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ABSTRACT- A strong zrasp of numerncal problems 1=
eszential m design fo effectively tackle the various
challanges that may arze during the process. Whls
having a comprahensrve understandimg of both anzlyzis
and desizm allows cme to design amy strocture, ifs
wrealiztic for 2 smgle indridual to master every area.
Therefore, it's important to specialize i a particolar fisld,
When it comes to bulldmg analysis and design, thorough
knowladgze of [& Codes and mumerical methods 1= crucial.
A designer must alzo be familiar with the different tipes
of loads considered m bulding dasizn. Bulding= can
ZeTve Varous purposes  residential,  commmercial,
mdustrial, or mettutional so different dezizn codes must
be consulted zecordingly.

Engmeers specializmz i structural analyzis and desipn
are knovm az Structural Desipn Enginesrs. They are
proficient in both manual calenlations and seftware-basad
design methods. Howevar, the challengs liss i selacting
the most =smtable approzch for modem-day desigm
Structural desigm 15 more complex than £ appsars,
requring  ecensive mathematical calculations and
practical expertiss. To ewcel m thiz field, one rmst
develop stronz mumerical skills and gam substantial
axperiance.

II OBJECTIVE OF THE RESEARCH

The central approach to this lmvestization mvolves
evaluating the major hypotheses amploved by others m
the field It iz antirely posnble for a theorv to gam
acceptance az establishad troth simply becanse 1t has bean
repeztedly referenced or quoted by numercuz authors,
despite never being systemaztically tested or verified. I
have idantified cne such wivenified theer and considerad

a2 method to examme its validity, which could brng
significant benefits to the field provided the razezrch 1=
conduetad metionloushy.

Progreszz 1= accelerating at an exiracrdinary pace thess
days. It 1z crucial for indrviduals to stay mformed about
the latest advancements, as they often smmphfy lifs m
remarkable ways. Bnlliant munds and mnovatve teams
are activelv mwolved m driving these changas, striving fo
tran=form complex technologies mto solotons that are az
simpla and practical as possibla.

Through this rezaarch, [ zim to become familiar with the
latest advancement= and evaluate certam results fo
detenmine the extent of improvaments achieved and the
accuracy of outeomes provaded by the technolosies usad
i our fald. The key points to be exammed during thiz
resezrch are as follows:

. Effective teclmiques for workmz with objectz
that correspond o physical stuctural mermbars, enabling
gquicker modsl construction and clearer interpretation of
the resultnz effects. These meathod: can enhance
efficiency and acouracy m design processes, making
complax tasks more managazble.

* Concrete Frame Desizn & Detailing with
Flat and Grid Slab: In this approach, line arhfacts are
applied to represent stmuctural components. During the
process, the system avaluatss and determines the most
appropriate design method, ensuring precision and
compliance with the project regurements. This
strazmlmes the design workflow and famlitatas efficiant
detailing of flat and zrid =lab structures,

* Reziztance of Grid Slab v=. Flat Slab in Lone-
Span Buildings: This point focuses on evaluating the
structural resistance and performance of gnd slabs m
comparison to flat slabs when used i lomg-span
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baildings. By analyzimg their respective load-beanng
capacities and behavior under various conditions, this
approach aims to deterine the suitahility of gnid slabs as
an altersative o flat slabs in such constructions

- Asmipning am Optmal Cress Secien: 1hus
involves selecting 2 cross-sectional shape and size that
can eifectively resist applied loads while meeting critical
design oritenia such & econoide  feasibility  and
serviceahility,. The goal s o balance  stectuzal
perfoneance with cost efliciency ad escare loog-term
functionality under emtical conditsons.

. Hurwezzing Emerping Tecknolozy for
Efficiency: This imvolves understandizg the sigmifllconce
of modem advancements St require mizsdmal effor and
time whilke delivering precise cwmenmes. The focus is on
mindeling and amalyzing a G# 14 meindoreed conerete
frmied stucture wming ETARS software. The process
inclsdes employing diverse design oode algonithms Toc
selecting comerete meenbers, conducting siness fesiing,
and opzimizing drilt e ensure the snciure meets design
stamdards effoctively.

. Diezigming Begolar smd Irregular Buildizp
Plams This invedves creatisg structural designs for bath
regular and irmegular building layoans in compliance with
Indian standard codes 15456 and 15- 18052002 These
stazadards provide guidelines for comcrese structure design
amd seismic amalysis, ensuring safety, stability, and
adherence te regional buildizg regulations. The process
mabes into pecount factors such as load distribotion,
seismic hehavior, esd overall structaral perfrmanie.

- Srresz and Deflecton Analvziz for Flar aod
Grid Shab Portioms: This invelves calculating the
stresses amd deflecticm @ the sections of the building
featurizg Flad slabs and those with grid slabe. The resuls
foom both pomions arve then compared and verified 1w
assess their stnecbaral behavior and performasce. This
analysis belps in detenmining the elficiency, reliabilizy,
and suitahility of these slab fypes for the given building
winee e

- Comparative Analyziz of Flat and Grid Slab
Dagigms: This involves comparing the results obtained
fonm the design of ot slebe and grid slabe, shmgside
wpdated design result values, The comnpanzan foouse on
evaluating Eictors such s stroctural efficieney, load
distribution, deflection, asd overall performanes. This
analysis. abds  in  detenining the  advastages  and
limizatioms of each slob type, contribaing w0 mlomed
decisin-making i=m stectaral design.

. Evalugmmg  Sofrware  Accuwracy  snd
Compliance: This involves exanuning S precision of
the reults generated by the software asd ensuring they
fall within the acceptable range dedined by design codes.
. Identifying MNecemzary Adjusoments: [
inchedes detemuining the regained modifications in rectify
the fhilure of structural  mendbers  under  specific
canditions, ensuning their compplissse with safery and
perforpance standards.

- Enkancizg Ftrocroral Ecomemy: Lhis aspec
focuses om idestifving the extent to which the strucbare
can  he  optmnied  for cost-elfectiveness  withoud
compenmising  safety.  serviceability,  or  code
FedUireIne s,

III OVERYVIEW OF THE MFTHODOLOGY

This Research involves various fhetors that have been
cansidered to uncower the neality | wis secking. The
approach must b distinetive and practically applicable o
ensure relevance. Hence, for this research, | found o
suitable 1o choose ETABS for my peality-disoovery
proeess, o i is widely used woday. Addiionally. experns
are available 1o provide asistance of ey technical
challenges arise.

STANDY Pro offers versatile interfoce optices that work
seamlessly with s cloud service, allowing users 10
visualize resulis throasgh stralgieforwand side-by-side
graphical comparizons. [ supports stnietural plannisg for
bovh high seismic regions and evervday emviroomieses
throwgh Finite Flensent Analysis, ensansg scouracy ond
reliohility  under  varpmg  condizions.  Additionally,
STAAD Pro optimizes BIM waorkilows lor concrete and
sieel by imegrating physical meodels and environmenal
foctoms, effectively, sireamliming the desigs and asalysis

prieess.
IV STEUCTURAL DESIGNING

Smuctural  engineers possess the technical expertise
required w0 describe, analyee. and evalbuate huilding
aystemns effectively, Their extensive experiemce i this
domnain equipe them with the ability to desigm safe ond
efficient  stnsctares. The structural  desigm prooess
wnderiaken by these engimeers includes assessimg loads
and siresses acting om a building, ealyzing the outcomes
of the applied loads, and desigming struchaml componests
that com effectively sappoet these boads. This ensupes Tha
the completed structure is capable of salely witksiasding
the anticipaied siresses and esvirosenental condizions.
Structural engineers pay carelul arention o selecting
eriaterials that ave best suited for the specific requisemests
of a struchare. This invelves a deep understanding of
varinus constnuction maenals, their properties, and how
they performn under curmesd envirmnmental and smectusal
conditions. Engineers must oonsider (sotors sech os
durahilizy, eost-efliciency, sustainability, and the ability
of the masenals to withstand anticipated loads ane
stresses. A tworough knowledge of naterial science i
essential wo ensure the chosen matenials contribute w0 the
safeny, longevity, and fesctionality of the struchare.

Structural  emgineers often assess the  qualiny
chameienissics of various bailding maxnials to determine
their sailahility for constructing beave, oodumns.
foundations. This evaluation imcludes analysing fariors
such as sirength, darohility, resistance o environmenal
atress, and compatibility with design specillcations. By
thoroasghdy examiming these maberials, eagineers eocne
that the structural elements can effectively seppoat loads
and maintain stability, safety, and pesformasce over time.
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Anotler key area of expertise foc o structural designer is
stnactural analysis, which invedves assessing the behavior
of structures weder vamiows Insding conditions. Tools like
ETABS, STAAD Pro. aed SATHHH) are widely wtilized
for this purpese. offering adveswed capabilities 10
simulate and  evabaate structural  perfoemonce.  With
rechnnlogical sdvancesnents, new software is continually
being developed to analyre structures usder diverse
canditions, such as wind boads, seismke sctivity, med otber
envirnnmental  faesors.  These  msowations  enhonce
accurscy, elficicney, and adaptabillity, ensuring structarnes
meet safety ond perfivmance sundards in evolving
SCETIAT 6

Structural engineers aften engage deeply with sodtware
wonls, paiming  insights  iniv  both  their  eclhnical
funrtionalities  wsd  progromusing  intnescies. This
cupertise alloas them to keverage solfware effectively for
stnectural onalysis and desigie In cestain organizabions,
the responsihility for performing structural analyses
might he assigned 5o o prograenmes who lacks formal il
engimecriag qualificatices. However, these programueers
are typically supporied by stnoectural engimeers, wlhose
gaidance ensures that the analysis aligns witheagineening
prizmciples ond stindards, mainmining accwrscy  and
reliohilizy in the resuls.

Regardless of the analysis method used, it is essential for
stnacharal engimeers o comprehend and interpret the
software cutputs 1o assess the aocurscy and reliohilizy of
the prowided values. Many companies de not rely solely
oo mackine- generaed nesults: they perform independem
mnarsal caleulmtions o ensure the coomeciness asd walidiny
oof ther amalysis.

Structural engineers are respoosible for deseloping and
detailing the design concepis, amd the realization of these
desigen oi-site depends oo their accurate exeowtion. For
this to bappen, other project representatives et shane
their ideas and perspectives. ensuring collaboration and
aligmenes throughout the process.

Structural engineers actively oollsborate ad mainiain
clear compenunication with varous siakelusders, incleding
sile engineers, constructiom  engizeers,  gemeclinical
engimecrs, hindscape architects, architects, asd project
managers. This shared awareness ensures tha scourate
infooeation s conveysd among the team, minimizing
misunderstandings  and  ermors,  asd  ponudting o
Farmaonious and elficiem construction process.

V RESULTS AND DISCTUSEIONS
A INTRODTUCTION

The model consists of & reimforced cement conerete
(RCC) framework with oonerete wsed as dee prinary
cansimuction naterial. The stucture maisdy features o
combination of grid slabs and Mat slabs at each level Fla
alabe are utilized in the foont poction of the buildizg o
create o beanabess aren for aesthetic purposes, while the

inferior part enploys gnd slabs o effectively bear loads
and emhanee the overall dgidity of the stucture The
imiegration of both flat eesd grid slobs helps reduce the
sl T closely spaced codumns. The vasious pammeters
considered  for the analysis and design process arne
casilined hekoa:

Wi il Flhooirs = (14
Height of sach Flooar = 5m
Beam Size = 30 mm X 230 pen

Colues Size’s mkem = SHmma X d00men,
AACym X S, 43dmmS S S and

Base Codumn Size: 550w X S0mm.

Flat Slab Thickness = 150 mm

Cirid Slab Thicksess ("Wallle Slah) = 450 [ {verall)
Live boad oo each floor = 3 Kb’

Floor Finish = 0.7% KN/m’

Typer off Soill = Mediuen

Farthquake Fone = 111

Conerele Grade = 3 29

Cirncde of Behar = Ee 41%

Fig 5.1: 3D Rendered view of bulding,

Ther structure incoeporates both flat and grid slab sysiems.
Ther rendered diagram above clearly illusirates this layvout.
Flat slabs aze defined as slabs constructed without the use
of heae, weaning the kads seting on the slab are camied
direcily by the slob s imesferred sitroight o the
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onlumms, rather than bheing passed throesgh heams In this
arrangement, loned distributicon does not follow the typcal
CE-way or fwo-way patiern. e soleguand e structurne
against punching shear failure, drop pancls have been
incorporaied.

E DISPLACEMENT

[Hsplacement in the structare is caused by coemal loads,
with the maxcimen displacement ooeurring in wreas where
flat slahs are used. The following inmges provide o visual
represeniation of the displacement cavsed by dead Ioads
acting o the slabs.

T i -

e

Fig 5.3 Stress Diagram

e image llusiraies the stress levels acmss dilferen
zones of 2w slah. The slabs are displayed separately o
enhmmece clarity. This siress dingmim represeass the visible

surface af the slab.
Resi Siress
D - Coler Eange Dezcription
(MFa)
Highest
. ki Dark Blue S-S R ——
L
" , Wery high
o o4 B o S b Hlu 401501 wirems.
e . .
Fig 3.2 Defommation in Bailding. B3 Teal 250_R4l} High simems
dipeen areas visible mear the colwrms indicate lower sivess
kevels im those pegions ol the slabs, A detailed stress
analysis was carmed oul w0 undersiasd the  distinm [ direen Ol Tl l:;::'::'.'}f
behavior of flat and gnd slebs. The images above :
illuszrme the stress dismibution at the top storey of the
sinacihure. (4] Yellow-Lreen Sll-noll Meorderate
Siress
Lo 1o
[ ¥ellow 420540 moderaie
siress
r? Urazgye 420 Loy siress
Very low
HH Hed 120240 sies
Lowess
1] Pink- ¥ agenia Gl 12 winess Fones
(edges gaps)

lahle 54: Helow table senmanee the slab stoess
distrihution hased on the cobor-coded diagraen:
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C_STOREY DISPLACEMENT. D RANTAITAL STORY DISPLACERMENT
Mhsplacemenn was calulated for each stuctural mensber, Iaks represents the storey response output foc s specified
mcleding beams, colevms, and slabs, These resulis help range ol sdoreys wuder 3 particdlar kad case of o
assess the impact of varkous kad combinations oo the combanatin of kad cies

sinecbore, Evabaaisg siorey displacement i S0 0
ensure it reeming withim penmissible linsis. The graph
below illusiranes the storey-wise displacement, with the i i
BN IETAIITL DO UITING At the Sop siorey. medsunsg bess tharn

135 = [0r* mm, while the hase experiences rem ::: .'
displocement. The red line represents displocemeni along ] ]
the Y.axis, and the blue lime oooresponds 1o the X-ais. —
Sinpe the span i lorger abmg the X-axis, the struchare | i
exhibsils areater stiliness im that direction. Cansedquently, =l r
the: dispilesement 16 more Kignificant ||||:-II'__' Ui W -xis dise — #
o ilE comparaively shiomer spas. |
Base 1] o e———
Story 1 L] ] Flir 5.7 Spoey Displocement (Response Spectnum)
Zely ) - L Graph shown above depice below poime::
Story 3 1o 3 #  The blne line represents the hase displacement,
Story 4 20 6.5 wlibch resnaing o 0 mem Kince the base is fixed,
Story 5 EH] 10 it diesn't e
Story B a0 155 * The red lime illsimics how  displacemen
Story 7 50 20.5 increases with beight. A1 the Ihdh soery. the
Story & &0 5 snaxiznum displacesnens resches Rpprexmately
108 mm showing that upper oors expericnce
=erl S ol il thie Il My enment.
atory 10 an e ®  The general frend indicaies o grades] increase
Stery 11 a0 46 in dizplacemaent az von move kipher up che
Story 12 140 55 boilding. This hehaaks @5 expected in wadl
Story 13 110 £5 tna bares emder lateral bnads, sach s those from
Story 14 120 76 wized or cattpuikes.
Story 15 130 |29 Stery FElovstion Lecstion  J-Dar | ¥-Ihr
lahle 5.3: Sinney wise displacemnent W == ==
T TRAF
Mory H | 24 L' or ooy
a - TIIE
. St | 1 LU,
Story Displacement = F ar
2 YGE-
158 Sy O | 1= L' u:l oo
0 LTIEE.
50 l l | | | |I Biory 3 | 28 Teg (L0
O el L L L I I I:I-'I; B
§rrrrrerrragnnag S R
L= - - - - - - - - TR TR - Y
r r om oo B G G 6 64 . LT
AR RS e R B &S By 5 | 9 Top ot (T i
WD Draslataasay desss] W Y-Dir Dbpkcarmant (i) . . . LR EY B .
Sty 2| & l'og or oot
. TOEIE- ,
Fig 5 Values displayed in the graph, showing a sseady Stocy || 2 lop o ol
merense i disgplacemend as the siomy kevel rises. [EFEe [A] I [i] [i]

lahle 5.8: F‘:Illr_‘h Response Walues
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L= Dol = il i gy "l

Fig 5.9: X.-Dizection Displocement Disribation.

This char visualizes the relative coniributics of cach
stony's X- MNrecton displacemens o the sonal displscement
acTess the enline sruchine.

Eev Obzerragons: Siory [ s tee domizant eontributer
in X-[hr displacemnent, making up o very large porsom
{000 o the tovial. This is hecouse iis vabee (2 03 3E04
mim) s sigmilbeanily higher than the other siories, which
are all in the range of ~2E-07 e o SE-07 mo.

Hwories 1 0 % each contribute ooly & small focton
(between 5% 10 5%5) so the woml XD displacemen.

Base pomiribuies (945 as its displacement is xeon.

This disiribution ssggesis that  maximums  hoozomal
displocement in the X-direction oceurs mear the hase of
the smaciure, spocifically &t Stoey i3 m elevation). h
may indicate a potential Gexibdlity or & conceerated
response in this region. likely due oo stnsctaral or lneding
charocieristies.

e

Fig a1 ¥ -Diiectios Mhsplecemess [istribution.

This chart shows the propomion of il Y. Directon
displacement attributed e each story,

Erv Obzervaiiens: The disribution is nwoee gradual and
even coippared 5o the X-IHr chari.

Story & (at the o comributes the largest shage (~23%)
ol ¥ [ir displacement.

Stories 7 theough ! oshow a descemding tresd in
displocement as elevation decreases, each contributing o
smaller portiom as we go lower in the siuciune.

Stery | amd Hase have mininal to vo consmbaation.

This spcother  grodiem saggests & moede  typical
displocement profile for latem] boading, whese the sop
stonies experience greater lateral movemess (like sway
wnder wind or seismme force) It aligns with expected
bchawigs = tll stuciures. where displacemens odien
apculpalates wward the top due o cumulaive feibilizy.
Aloeg w-direction it shows bocalized flexibiliny mear base
whereas ¥.-dizecsion pie chom shows typical opesway

et ] D e
E.3TOREY DRIFT:

Storey dndt is defized as the relative lateral displacement
bariw ety tven adjarens saomeys. The graph below illustrates
the building's behasior wsder exiemal boading, prosiding
insight imin its storey drift performance.

X -Dtirecton (Blus)

¥_Directien (Fed)

Base 0 o
Biory | i1 .15
Sinry 2 02 0.3
Story 5 3 {145
Stocy 4 04 0.6
Hiory 3 3 s
Siory 6 (1 a9
Stocy 7 1A LK
Stocy 8 08 1.3

Tahle 5. 14k Tabulated data of Storey dnft doe o
Hespomse Specirum.

Lt e L Dol Dt i, W S
o i i “
» =
-
- Ny
'| - i
ju 1 -____'__.
’ _ar
- -
. g
L T
e
ol
-
= - T 3 5 5
S # o N & r
-

Fig 5.12: Stovey dnidt dee to Response Spectrun.

It is nhserved tha siorey doiff along the X-ais is bower
compuared o the Y.oaxis, primanly because displacement
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in greater in the Ydirestione This hehavior largely
depends o the buildisg's coentatione |2 cases where the
bugilding is symmetrically aligned along boch anes, the
storey drift would be approcimately egual in beth
directions

VI CONCLUSION

Although the methods for evabuatiog the effects of
dilTerent structural elements within  single building may
viry, the main lfocus remaing the sene: assessing thedr
sinacharal  effectiveness. Boih satic and  dynamsic
analyses  are perfoomed o understand the  overall
response of colunns asd beams o external lnads. The
conserviative design of sectices s examined  under
various kad comditione. Storey drift s controlled by the
arrangement of grid columns. Adfter reviewizg multiple
siudies, | eoncheded that, B a practical perspective,
grid slabs may not he mecessary. However, in the design
of large sinschanes requinisg expansive spaces, grid shbs
play & cracial roke. Soise structural engineers recoeenend
wning floatizg eolumes o anews lke parkizg bots and open
spaces; however, this reguines sdditional reinforeenent
for adjacent beamns and columns 1o secommedate the
boads rransfermed by those onlums.

To wsderstand the relaticnsbip between the grid slab and
the flat slab, and their imtersction with adjacent be s, as
well as o evalusse the npact oo reinforcemend and
sevtiog detniling, | reviewed several prior stoedies. Hased
oo this mnalysis, | reached the Following conclesion:

I. Fromn an ecomomic perspective, fat slabs are nwome
advestagenus Tor design paposes compared o grid
alabs.

X The reinforcement required for flat slabs is mimimal
compared to that of grid slabs

3 Grid slabs help reduce the mmsker of colwnmns
requined, as they are more ngid and can sccomumsdate
longer spans. In oontrast, flat slabs cannot supipor as
ericly boadl, as they leck beasn suppor.

4. The stress in flad slebs is found 1o be higher compared
w gridl slabs, which increases the likelihood of cracks
forming i= flat slabs.

A Acoording o the analysis results, siress s mizimal a
e cnluem joizes in both cases. Hvwever, im the case
of flat slabs, drop panels are used e reduce stness an
e polumns. These drop panels belp distnbose the
loaid unilormly from all sides.

fo Dellection is geserally higher in flat slabs, as they lack
beamn sgpport, wheress grid slabs exhibit betser
resistance to deflecticn.

T. Based oothis rescarch, | eoncluded tha or importam
smactures, such os public buildisgs, it is sseatial o
et grid slobs o embance the rigidity of the frame.
Alihough this opproach nmy be more costly, i
proyides greater durability and safety congpared o dla
slab=. Flai slabs, an the ather hasd, ave typically used
when the sestheti gppearance of the building = a
prienity or whet a wique architectural book is desized.

% When desigming a loog-span buailding with fla slabs
and grid slabs using ETABS, it is evident that ETARS

Lk

[i%

provides the ot sooarate reindorcement data. This
was & key finding dunzg oy research, Additiomally,
ETABS pdfers reinforcemens detailisg in the form of
clear, distinet tables  abong  with  scoompasying
drwings.

S In ETAHS, failed members can be casily identified
and addressed affer the design step. By selecting the
“Check Failed Members" aption im the design section,
e Design Engineer can isoloe those mesnbers and
mindify their sectioms wing the “View Selected
CHjects Chnly" feature. This allows for sdjustizents o
e sections bo ensure they pass under the given
koadisg conditions. ETARS involves multiple sieps in
e design process, assigming each disign parameder,
which is why the resulis cbmined throwgh s
sofbwre were used in the analysis.
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