [ M3 | M1 | M2 | M3 Max. | Max.
-ve M|+ve M
1 5.6x5.4 1 015 ] 051005 ]015( 03 |0.7x0.25/ 0.9x0.3 | -06 | -046 | 042 |-0.67 |-0.51|0.38 [ 47% | 9.5%
2| 56x54 1 02 [ 05005021 03 |0.7%0.25/0.9x0.3 | -0.9|-049 | 05 |-0.86/-0.49|047 | 1.1% | 6.0%
3| 56x54 1 02505 005|025] 03 |0.7%0.25[09x0.3 | -1 |-044 1062 |-1.06/-0.39] 0.6 |6.0% | 3.2%
41 56x04 1 03 [ 05]005] 03] 03 ]0.7%x0.25] 09x0.3 ) 11| -036 | 067 |-119] -0.3 | 0.7 | -8.2% -4.5%
5| 56x54 1 035 ] 05 ]005]035( 03 |0.7x0.25{09x0.3 | -1.1|-028 | 0.71|-1.24]-0.18|0.73 | 88% | -28%
6 | 56x54 1 025105 1007025] 03 10.7%0.250.9x0.3 | -0.9 | -0.36 | 0.55 |-0.92|-0.35]0.52 | -7.0% | 5.5%
7] 56x04 1 025105 1009]025] 03 |0.7%0.25 0.9%0.3 | -0.7 | -0.24 1 045 |-0.73|-0.28 | 0.42 | -5.8% | 6.7%
8| 5.6x04 1 025105 041]025] 03 |0.7%0.25[ 0.9x0.3 | -0.5| -0.15 1 0.35 |-0.55|-0.21]0.32 | -5.8% | 8.6%
10| 56x54 1 0251 05]005]025( 04 [0.7x0.25/ 0.9x0.3 | -1 [-0.389|0.61 |-1.08]-043|0.58 |80% | 4.1%
1] 56x54 1 025105 005)025] 05 10.7%0.25[09x0.3 | -1 |[-0.34 1059 -1 |-04]055|42%| 68%
121 56x04 1 025105 1005/025] 06 10.7%0.2509%0.3 | -09] -0.3 | 0.57 |-0.96-0.32]0.55 | -21% | 3.5%
141 56x04 1 035105 ]005]025] 03 ]0.5%0.25 09x0.3 ) 1.1 | -31 1063 ]-1.23]-022|0.65 | -88% -3.2%
15| 56x04 1 035 1 05]1005]025( 0.3 ]0.9%0.25{ 0.9x0.3 | 0.95| 051 | 06 | -097 | 052 | 057 |-21% ]| 50%
16 56x04 1 039105 005)025] 03 |1.2x0.25{ 0.9x0.3 | -0.9|-0.58 | 0.6 |-0.92|-0.61]0.55 |-22% | 8.3%
17 56x6.2 1 025105 1005]025] 03 |0.7%0.25[ 0.9x0.3 | -1.5]-048 1093 |16 |-0.5]091|-39% | 2.2%
18 5.6x6.8 1 025105 7005]025] 03 10.7%0.25] 09x0.3 ) 1.9 -0.65 | 1.1 ]-2.02] -0.5 | 1.2 |-T4% ] -9.1%
19 96x74 1 0251 05]005]025[ 03 |0.7x0.25/09x0.3 | -2.2|-084 | 1.3 |-2.28]-092|1.22|-18% | 6.2%
20| 56x04 079 1025 ] 05 1005]025] 03 ]0.7x0.25) 0.9x0.3 | 08| -0.33 | 047 | -0.8 |-0.35{042|53% | 97%
2] 56x04 125 102505 1005/025] 03 |0.7%0.25[ 0.9x0.3 | -1.3 | -0.55 | 0.77 | 13 | -0.6 | 073 |-32% | 5.2%
22| 56x04 19 1025105 005 [025] 03 [0.7%0.25{ 0.9x0.3 | -1.5 | -0.65 | 0.93 |-1.55|-0.68 | 0.91 | -26% | 2.2%
unequally two bays (5.6'74, 563
23 | bay56x74 A7 1 [108]182] 14 ] 1 [ B2 14%
ey 5653 1 025105 )005|025| 03 |0.7%0.25/ 0.9x0.3 1102 T05 112 0461 05 [22%] 7%
unequally two bays |5.674,, 5635
24 | bay56x74 19]-087 | 14 [-1.92]-1.05]129]-11% 7.9%
aysoas | || 020 | 09| 0051025 ) 03 100025 0903 M o o7 g 70 09007 e | oo
Where:-
M1 - B.M at the connection between the rib andeeslglid part
M2 - B.M at the connection between the rib anddigdolid part
M3 - B.M at the middle of the rib

M ;" SAPANALYSIS"-M " Math.mod el"
M ," SAPanalysis

M,"SAPANALYS'-M," Math model"
M," SAPanalys

%errorof max.—-veM =

%errorof max.+veM =
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Change the Depth of the Rib
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Fig (14) relationship between depth of rib and elaied max.B.M by three methods
(SAP, Math. Model and traditional)

Change the thickness of slab
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Change the width of edge solid part

Fig (15) relationship between thickness of slab @aldulated max.B.M by three
methods (SAP, Math. Model and traditional)
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Fig (16) relationship between width of edge sobdlt@nd calculated max.B.M by
three methods (SAP, Math. Model and traditional
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Change the depth of edge beam

depth of edge beam
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Fig (17) relationship between depth of edge beadncafculated max.B.M by three
methods (SAP, Math. Model and traditional

Change the rectangularity of slab
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Fig (18) relationship between rectangularity obsiad calculated max.B.M by three
methods (SAP, Math. Model and traditional

Change the density of the load
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Fig (19) relationship between density of load af aalculated max.B.M by three
methods (SAP, Math. Model and traditional
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Change the Length of Left Bay to the Length of Right Bay L1/L2
1- For large bay
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Fig (20) relationship between L1/L2 and calculateak.B.M by three methods (SAP,
Math. Model and traditional

2- For small bay

0 r - - | 1 T T T
o8 1 u2 14 16 18 2 22 : : :
| | | |
E 091 — — — — ¢+ = o N\C - - - —— — o — = — — — —
0.5 I I I I average error o |
| | | |
| | | | 13.5% | |
14— - - g ——— == — — 07 — — — — o= == —H—-— === - === — =
s | | | | |
o | | % ! !
z >
D R e e i i B |— == = ¥ o5+ —— — — NN - - - - - - — ==
» g
© | | ] ! !
E -1, ! E —¥— SAP analysis ! !
B e e |- —— - o3 o e i
| —&— Math.model | |
—%— SAPanalysis | . | |
—a— traditional |
25 | m—athmogel |0t o oo oo s e N
—aA— traditional || | [T N N I e o === A== N---——-——-=---
3 T f I I o1 05 1 15 ? 25
L1L2 L1/L2

Fig (21) relationship between L1/L2 and calculateak.B.M by three methods (SAP,
Math. Model and traditional

From investigation the Figs (14 to 21), it was oled that the mathematical
method is accurate more than the traditional. Théhematical method gives satisfied
results comparison with the results of finite elatmmethod. Where the percentage of
error between the mathematical method and fingeneht method for all studied slabs
doesn't exceed 40%. This method tack into account a lot of fagtas mentioned
before.

CONCLUSIONS

The following conclusions have been drawn out efgihesented study:-
1) There was great difference between the traditiomethod and finite element
method
2) The suggested mathematical analysis gives satisddts comprised with the
results of finite element method. The percentageewnbr between the
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mathematical model and finite element method férsaidied slabs doesn't
exceed +10%.

3) The mathematical method takes into account a lofaofors such as the
rigidity of slab, rigidity of rib, density the loadectangularity of slab, rigidity
of the solid parts and the beams.

4) The suggested mathematical method can be usea ifutihre instead of the
traditional method.
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