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Optimum Design of a Reinforced Concrete Ribbed Slab
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Abstract In this research, optimum design of reinforced cement concrete (RCC) ribbed slab, also known as waffle slab
according to the Indian RCC code (IS 456:2000) is presented. The objective function is the combined cost of the
reinforcement, concrete and formwork which sums up the cost of the ribbed slab. The structure is analyzed using the direct
design method. The objective function is developed after studying the ribbed slab in detail. The optimization process is
carried out for different grades of concrete. The comparative results for different grades of concrete are enumerated and laid
out in the tabulated form. Optimization for reinforced cement concrete (RCC) ribbed slab is illustrated and the results of the
optimum design and conventional design are compared. Optimization problem is a constrained nonlinear programming
problem (NLPP). The mathematical model is analyzed by using MATHEMATICA software. From the analysis, it was found

that savings up to 25 percent can be obtained by optimizing the reinforced concrete ribbed slab.
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1. Introduction

A ribbed slab also called as waffle slab is a two-way joist
or coffered slab, essentially consisting of a thin top slab
acting compositely with a closely spaced orthogonal grid of
beam ribs. In flat ribbed slabs, solid heads are formed around
the columns to resist the high bending and shear stresses in
these critical areas. In contrast to a joist which carries loads
in a one-way action, a waffle or ribbed system carries the
loads simultaneously in two directions. The system is more
suitable for square bays than rectangular bays. [9]

(a) Waffle slab with Solid Heads (b) Waffle Slab with Band Beams

Figure 1. Waffle (Ribbed) Slab Types [1] Source: IJCSE

Optimum design of reinforced concrete elements plays a
vital role in economical design of reinforced concrete
structures. Thus, a designer has to perform a number of

design-analyze cycles before converging on the best solution.

In Ribbed Slab construction, as it involves, the slab, beams
(ribs) running in both the directions beneath the slab

* Corresponding author:

raghunandan.kumar@christuniversity.in (Raghunandan Kumar R.)

Published online at http://journal.sapub.org/jce

Copyright © 2020 The Author(s). Published by Scientific & Academic Publishing
This work is licensed under the Creative Commons Attribution International
License (CC BY). http://creativecommons.org/licenses/by/4.0/

(concrete, steel and formwork) in addition to safety,
economic aspects also need to be considered as it is going to
make a major impact on the overall cost of the structure.
Hence, there is a need for an optimum design of ribbed slabs.

Research, on optimization of ribbed slabs is exceptionally
scarce as there is little to none work done on the subject. The
material consumption and economical aspects of ribbed slabs
are often neglected by the designers. It is important to think
about the importance and efficacy of optimization of such
structural elements.

2. Objectives

2.1. To analyze and design three ribbed slabs manually of
10m square module, 12.6 m square module and 21 m square
module with 1.4 m grid spacing.

2.2. To study the optimization of effective depth of the
beams using MATHEMATICA and consequently the overall
cost of the system.

2.3. To compare the cost with respect to the standard
design principles.

3. Review of Related Literature

Research on optimization of ribbed slabs is very limited,
as there is hardly any work done on the subject. Among the
papers reviewed, one of the most important ones is the work
done by Kiran Patil et al [2013] [2] who have investigated
the optimum design of reinforced concrete flat slab with drop
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panel. The objective function considered is the total cost of
the structure including the cost of slab and column. The cost
of each structural element included, the material and labor
for reinforcement, concrete and formwork. Comparative

study was carried out for various grades of concrete and steel.

The optimum and conventional design results are compared.
The cost of the slab was found increasing rapidly with
increase in grades of concrete and steel. The percentage
reduction in optimum cost of the slab was found to be
directly proportional to the number of spans.

Another important work was done by Alaa C Galeb, and
Zainab F. Atiyah [2014] [1] who investigated the optimum
design of reinforced concrete waffle slabs (two way ribbed)
by using genetic algorithms. Two cases were studied, the
first was waffle slabs with solid heads and the other, waffle
slabs with band beams along column centrelines. Direct
design method was used for the structural analysis and
design of slabs. The objective function represented cost of
concrete, formwork and reinforcement for the slab. The

Bo>x B

Figure 2.

The structural analysis of ribbed slab system is carried out
using direct design method as per Bureau of Indian
Standards, IS 456:2000.

In this method, a ribbed slab having a square column
layout is divided into a series of longitudinal and transverse
planes. Each frame consists of ribs and strips of slabs. In
each direction, equivalent frames are structurally analyzed to
obtain the total bending moments and shear forces at
different sections of the slab. It is assumed that the width of
the beams is divided into two strips namely column and
middle strips. Negative and positive bending moments are
determined in column and middle strips. The punching shear
is checked in the solid head portion and the shear stress at the
ribs is calculated. Then, the depth is checked to resist the
bending moment. The bending moments and areas of steel at
each section are calculated according to the design bending

design variables were effective depth of slab, rid width,
spacing between ribs and top slab thickness. Constraints
included the dimensions of rib, top slab thickness and area of
steel reinforcement, to satisfy flexural and minimum area
requirements. Algorithm was developed using MATLAB to
perform structural analysis and the optimization process was
carried out using the built-in genetic algorithm toolbox.

4. Analytical Work

Formulations are done by following IS 456:2000
guidelines and results of ribbed slab for different depths and
spans are calculated by using MATHEMATICA software.

Case 1: Ribbed slab of size 10000mm x 10000 mm square
panel

Case 2: Ribbed slab of size 12600 mm x 12600 mm
square panel

Case 3: Ribbed slab 21000 mm x 21000 mm square panel

Modelling of 2000 0mm x 10000 mm span

moment obtained in each section of column and middle
strips.

This current analysis is constricted to rectangular form of
slabs.

4.1. Objective Function (Cost Function)

The objective Function was developed after studying the
ribbed slab in detail. It was formulated with respect to the
design variable, effective depth.

Cox ((Ly % By % Dy) +my * (Ly % By * (d + 0.025)))

Astxw x 4 4 Astxw x 4 )+
7+ (D;)?* 1000 7 * (D3)? * 1000

Cf* (7056 +n, * L, * (2*d + 0.05 + B,))
Where,

+Cs*(



12 Imran S. M. et al.:

C. is the cost of the concrete

Cs is the cost of the steel

Cs is the cost of the formwork

L, is the length of the Slab

L, is the length of the beam

B, is the breadth of the slab

B, is the breadth of the beam

D, is the depth of the topping slab

D, and Dj; are the diameters of the reinforcement bars
Ny is the number of ribs

Ay is the area of steel

25mm is the cover for beams

w is the unit weight of the reinforcement bar
d is the effective depth of the beam

4.2. Design Variables and Constraints

4.2.1. Design Variables

This optimization problem of a ribbed slab includes the
following design variable which is an independent design
variable

d = Effective depth of the beam.

Effective Depth: Effective depth is the depth of a beam as
measured from the top of the member to the centroid of its
tensile reinforcement.

The other independent variables are

fox = characteristic compressive strength of concrete.

Cost of the slab.

4.2.2. Constraint Equations

1. Shear Constraint: (T—” - 1) <0

T,

Here 7, =—%
bo*d
by =4*(c+d)

v, = w = (100 — (0.45 + d)?)

T, = 0.25 %/ fox

2. Minimum depth constraint: (

Where,

T, is the nominal shear stress

T, is the permissible shear stress

d isthe design variable, effective depth

b, is the width of solid head of the slab

c is the width of solid portion of the slab

L is the span of slab in both directions

fox 1S the characteristic compressive strength of concrete.
w is the factored load acting on the slab

L
28.8*d

)—1<0

4.3. Design Optimization Procedure

The process of finding the conditions that give the
maximum or minimum value of the function.

The optimum cost design of ribbed slab is formulated in
which the objective (cost) function and the constraint
functions are nonlinear functions of the design variable.

This nonlinear programming problem is solved by using
fixed step size method. In fixed step size method, problem is

Optimum Design of a Reinforced Concrete Ribbed Slab

checked for different values with constant step length. In this
particular case, the step length considered is 25 mm. It is so
considered, because the effective depth of the beam, which is
the design variable in this problem is varied inch by 25 mm
in practice. The effective depth is varied with the codal
provisions and the optimization of the effective depth and the
percentage of steel reinforcement is made to obtain the
overall optimization of the ribbed slab.

Different Conditions and Parameters for Analysis and
Design:

For comparative study consideration, the following
parameters are considered for different results

fex = Characteristic Compressive Strength of concrete

= M25, M30
f, = Characteristic Strength of steel
=Fe 415

Cost of Concrete:

M25 = Rs.9000 per Cum

M30 = Rs.10000 per Cum

M35 = Rs.10500 per Cum

Cost of Steel:

Fe415 = Rs.60000 per Metric Tonne

Cost of Formwork = Rs.400 per Sgm

Slab of sizes of 10000 mm x 10000 mm, 12600 mm X
12600 mm and 21000 mm x 21000 mm are considered in
the research.

5. Results

Case 1: i) Span of size 10000 mm x 10000 mm
Grade of concrete=M25

Cost of concrete = Rs.9000 per Cum.

Cost of steel = Rs.60000 per MT

Cost of formwork= Rs.400 per Sgm

Table 1. Parameters of the Ribbed Slab for M25 Grade Concrete — 10000
mm x 10000 mm

S.NO effective depth (d) | Area of Steel Weight of | Cost of Slab
in mm in mm? steel in inINR
g/mm
1 545 2507 0.02 317364
2 524 2623 0.02 308315
3 499 2751 0.02 295279
4 474 2853 0.02 290245
5 449 3054 0.02 281222
5 424 3237 0.02 272208
7 399 3450 0.03 263209
g 374 3704 0.02 254225
9 345 4024 0.03 245280

From the above Table 1: for M25 grade of concrete, it is
observed that area of steel is increasing by 60 percent with
decrease in effective depth.

Also from Figure 3(a), it is observed that, the weight of
steel is increasing by 50 percent with decrease in effective
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depth. Cost of formwork= Rs.400.00 per Sgm
The cost of the slab is increasing by 29 percent with Table 2. P rers of the Ribbed Slab for M30 Grade Concrete. 10000
- - - - apble 2. arameters o e RIDDE ap Tor raae concrete-
increase in effective depth as observed from Figure 3(b): mm x 10000 mm
i i 5. No. Effective depth (d) | Area of Steel Weight of | Cost of
M25  Effective Depth V Weight of steel in mm in mm? steelin | slabin
0.035 0.03 g/mm INR
— 0.03
= 0.030
s
:L_E 0.025 1 545 2515 0.020 340940
o A 020 2 524 2630 0.021 331154
= 3 495 2758 0.022 321454
g 0015 a 474 2898 0.023 311721
'f 0.010 3 445 3056 0.024 301955
§ 0.005 & 424 3234 0.025 292279
= 7 399 3438 0.027 282575
8 374 3675 0.029 272887
300 350 400 450 500 550 600
=] 345 3959 0.031 263221

EFFECTIVE DEPTH (MM}

From the above Table 2:

for M30 grade of concrete, it is

Figure 3(a). Variation of effective depth to weight of steel for M25 Grade  gpserved that area of steel is increasing by 57 percent with

Concrete

decrease in effective depth.

Also from Figure 4(a), the weight of steel is increasing by

M25 Effective Depth Vs Cost of Slab

50 percent with decrease in effective depth.

2350000 The cost of the slab is increasing by 29.5 percent with

- /
250000

increase in effective depth as observed from Figure 4(b):

=
= . .
3 200000 M30 Effective Depth V Weight of steel
¥ 150000 0.035
% 100000 E 0.030
o E
50000 & 0.025
0 T 0.020
300 350 400 450 500 550 600 5 0015
Effective Depth (mm) E I
L Uulu
(1]
T .00
Figure 3(b). Variation of effective depth to cost of slab for M25 Grade - 0.000
Concrete 300 350 400 450 500 550 600
Effective Depth (mm
M25 EFFECTIVE DEPTH V
SAVINGS IN COST Figure 4(a). Variation of effective depth to weight of steel for M30 Grade
o concrete
8 B
) 1]
- w | 5| " .
@ o | G - M30 Effective depth v cost of slab
E T = 350000
o o L]
= A H
= " “ = 300000
8 =
N y J—
545 524 499 474 443 424 393 374 249 Lg o
EFFECTIVE DEPTH (M) % 200000
8 LU
Figure 3(c). Variation of effective depth to savings in cost for M25 Grade 150000
300 350 400 450 500 550 600

Concrete

Case 1: ii) Span of size 20000 mm x10000 mm
Grade of concrete=M30

Cost of concrete = Rs.10000.00 per cum

Cost of steel = Rs.60000.00 per MT

Effective Depth {mm)

Figure 4(b). Variation of effective depth to cost of slab for M30 Grade
Concrete
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M30 EFFECTIVE DEPTH V
SAVINGS IN COST i

RN I |
5495 524 499 474 424 359 374 349

EFFECTIVE DEPTH (MM)

Figure 4(c). Variation of effective depth to savings in cost for M30 Grade
Concrete

Case 1 iii) Span of size 10000 mm x 10000 mm
Grade of concrete=M35

Cost of concrete = Rs.10500.00 per Cum

Cost of steel = Rs.60000.00 per MT

Cost of formwork= Rs.400.00 per Sgm

Table 3. Parameters of the Ribbed Slab for M35 Grade Concrete -10000
mm x 10000 mm

5. No. Effective | Area of | Weight Cost of
depth steel in of steeal slab in
{mm) mim? in INR
g/mm
1 342 2522 0.0042 351799
2 524 2638 0.0041 341637
3 499 2765 0.0029 331475
4 474 2906 0.0027 321313
5 44 3062 0.0025 311152
5] A2 3238 0.00232 300950
7 399 3437 0.0021 290828
2 374 3666 0.0029 2806606
=] 34s 3936 0.0027 270504

M35 Effective Depth V Weight of Steel

0.03
0.03 0.03

o003
0.02
0.02 0.02 0.02 .02

Weight of Steel (g/mm)

300 350 400 450 500 550 600
Effective Depth [mm)

Figure 5(a). Variation of effective depth to weight of steel for M35 Grade
Concrete

From the above Table 3:, for M35 grade of concrete, it is
observed that area of steel is increasing by 56 percent with
decrease in effective depth.

Also from Figure 5(a):, the weight of steel is increasing by
56 percent with decrease in effective depth.

The cost of the slab is increasing by 30 percent with

Optimum Design of a Reinforced Concrete Ribbed Slab

increase in effective depth as observed from Figure 5(b):
The optimum point here is observed to be 349 mm
(effective depth) as it results in savings of 23.11 % over
normal design.
M35 Effective Depth V Cost of
Slab

wow
£ gn
==~
==~
=---]

INR)
w
(]

Cost of Slab
[
[=}]

=R=-E-E-N-]

300 350 400 450 500 550 600
Effective Depth (mm)

Figure 5(b). Variation of effective depth to cost of slab for M35 Grade
Concrete

M35 PERCENTAGE SAVINGS
FOR VARIOUS DEPTHS

]

. =1
Ly 5] |

3939 374 343

™~

PERCENTAGE

543 524 435 474 443 424
EFFECTIVE DEPTH (MN)

Figure 5(c). Variation of percentage savings for M35 Grade Concrete

Case 2: i) Span of size 12600 mm x12600 mm
Grade of concrete=M25

Cost of concrete = Rs.9000 per Cum

Cost of steel = Rs.60000 per MT

Cost of formwork= Rs.400 per Sgm

Table 4. Parameters of the Ribbed Slab for M25 Grade Concrete — 12600
mm x 12600 mm

5 No. Effective Depth in Weight of steelin Costof slabin INR | Area of

mm g/mm Steel in
mm2
1 745 0.026 630273 3355
2 724 0.027 615585 3469
3 699 0.028 600500 3550
4 674 0.029 586220 3722
5 645 0.030 571545 3B65
& 624 0.031 556876 4021
7 599 0.033 542215 4182
B 574 0.034 527562 4382
9 548 0.036 512820 4585
10 524 0.038 438293 4838
11 455 0.040 483685 5125
12 474 0.043 465108 5476
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M25 Effective Depth V Weight of steel
,.:,' 05 0.04
0.045 0.04; 44
0.04 0-040_030 03003
0,035 00303
0.03 0.030.03p g3

Weight of Steel (g/mm)
=)
A

400 450 500 550 600 650 700 750 80O
Effective Depth (mm)

Figure 6(a). Variation of effective depth to weight of steel for M25
Concrete Grade

Effective Depth V Cost of Slab

TS

Cost of Slab (INR)

400 450 500 550 600 650 700 750 BOOD
Effective Depth {mm)

Figure 6(b). Variation of effective depth to cost of slab for M25 Concrete
Grade

M25 EFFECTIVE DEPTH VS
SAVINGS IN COST

4 624 539 74

EFFECTIVE DEFTH (MM}

765

21083
23424
25.76

s
-
~

H

PERCENTAGE

0.000
2

14.057
16.399
1374
I 15

549 524 433 474

Figure 6(c). Variation of effective depth to savings in cost for M25
Concrete Grade

From the above Table 4:, for M25 grade of concrete, it is
observed that area of steel is increasing by 63 percent with
decrease in effective depth.

Also from Figure 6(a):, the weight of steel is increasing by
65 percent with decrease in effective depth.

The cost of the slab is increasing by 34 percent with
increase in effective depth as observed from Figure 6(b):.

The optimum point here is observed to be 474 mm
(effective depth) as it results in savings of 25.76% over
normal design.

Case 2: ii) Span of size 12600 mm x 12600 mm
Grade of concrete=M30
Cost of concrete = Rs.10000 per Cum

Cost of steel = Rs.60000 per MT
Cost of formwork= Rs.400 per Sgm

Table 5. Parameters of the Ribbed Slab for M30 Grade Concrete — 12600
mm x 12600 mm

5. Mo.| Effective depth| Weight of steel | Costofslabin | Area of Steel
in mm in g/mm INR in mm?

1 745 0.0263 677293 3363
2 724 0.0272 661470 3476
3 633 0.0281 645651 3597
4 674 0.0291 629836 3727
5 643 0.0302 614026 3868
6 624 0.0314 598222 4020
7 599 0.0327 582424 4187
8 574 0.0342 566634 4370
9 549 0.0353 350853 4573
10 524 0.0391 535178 4999
11 489 0.0396 519329 5057
12 474 0.0447 503762 5715

From Table 5:, for M30 grade of concrete, it is observed
that area of steel is increasing by 69 percent with decrease in
effective depth.

Also from Figure 7(a):, the weight of steel is increasing by
70 percent with decrease in effective depth.

The cost of the slab is increasing by 34 percent with
increase in effective depth as observed from Figure 7(b):.

The optimum point here is observed to be 474 mm
(effective depth) as it results in savings of 25.82% over
normal design.

M30

Effective Depth V Weight of steel

Weight of Steel (g/mm)

400 450 500 550 600 650 700 750 8OO
Effective Depth (mm)

Figure 7(a). Variation of effective depth to weight of steel for M30
Concrete Grade

M30  Effective depth v cost of slab

P

Cost of Slab (INR)

200 300 400 500 500 700 BOO
Effective Depth (mm)

Figure 7(b). Variation of effective depth to cost of slab for M30 Concrete
Grade
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M30 EFFECTIVE DEPTH V

COST IN SAVINGS

2112

"
o
g
- ‘

674 B4% 6Z4 553 574 545 524 433 474
EFFECTIVE DEPTH {MPM)

PERCENTAGE

=
&
o | o
& | =
= o
) 3| *
o -
2 o~
" «
=
=] ™
S |z

749 7I4 B99

Figure 7(c). Variation of effective depth to cost savings for M30 Concrete
Grade

Case 2: iii) Span of size 21000 mm x 21000 mm
Grade of concrete=M35

Cost of concrete = Rs.10500 per Cum

Cost of steel = Rs.60000 per MT

Cost of formwork= Rs.400 per Sqm

Table 6. Parameters of the Ribbed Slab for M35 Grade Concrete — 12600
mm x 12600 mm

S. No. Effective Area of | Weight of | Cost of slab
depth in steel in steel in in

mm mm? g/mm INR

1 749 3371 0.0265 700810
2 724 3434 0.0274 634420
2 699 3605 0.0283 G62034
4 674 3734 0.0293 651653
5 649 3874 0.0204 635276
-] 624 4026 0.0316 613304
7 559 4190 0.0225 602529
8 574 4370 0.0343 580180
9 549 4568 0.0359 569831
10 524 4788 0.0376 553451
11 459 5034 0.0396 537164
12 474 5313 0.0418 520853
13 449 5637 0.0443 504563

From Table 6:, for M35 grade of concrete, it is observed
that area of steel is increasing by 67 percent with decrease in
effective depth.

Also from Figure 8(a), the weight of steel is increasing by
67 percent with decrease in effective depth.

M35  Effective Depth (mm) Vs Weight of Steel
(8/mm)

0.04
004 0
003903 0.03
003003 00303 0.03

400 450 500 550 600 650 700 750 B00

Weight of Steel (g/mm)

Effective Depth (mm)

Figure 8(a).
Concrete Grade

Variation of effective depth to weight of steel for M35

Optimum Design of a Reinforced Concrete Ribbed Slab

M35 Effective Depth Vs Cost of Slab

450000

Cost of Slab (INR)

450 500 550 600 650 700 750 20D
Effective Depth (mm)

Figure 8(b). Variation of effective depth to cost of slab for M35 Concrete
Grade

M35 PERCENTAGE SAVINGS IN

COST FOR VARIOUS DEPTHS

28.00

1869
2102

1636

PERCENTAGE
14.02

2 533 574 543 524 433 474 449
EFFECTIVE DEPTH (MM)

Figure 8(c). Variation of percentage of savings to cost of varying depths

The cost of the slab is increasing by 38 percent with
increase in effective depth as observed from Figure 8(b):

The optimum point here is observed to be 449 mm
(effective depth) as it results in savings over normal design.

Case 3: i) Span of size 21000 mm x 21000 mm
Grade of concrete=M30

Cost of concrete = Rs.10500 per Cum

Cost of steel = Rs.60000 per MT

Cost of formwork= Rs.400 per Sqm

Table 7. Parameters of the Ribbed Slab for M30 Grade Concrete — 21000
mm x 21000 mm

5. No. Effective Depthinmm | Area of steel in Weight Cost of
mimz2 of steel slabin
ing/mm | INR

1 249 S600 0.075 2553134
2 824 8900 0.078 2501300
3 899 10300 0.081 2449513
4 874 10600 0.083 2397879
5 848 11100 0.087 2345939
] 824 11500 0.050 2254153
7 799 12200 0.086 2242507
& 774 13300 0.104 21510459




Journal of Civil Engineering Research 2020, 10(1): 10-19 17

M30 Effective Depth (mm) Vs Weight

of Steel (g/mm)
0.10

0.09 0.09 0:08-0.08 g gg 0.08
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Weight of Steel (g/mm)
o

Jo0 750 800 B50 Q00
Effective Depth (mm)

[T=]
I
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1000

Figure 9(a). Variation of effective depth to weight of steel for M30
Concrete Grade

Effective Depth (mm) vs Cost of
Slab (INR)

650 700 750 BOO 850 900 950 1000

Effective Depth{mm)

Figure 9(b). Variation of effective depth to cost of slab for M30 Concrete
Grade
M30 EFFECTIVE DEPTH V
SAVINGS IN COST .
o)
o
5 g
= o
g I
949 874 4 774
EFFECTIVE DEPTH [Vlm,.
Figure 9(c). Variation of effective depth to savings in cost for M30

Concrete Grade

From the above Table 7:, for M30 grade of concrete, it is
observed that area of steel is increasing by 39 percent with
decrease in effective depth.

Also from Figure 9(a):, the weight of steel is increasing by
39 percent with decrease in effective depth.

The cost of the slab is increasing by 17 percent with
increase in effective depth as observed from Figure 9(b):

The optimum point here is observed to be 774 mm
(effective depth) as it results in savings of 14.18% over
normal design.

Case 3: ii) Span of size 21000 mm x 21000 mm
Grade of concrete=M35

Cost of concrete = Rs.10500 per Cum

Cost of steel = Rs.60000/MT

Cost of formwork= Rs.400 per Sgm.

Table 8. Parameters of the Ribbed Slab for M25 Grade Concrete — 21000
mm x 21000 mm

5. No Effective | Areaof | Weight Cost of slab
depthin | Steelin | of steel in INR
mm mm? in g/mm
1 545 5623 0.073 26463584
2 924 5930 0.073 2552585
3 895 10267 0.080 2538800
4 874 10645 0.082 2485034
3 845 10823 0.085 2431174
b 824 11231 0.083 2377422
7 795 11654 0.052 2323696
8 774 12236 0.0%6 2270007
M35 Effective Depth (mm) Vs Weight of
Steel (g/mm)
010
0100 0-0%2 0,088 0,085 0,083 g,0g0 0.078 075
‘£ 0.080
£ ooe0
T 0040
7 0020
::Ej’ e 750 800 850 200 950 1000
=

Effective Depth (mm)

Figure 10(a).
Concrete Grade

Variation of effective depth to weight of steel for M35

M35  Effective Depth (mm) Vs Cost of Slab

(INR)

Cost of Slab (INR)

750 800 850 500 950 1000
Effective Depth (mm)

Figure 10(b). Variation of effective depth to cost of slab for M35 Concrete
Grade

From the above Table 8:, for M35 grade of concrete, it is
observed that area of steel is increasing by 27 percent with
decrease in effective depth.

Also from Figure 10(a):, the weight of steel is increasing
by 28 percent with decrease in effective depth.
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The overall cost of the slab increases as the grade of
concrete increases.

Case 3: Span of size 21000 mm x 21000 mm

M35 EFFECTIVE DEPTH VS
SAVINGS IN COST

Effective Depth (mm) Vs Cost of Slab (INR) for
different grades of concrete

949 324 899 874 849 824 799 774
EFFECTIVE DEPTH (MM) 1000000
500000
0
949 924 899 §74 849 B4 799 774

Figure 10(c). Variation of effective depth to savings in cost for M35
Concrete Grade Effective Depth (mm)

PERCENTAGE

0.00
203
. 407
I .10
| JERE
I 1016
I 12.19
I 14.22
= m W
Pt

Cost of 5lab (INR)
I

The cost of the slab is increasing by 16.5 percent with B0 W35
increase in effective depth as observed from Figurel0 (b):

The optimum point here is observed to be 774 mm Figure 13. Effective depth Vs cost of slab for various grades of concrete
(effective depth) as it results in savings of 14.25 % over
normal design.

Comparison
Case 1: Slab of size 10000 mm x 10000 mm

M35 grade of concrete shows 4 percent increase in overall
cost over M30.

Depths for different spans

Depths Varying for various Effective Depths
Overall Cost of Slab varying with respect to

1000
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Figure 11. Cost of slab Vs different grades of concrete Figure 14. Variation of effective depths with spans

Figure 11, shows the graphical representation cost values . Flgure_ 14: shows that the effective depth increases W't.h
for ribbed slab for different grades of concrete. INCrease in span for 12600 mm X 126.300 mrm span. Further, it
M30 grade of concrete shows 7 percent increase in overall is observed that 36 percent increase in depth over 10000 mm
: 10000 mm span and 21000 mm x 21000 mm span shows

cost over M25 whereas M35 shows 11 percent increase. X . .
P 26 percent increase in depth over 12600 mm x 12600 mm

Case 2: Slab of size 12600 mm x 12600 mm span.

Effective Depth V Cost of Slab )
6. Conclusions

1. It is possible to formulate and obtain the optimum

— design of a ribbed slab by optimizing the effective

depth and the percentage of reinforcement within the

200000 codal provisions, complying to the minimum depth
0 and the minimum percentage of steel.

Cost of Slab (INR)

748 724 633 674 B45 624 593 574 549 524 499 474 2. Maximum cost savings of 22.71%, 22.80% and
Effective Depth (mm) 23.11% can be obtained over the normal design in case
EM25 EM30 mM3S of ribbed slab with 10000 mm x 10000 mm span for

M25, M30 and M35 grades of concrete respectively.
Figure 12. Effective depth Vs cost of slab for various grades of concrete 3. Cost savings of 25.57%, 25.62% and 25.71% are
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obtained in case of ribbed slab with 12600 mm x
12600 mm span for M25, M30 and M35 grades of
concrete respectively.

The overall cost of the ribbed slab increases by as
much as 39 percent as the depth of slab increases.
The overall cost of the ribbed slab is directly
proportional to depth of the slab and inversely
proportional to the area and the weight of the steel.
As the panel size of the ribbed slab increases, the
depth of the slab increases, consequently the cost of
the ribbed slab also increases.

Ribbed slab of span 10000 mm x 10000 mm shows 26
percent increase in depth over 12600 mm x 12600 mm
span whereas 12600 m x 12600 mm span shows 36
percent increase in depth over 21000 mm x 21000 mm
span.
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