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Abstract: The selection of an appropriate slab system plays a crucial role in the structural performance, economy, and
construction efficiency of multi-storey buildings. This study presents a comparative analysis of Flat Slab and Waffle Slab
systems for a G+2 school building. Both structural systems are modeled and analyzed using structural analysis software under
identical loading conditions, including dead load, live load, and seismic load as per relevant Indian Standard codes. The
comparison is carried out based on various structural parameters such as storey displacement, storey drift, storey stiffness, base
shear, and bending moment. In addition, construction-related aspects such as material quantity (RCC and steel), construction
cost, structural depth, and form work complexity are also evaluated. The results indicate that the waffle slab system provides
higher stiffness and better control of deflection due to its ribbed grid configuration, making it suitable for larger spans such as
auditorium or hall areas in school buildings. However, the flat slab system offers advantages in terms of architectural flexibility,
faster construction, and simpler form-work, making it more practical for regular classroom layouts. The study concludes by
identifying the most suitable slab system based on structural performance, cost efficiency, and functional requirements of a G+2
school building.

Keywords: Flat Slab, Waffle Slab, G+2 School Building, Storey Displacement, Storey Drift, Structural Analysis, Seismic
Performance, Cost Comparison.

I. INTRODUCTION

A G + 2 school building refers to a structure consisting of one ground floor and two upper floors, commonly used for educational
institutions such as primary and secondary schools. The structural design of school buildings requires careful consideration because
these buildings accommodate a large number of students and must ensure safety, durability, functionality, and economic efficiency.
In addition, school buildings often include classrooms, corridors, laboratories, offices, and multipurpose halls, which require proper
structural planning to provide adequate space and comfort. In reinforced concrete structures, the slab system plays an important role
in distributing loads to the supporting columns and foundations. The selection of a suitable slab system affects the structural
behavior, construction time, material consumption, and overall cost of the building. Among the various slab systems used in multi-
storey buildings, Flat Slab and Waffle Slab are widely adopted due to their structural efficiency and architectural advantages. A Flat
Slab system is a beam-less slab directly supported on columns, sometimes with drops or column heads to resist punching shear. This
system provides greater architectural flexibility, reduced floor-to-floor height, and faster construction, making it suitable for
buildings where open floor space is required, such as classrooms and corridors in school buildings. However, flat slabs may
experience higher deflection and punching shear near columns, especially when larger spans are used. In contrast, a Waffle Slab
system consists of a grid of ribs in two perpendicular directions, forming a waffle-shaped pattern. This type of slab offers higher
stiffness, improved load distribution, and reduced self-weight, which makes it suitable for large span areas such as assembly halls or
auditoriums in school buildings.

However, waffle slabs require complex form-work and skilled labor, which may increase construction complexity. Therefore,
selecting an appropriate slab system for a G + 2 school building requires a detailed evaluation of both structural performance and
economic factors. In this study, a comparative analysis of Flat Slab and Waffle Slab systems is carried out for a G + 2 school
building by analyzing parameters such as storey displacement, storey drift, storey stiffness, base shear, bending moment, and
material quantities. The objective is to determine the most efficient slab system for school building construction based on structural
behavior and cost effectiveness.

A. Research Objectives
1) To carry out comparative analysis of flat slab and waffle slab systems in G + 2 ( School building) under gravity, seismic.
2) Toevaluate story in seismic load (EQX, EQY) FOR displacement, story drift, Stroy Shears, Story Stiffness.
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3) Comparative Study of Waffle Slab and Flat Slab Structures in Different Seismic Zones (111).

B. Research Gap

1) Comparative analysis — Waffle slab vs Flat slab for G + 2 School buildings.

2) Zone-specific seismic performance: Lack of systematic studies across different seismic zones Il comparing global response,
punching shear failures, and retrofit strategies.

3) Research Gaps in Structural Response Evaluation of Waffle and Flat Slab Systems Considering in sesmic load (EQX, EQY) for
Storey Displacement, StoreyDrift, Stroy Shears, Story Stifness in G + 2 (School Building).

C. Scope of Proposed Work

G + 2 ( School Building)

1
1 1

FLAT SLAB WAFFLE SLAB
SOIL TYPE SOIL TYPE

E i
ZONE III ZONE III

Il. RESEARCH METHODOLOGY
1) Step 1: Literature Review
2) Step 2: Building Modeling
Design each height with two slab systems:
Flat Slab System
Waffle Slab System
3) Step 3: Load Application
Apply lateral loads:
Earthquake load as per IS 1893:2016 (zone factor, importance factor, response reduction factor).
4) Step 4: Analysis Parameters
For School Building height (G+2), extract results for:
e Max. Storey Displacement — Compare lateral displacement in both slab systems.
e Max. Storey Drift — Evaluate inter-storey drift and check 1S code compliance.
e  Stroy Shears - Storey shear is the total lateral force acting at a particular floor level due to earthquake or wind loads.
e  Story Stifness - Storey stiffness is the resistance offered by a storey against lateral displacement under lateral loads.
5) Step 5: Comparative Evaluation
Prepare comparison tables G+2 School Building each parameter.
Highlight which slab system performs better in:
01. Initial Cost
02. Construction Speed
03. Structural Depth
04. Seismic Performance
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05. Architectural Flexibility
06. Forwork Complexity
07. Maintence.

6) Step 6 :Prepare comparison graphs G+2 School Building each parameter in seismic loads.
Highlight which slab system performs better in :
SesmicLoads :
EQX
EQY
01. Story Displacement
02. Story Drift
03. Story Stiffness
04. Story Shear

7) Step 7: Conclusion & Recommendations
Draw conclusions on structural safety, economy, and serviceability.

Provide design recommendations for selecting slab systems in different height ranges.

I11. SOFTWARE VALIDATION FOR FLAT SLAB

Hexght of typical Storey 345m Live Load Y N/
Height of ground storey 3dim Floor Finish Load 1N
Length of the buildig 585m Density of Concree 25 N
Width of the butlding 4428 m Seisuic Zone Toe
[eght of the butldimg 1335m St fpe I
Number of stories G+2 -
, Important Factor 13
Wall thickness 230 mm :
, Response Reduction 5
Slab thackness 200 mm —
1 Dampmg Ratio %
Grade of concrete M25
g . Structure Class Eductional Iustitional
upport Frxed o
Butldmg
Column size 1200 mm x 600 mm ,
1050 ma x 600 mm Farthquack design code 15:1893-2016(1)
Cap Size 2300 mm x 2300 mm RCC Design code [§456-2000
Beam size (outer) 300 mm x 600 mm Steel desen code 15 800-2007
Location of building India - -

Table.1 Parameter of Flat slab
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IV. SOFTWARE VALIDATION FOR WAFFLE SLAB

Live Load 2 kN/m?
Floor Finish Load 1 kN/m?
Density of Concrete 25 kN/m?®
Seismic Zone Zone II1
Site type 11
Impeortant Factor 1.5
Response Reduction 5

Damping Ratio

5%

Structure Class

Eductional Institional
Building

Earthquack design code

1S:1893-2016(D)

RCC Design code

IS 456-2000

Steel design code

IS 800-2007

Height of typical Storey 345m
Height of ground storey 345m
Length of the building 585m
Width of the building 4428 m
Height of the building 1335 m
Number of stories G+2
Wall thickness 230 mm
Slab thickness 150 mun
Grade of concrete M25
Support Fixed
Column size 1200 mm x 600 mm
1050 mm x 600 mm
Beam size 300 mm x 600 mm
150 mm x 600 mm
Location of buildmg India

Table.2 Parameter of Waffle slab

V. SOFTWARE VALIDATION

FIG. 1 Plan View of the flat Slab

FIG. 2 3D View of the flat Slab
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i

FIG. 3 Plan View of the Waffle Slab FIG. 4 3D View of the Waffle Slab

VI. OBSERVATIONS
1) Result of the Maximum Story displacement - EQX &EQY slab( G+2 School Building )
Waffle Slab :

‘Maximum Story Displacement Maximum Story Displacement

staw cabn
errace fow siab
tstBour stab
ground foor siab.
] 20 40 [ (1 08 120 o 180 "o 200

150 s 200 us 0

; 0o 125
Displacement, mm Displacement, mm

M (19.160929, star esbi; W (0, Base) Max: (20209221, star cabi. M (0, Base)

FIG. 5 Maximum Story Displacement - EQX FIG. 6 Maximum Story Displacement - EQY

2) Result of the Maximum Story Drift- EQX & EQY slab ( G+2 School Building )

Waffle Slab :
Maximum Story Drifts - e
000 o o ™ ™ Dﬂn,;.::u.u 120 15 18 ™ 20063 2063
FIG. 7 Maximum Story Drift - EQX FIG. 8 Maximum Story Drift - EQY
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3) Result of the Maximum Story Shear - EQY slab ( G+2 School Building )

Waffle Slab :
Story Shears S
Y e P R e mﬁjm —————————
FIG. 9 Maximum Story Shear - EQX FIG. 10 Maximum Story Shear - EQY
4) Result of the Maximum Story Stiffness - EQX slab ( G+2 School Building )
Waffle Slab :
T Story Stiffness
- ": - . - sn!m::,w.n - . . . o K r—iﬂ‘m = = ° gm.:.km - . e o
FIG. 11 Maximum Story Stiffness - EQX FIG. 12 Maximum Story Stiffness - EQY
5) Flat Slab:
Maximum Story Displacement
Maximum Story Displacement
o //,
tertace oo sa0 ‘tertace foor siab + //
ground beam 4 @round beam
///
(1] 20 40 (1] lﬂm'pl.ul;:.mrmm 120 us 160 i1 200 15 t1) 45 L1 Dl.pl.":‘.nt’ - " "s 7 1S 1"%e
FIG. 13 Maximum Story Displacement - EQX FIG. 14 Maximum Story Displacement - EQY
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Maximum Stery Displacement Maximum Story Drifts

o 7s s
Displacement, mm

(21681675, Botween ground floor siab and 1at floor siab)

o FIG 15 Maximum Story Displacement - EQX

Story Shears Story Shears

teerace oor stas - terrace floor siab -
et oo et - ﬁ [ry— ‘
oround oor stat - around floor siab — J

am 280 240 200 e

B3 ™ seae Az 280 240 200 2a 00 o sa0es

120 2
Force, kN Force, kN

= -
000076, Base]; Wi (-3073 850741, Base) Max: 2 193698, ground beam); Min: (-3073.91047, ground bes

FIG. 17 Maximum Story Shear - EQX FIG. 18 Maximum Story Shear - EQY

Story Stiffness Story Stiffnsss

o2 ome 098 108 120€8

000 0z 024 03 o

050
Stiffness, kN/m

Max: (1012400, pround besen). Wi

FIG. 19 Maximum Story Stiffness - EQX

6) Result of the EQX&EQY waffle slab ( G+2 School Building )

Waffle Slab
E S Tres X E Story Response X
Story Elevation Location X-Dir Y-Dir Story Blevation Location XDir ¥-Dir
m mm mm m mm mm
» 1335 Top 19.161 0375 R 1335 Top 0436 20209
temace floors... |10.35 Top 17.361 0.311 temace floors... | 10.35 Top 0474 18.167
Totfoordzd |69 Top 3&0 0.3 1tfoorsisb |69 Top 037 14012
ground floor s... | 3.45 Top 8.857 0.288 aoundfoors...| 345 Too 025 9014
ground beam |0 Top 3491 0121
Base 2 Top 0 0 ground beam |0 Top 0.098 3697
Base -2 Top 0 0
FIG. 21 Maximum Story Displacement EQX FIG. 22 Maximum Story Displacement EQY
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[3 story Response X E Stary Respanse X
fl i f &l
Story Blevation Location XDir YDr Story Blevation Location X-Dir Y-Dir
m m
) 133 T 0000818 | 0.000106 > 1335 Top I 00007 ]
|temacefloors... | 10.35 Top ooomz7 - 16E05 N temace floors... | 10.35 Top 28605 0.001205
Istfloorslab |69 Top 0.001376 1.96-05 | 1stfloorslab |69 Top 37605 0.001449
\gound floors...| 345 Top 0 |A%EHS groundfloors... 345 Top 44E05  |0001615
gomd beam |0 T(‘.T.I 0.001745 6E-05 g'omd beam 0 TW 4 9E05 0.001848
Base 2 Top 0 0 Base 2 Top 0 0

FIG. 23 Maximum Story drift EQX

FIG. 24 Maximum Story Drift EQY

E Story Response X i E Story Response <
Sl ad fi tid | |
J4 41 of 12 (| e 4] of 12 Y
FIG. 25 Story Shears EQX FIG. 26 Story Shears EQY
[ story Response X ' -
ﬂ Story Respanse X
0
L ¢a
Story Bevaion ~ Location XDr Y-Dir
m ki kNim Story Bevaon  Locafion XD Y{ir
b ECE 1335 Top 30% |0 m kN/m ki
ecefoors. 105 T AT |0 i cicin R 0 4529 501
fthoors 69 To w09 0 tercefoors.. 1035 T 0 21547
gundfors. 36 |Top SR |0 Itfoorsa 69 Top 0 553092066
gudben |0 o WET 0 [ s 36 T 0 5527506
Be |2 To 0 0 gondbean 0 Top 0 B05297
I e 2w DD

FIG. 27 Story Stiffness EQX

FIG. 28 Story Stiffness EQY
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7) Result of the EQX&EQY Flat slab ( G+2 School Building )

Story Response r _ .
E . S E Story Response X
L wa
Sy Bevdn - Locaion *or rr Soy  Bevaion Locaion XDr YOr
m mm mm
4 135 Top 172 25 b 133 Top 0.344 13914
Ilumefloor s.. 1035 Top 16.554 2186 temace floors... | 10.35 Top 0448 12469
Tstfloorslab 6.9 Top 13.257 164 Nsfoorsab |69 T 0338 10225
groundfloors... | 345 Top 8872 0578 ground floors... {345 Top 0.286 7,093
gound beam |0 Top 3488 0.364 goundbeam |0 Top 0113 2998
Base 2 Top 0 0 Base 2 Top 0 0
FIG. 29 Maximum Story Displacement EQX FIG. 30 Maximum Story Displacement EQY
i E Story Response X
E Story Response X @ @
s i
Story Blevation Location X-Dir Y-Dir
Story Blevation Location X-Dir Y-Dir m
m
dtar cab 13, T 7
. nm [ |oows  Ees | BN L B L Lo
terace floors... | 10.35 Top 1.7E05 0.00065
terace floors... | 10.35 Top 0.000955 0.000158 f
1stfoorseb |69 Top 0001271 |0.000192 Wfoorde |69 Top D 0000505
qoundoors.. | 345 Top 0001582 0000179 ground floors...| 345 Top 49E05 0.001239
Base 2 Top 0 0 Base 2 Top 0 0
FIG. 31 Maximum Story Drift EQX FIG. 32 Maximum Story Drift EQY
E Story Response X |[ E Story Respanse X
f aa
Story Elevation Location XDir Y-Dir N ) -
m N kN Story Ew:non Location i—gr YI;[’:r
» EElc: W w2% 0 , EElc n T
Botn  |1926 |0 Botom |0 197.2%
terace flors...| 1035 Top 1987688 |0 teracefoors.. 1035 |Top 0 19875698
Bottom 19676838 0 Botiom 0 19876898
stfloorsizb |69 Top 28568912 |4662E05 dfoorsab |69 Too 0 2856.8915
Bottom -2856.8912 4,662E05 Bottom 0 28568915
ground floors... | 3.45 Top -3073.8907 0.0001 ‘gomdﬂoors... 345 Top 0 -3073.891
Bottom -3073.8%07 100001 Bottom 0 3073891
ground beam |0 Top -3073.8%07 | 0.0001 ‘m)l.lld beam |0 Top 0 3073891
Bottom -3073.8907  |0.0001 Botiom 0 3073891
Base 2 Top 0 0 Base 2 T 0 0
Bottom 0 0 Bottom 0 0
M 4| ofl2  p 4 of2 | b p
FIG. 33 Story Shears EQX FIG. 34 Story Shears EQY
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‘ [ story Response X E Story Respanse X
i i
Story Blevation Location *Dir ¥-Dir Story Elevation Location XDir ¥-Dir
m kN/m kN/m m kN/m kN/m
» s e |0 » s 0 139312459
temace floors... | 10.35 |Top 760983210 terace floors... |10.35 Top 0 902422084
latfloorsab {69 Top 10458842 |0 1dfloorsab |69 Top 0 UM |
gundioors. |35 [T |[GR3NO90R3 |0 round fors...| 345 Top 0 75179975
gound beam |0 Top M2339524 |0 gondbean |0 ITop Iﬂ 1083861 405
_B” ! L. ' e |2 w0 0
FIG. 35 Story Stiffness EQX FIG. 36 Story Stiffness EQY
8) RCC Material Cost Graph ( G+2 School Building )
RCC
o
6000 5500 0000
5000 4500 >0
4000
3000 2500
2000
1000 I
0
M75  M25 M30 M35 M40 M50 M55 | M60
mRATE 2500 @ 4500 5000 5500 6000 6500 7000 7500
FIG. 37 RCC Material Rate
9) Reinforcement Material Cost Graph ( G+2 School Building )
Reinforcement Rate
51,000
50,000
49,000
48,000
47,000 I I I
46,000
8 MM 10 MM 12 MM 16 MM 20 MM 25 MM
mRATE 50,508 49,322 48,475 48,475 48,136 48,475

m RATE

FIG. 38 Reinforcement Material Rate
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10) Total RCC Quantity Graph ( G+2 School Building )

RCC
160
133.8
140
120
= 100
'_
o 80 54 7160.46
% 60 43.25
2 I I = l
20 0 0
0 -
COLUMN BEAM SLAB
m FLAT SLAB 54.71 21.16 0 133.8
W WAFFLE SLAB 60.46 0 43.25 66.9

FIG. 39 Quantity for RCC

11) Total Reinforcement Quantity Graph ( G+2 School Building )
REINFORCEMENT

250 209.67
B 200 170.6
)
= 150
% 100 48.76
& 50 22.93
N
0 | ]
FLAT SLAB WAFFLE SLAB
mRCC 209.67 170.6
mREINFORCEMENT 48.76 22.93

mRCC m REINFORCEMENT

FIG. 40 Quantity for Reinforcement

12) Total Estimation for RCC & Reinforcement Quantity Graph ( G+2 School Building )

Chart Title

%2,500,000.00 R2,331,926.70

X2,000,000.00

D
£ 31,500,000.00 <043,515.00 %1,080,081.26
(2]
% %1,000,000.00 X767,700.00
%0.00
FLAT WAFFLE
mRCC %943,515.00 %767,700.00
B REINFORCEMENT %2,331,926.70 %1,080,081.26

FIG. 41 Estimation for Reinforcement & RCC
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13) Competitive Evolution of slab systems for G + 2 School Building.
Flat Slab vs Waffle Slab: Comparison

Initial Cost
Construction Speed
Structural Depth
Seismic Performance
Storey Displacement
Storey Stiffness
Architectural Flexibility
Formwork

Skilled Labour
Span Suitability
Dead Load

Service Routing

Aesthetic Ceiling

II ~1
v‘v Low 4 High
=) Fast 4= Slow

More Less
Moderate High
& Higher ¥ Lower
‘ Lower f Higher
W Excellent Q Limited
Simple Complex
Less Required More Required
i Moderate Span L Large Span
S5 High @ Low
e Easy &P Difficult
Plain &> Ribbed Grid

FIG. 41Competitive Evolution for Flat slab & Waffle slab

Flat Slab vs Waffle Slab - Comparative Evaluation for G+2 School Building
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FIG. 42Competitive Evolution for Flat slab & Waffle slab

VIL. CONCLUSION

The comparative study of flat slab and waffle slab systems for a G + 2 school building indicates that both systems have their own
advantages depending on structural and functional requirements. From the structural analysis results, the waffle slab system shows
better performance in terms of storey displacement, storey drift, and structural stiffness, mainly because of its ribbed configuration
which increases rigidity and load distribution capacity. This makes waffle slabs more efficient in resisting lateral loads such as

seismic forces.
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However, the flat slab system offers advantages in terms of simpler construction, reduced form work complexity, faster construction
speed, and better architectural flexibility. Flat slabs also provide a smooth soffit surface, which is beneficial for services installation
and aesthetic requirements in buildings such as schools.

In terms of material consumption and cost, waffle slabs generally reduce concrete quantity due to the voids created by ribs, but they
require more complex form work and skilled labour. Flat slabs may consume relatively more concrete and reinforcement, but the
construction process is easier and faster.

Overall, for a G + 2 school building, the flat slab system can be considered more practical due to its ease of construction, faster
execution, and functional flexibility, while the waffle slab system can be preferred when higher stiffness and improved structural
performance for larger spans are required.
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