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Development of Numerical Analysis and Optimization Algorithms for
Orthotropic Continuous Curved Floor Slab Systems
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Abstract

A Practical and easily applicable methods for the numerical analysis and the optimum design
of continuous and horizontally curved two-way slab systems with twelve possible edge conditions
are presented. The proposed method for the numerical structural analysis is based on the use
of design moment coefficients which are derived from the elastic theory of thin curved plates.
The optimum values are selected from within the feasible region in the design space defined by
the limit state requirements. The sequential linear programming is introduced as an analytical
method of nonlinear optimization. The optimum design variables, including a effective depth and
transformed steel ratios per unit width of middle and column strips of slabs, are then determined.
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H 1. Design Data

Assumed design data
Proportions ;
Curved slab system Circular slab system
Rig, Rip™™ 42500, 32500 42000, 32000
Rowy, Rey 40000, 30000 42000, 32000
Rsn, Rsp 45000, 35000 42000, 32000
on oo @) 14, 15, 12 16, 14, 12
bvdmin (mm) 1000, 100
gor, G (N/mm) 9, 12
f,, fo (N/mm?) 250, 25
Pmim Pmax 00025, 0004
Ys Yme Yme 26, 1.50, 1.15
Cs/cc: Vr/V6 72, 1/6
Tolerance of obj. 0.01
650 |-
S wl|
&1
g
;_3 550 {
5
g 500 7
2
3 a4
=) +
@]
1 1 1 1 J
Angular Direction 0 1 2 3 1 5
(@) Curved Slab System Iteration

Angular Direction

(b) Circular Slab System

Objective Function C(Z)

(a) Curved Slab System

Iteration
() Circular Slab System

18 6. Factored Moments and Design Moments

{* marked} (Dimension: N-m). @ 7. Optimum Design Proceducer.
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Mo Ly(n)

d{mm) hefthe  fe W
(N 1 1 - 10
220 |-
200 1 ~49
180 |-
1 1 18
160 -
J‘. -1 7
140 -
Sy e
120 - /j‘ﬁ//”//’// - 5
100 M”",f‘-‘:;"n"r L1 :
0 0.2 0.4 0.6 0.8 p(%
(a) Curved Slab System
by L Lo(mw)
d(am) llm l' %)‘n
[ '}
220 - R g -110
m =
—19
180
4 b -18
160
140 |- [ ] 77
4Lt 7 de
P L7
120 = ,ﬁ/”/a::/z -16
wolas@s=T 71 1 1 1 4
0 0.2 0.4 0.6 0.8 p(%)

(b} Circular Slab System

3@ 8. Effactive Depth Versus Percent of Reinfor-
cement According to Changes of Span Le-
ngth(L).
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/ e |
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-] A Ve [
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3 H 4 I
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B 2 |
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|
g dope | e o i _J
§ tdain) |
= |
m
[
Objective Function 1
!
1 | 1 L l
V(iymia Vellort 0.2 rur Vijimx Veid

Factored Design variables

% 9. The Objective Function Contours and the
Optimum Design Point (the Case of dy>

Amin).
1
d P A
: A :
7 Feasible heglon 7 -1
Y / Ve
2 4 Z ’ |
75 ; ] ’ ]
; a7
s 5 i . !
= 5 E: !
> 7 /
=3 / l
@ 4
a N \Jé |
4 |
2
;.'_;;’ Optimum :
Design Point
sl e
dope [ ——— |
—
—_— [
duin |— — T e — o]
Objective Function {
1 ] I A
Vi)mia Vidyort 0.2 2ur Vaimx Y1)

Factored Design variables

223 10The Objective Function Contours and the
Uptimum Design Point (the Case of Doy
=Dmi,.).
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# 2. Deflection and Moment at the Center of a Square Slab Subjected to a Unoformly Distributed

Load (=w=1/6, Dy/D,=1)
Boundary Conditions Reference Deflection W(ql,2/D)| Moment M,{(ql?) Moment M,(ql?
I F Present Study 0.004063 0.04782 004781
-'yIF P Ref. (21) 0.004055 0.0475 0.0472

PJ—I;'*i Exact (22) 0.00406 0.0479 0.0479

y s Present Study 0.001284 0.02335 0.02440
S S Ref. (21) 0.001271 0.02345 0.0236
3 Exact (22) 0.00126 0.0231 0.0231

T Present Study 0.002804 0.03919 0.03406
g S Ref. (21) 0.00272 0.0384 0.0331
3 Exact (22) 0.0028 0.039 0.034

F: Fixed Support (continuous edge), S: Simply Support (discontimuous edge), D: Flexural rigidity
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