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Mechanical Properties And Bond Behaviour Of
Polypropylene Fibers And Nano Silica In Concrete

Haritha Y M Sabeena MV
Dept.of Civil Engineering Dept.of Civil Engineering
AWH Engineering College AWH Engineering College
Kozhikode, Kerala, India Kozhikode, Kerala, India
harithaprasanth1998@gmail.com sabeena@awhengg.org

Abstract- Concrete has a substantial impact on with the reinforcement.[1]Proper bond between
the environment as the cement, whose productiorthe steel reinforcement and the surrounding
involves a large amount o€02, is its main  concrete is also crudifor the overall strength and
ingredient. Incorporating a small amount of serviceability of RC members.

nanoparticles in concrete can modify the nano
structure of cementitious materials, and thus
procure high durability. This present work
explains the effect of use of namsilica material
and poypropylene fibers with traditional concrete
mix. The Nano silica contents of 2,3 and 4 % by
replacing cement and polypropylene fiber by 0.1,
0.15 and 0.2% of volume of concrete were
considered. Various properties of concrete such a
flexural tensile strerth, compressive strength,
split tensile strength were determined. Pullout test
(IS 2770 part 1: 1967) were also conducted to
study the effect of nano silica and polypropylene
fiber on the bond strength of reinforcement bars
and compared with normal conaeflhe tests are
carried out at the casting age of 28 days. It is
concluded that use of nanomaterial and

Fibre reinforced concrete is concrete
containing fibrous material which increases its
structural integrity. It contains discontinuous,
discrete, uniformly distributed and randomly
oriented fires.Polypropylene fibres used in this
study come under synthetic fibres. Polypropylene
fibre (PPF) is a kind of linear polymer synthetic
fibre obtained from propylene polymerization. It

as some advantages such as light weight, high
strength, high toughnesand corrosion resistance.
The PPF is widely used in chemical industry,
energy, clothing, environmental protection, and
construction.[2] When PPF is added in concrete,
the threedimensional random distribution
network structure can be formed in concrete,
which  effectively inhibit the microcrack
generation and development. As a result, the PPF

Egng?sﬂisgest?gr?r?h h‘:"rshemlsnl#te tecr?glr:agitrZE Ittr? can prevent water and other harmful ions entering
P gth. P 9Minto concrete. The durability of concrete can be

flexural tensile strength gets enhanced by some .
consderable amount. The results of the study'mloroved by adding PPF.[3]
showed that the presence of both nano silica and Modern concrete infrastructure requires
polypropylene fibers in optimal percentages, canstructural components with higher mechanical
improve the mechanical properties as well asstrength and greater durability. A solution is the
bond strength of reinforcement bars embedded inaddition of nanomaterials to cemédsed
concrete. materials, which can enhance their mechanical
properties. Optimal dosages of these materials can
improve the compressiyetensile and flexural
strength of cemertased materials, as well as
[. INTRODUCTION their water absorption and workability.[4] Nano
silica (NS) or silica nanoparticles, also known as
silicon dioxide nanoparticles, can be used as
dditives for i mprigali ng
and durability properties. The effect of NS on
nanostructure of cement paste also confirmed the

Keywordsd Nano silica, Polypropylene fiber,
pull out test, Bond strength.

The behaviour of reinforced concrete (RC)
structures depends up on the type of bond
developed between the steel reinforcement an
the surrounding concrete. To ensure the integrity

of various constituent or composite action of improvement in concrete durabilit. Using NS as
concrete and steel reinforcement, sufficient bond P Y- 9
a cement replacement makes concrete more cost

should be developed by the surrounding Concreteeffective and reduces the CO2 footprint of the

[1]
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concrete prodets.[5] Due to their improved

performance in filling effect and particle size
distribution, thereby decreasing the porosity in
concrete and increasing their pozzolanic
reaction.[6]

[I. OBJECTIVES

The prime research objectives of this
present work are aslfows:

1 To determine the mechanical properties of ] .
concrete specimens Fig. 1. Nanosilica

1 To obtain optimum combination of nano TABLE |. PROPERTIES OF NANOSILICA
silica and polypropylene fiber in concrete.

f To determine the bond strength Specificsurfacearea(m’/g) 202
corresponding to the putlut force in rebar PH 4.12
embedded in concrete specimen. SiO, content(%) 09.88

[ll. EXPERIMENTAL PROGRAMME Specificgravity 2.3
Particlesize 17nm

This experimental programme was carried
out to evaluate the bond stresslip behaviour
and pultout strength of reinforced bars embedded
in fibre reinforced concrete. The main variables
considered were: (i) weight percentagk nano
silica viz; 2%, 3% , 4% and optimum percentage
of nano silica in concrete is calculated (ii) Volume
fraction of polypropylene fibres viz; 0.1%,0.15% ,
0.2%, is added with optimum percentage of nano
silica. Thus, optimum percentage of both is
calcuated. (iii) diameter of reinforcing steel
bars (%) viz; 16mm and 20mm.
were cast for each parameter and the average of

P me n s
Fig. 2. Polypropylene fibres

the two was taken for analysis. TABLE Il. PROPERTIES OF POLYPROPY-
A. Materials LENE FIBRES

Ordinary Portland cement of 53 grade Length 12mm
confirming to IS: 122694987 [7] was usd. Test Specificgravity 910kg/n?

on cement were conducted as per IS 40338
[8]. Fine aggregate passing through 4.75 mm IS
sieve confining to grading zone Il of IS: 383
1970 [9] was used. Crushed stone with aB. Mix Proportions

maximum size of 20 mm wereused [9]. . .

CONPLAST SP430 complies wit!s1 9103:1999 In this experimental study concrete of M20
[10] with specific gravity of 1.2 was used as a 9rade is used and for that mix design is done
water reducing agent. Polypropylene fiber of based on IS 10262:2009[11]. The details of mix

12mm length from Cera chemicals (P) Ltd is used propo.rt_ions are given' in Table ll. Required
in concrete. Pure Nandilica was collected and duantities of cement, fine aggregates and coarse
its properties are tested in manufactured company.e“~:](~:’reqf"Ites fwere f|rs_t m|dfethoro_ughly n a _drumh
The properties of fibres and nano silica given by type mixer for a period of 2 minutes. During the
the manufacturer are given in Table 1 and II. TMXIng operation 80% of water was added first

Reinforcement bars used is Fe500 of Minar TMT @nd mixed thoroughly and the remaining 20%
brand. water, mixed with superplasticizer was added

later. The polypropylene fibres were dispersed by
hand to the mixture to achieve a uniform

Diameter 0.01mm

Melting Point 162

[2]
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distribution throughout the concrete. Sintee 10 mm from the bottom of the cube for measuring
addition of fibres reduced the workability of the slip of the reinforcement bar. Also, the bar
concrete, the dosage of supplasticizer was was projected upwards by about 85 cm from the
adjusted to maintain required workability for the top face of the cube to provide an adequate length
mixes. for gripping the specimen in the testing maehi
TABLE IIl. MIX PROPORTION EOR M20 The end of the reinfo_rcing bars on which the tip of
GRADE CONCRETE LVDT was fixed during the test was ground to a
reasonably smooth surface normal to the axes of

Cement 315.2kg/m? the bars. The specimens were also reinforced with
Fineaggregate 820.27kg/n? a helix of 6mm diameter plain mild steel bar at a
pitch of 25mm to prevent splitting failure. Moulds
for casting were prepared using plywood. De
moulding was carried out after 24 hours and then
Admixture 3.78kg/n” the specimens were immediately placed into
curing tank for 28 days of curing.

Coarseaggregate 1149.64g/nt
Water 157.6kg/m®

C. Specimen Preparation

Concrete cubes of size 150 mm, Prism of
size 100 x 100 x 500 mm arwlinders with a
size 150 mm x 300 mm was prepared for testing
compressive strength, flexural strength and tensile
strength respectively.[12] To evaluate workability - AR
of concrete standard test with actions described Fig. 4. Casting of pull out specimens
with Indian standards BIS 119959 [13] are
conducted. Cast iron mould was used to cast
specimens and all specimens were filled in The test was conducted as per IS 2770 Part
concrete with three layers and tamping rod was1:1967i (reaffirmed 2002) [14] using a universal
used to compact the specimens in each layertesting machine of 600kN capacity. While testing,
Nano silica were mixed concrete by replacing the pullout specimen was mounted on the testing
cement in first stage and timum percentage is machine in such a manner thaethar is pulled
calculated. In second stage, optimum amount ofaxially from the specimen. As per IS 2770 the end
nano silica and different percentage of volume of of the bar at which the pull is applied shall be that
polypropylene fiber is used. After 24 hours of air which project from the top face of the cube as
curing specimens are demoulded and transferrectast. The test framework setup is shown in Fig. 5.
to curing tank. After curing, the specineewere  Linear variable differential transfoen (LVDT)
tested. was used to measure the displacement of the bar.
Two LVDTO6s were fixed one
and other at the free end of the bar for measuring
the slip of the bar with respect to concrete. The
LVDT at the free end was placed such that the
pointed tip of the LVDT touches the exposed end
of rebar on the back end of the specimen to record
bar slip. Load was applied to the reinforcing bars
monotonically at a rate not greater than 22.5
kN/min. The loading was continued until the
specimen failed. Theecording of loads and
deformations were carried out. The loads recorded
D. Casting Of Pull Out Specimens were then converted to bond stress. Assuming a

uniform bond stress distribution over the

The pulkout specimens were prepared as embedment length in concrete, the average bond
per IS 5161959 (reaffirmed 2004) [14]. The 9 . ! 9
. . .. stress between the reinforcing bar and the
specimen consists of concrete cubes 150mm with . -
) ) . .ysuramnding concrete Ub was
a single reinforcing bar (16mm or 20mm dia) ~
embedded vertically along the central axis in each U P

specimen. The bar was projegtdown by about b “dbl b

E. Testing Of Pullout Specimens

Fig. 3. Casting of specimen

[3]
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where, Ub is the bond
applied load (N), db is the diameter of bar (mm)
and Ib is the embedded length of bar (mm).

Fig.5. Pull out test setup
V. RESULTS AND DISCUSSION
A. Nano Silica In Concrete

Nano silica is added to concrete as 2%, 3%
and 4% by replacing percentage weight of
cement. Table IV shows the details of specimens.
Optimum nano silica content in con@etis
calculated by conducting compressive strength
test, flexural strength test and split tensile strength
test.

TABLE IV. DETAILS OF SPECIMENS

MIX DESIGNATION

% CONTENT OF NANO
SILICA

NC

NS1

2%

NS2

3%

NS3

4%

1) Compressive strength: From Fig. 5., the

Thketenhareesnent ai corfipkéBsavg strenddh isi dee
to the favorable surface physical characteristic
that improves the bond between nano silica, fine
aggregate and cement paste up to 3 % of nano
silica by cementveight.

2) Flexural strength : From Fig. 6., the Flexural
strength of 4.68 N/mm2 was obtained for the
specimen NS2 which is about 49.04 % higher
than the control specimen. Further for NS1 and
NS3, the flexural strength is 43.94% and 24.84%
higher respectely when compared to the control
specimen. It was noted that the flexural behavior
of beams containing 3% nano silica behaved in a
superior way when compared with corresponding
control specimen.

Specimerspecificatior
BENC =mNS1 mNS2 mNS3

5

i

w

N

[EnY

Fig. 6. Flexural strength

3) Split tensile strength: From Fg. 7., the split

tensile strength of 2.075 N/mm2 was obtained for
the specimen NS2 which is about 8.63 % higher
than the control specimen. For NS1 the split
tensile strength is 5.49% higher compared to the
control specimen. This improvement is because of

compressive strength of 26.44 N/mm2 was the more efficient bridging effect across the crack
obtained for the specimen NS2 which is about width.

12.27 % higher than the control specimen. Further
for NS1 and NS3, the compressive strength is
9.42% and 2.84% higher respectively when

compared to theontrol specimen.

Compressive

g“24

%

o 23
21

Specimen specification

ENC

ENS1 ENS2 ENS3

Fig. 5. Compressive Strength

[4]

2.1

2.05

2

1.95
o[
1.85

Specimerspecification
Bye Fngr g Baea

Fig. 7. Split tensile strength

623)
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B. Polypropylene Fiber And Nano Silica In 6
Concrete
L € 5
Polypropylene fiber is added tmncrete as < £
0.1%, 0.15% and 0.2% by percentage volume cf >S<§ 4
concrete. And optimum content of 3% nano silica 2 ‘gs
is added to concrete. Table V shows the details of o 3
specimens and variables. By conducting ©
compressive strength test, flexural strength test 2
and split ensile strength test, the optimum content Specimen
of polypropylene fiber is calculated. ENC = NSP1s NSP2 NSP3
TABLE V. DETAILS OF SPECIMENS AND
VARIABLES Fig. 9. Flexural strength
MIX % CONTENT 3) Sp;lit tensilehstrfength: Fr/om Fig. 10.,ghe s}c()]IIit]c
DESIGNATION tensile strength of 2.29 N/mm2 was obtained for
s'\fﬁ'éi POLYPFTSEPJLENE the specimen NS2 which is about 19.89 % higher
NG than the control specimen. Further for NSP2 and
=~ - 1% NSP3, t_he split tensi_le strength is 14.65% and
: 9.47% higher respectively when compatedhe
NSP2 3% 0.15% control specimen.
NSP3 3% 0.2%
24
1) Compressive strength: From Fig. 8., the & 23
compressive strength of 26.66 N/mn? was = £ 22
obtainedfor the specimemNSP1which is about 52
13.2% higherthanthe controlspecimenFurther = 1§
for NSP2andNSP3,the compressivetrengthis P2 .
7.55% and 5.64% higher respectively when 17
compared tdhe controlspecimen. Specimen specification

BENC ®NSPl ®mNSP2 ®NSP3

>7 Fig. 10. Split tensile strength

C. Bond Stress

The value of bond stress at a slip of 0.025mm and
0.25mm which is the requirement as per IS 2770
Part (1):1967 (reaffirmed 2002) [14] and the
ultimate load and ultimate bond stredsadl the
specimens which failed due to pullout of
reinforcement bars are shown in Table VI. For the
comparison of bond stress as per IS 2770 slip at

26

25
24
22

Specimerspecification 0.025mm and slip at 0.25mm was noted. The
results from table show thahe bond stress for
" Nc® NsPT NSB2  NSP3 Nano silica wasmore than the control specimen
and that for Nano silica and polypropylene fiber
Fig. 8. Compressive strength was more than control specimen for both 16 and

. 20mm bars. It can be noted from Table VI that,
2) Flexural strength : From Fig. 9., the Flexural ¢4, 5 given embedded length and mix the bond
strength of 4.92 N/mm2 was obtained for the gyreqsfor smaller diameter barsnisre than that

specimen NSP1 which is about 56.68 % higher o |5rger diameter bars. This may be because of
than the control specimen. Further for NSP2 andihe |arger concrete cover to bar diameter ratio

NSP3, the flexural strength is 50.31% and 47.77%g,4iable in the case of small diameter bars which

higher respectively when compared to thetodl 5y contribute more to the bond resistance of the
Specimen. bar. When the cover to the reinforcement is

[5]
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increased, then crack initiation load increases andBond StressSlip Behaviour
subsequently bond strength improves.[15]

Generally bond stress slip relationship
represents the bond behaviour in reinforced
concrete members. Adhesion of bars to concrete is
the principal component that describes the bond
performance of the bar at initial loading
stages.[16] Once adhesion betwedar and
concrete breaks, the bar starts to slip and friction
between the outer layer of the bar and concrete
ANCGi16 b) NS2ad) NSP1G 1€ ntrols the bond mechanism. The load versus

slip values were recorded for all types of
m specimens during testing and the values were
plotted in gaph. [17] All curves were found to
have almost the same trend. The Fig.12. shows
the experimental graph for the bond stress versus
slip behaviour of specimens with 16mm bars.
Whereas Fig.13. shows tegperimental graph for
the bond stress versus slip Betour of specimens
a)lNCi20 b) NS20Gc20 NSP1a2nh 20mm bars. All curves showed an initial
ascending branch wup to
also showed a falling branch or softening branch,

Significant improvement in bond stress was after the maximum bond stress was attained. This
seen in the case di6 and 20mm bars when the portion of curve was characterized by a
polypropylene fiber and nano silica is added to significant decrease in the bond stress
concrete. In the case of 16mm bar, there was araccompanied by an increase in bar slip.
increase of 15.44% compared to control specimen
for 0.1% polypropylene fiber and 3% Nano silica, 18
whereas a significant improvement &94% was ”
seen compared to CS when 3% of nano silica was
added. Similarly in the case of 20mm bars, when
the polypropylene fiber and nano silica is added to
concrete, there was an increase of 13.44%
compared to CS. And 4.20% was seen comparec
to CS when % of nano silica was added. For
specimens with same bar diameters improvement 0 1 251. 3 4 > 5
in bond stress was observed when the P () ToNeEle
polypropylene fiber and nano silica is added. NSP2E16
Fig 12, Bond strasz vz slip bahavior of spacimens withl Smm bar

Fig. 11. Pull out failure

Bond stress (Mpa)
N
[
-
l
4
¥

[
[T E T =]

TABLE VI. PULL OUT TEST RESULTS

16

14
SLNO| SPECIMEN | BONDSTRESSAT | g INCREASE Boxn O9Increase | ULTMATE | Uptpuare | FAILTRE -
pesichation | Q.02SMMSLIP | ORDECREASE | STRESSAT | ompecease | LOAD(KN) | oD MODE 12 ¥
[i2Y} INBoND | 02MSLIP | [NBOND STRESS B
STRESS (MPy) STRESS (MP2) =: 10 L = ——— o
COMPARED TO COMEARED = L — |
s 10§ o 8
-
1 NCo16 123 - 113 - 1213 16.07 Tt = 4
1| Ns2&l6 134 894 123 6.93 128 16.93 hrovt 2
0
3| wsniels 141 154 134 1652 M5 | 185 | Pwmow a 1 z E 4 5 &
Slip (mm) &— NCE20
. ; &— N52820
4 NC#20 119 - 113 - 130 151 hrovt MEPI&EI0
N81820 124 420 116 263 133 U3 hrovt - . .
Fig. 13. Bond stress vs slip behavior of
6 | wsmian 135 1344 126 1150 150 58 | Pwom specimens with 20mm bar

[6]
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V. CONCLUSIONS

Based on the experimental results of the study
presented in this paper the following conclusions
are made.

1. Mechanical properties were found to be
maximum for concrete mix containing 3% of
nano silica and 0.1% polypropylene fiber.

2. In 1st stage By addition of 3% nano silica
the compressive strength only increased by
12.27% whereas, flexural strengthf o
concrete increased by 49.04%

3. In 2nd stage By addition of 3% nano silica
and 0.1% polypropylene fiber the
compressive strength increased by 13.2% and
split tensile strength increased by 19.89%

whereas, flexural strength of concrete
increased by 56.68%.
4., The additon of nano silica and

polypropylene fiber improved the bond stress
for 16mm and 20mm bar compared to
normal concrete specimen.
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Abstractd A staggered Truss System (STS) is a staggered truss framing system is used in building
new concept in the highse building to improve efficiency of the structure. The
construction. It is an effective design technique to staggeredtruss faming system is one of the only
improve the efficiency in building construction. It framing system that can be used to allow column
was first developed in Massachusetts Institute offree areas sized 18 to 21 meter. For achieving a
Technology in 1960s. By priding STS we can large column free area twice than column
increase the strength and ductility of the building. spacing the STS should berovided at an
It helps to cut down the number of interior alternate floor level. A staggered trisstem was
columns and thereby reduce the cost of thegenerally suitable for rectangular buildings and is
building construction. In this project analytical usually provided in the shorter direction. As
investigation on the seismic behaviour of & 16 columns are located only on the exterior faces of
storey steel staggergdiss system using the the building, large clear span and open areas can
ETABS software was conducted. The structural be created. Compared with conventional
shape of the trusses was varied, and theirreinforce d concrete residenti
influences on seismic behaviours of the systemlayouts which are divided into many small spaces
were studied. The seismic performance of STShy vertical shear walls, the residential buildings
structures by varying the Viendeel panel width with staggered trusses placed at alternate levels
was also evaluated. The models were analysed byiave enhanced spatial flexibility with the
using time history analysis method. From the economy and constructiiity. The vertical loads
analysis result maximum storey displacement, concentrated at a few columns normally exceed
maximum storey drift and base shear is extractedthe uplift forces generated by the lateral loads
From the result it was found that the model with and, as a result, uplift anchors are often not
warren trusses showed the highest strength andequired. The reduced number of columns also
stiffness to the corresponding earthquake but allresults in less foundation formwork, lesmcrete,
other truss shapes were also achieved the targeand reduced construction time. When used,
performance level and also the model with lessprecast plank is lighter than castplace
Vierendeel panel width shows higher base shearconcrete, the building is lighter, the seismic forces
and lower intestorey drift and displacement. are smaller, and the foundations are reduced. The
STS system is normally economical, simple to
fabricate ad erect, and as a result, is often
cheaper than other framing systems. Other
[. INTRODUCTION benefits include minimum deflection and greater
tiffness in the structure. The reduced weight of
e superstructure results in reduced seismic loads
and substantial cost savinigsfoundation work. It
was reported that the structural costs per unit
&uilding area turned out to be relatively low in
STS. The STS, however, has not been considered

Keywordsd Staggered Truss System, Seismic
loading, Time History Analysis, ETABs.

The staggered truss system was developed in th
USA by the Massachusetts Institute of
Technology (MIT) in the 1960s. It was a new
concept in the construction of higise buildings.

A Staggered Truss Framing (STF) system consist
of a series of structured trusses, with an opening . L e
in the middle of truss span (Vierendeel panel) thatas ON€ of the basic seisritrceresisting systems

serve s as a corridor on the floohi§ system is in_ most of des_lgn .codes, which immdiethat
efficient for midise apartments, hotels further research is still necessary for the system to

dormitories, hospitals, and other structures for be_ ac_ce;late(él alf a Ss_trasndarqd slf[ructure sy_stem_for
which a low floor tefloor height is desirable. The Seismic load. For guidelines are given in

(8]
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iDesign Guide 140 by AAB®&e{American
of Steel Construction) but there is no guideline
given ly Indian standard. The purpose of this
project is analytical investigation on the behaviour
of an 16storey steel staggerddiss system using . . ,

truss. It consists of 3 models witrarying VP
the ETABS software. The parameters such as th%idth. Model 1A consist of pratt trus); v?/ith om

Shape of trusse__s and Vierendee_l pa_lnel Widt.h WETS/P width. Model 1B consist of pratt truss with
varied, and theimfluences on seismic behaviours 2.5m VP width. Model 1C consist of pratt truss

of the system were studied. Based on the anaIyS|§Nith 3m VP width
result storey displacement, storey drift and base '
shear of the building was extracted and compared.

[I. MODELLING

I nstitute

It consists of model with pratt truss
arranged in a way that the first floor consist of 4
frames with pratt truss and 3 frames with open

In this project 12 models were designed and o
analyzed by usg ETAB software. Time history o
method was used for the analysis. The 1940 El m f

Centro earthquake (or 1940 Imperial Valley o = B
earthquake) is taken for the time history analysis. W 1

......

TABLE I. PROPERTIES OF MODEL PO P T Parre
Type of building Steelbuilding with a b c
ding W @ o (©)
No.of stories G+15 Fig. 1. Elevation o{gi}gel (a)1A (b)1B and
Dimensionof planarea 36x17m
- B. Model 2
Heightof eachstorey 3m _ _
Bavspacingn x 6m It consists of model with howe truss
dirgct?on 9 arranged in a way that the first floor consist of 4
— frames with howe truss and 3 frames with open
Bayspacingn y 3.4m truss. It consists of 3 models with varying VP
direction width. Model 2A consist of howeuss with 2m
Columnsize WPB 400x400 VP width. Model 2B consist of howe truss with
Beamsize ISMB 600 2.5m VP width. Model 2C consist of howe truss
Slabthickness 0.1m with 3m VP width.
Gradeof steel Fe345 TS TS
Gradeof concrete M 20 e F
Live load 3 kN/a 2
Floorfinish 1 kN/a 2 D] =
Roofload (flatroof) 0.75kN/G 2 - f
TABLE Il. SEISMIC AND WIND DATA S e T
SEISMIC DATA WIND DATA (a) (b) (C)
Code IS Code IS Fig. 2. Elevation of model (a)2A (b)2B and
Zone 0.36( ) Wind 39m/s (c)2C
factor speed_ C. Model 3
Importance 1.2 Terrain 4 . .
factor category It consists of model with warren truss
Response 5 Windward 08 arranged in a way that the first floor consist of 4
reduction coefficient frames with warren truss and 3 frames with open
factor truss. It consists of 3 models with varying VP
Soil type Leeward 0.5 width. Model 3A consist of warren truss with 2m

[9]

VP width. Model 3B consist of warranuss with
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2.5m VP width. Model 3C consist of warren truss TABLE IlI.

ANALYTICAL RESULTS

with 3m VP width.

7 - Base / - T C
E > Yoo O ] " D

(@) (b) (©)

Fig. 3. Elevation of model (a) 3A (b) 3B and (c)
3C

D. Model 4

623)

It consists of model with K truss arranged
in a way that the fitsfloor consist of 4 frames

with K truss and 3 frames with open truss. It

consists of 3 models with varying VP width.
Model 4A consist of K truss with 2m VP width.

Model 4B consist of K truss with 2.5m VP width.

Model 4C consist of K truss with 3m VP width

MOD MAX MAX STOREY BASE SHEAR
EL STOREY DRIFT
DISPLACEM
E
NT
X Y X Y X Y
direction | direc | direction directi |direction | directi
tion on on
3PA| 1377.2 |171.79 0.0371 0.0047 | 3328.5 | 14440.
33 6 55 77 39 88
3PB| 1371.3 | 188.29 0.0370 0.0052 | 3327.0 | 13351.
95 1 04 66 12 49
3PC| 1404.6 | 201.87 0.0378 0.0056 | 3316.7 | 12345.
72 7 4 56 41 58
3HA | 1377.1 | 168.33 0.0371 0.0046 | 3328.5 | 15173.
21 1 52 51 6 07
3HB| 1371.2 |184.39] 0.0370 0.0051 | 3327.0 | 13644.
61 1 02 29 36 72
3HC| 1404.5 |200.30] 0.0378 0.0055 | 3316.7 | 12570.
42 3 38 81 75 74
3WA| 1377.0 |166.21| 0.0371 0.0046 | 3328.4 | 15376.
51 9 51 69 54 38
3WB| 1371.2 | 181.38 0.037 0.0051 | 3327.0 | 13796.
11 7 48 49 23
3WC| 1404.4 |196.22| 0.0378 0.0055 | 3316.7 | 12870.
99 4 37 65 9 45
3KA | 1407.6 | 172.96/ 0.0379 0.0047 | 3405.7 | 14616.
04 3 89 84 92 99
3KB | 1400.6 |189.97| 0.0378 0.0052 | 3401.6 | 13499.
54 8 09 8 96 72
3KC| 1432.1 |203.49] 0.0385 0.0056 | 3385.1 | 12475.
59 2 95 7 88 08

(a) (b) (©)
Fig. 4. Elevation of model (a)4A (b)4B and
(c)aC
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[ll. RESULTS AND DISCUSSION

The 12 models were analysed by using time
history analysis method. From the analysis results

Fig. 5. Maximum storey displacement in Y
direction

the maximum storey displacementaximum
storey drift and base shear was extracted. The

models were compared on the basis of Vierendee|,
panel width and shape of trusses. The STS werq

provided in the Y direction hence the analysis
results in Y direction is taken for the comparison.

A. Comparison of Virendeel Panel width
In this the models were studied by varying

Vierendeel panel width. The comparison of

0.006

[

0,004

& oo

.00

MAXIMUM STOREY DRIFT

0001

MAXIMUM STOREY DRIFT INY DIRECTION

iPA iFB

iPC 3HA

JHE  3HC 3WA

IWB 3WC

KA KB

IKC

models was done to find the model with which
VP width have greater seismic performance.

(10

Fig. 6. Maximum storey drift in Y direction
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BASE SHEAR IN Y DIRECTION

15000

16000

12000
10000
H000
000
000

3PA PR 3PC 3HA  3HB O 3HC 3WA  IWB  3WC  3KA KB 3KC

BASE SHEAR (kN)

2

Fig. 7. Base shear in Ydirection

From the analysis result, (i.e.; from Fig. 5,
6 and 7) it was observed that for all truss shapes
the model with 2m Vierendeel panel have lower
maximum storey displacement, inter storey drift

0.0ME

MAXIMIUN STOREY DRIFT

H

00047

10065

000444

MAXIMUM STOREY DRIFT IN Y DIRECTION

3PA 3HA IWA 3KA

Fig. 9. Maximum storey drift in Y direction

BASE SHEAR IN Y DIRECTION

that modéwith warren truss having 2m VP width

In this the models were studied by varying

and maximum base shear. It was also observed | *
150

shows better seismic performance. g 100
14600

B. Comparison Of Shape Of Trusses B o0
. . . i 14200

shape of trusses. The comparison of models was | "™

iPA

done to find the model with which type of truss

have greateseismic performance.
TABLE IV. ANALYTICAL RESULTS

MOD MAX STOREY MAX STOREY BASE
EL DISPLACEMEN DRIFT SHEAR
T
X Y X Y X Y
directi | direction | directi directi | directi | direct
on on on on ion
3PA 1377.2| 171.796 0.0371 | 0.0047 |3328.5| 1444
33 55 7 39 0.
88
3HA 1377.1) 168.331 | 0.0371 | 0.0046 |3328.5| 1517
21 52 51 6 3.
07
3WA | 1377.0|] 166.219 | 0.0371 | 0.0046 | 3328.4| 1537
51 51 69 54 6.
38
3KA 1407.6| 172.963 0.0379 | 0.0047 |3405.7| 1461
04 89 84 92 6.
99

MAXIMUM STOREY DISPLACEMENT IN Y DIRECTION

170
168
: I
164
152
3PA 3HA IWA KA

MAX STOREY DISPLACEMENT (mum)

Fig. 8. Maximum storey displacement in Y

direction

[11]

BASE SHEAR (kN)

3HA WA

Fig. 10. Base shear in Y direction

From the Fig. 8., it was observed that the
model with warren trusses have less maximum
storey displacement. From the Fig. 9., it was seen
that the model with howe truss sholesver inter
storey drift. From the Fig. 10. the model with
warren truss shows maximum base shear. So we
can say that from the analysis result warren truss
shows better seismic performance.

IV. CONCLUSION

The seismic analysis of steel staggered
truss systemof highrise building has been
completed. From the analysis result it was
concluded that the model wittiarrentrusshaving
2m Vierendeepanelwidth showsbetter seismic
performance. It is observed that as the Vierendeel
panelwidth increaseshe stiffnessandductility of
the structuredecreaseskrom the comparison of
shape of trusses, it was observed thatrren
trusses show lower displacement, inter stahefy
and higher base shear. Because this shape
transfergheloadseffectivelythanthatof others.

623)
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Abstractd Wind load is regarded as one of the design load in civil engineering. Buildings bend
crucial design loads that a structure mustand twist elastically under static wind loads,
withstand throughout its lifetime. The impact of which has an impact on the structure's structural
wind speed on the building frame has beendesign. Therefore knoetige of the characteristics
investigated in thisresearch. Due to a lack of of structure under wind loading becomes a
available land, buildings lying on slopes were requirement in engineering design. The goal of
taken into consideration for the study. The- 40 structural engineers is for the structure to remain
story, threadimensional building frame is serviceable despite anticipated wind deflections
modelled and examined for wind zones of 33 m/sby having sturdy structural componerkat can
and 39 m/s, respectively. It rests on slopgs®, resist excess loads over the course of the
10°, and 15°. ETABS software is used to perform building's life. This project is based on research
the modelling and analysis as necessary. Theon wind and how mukstory buildings behave.
maximum storey displacement and maximum Buildings atop hill slopes are typically
storey drift are the factors taken into account for asymmetrical in design. in this project. In this
the post analysis. For ground slopes and windproject, three ififerent height of building frames
speeds, all the pameters have been compared, resting on four different slopes of ground for five
and the findings have been compiled and different wind speeds are analysed. The study is
graphically shown. carried out on software ETABS for effect of wind
, , , on building frame resisting on sloping ground.
Km_eywordsé sloping ground, displacement, drift,, The influence of slopera wind on the building
wind zones, ETABS : . . )
frame will be investigated and analyzed using
I. INTRODUCTION ETABS software.

Modernization, industrialisation, and social The objectives of this work is to study the
rationalisation have all contributed tayeowth in effect of wind velocity on building with different
urbanisation over the last few decades. More thaninclined slope.
half of the world population lives in urban areas.

In modern days urbanization is considered as a”' -METHODOLOGY
sign of economic progress but at the same time The methodology employed for this
urban areas becoming more populated and densénvestgation is explained in depth in this section
On the other hand land scarce and ever growingof the research article. The following stages are
demand of accommodation also increasing.used to carry out the entire investigation, from
Therefore Owing to scarce land resources, modelling through analysis and result.
urbanization and evegrowing demand of
accommodation is leading developers into sloping
grounds. To overcome this problem thelyon

Step 1:Choosing the building frame The 4@ry
building frame is utilied in this study for

o . modelling purposes. The height of each storey is
solution is that to prefer multitoreyed structural 3.3 metres. Both the x and y directions have five

buildings in the current scenario of this world. In bays
this regard realistic analysis and design of these '
building frames on sloping ground are of Step 2: Choosing slope, the three varied ground
paramount importance. Wind is the major factor slopes. The slopes on which the buildings are
This hasan impact on the structure sitting on perched are 5°, 10°, and 15°.

sloped ground. Wind load is one of the important

[13]
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Step 3: Selecting wind zones. As per IS 875:2015 b) LIVE LOAD
part 3 the wind velocities of 33mand 39 ns are

) Live loads of 3kN is considered for the design of
considered.

structure as per the Indian standard recommended
Step 4: Selecting properties and assigning load. guidelines for dead loads contained in the Hand
Various material properties and section propertiesbook of IS 875:1987(part 2) published by the
are defined. Wind load and dead load calculatedindian standards Institution

and assigned to the model. Wind load in both x ,

and y direction is assigned as per Indian Standarqc) Wind Load

Code. Calculation and assigning of wind load is

Step 5:Linear static analysis of all cases Models done as per isode 875 (pattll):2015
are analysed and results are compared, tabulated Vz= Vb k1 k2 k3

and graphically represented. - Vb = design wind speed at any height z in m/s =

[Il. MODELLING (39 m/s, 44 m/s, 49 m/s)

The variaus material and section properties which - kl= risk coefficient ( see 6.3.1)= 0.83 (for 24m)
have to define during modelling in ETABS are =0.93 (for 30m)=1 (for 36m)

tabulated as following - k2 = terrain, height and structure size factor (see

A. Section Properties 6.3.2.2)=1

There are three different storey or three - k3 = topography factor (see 6.3.3) = 1
different height buildings have to modelled. The
length and width taken whilenodelling is 25m.
Each storey height is 3.3 m. The size of beam- Structure class = B
300mm X 600 mm and 1000mm X 1000mMm  \ying |0ad is assigned as per clause 6.2.2.1, table
coloumn. The thl_ckness of sl_ab whlch we taker_w IS humber 5 of IS875:2015 (Part 3).
150mm. The thickness of interior and exterior

walls of building is taken as 160mm and 150mm This table gives the value for external
respectively. Al the support fixed. pressure due to wind for wind angle of 90° and 0°.

Here we have to calculate the ratio of height to

width as well as the ratio of length to width.
For the structure component like column, According to that the external pressure coefficient

beam and slab M45 grade of concrete and Fe55%alues have to apply the buildings.

steel grade are considered. Mild steel is used for

confinement bars. The cover considered is 40

- Terrain category = 4

B. Material Properties

mm. The dead load is calctda using 20kN/m?3 " i " " " -
unit weight of concrete.
C.Load » = n . = -
a) DEAD LOAD

+ g L ® i 1

Dead loads are considered for the design of
structure as per the Indian standard recommendet
guidelines for dead loads contained in the Hand . g = = + = =
book of IS 875:1987(part 1) published by the
Indianstandards Institution.

A Exterior wall load = (unit weight of brick
masonry X wall thickness X wall height)
=20*0.160*3.3 = 10.56 kN/m R . @ + a

A Interior wall load = (unit weight of brick
masonry X wall thickness X wall height)
=20*150*3.3 =9.9 kKN/m

A Floor load =floor finish = 1 kN/m?2

Fig. 1.Plan view

[14]
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Il. RESULT AND DISCUSSION

Maximum  storey displacement and
maximum storey drift of 40 stordyuilding frame
on three different slopes are evaluated and
compared. Here the results are tabulated and
represented.

MAXIMUM STOREY DISPLACEMENT

112

111 =
110 4
09 4

104 1
e B3imfs
106 1
105 1
104+
5 10 15

Fig. 4. Maximum storey displacement for wind
Fig. 2. 3D view of building with 15 degree velocity 33m/s

ground slope

P MAXIMUM STOREY DRIFT
W S 0
L.'. ‘.‘
B §§ : 95 -
G .
b ”
,". }_ |3 &5 - wiimfs
b
o 1 & 8 -

. 75

3 5 10 15

Fig. 5. Maximum storey drift for wind velocity

33m/s
MAXIMUM STOREY DISPLACEMENT

150.5

150 -

1895 -

149 -

1485 -

i 1 B39m/s
1475 . I

147 -
1465 -

5 i} 15
Fig. 3. Deformed shape of 15 degree model
with 39 m/s wind speed Fig. 6. Maximum storey displacement for wind
velocity 39m/s

[13]
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storey drift values increased with that
MAXIMUM STOREY DRIFT wind speed for load combination
1.5(SD+LL-WLX).
1 Maximum storey displacement increases
with increase in group slope from O to 15
8 degree for both cases of 33 amd 39 m/s
wind speeds.
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Rcc  structure on  Sloping Ground

The wind speed has more effect on the
structure. It was found that as wind velocity was
raised for wind loads WLx and WLy, the International  Research ~ Journal  Of
maximum storey driftt values also rose. Engineering and Technology. 2019
Additionally, it is raised by combining loads.ltis 5 sagchin Kumar Dangi and
observed that when we increased the wind Proceedings of the Inteational
velocity, Maximum drift value increasl more for Conference on Sustainable Materials and
considered load combination as compare to wind

Structures  for  Civil  Infrastructures
loads 1.5(SD+LEWLX). (SMSCI2019) AIP Conf. Proc. 2158,
T Itis observed that the values of maximum 02003011 02003010; https://doi.org/10.1
storey drift for 5 and 10 degree slope differ 6. Umakant arya ,Aslam Hussain, Waseem
very less. Therefore it can be said that by khan, Wind analysis of building frames on
changing slope maximum storey drift has sloping ground, nternational journal of
only a small change. It did not show a scientific and research publications,vol
gradual increase or decrease. 4,iss_ue 52014 _ _
1 Itis observed that the maximum storey drift /- Mohit sharma, dr. savita maru Dynamic
value increases with increases in slope for analysis of multistoried regular building
33 m/s wind velocity. analysis and design of buildings for static
f  But for 39 m/s wind velocity, the maximum forceo, international |

storey drift increases with increaseslope engineeing and technology, vol4, issue

from O to 10 degree and then decreases to 4,2014 ) ]
15 degree. 8. Varalakshmi V, G Shivakumar and R S

f Like maximum storey drift, maximum Sarma fADesigned and d

storey displacement also have similar building by ETABSO,
observations. It is observed that when we Conference on Advance in Engineering and

increased the wind velocity, maximum Technology.
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isolation devices most frequently used in

engineering practice. As a result, the isolation

aIlayer or story experiences the majority of the

displacements caused by earthquakes, while the
superstructure acts almost like an elastidy. As

a result, base isolation systems need to be built to
withstand significant displacements during the

strongest possible earthquakes.

Abstractd Base isolation systems are built to
withstand significant ground vibrations during the
maximum assessed earthquakes. A novel materi
called shape memory alloy (SMA) was added to
the damping device to increase thieniting
capacity of isolation bearings and decrease
residual deformation. SMAs are effective
materials that are capable of being loaded or
heated and then restored to their initial state and In order to eliminate posteismic residual
preset. The investigation begins with cyclic load deformations of the base isolators, the self
test utilizing the ANSYS 2023R1 software on centering capacity of badsolators refers to the
individual steel plate damping systems that ability to return the isolators toward their original
include both shape memory alloys and structurallocations following earthquake events. The need
steel (SS) for kshaped dampers. Evaluation of for high-performing, adaptive, dependable, and
damping systems using SMAs and structural steelcosteffective structural systems has increased
at two distinct radii of 85.75 mm and@ mm was interest in the use of intelligentaterials in
done. Under cyclic loading, dhaped dampers engineering. Shape memory alloys are a
can sustain significant vertical loads from particularly intriguing and captivating class of
superstructure. UDs mostly lose energy throughsmart materials (SMA).

hysteresis behavior. The findings demonstrate that
great performance was seen for SS UD with an
enlarged radis and SMA UD with a decreased
radius. SMA UD's hysteresis loop displayed the
greatest amount of energy loss and a spring
action.

A novel material called shape memory
alloy (SMA) was added to the damping device to
increase the limiting capacity of isolation begs
and lessen residual deformation. SMA shape
memory materials have shape memory effect,
super elastic effect, and damping properties of
Keywordsd U ishaped dampers, shape memory metal alloys.

alloys, structural steel, base isolators and”_ SHaPe MEMORY ALLOY

hysteresis loop.
The concept of using smart materials in

engineering has received significanteirest with

Base islators have gained popularity over the growing demand for high performance,
the past few decades as a reliable seismicadaptive, reliable, and cestfective structural
protection technique for industrial buildings, systems. SMAs are a class of metallic alloys that
bridges, and other structures located in possess several unique characteristics. The shape
seismically active areas. Decoupling a memory effect, which is the capacity of the
superstructure's response from its foundation ormaterial to return to its original shape after
substructure situated on the trembling ground is heating, and the super elastic effect, which is the
the basic idea behind base isolators. Elastomerigropensity of the material to recover its
bearings and sliding isolation systems, both of potentially significant inelastic deformations upon
which exhibit a low lateral stiffness associated the removal of the load, are two most important
with a damping mechanism for lowering the characteristics of SMAsBoth of these peculiar
seismic reactions foa superstructure, are the capabilities depend largely on diffusion less solid

[18]
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to-solid phase change, i.e.,, martensitic

transformations. As a result of these phase

transformations, SMAs can produce very high
actuation strain, stress, and work output.

In addiion, SMAs have excellent self
centering ability, good energy dissipation

capacity, high corrosion resistance, and high

fatigue life. As a result, SMAs have indeed been
applied in a wide range of fields, such as
biomedicine, aerospace, the automobile ingust

and other fields. Shape memory alloys are
materials that can remember their original shape
if deformed they recover the original shape upon
heating. They can take large stresses withou

undergoing permanent deformation. They can be

formed into varioushapes like bars wires plates
and rings thus serving various functions.

SMS shape changes is based on a soli
state phase transformation.

by the transition from one form of crystalline
structue to another. This change involves
transition from a monoclinic crystal form called
martensitic form to an order to be crystal form
called austenite form.

A. Adaptive U-Shaped damper

The Natural rubber bearings (NRB)
equipped with the t$haped damper amapable

t

d
The shape chang
mechanism takes place in shape memory alloys

l1l. Modelling And Analysis
A. Model Geometry

U-shaped components are placed between
two steel phtes to form the t$haped damping
system. These dhaped dampers can be chosen
and fitted to the dimensions as necessary. The
UDs are the core components in the proposed
base isolators that provide seHntering
capability under seismic loading. An UD
conprises one semicircular part and two straight
parts therefore, the tails of the two straight parts

‘can be easily fixed on the adjacent plates through

welded connections. In general, the deformation
capacity of the UD is mainly determined by the
semicirclediameter and straight part length.

The lateral stiffness and energy dissipation
capacity improve as the number of-sbaped
dampers rises. Dampers also need to be able to
%issipate a lot of energy and have a high lateral
relative displacement. Between tl®ttom and
top anchor steel plates are alternate layers of steel
shims and rubber layers. The early variants were
steelrubber bearings with varying amounts of
layers of steel and rubber. The height of the
damping system is determined by the quantity of
steel and rubber layers. The table | provide the
measurements for the anchor plate, rubber layers,
and steel shims.

of recentring as well as they have high energy Table I. Model Dimensions

dissipation capacity and long service life. Th
variable characteristics of the shape memory allo

SECTIONS DIMENSIONS

have made them a suitable candidate for seism
isolators subject to earthquake excitations of
varying amplitude and frequency. In the case of

ICrhickness

of steg 1mm

shims (ts)

small loads (wind loads and lefrequency
earthquakes), the NRBs equipped with the U
shaped damper serve as a resistant link {

(o]

Thickness of rubbe| 4.5mm

layers (tr)

minimize damage to expansion joints or othe
structural supporting elements. In a mader
earthquake, the {dhape damper improves the

Thickness of ancho 20mm

plate (ta)

damping capacity of the NRBs. In the case o
strong ground motion, the -shaped damper not
only provides additional hysteresis damping, but
it can also can keep relative displacement within
the design rangdn the present study, -shaped

Length and breadth ¢
steel shims & rubbe
layers (Ds & Dr)

600mm x 600mm

dampers are used to improve the energ
dissipation capacity and residual deformation o
NRBs subjected to large shear strain.

f

yLength and breadth

1400mm x 1400mm
anchor plate (Da)

[19]

623)



InternationalConferencen RecentAdvancementi ScienceandEngineering RAi SE 02 3)

Figure 1 shows the model geometry of general U TABLE Il. Model details of u damper with
Shaped damper. radius 85.75mm
MODEL SECTIONS DIMENSIONS
Radius of UD (R) 85.75mm
Length of straight par 264.25mm
(L)
Width of the UD (W) 60mm
Spacing btw UDs 240mm
No. Of steel shims 32
No. Of rubber layers 31
Fig.1. U-Shaped damping system -
Total height of model 211.5 mm

Modeling and analysis is done for -Bhaped
dampers incorporating only structural steel, only Figure 4 shows the model geometry and of
SMA and combination of SS and SMA. The UDs U-Shaped damping system with UD radius
are arranged in such a way that for dampingl116mm. dimension details of U damper with
system incorporating only SS and SMA they are radius 11&m is mentioned in table Ill.

placed adjacent to each other and fog todel
with combination the SS and SMA UDs are
placed alternatively. Figure 2 illustrates the cross
section details of UD.

1 r.
I

Fig.4. U-Shaped damper with UD radius
116mm

Fig.2. Crossection of a UD TABLE Ill. Model Details Of U Damper With

: : . . Radius 116mm
Figure 3 shows the cross section and dimension

details of UShaped damping system with UDs of MODEL SECTIONS | DIMENSIONS
radius &.75mm and model section details are

listed in table II. Radius of UD 116 mm

Length of straight part 264.25mm

Width of the UD (W) 60mm
Spacing btw UDs 240mm
No. Of steel shims 43

No. Of rubber layers 42
Total height of model 272 mm

Fig.3.U-Shaped damper with UD radius
85.75mm

[20]
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B. Material properties

Table VI Material Properties Of Structural

623)

ANSYS FEA analyses require two material Steel
properties to be specified in order to perform the | DECRIPTION VALUE
analysis. In the case of ndinear structural steel
and rubber, the user will need to specify the |Youngds mod2x10MPa
Young's modulus, Poisson's ratio, yield strength, |poi ssonés rl 03
and other material properties for each material.
Depending on the analysis, additional material | Density 7.85x10 kg/mn?
properties may also be needed. The material . 5
properties are takefrom the ANSYS material Thermal expansion Lo 1fc
library. The material used for analysis are Tensile yield strength | 250 MPa
neoprene rubber as the rubber material, structural c ve vield 250 MP
steel is used for anchor plates and steel shims and OMPTESSIVe yie a
nitinol as SMA material. Nitinol is an alloy of strength
nickel and titanium. The materialgperties SMA, Tensile ultimate strengt] 460 MPa

neoprene rubber and structural steel are listed in

tables IV, V and VI respectively.
TABLE IV Material Properties Of Sma -

Nitionl
DECRIPTION VALUE UNIT
Density 6450 kg/m®
Young{ 90000 MPa
modulus
Poi sson 0.3
Tensile yield 1000 MPa
strength
Tensile 1400 MPa
ultimate
strength
Table V Material Properties Of Neoprene
Rubber
DESCRIPT | VAL | DESCRIPTI | VALUE
ION UE ON
Youngo|4.25 | Minimum -60 °C
modulus MPa | service
temperature
Tensile 20 Maximum 100°C
strength MPa | service
temperature
Elongation | 250 % | Density 1250
kg/m®
Hardness | 57.5 | Resistivity 1x 10°
Shore Ohm*m
mé/m
Thermal 7.1x Glass -47.5°C
expansion | 10%K | temperature

[21]

C. Analysis

The analysis was carried out using the finite
element modelling software called ANSYS. A
cyclic loading pattern is used to predict the
seismic behavior of a damping plate. The load is
applied in the axial direction, while the bottom
plate is fixed. The cyclic loading pattern is used to
simulate the demic loading conditions, allowing
for the evaluation of the damper performance
under the expected conditions. Loading cycle is
illustrated in figure 5.

Fig.5. Loading cycle

The bottom anchor plate is fixed and the
load is applied on the top anchgate.

IV. Results And Discussion

FEM analysis was carried out for the
models. Total deformation and equivalent stress
was determined for the models. The figure 6 and
figure 7 shows the total deformation and
equivalent stress of u shaped damper with UD
radus of 85.75mm incorporating only SS.
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Fig.9. Total deformation of U-Shaped damper
with UD radius 116mm

Fig.6. Total deformation of U-Shaped damper
with UD radius 85.75mm
with UD radius 116mm

Hysteresis curve obtained for-%haped

Fig.7. Equivalent stress of UShaped damper damper with UD radius 116mm is illustrated in
with UD radius 85.75mm figure 11.

12845011 M

Fig.10. Equivalent stress of LShaped damper

Hysteresis curve for the models were

plotted. Hysteresis loop obtained for tHeshaped U-in-R 116mmSSf
damper with UD radius 85.75mm is illustrated in
figure 8. <
=
. 8
U-in-R 85.7Z5mmSStull s
c
S
z g
X (O]
£ x
8
“E Deformation in mm
2 Fig.11. Hysteresis curve for the tshaped
damper with UD radius 116mm
Deformation in mm Analysis was carried out for all the models
and the results are shown in table VII.
Fig.8. Hysteresis curve for the Wshaped Table VIl Results Of Analysis
damper with UD radius 85.75mm Model Total Equivalent
The total deformation and equivalent stress :jnerl;ormatlon Stress MPa
obtained for the Bhaped damper with UD
radius 116mm is depicted in fige 9 and figure | U-R85.75SS | 3.6076 245.87
10 respectively. U-R85.75 | 35.597 568.1
SMA

[22]
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U-R85.75 29562 1256.3 From a design standpoint, engineers can
COMB adaptthe component proportions of the isolation
bearings to meet various performance goals. The
U-R1165S | 29.219 1047.4 proposed base isolators will offer a potential
U-R116SMA | 25.409 517.95 alternative to current seismic isolation devices or
systems for resilient and sustainable high

U-R116 28.952 1062.1 performance  seismimsistant modern  civil
COMB infrastructure.
V. Conclusions References

This study proposed and investigated novel 1. Javed Sheikhi, Mojtaba Fathi, Rohola
designs of WShapeddamping system as base Rahnavard, Rebecca Napolitano
isolators by taking advantage of the SNUDs ANumeri cal anal ysis o f
comprising super elastic SMA, Structural steel SS bearing equipped with steel and shape
under cyclic loading. For the cyclic analysis, memory alloys dampers,
ANSYS finite element software was employed. 2021,pp.18394.855.
U-shaped dampers made of structural steel and 2. Bin Wang, Songye Zhu, Fabio Casciati,
shape memory alloy were employed. For the U ARExperi ment al study 0
Shaped damping system, the total deformation centering seismic base isolators
and equivalent stress have been determined at two incorporating superelastic shape memory
different radii. all oyso J. St 04GR@ele9, En g,

. . , 2020, pp.114

The findings are summarized as follows: 3. Sheikhi Javad, Fathi Mojtaba, Rahnavard

1 Under cyclic loading, the SMA UDs Rohola. Natural rubdy bearing
displayed cyclic qualitiesincluding steady incorporated with high toughness steel ring
and excellent flaghaped hysteresis loops. dampers. Structures 20284:107 23.

The suggested base isolators demonstrated 4. Sheikhi J, Fathi M. Natural Rubber Bearing
the expected deformation behaviour and Incorporated with Steel Ring Damper
typically displayed flaggshaped hysteresis (NRB-SRD). Int J Steel Struct 2019.
loops associated with greatly reduced https://doi.org/10.1007/s13298.9-0026 %
residual deformation under cycloading. 7.

f  For a Ushaped damper with a UD radius of 5. Rahnaard Rohola, Thomas Robert J.
85.75mm and using only SMA UDs, the Numerical evaluation of steelibber
maximum total deformation of 35.597mm isolator with single and multiple rubber
was obtained. cores. Eng Struct 2019;198:109532.

For a reduced radius of UDs when SMA 6. Rahnavard Rohola, Craveiro Helder D,
UD was replaced with SS UDs and COMB Napolitano Rebeca. Static and dynamic
UDs the deformation was decreased by stability analysis of a steelbber solator
89.86% for SS and 16.95% for COMB. with rubber cores. Structures 20206:

f For the case of enlarged radius of 116mm 441 55. _
the maximum total deformation of /- Radkia Sahar, Rahnavard Rohola, Tuwair
29.219mm was obtained for -t¢haped Hesham, Gandomkar Farhad ~Abbas,
damper with SS UDs. Napolitano Rebecca. Investigating the

f It was observed that the total deformation effects of seismic isolators on steel
increased by 15% and 13.9% respectively asymmetric  structures considering - soil
when SMA UDwas replaced with SS UDs strucFure inteaction. Structures 2020, 27:
and COMB UDs. 1029 40. . o

f SMA UD with a smaller radius and SS UD lkeda T, Nae FA, Naito H. Constitutive
with a larger radius both performed more model of shape memory alloys for

. : idirectional loading considering inner
efficiently. The hysteresis loop of SMA UD uni :
showed the most energy Iosg and a spring hysteresis loops. Smart Mater Struct 2004,
action. 13:916 25.

o
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Analysis Of SteelBuildings With Steel Plate Shear Wall At
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Abstract- Steel high rise buildings are becoming system consists of a steel plate wall, two
more prevalent every day. The stability of the boundary columns and horizontal floor beams.
buildings is taken into consideration as their The steel plate walls and two boundary columns
height rises. To withstand thdateral loads together act as a vertical plate girder. The
brought on by wind and seismic activity, shear columns act as flanges of the vertical plate girder
walls had to be installed in these buildings. Of the and the steel plate wall acts as its web. The
several shear wall kinds, steel plate shear wallshorizontal floor beams act as transverse stiffeners
(SPSW) are the most effective since they arein a plate girde

lighter and thinner, increasing architecturphse
and the rigidity of the buildings. This study uses
ETABS software to show the seismic analysis OfaETABS. This paper has been described to

15-storey steel building with steel plate shear determine the proper location of shear wall.

walls at the corners and centre that is situated in oo . :
Dynamic linear analysis using response spectrum

Stovay Stoct buiding wih stacl ot hoar walls of Method is performed and lateakd analysis is
y 9 P done for structure with RC shear wall and steel

various thickness (15mm,20mm and 25mm) is plate shear wall. There are some parameters
also compared in t.h':.; artlc_le_. When comparing theconsidered such as node displacement, maximum
results to other buildings, it is found that the steel reactions, and total weight of reinforcement. It is
t)hu;ldgr%;\gh tszé?r'ggegestttee erl maigrf;faéfwggsreat inferred that steel plate shear walls are more
displacemen'f) and storey drift. The models a?/eresistant to lateral loads in an irregular structure.
' eflection in the case of without SPSW is very
analyzed by Response Specirum Method as per | arge and in the case of with SPSW, deflection is

L Rahul, et al (2020)analyzed a 6 storey
R.C. building frame for seismic zo## using

1893:2016 very less.
gﬁg;;\//girsds-Steel plate shear wall, rigidity, seismic Prof. Prashant Topalakatti, et al (2014)

analyzed higkrise steel buildings frames with and
I. Introduction without SPSW by using STAAD PRO V8i FEA
Shear walls are vertical elememisa force \?Jgfr?ﬂm%};;enf:moirysl':;at:,lgt'g tgﬁe‘;?a%zﬁs
resisting system. They are provided to act agamStIhiCkneSS of plate (6 mm to 18 mm). The main

the effects of lateral loads that are acting on the arameters considered are deflection, shear force
structure. Shear wall mainly increases stiffness jnParan i ’ ’
bending moment and axial forc&teel frame

building providing them better way to withstand building with SPSW has lesser deflection, shear

lateral  loads. ~Steel ~buildings ~being more force, bending moment and axial force values

vulnerable to lateral loads respond vey well when g .
Steel Plate Shear Walls (SFE)SW) ar);z provided compared_to steel frame building without SPSW.
‘As the thickness of the steel plate shear wall

SPSW is more effective for lateral loads as theyincreases then the deflection. shear force
are more ductile, lighter and also occupy Iessbendin rﬁorent and axial force de’creases '
space. SPSW systems are used in -higg 9 '

buildings as a retroting method also. II. O bjective

The main function of steel plate shear wall The present study aims at determining the
is to resist horizontal story shear and overturning effectiveness in placing the steel plate shear wall
moment due to lateral loadSteel plate shear wall

[24]
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at the corners over centre of a G+15 storied steel
building using ETABS software.

To determine the performance of a15 storied
building with steel plate shear wall placed at the
corners of various thickned&mm, 20mm and
25mm using ETABS software.

[Il . Model Description
Model |- G+15 storied steel building with steel

plate shear wall at the corners. Table 1l LOAD DETAILS AND SEISMIC
: - . DATA
Model II- G+15 stoied steel building with steel
plate shear wall at the centre. Live load 2kN/m?
Model Ill- G+15 storied steel building with steel Floor finish 1kN/m?
plate shear wall of 15mm thickness at the corners. | outer wall load 12kN/m2
Model V- G+15 storied steel building with steel Inner wall load 7kN/m2
plate shear wall of 20mm thickness at toeners. Roof slab load 1 5KN/m?2
Model V- G+15 storied steel building with steel Zone I
plate shear wall of 25mm thickness at the corners. :
Soil type Type Il
IV. M odelling Importance factor 1
In the present study, the building models | gegponse reductiol 5
are analyzed by using ETABS software. The | factor

number of bays taken in X and Y directions is

Shear wall thickness

15mm for Model Il
20mm for Model IV
25mm for Model V

Grade of steel

Fe345

Grade of longitudinal
bars

HYSDS500

Grade of confinemen
bars

Mild Grade 250

5.Battom storey height and typical storey height V. Structural Details

are taken as 3m.The building models are analyzed
by using Response Spectrum Method as perpe steelbuildings with steel plate shear walls

The plan and thredimensional views of

623)

are given in Table I. Table Il shows the details of Fjg 1.4,

Model Ill, IV and V. Load details and seismic
data are same for all models and are shown in
Table IlI.

Table I. Details of model land Il

Beam section ISLB500

Column section ISMB400 with M40 encasemen

Secondary beam section ISLB100
Deck slab thickness 100mm
Shear wall thekness 50mm
Grade of steel Fe345
Grade of longitudinal bars | HYSD500

Grade of confinement bars | Mild Grade 250

Table Il Details of Models Ill, IV And V

Beam section ISLB600
Column section ISMB500 with M40
encasement

Secondary beam section ISLB150
100mm

Deckslab thickness

[25]
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Fig. 1.Plan view of steel building with shear

wall at the corners.
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VI. Results And Dicussions

The models are analyzed by using
Response Spectrum Analysis of ETABS software.
The performance of Model | and Mod#| are
compared in terms of storey drift and storey
displacement to verify the effectiveness of the
building when the steel plate shear wall is placed
at the corners. Model Ill, Model IV, and Model V
are also compared to determine their performance

i)

il ( \ ‘[\v)ﬂ)
YN
sl

i

&

//'//'/' 7\

\F

:\ in tems of the parameters mentioned above when
XN the thickness of the steel plate shear wall changes.

The maximum storey displacement and
drift values of Model | and Model Il are shown in
Table IV and Table V.

Fig. 2-3D view of steel building with shear wall TABLE IV.  MAXIMUM STOREY DIS -

at the corners PLACEMENT
STOREY MODEL I (mm) | MODEL Il (mm)
LEVEL
15 25.008 30.07
_ - - _ _ 14 22.881 27.591
13 20.729 25.065
12 18.563 22512
11 16.393 19.943
= = = = = 10 14.239 17.379
9 12.124 14.848
8 10.073 12.381
= = = = = 7 8.117 10.015
6 6.287 7.791
5 4.617 5.752
- < - - - 4 3.144 3.943
3 1.905 2.414
2 0.939 1.214
. |~ |~ . - 1 0.29 0.399
Base 0 0
TABLE V MAXIMUM STOREY DRIFT
Fig. 3-Plan viewof steel building with shear STOREY MODEL | MODEL I
wall at the centre LEVEL (mm) (mm)
15 0.000709 0.000826
i 14 0.000717 0.000842
= 13 0.000722 0.000851
{g;é:% 12 0.000723 0.000856
§5§53 11 0.000718 0.000855
4 | P S e
RS .%~§€'§::$ 10 0.000705 0.000844
SN RS SSes 9 0.000684 0.000822
%&i&gﬁ‘:@: 8 0.000652 0.000789
SR 7 0.00061 0.000741
s a&%%&:’*h 6 0.000557 0.00068
s \»‘t\:.f::&&: 5 0.000491 0.000603
: . ’ 4 0.000413 0.00051
S 3 0.000322 0.0004
N2 2 0.000216 0.000272
1 0.000097 0.000133
Base 0 0

Fig. 4-3D view of steel building with shear wall
at the centre

[26]
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It is found that the performance of Model | The maximum storey displacement and
is better than Model Il. Therefore, i evident  drift values of Model Ill, Model IV and Model V
that the steel building with steel plate shear wall are shown in Table VI and Table VII. It is already
performs better when placed at the corners than atentioned that the thickness of steel plate shear
the centre. wall of Modd Ill, Model IV and Model V are
15mm, 20mm and 25mm, respectively. From the
results, it is inferred that the Model V performs
better and are also within the limits prescribed by
Indian Standard Codes. The maximum storey
displacement and drift values of Meldll, Model
1. IV and Model V are shown in Table VI and Table

The maximum storey displacement for
Model | is 25.008mm and that of Model Il is 30.
07mm.The maximum storey displacement for
Model | is found to be 20.24% less than that of
Model Il. According to Indian standard code

maximum permissible displacement is 110 mm. It

can be observed from the results that it is under

VIL.

permissible limit. TABLE VI MAXIMUNM STOREY DISPLA -
The maximum storey drift for Model | is CEMENT
0.00072 andhat of Model Il is 0. 000856.The STORY | MODEL Il | MODEL IV MODEL
maximum storey drift of Model | is 18.88% less | LEVEL (mm) (mm) V(mm)
than that of Model Il. The results found are also 12 gi'ggg gﬁ?g 12'322
compared with the help of graphs as shown in Fig. 13 52669 19.403 16.838
>-6 12 20.611 17578 15.216
11 18.464 15.712 13.564
10 16.279 13.819 11.898
STOREY DISPLACEMENT 9 14.082 11.922 10.235
B GRAPH 8 11.901 10.046 8.599
] 7 9.772 8.22 7.013
ﬁ 6 7.733 6.478 5.506
4 5 5.824 4.854 4.108
> 4 4.091 3.388 2.851
o o 3 2.582 2.119 1.77
) 4 2 1.351 1.094 0.904
[ 1 0.457 0.362 0.294
n 0 10 20 30 40 Base 0 0 0
STOREY DISPLACEMENT(mmr
TABLE VII MAXIMUM STOREY DRIFT
—e—MODEL | MODEL I STORY | MODELIII | MODEL IV | MODELV
LEVEL
Fig. 5-Comparison of storey displacement of 15 0.000644 0.000569 0.000512
Model | and Model II 14 0.000675 0.000592 0.000529
13 0.000696 0.000608 0.000541
STOREY DRIFT GRAPH 12 0.000715 0.000622 0.00055
m 11 0.000728 0.000631 0.000555
ﬁ 10 0.000733 0.000632 0.000554
— 9 0.000727 0.000625 0.000546
E 8 0.00071 0.000608 0.000529
% _e oY 7 0.00068 0.000581 0.000502
c'7) 0 0.00026.0008.0007%.001 6 0.000636 0.000541 0.000466
5 0.000578 0.000489 0.000419
STOREY DRIFT 4 0.000503 0.000423 0.00036
MODEL | MODEL || 3 0.00041 0.000342 0.000289
‘ 2 0.000298 0.000244 0.000203
1 0.000152 0.000121 0.000098
Fig .6-Comparison of storey drift of Model | Base 0 0 0
and Model

[27]
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It is found that the performance of Model V
is better than Model Ill and Model IV. Therefore, STOREY DRIFT GRAPH
it is evident that the steel building with thicker
steel plate shear wall performs better when placec
at the corners.

The maximum storey displacement for
Model Il is 26.656mm and that of Model IV and
Model V are 22.886mm and 19.963mm,
respectively. The maximum storey displacement
of Model V is less than 33.52% and 12.77% that

of Model Il and 1V, respectively. 0 0.0002 0.0004 0.0006 0.0008

The maximum storey dtifor Model Il is STOREY DRIFT
0.000733 and that of Model IV and Model V are
maximum storey displacement of Model V is less
than 32.31% and 15.88% that of Model Il and MODEL V
IV, respectively. All the values of storey
displacementrad storey drift are within the limits Fig. 8- Comparison of storey drift of
provided in Indian Standard Codes. The results
found are also compared with the help of graphs Model ll, Model IV and Model V
as shown in Fig.-B. VII. C onclusion

STOREY LEVEL

v

==

16
14
12
10
8
6
4
2
0

Based on the present study for comparison
STOREY DISPLACEMENT GRAI of steel plate shear walls at corners and centre and
with varying thickness when placed at the corners
16 in 15 storied steel buildings, wean conclude
14 that:

12 1. Steel plate shear wall placed at the corners
10 performs well as compared to that of at the
centre.

2. By providing shear wall at the corners,
torsional stability can be achieved in the
building.

3. ltis found that as the thickness of the steel

),)’ plate shear wall increases, storey
“ displacement and storey drift decreases.
0 4 8 12 16 20 24 28 This is because as the thickness of steel
plate shear wall increases, the stiffness of
STOREY DISPLACEMENT(mm) the structure also increases.
4. Steel plate shear walls occupy much less
—o—MODEL IH-e—MODEL IV space due to the rédeely small thickness
MODEL V of SPSW compared to reinforced concrete
shear walls and aesthetic good from
, _ _ architectural point of view. Therefore, steel
Fig. 7- Comparison of storey displacement of plate shear walls are preferred over

Model I, Model IV and Model V reinforced concrete shear wall.
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Abstractd Concrete is a material that is used |. INTRODUCTION
worldwide for centuries as a construction
material. Exposure to extreme conditions and
adverse effects of corrosion of reinforcements

Is(?[?gr?ghtoFlgiﬁg;ngtrecr)]f thC ogﬁ:jeteém%c;rgiﬁ)i:esgg/r? most manufactured and consumed construction
' gtn, P y material in the long run [2]. Concrete is

be affected by these cracks, which in turn reducesOlistinguisheol by numerous cracking behaviour

e oL, BP0 it pecause of low tense suength and brlienss.
9 racks can weaken the integrity and bearing

cement consumption and expenses. -Betfling capacity of structure[l]. Due to volume

ncr micrahll in Ici .
C(r)ec(;:i ?:gtin bybactefia?bisy an dgcczgrc:omiccaalc tzn d instabilities or other external reasons such as
precip 9 excessive loads, severe strength environmental

inabl lution it repairs small cracks. :
su_sta able so u_to , @s It repairs s all cracks exposure, or design errortacks can develop at
This paper discusses the mechanism and

performance of bacterial concrete. The Bacillus any point of a concrete structure’s service life [9].

species is proven to be an effective microbial Bond of reinforcing bars to the  surrounding
P P . concrete influences the behaviour of reinforced
agent for selfhealing concrete. The sample

preparation is done using Bacillus Subtilis. The concrete structures in many ways. It can be a key

concentration adopted for sample preparation iselement for the ultimate load carryisgpacity of
pted | pie preparal reinforced concrete structures since it affects the
cells per milliliter. The mechanical

roperti and durability of bio concrete are anchorage of bars. Théeformation of a rebar
Properties u y concrete embedded in concrete is significantly influenced

evalu_ated to check thg pOSSIbIlIT[y of the same as 6by the bond between the two materials. In fact, it
building material. While assessing the strength of .

reinforced concrete sections, the tension in theIS well known that, after cracking, bond tréas

concrete is usuallianored because it contributes tensile stresses from the rebar to the surrounding
; W . . concrete (between cracks) that stiffen the response
little to member strength. However, it provides an

: N of a RC member subjected to tension; this
important contribution to the performance of . . .
mb t ice loads. In thi .ttn.stlffenlng effect i s re:
Qﬁfeni?]rs i r(s)e[avrlt(i::s O?fS.bacterI;Iprgfrfc’retee Sligns tiffeningo. Tension stif
ing  prop . . carrying allity of concrete between cracks,
experimentally evaluated on cmete prismatic

members made of M20 grade concrete reinforcedcontribUting to the stifiness of a reinforced
) 9 S concrete member before the reinforcement yields.
with bars of 8mm and 12mm in diameter. The

length of the concrete prism in all the direct Cracking causes a softening behaviour in plain

tension specimens is 600 mm. The specimens ar_concrete. AS cracklng progresses, concrete loses
60 mm square in crosgection 'I.'he total length of fts stlffn_ess at a refativelyigh rates[12]. Mlcrp

the seel reinforced specimeﬁs including the bars cracks in conprete allpw water and contamlnants

: . e . to enter, causing matrix degradation and corrosion
is 900 mm. The tension stiffening properties of

bacterial concrete are compared with that of of embedded steel reinforcement, compromising
. P the structure's strength and endurance[3].
conventional concrete.

Due to itsnumerous performance features,
concrete remains as the most used materials in
nowadays and it will undoubtedly remain as the

Steel reinforcement is used to avoid cracks.

Keywordsd bacillus subtilis, bacterial concrete, New environmentally friendly and selfealing

tension stiffening
[30]
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procedures must be developed to protect existing 9 To evaluate the tension stiffening
and future structures and increase their durability. properties of bacterial concrete.
Microbiologically Induced Calcite Precipitation
(MICP), a type of mineral precipitation induced lll. EXPERIMENTAL PROGRAMME
by the metabdadm of bacteria in concrete, it is This experimental programme was catrie
recently discovered to increase the performance ofout to investigate the mechanical properties and
concrete[4]. tension stiffening effect on the bacterial concrete.
. , , The experimental work consisted of casting and
,S.rel\gilrc):i;t:c)l;/hcroblallyInduced Calcite testing 16 reinforced concrete prismatic tension
members made of M20 grade concrete having
Biomineralization is accomplished by a crosssectionh dimensions of 60 x 60 mm and a
process known as Microbiologically Induced length of 600 mm. 8 numbers of specimens were
Calcite Precipitation NMICP). The microbial reinforced with 8 mm diameter bar and 8 numbers
urease hydrolyses urea to form ammonia alongof specimens were reinforced with 12 mm
with carbon dioxide. As a result of the ammonia diameter bar of grade Fe 500.The reinforcing bar
released into the environment insoluble calcium was extended 150 mm on either side fooper
carbonate is deposited. [6]. MICP is a practical, gripping in the testing equipment. Standardized
and sustainable alternative for repairinge th cracks were also introduced in some of the
cracks. Microbially induced calcium carbonate concrete prism specimen to evaluate the-self
precipitation (MICP) is a part of various healing property of bacterial concrete. Cubes,
geological habitats like soils, limestone caves. cylinders, and beams were cast for finding the
Calcium carbonate (CaCO3) crystals can bemechanical propess of bacterial concrete. The
formed via biological mechanism in two ways: concentration of bacteria selected for sample
autotrophic  and  heterotrophic pathways. preparation is 105 cells per milli litre [5].
Biotechnological approaches to innovation of a .
type of bio concrete have been proposed based oﬁ" Materials
micro -organisms inherent ability to produce Ordinary Portland cement of 53 grade
calcium carbonate precipitation [8]. When a crack confirming to IS: 122694987 [13] was used. Test
forms, the bacteria imbedded within it becomes on cement were conducted as per4#11988
active, and calcium carbonate minerals are [14] Fine aggregate passing through 4.75 mm IS
produced and fills the cracks. In comparisonto sieve confining to grading zone Il of I1S: 383
ordinary selfhealing concrete, the MICPased 1970 [15] was used. Crushed stone with a
selfhealing technique provides a lotegm and  maximum size of 20 mm and 12 mm were used.
ecologically sustainable solution to cracking. 20mm aggregates were used for making cubes,
beams and cylinders. afn aggregates were used
for making direct tension specimen. CONPLAST
SP430 complies with 1S: 9103:1999 [18] with
specific gravity of 1.2 was used as a water
reducing agent. The bacteria used for the sample
preparation is bacillus subtillis. The concentati
of bacteria adopted for the sample preparation is
105 cells per millilitre. The bacterial strain details
The products, Ammonia and Carbonic acid are provided in the Table Reinforcement bars
produces bicarbonate, ammonium and hydroxideused is Fe500 of Minar TMT brand. Table Il gives
ions. This change will then cause the precipitationthe properties of reinforcement bars obtained by
of the metal ions. The reaction continues to doing tension tests.

produce calcium carbonate [11]. TABLE 1 BACTERIAL STRAIN DETAILS
Il. OBJECTIVES

The objectives of this present work are as follows:

The number and quality ofinducedinerals
have a significant impact on the MICP process
efficiency [10]. Ammonium and carbonate formed
by hydrolysis of urea, catalysed by urease. One
mole of carbamic acid is formed from hydrolysed
ammonia and Carbamic acid, which further
hydrolysed to ammonia and carbonic acid.

Fields Detailedinformation

. ] _ Taxonomic BacillusSubtilis
1 To determine the mechanical properties | designation

of bacterial concrete specimens

Mediumname Nutrientagar

[31]
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pH 11.8

Temperaturef 30

growth

Incubationperiod 24to48hours

Subculturingperiod 2 months

Additional Efficient alkali

information proteaseand amylase
producer alka
lophilic and thermos
tolerant, used in
compostaccelerator

TABLE Il REINFORCEMENT BAR

DETAILS
Properties 12mm 8mm
Yield point 504.24 517.5
stresgN/mn)
Ultimatestressg 633.401 | 537.14
(N/mn?)

B. Mix Proportions

Fig. 1. Specimen for finding mechanical
properties

tamping rod. In case of bacterial concrete around
10% of ptal water was taken out and used for
mixing the bacterial solution. Remaining 90% of
water was added and mixed with dry aggregates
and cement for 1 minutehe diluted bacterial
solution was then mixed with concrete for another
3 minutes.

D. Casting Of Direct Tension Specimen

Fig.2 shows the reinforcement details of the

direct tension specimens and in Fig.3 cast direct
tension specimen are shown. For both 8 mm and

_ _ 12 mm bar specimens, woodéarmwork was
In this experimental study M20 grade prepared by using wooden plywood and they were
concrete is used and the mix design is done baseflyed using nails and screws for the required

on IS 10262:2009The details of mix proportions gimension. Holes were provided on the side faces

are given in Table Ill. Mix design for normal
concrete and bacterial concrete welene. For

of the formwork so that they accommodate the
reinforcing bars. The concrete used for casting of

tenSion Stiﬁening SpeCimen the maXimUm Size Of Specmen were mlxed in a concrete mixer_ In

coarse aggregate used is 12mm.
TABLE Ill MIX PROPORTION

Table IV the details of tested specimens and
variables are given.

C. Specimen Preparation

Concrete cubes of size 150mm were cast
for finding the compressive strength, prism of size
100x100x500mm were cast for finding flexural
strength and concrete cylinder of diameter 150mm
with a depth of 300mm were cast for finding split
tensile strength. Test were also conducted to find
the workability of concrete. Cast iron mould was
used to cast specimens, concrete was filled in the
mould in layers and each layer was tamped by a

[32]

ltem Quantity 8 mm & bar
3 <
Cement 315.2kg/m B2 - —{A Y
- [ o] |
Fineaggregate 820.27kg/m’ : omm
Coarse 1149.64 | -
aggregate kg/m® —A 60mm
Water 157.6kg/m’ 600 mm o Section A-A
Admixt 3.78kg/n? . . .
mixture o Fig. 2. Sketches for reinforced specimen

TABLE IV DETAILS OF DIRECT TENSION

SPECIMEN
Serial | Specimen Rebar details
no. designation| diameter

1 NC8 8 Normal
concrete

2 NCC8 8 Normal
concrete
withcrack
3 BCS8 8 Bacterial
concrete

623)
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4 BCC8 8 Bacterial F. Test Setup And Instrumentation.
concrete . .
withcrack After 28 days of curing, the specimens
5 NC12 12 Normal were coated with white paint so that the cracking
concrete pattern is clearly visible during the time of
6 NCC12 12 Normal conducting the test. Fig. 5 shows the test setup.
concrete The specimens were tested under uniaxial tension
withcrack in a universal testing machine (UTM) with a
7 BC12 12 Bacterial capacity of 600 kN. The axial elongation of the
concrete specimen was monitored by a linear variable
8 BCC12 12 Bacterial differential transduer (LVDT), fixed on the face
concrete of the specimen over a gauge length of 550 mm.
é"r’ggk The displacement was noted using a digital

displacement indicator. A grid with a spacing of
100 mm was drawn on the front face of the
specimen before testing to identify the crack
locations continuously during the test. The
location of each visible crack was marked on the
specimen immediately after its appearance during
the test. The testing was done under a-oautrol
condition and continued until yielding occurred.
In Table IV he details of tested specimens and
variables are given.

Fig. 3. Direct tension specimen

E. Casting Of Direct Tension Specimen With
Standardised Cracks

Standardized cracks were realized in the
specimen investigate the crack healing property of
bacterial concrete. A thin plate of 0.3mm
thickness and kength of 300mm were introduced
in the direct tension specimen up to a depth
20mm. The plates were removed during Fig. 5. Test setup
demolding, resulting in prisms with a narrow
groove on their upper surface with a thickness of IV RESULTS AND DISCUSSIONS
0.3mm.  Direct tension specimen with A) Compressive strength:On the 7th and 28th
standardize cracks is shown in Fig.4. days three cubes of normal concrete were tested

- : and average of the compressive strength were
obtained as 168® N/m & 2 and 23.55 Nb& & 2.
TableV shows that bacterial concrete cubes have a
higher compressive strength than the conventional
concrete.

TABLE V COMPRESSIVE STRENGTH

Compressive 7" day 28" day
strength (Nfaa?) (N/& & ?)
Normal 16.98 23.55
i ‘ concrete
Fig. 4. Specin with standardised cracks Bacterial 20.6 338
concrete

(33
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B) Flexural strength : From Table VI, the TABLE VIII TEST RESULTS

Flexural strength of bacterial concrete was
obtained as 4.08 W/a 2.theflexural strength of SPECIMEN FIRST YIELD LOAD (KN)
bacterial concrete showed an increase of 29.93%. VISIBLE
CRACK (KN)
TABLE VI FLEXURAL STRENGTH
Mix designation Flexuralstrength NCS8 12 28
(N/mm?)
Normal concrete 3.14 BC8 15 32
Bacterial concrete 4.08 NCCS8 10 24
C) Split tensile strength: After 28 days 3 normal BCCS 12 29
concrete cyinders were tested for fiding the split
tensile strength. The averge of the result of split NC12 23 61
tensile strengttwere obtained a4.91 N/ mmz2.
The results in table VII shows that the bacterial BC12 27 70
concrete has a better tensile strength than normal
Concrete. NCC12 18 55
TABLE VII SPLIT TENSILE STRENGTH BCC12 16 60
Mix Splittensilestrength From the direct tension test the better
designation (N/mn) results were shown by bacterial concrete
Normalconcrete 1.91 specimen. In all the cases the vyield load of
Eacteriaiconcrete 211 bacterial concrete is more than that of the
D) Tension Stiffening conventional concrete. In case of 8mm diameter

_ ) _ bar specimen the yield load of bacterial coreret

Crack pattern of direct tension specimen ar€specimen is 14.28%. In the case of 12 mm
shown in fig.6 diameter bar specimen the yield load of BC12 is

‘ ’ T oW RS T 14.75% more than that of NC12. In the case of
cracked specimen better result is observed in
bacterial concrete specimen. The vyield load of
BCC12 is 9.09% more thamdt of NCC12. The
yield load of BCC8 is 20.83% more than that of
NCC8.

E) Load Deformation Behaviour : the
NC8&BC8 NC12&BC12 load deformation response of entire specimen can
o LBL. L R be obtained by plotting axial load with member
Ww f“n‘w@ strain. The Fig. 7. shows the experimental
d e ‘_“ﬁij’(l g La- response o all specimens containing 8 mm
L T s diameter bar compared with bare bar. Fig. 8.
‘ shows the experimental response of all specimen

containing 12 mm diameter bar compared with

NCC8&BCCS NCC128&BCC12 bare_bar. Fig. 9._ s_hows the response of all cracked
_ _ specimen containing 8mm diameter bampared
Fig. 6. Cracked specimen with bare bar. Fig. 10. shows experimental

In all specimen first crack appearegar  €SPonse of all cracked specimen containing
the middle portion of the specimen. The first 12mm diameter bars compared with bare bar.
cracks widened, and additional cracks appear.Whe” considering the experimental test result for
Longitudinal splitting cracks were also developed @ll specimen, the behaviour was linear up to first
in some of the normal concrete specimen. crack and inital stiffness of specimen was higher
Bacterial concrete specimen showed less crackhan the stiffness of bare bar. It can be noted that

with reduced crack with. The test results are Pacterial concrete specimens exhibited more
given in table VII stiffnress compared to conventional concrete.

[34]
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Among the pre cracked specimen the better

results where shown by the bactériconcrete @
specimens. This may be due to the crack healing s
property of bacterial concrete. The better results 30

of bacterial concrete cracked specimen may be
because of the microbially induced calcite
precipitation. The bacteria used for sample

Load (kN)
(=]
(%))

preperation (Bacillus Subtilis) is a ureolytic 10
bacteria, which precipitates calcite. 5
"]
A 0 0.005 0.01 0.015 0.02 0.025
35 Strain BCCS
30 NCCE
BARE BAR

25
20
15
10

Fig. 9. Load deformationbehavior of BCCS8,
NCC8 and 8mm diameter bare bar

Load (kIN)

5 70
0 60
0 0.005 0.01 0.015 0.02 0.025 50
Z
8 o
Strain :EQ = 40
“ S 30
BARE BAR 3

20

10
Figure 7 load deformation behaviour of nc8,

bc8 and 8mm diameter bare bar

0 0.005 0.01 0.015 0.02
Strain NCC12
BCC12
20 BARE BAR
70
60 Fig. 10. Load deformation behaviour of
@50 NCC12,BCC12 and 12mmdiameter bare bar
- 40
; 30 V CONCLUSIONS
el Based on the experimental results of the
10 study presented in this paper the following
0 conclusions are made.
0 0005 o001 0015 00z 00 1. Bacillus subtilis is a soil bacterium with a

Strain BC12 safer bio safety value of 1 and it can be
g}gﬁ BAR prepared in a laboratory.

2. The result of compressive strength indicates
that the introduction of bacteria in concrete
cubes increases the strength compared to
conventiona cubes. Early age
strengthening is observed. The 7th an 28th
day compressive strength after curing
shows that the strength increased by 21.3%
and 43.5%

3. Flexural strength results of bacterial
concrete is increased by 29.93%. Likewise

Fig. 8. Load deformation behavior of NC12,
BC12 and 12mm diameter bare bar

[35]
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split tensile strengtiof bacterial concrete is
10.47% more than that of conventional
concrete.

Improvement in strength was visible from 7.
initial stage in all cases. It shows that the
bacteria activities were on peak on the
initial days.

The stiffness of all the direct tension
specimen is more than that of bare bar.

While considering the bar diameters, the
prism specimen containing 12mm diameter 8.
reinforcement bar shows more tension
stiffening behaviour than that of specimen
containing 8mm diameter bars.

The tension specimen withbacterial
concrete shows more stiffness than the
conventional concrete.
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Abstractd Progressive collapse refers to the original cause. The disproportionality refers to the
phenomenon in which the local damage of a situation in which failure of one member causes a
primary structural element leads to total or partial major collapse of larger agnitude compared to
structural system failure. In the present study, theinitial event. Progressive collapse analysis and
progressive collapse potential of steel dual design guidelines provided by General Service
systems with buckling restined braces was Administration (GSA) employ the alternate path
evaluated and compared with those of the method to evaluate a structural system in order to
conventional intermediate moment resisting compute its vulnerability to progressivellapse.

e e e DUl systems it Bucklng Restainet
y applying b Braces (BRBs) are primarily employed as lateral

wgrgr'}['ncgnigwergﬂssIan?e?fé?/gzngzrac;s’t;:eprg?:ﬁoad resisting systems in the structures located in
Y P seismicactive areas. These systems consist of

gﬁgi“sns?j” andat)hseorgb'“t?ne?;bge s;[cr)l:;turewfs buckling restrained braces arranged in various
; ; y configurations, such as diagonal, Invertad
investigated. The structures were modelled and(chevron) Doublestory X, etc. in conformity
gnr?gﬁfcd ;s;Tgsi§T$5§ :;ﬁggr%u?nd 'If]r?:er?srsul with their heights and have the advantages of both
s%owed that ythe dual svstems .showed bettermoments resisting frames and buckling restrained
y braced frames. The main characteristics of BRBs

progressive collapse capacity when compared Dare the high ductility, excelléenergy dissipation,
intermediate moment resisting frames.

and nearly symmetrical hysteretic response in
Keywordsd Progressive  Collapse, Dual tension and compression. The core segment of a
Systems, Buckling Restrained Brace, Moment BRB is filled with unbounded concrete (mortar)
Resisting Frame, Alternate Path Method, that offers resistance to both-ptane and out of
Nonlinear Dynamic Analysis. plane buckling of the steel plate insidbeteby
boosting the axial resistance and energy

. INTRODUCTION dissipation potential of BRBs under the

Progressive collapse is a dynamic failure compressive axial loading. The modern buckling
process in which loss of local load carrying restrained braces are called-stkel BRBs, are
capacity propagates through a system,entirely made up of steel components. The
precipitating widespread collapse. The processbuckling restraining mechanisim this type of
evolves from a local triggering event for whi ~ BRBs are usually steel hollow structural members
the structure was not designed, such as gass an alternative for conventional mortar or
explosions, vehicular impact, blast effects, etc.  concrete filled steel tubes.

They can also be induced deliberately as all. BUCKLING RESTRAINED BRACE
demolition method, specifically that of building
implosion, or caused by acts of terrorism or war.
Any collapse in away could be regarded as
progressive collapse, but it should be of special
concern if the collapse is disproportionate to its

A bucklingrestrained brace (BRB) is a
structural brace in a building, designed towall
the building to withstand cyclical lateral loadings,
typically earthquakénduced loading. It consists
of a slender steel core, a concrete casing designed

[38]
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to continuously support the core and prevent
buckling under axial compression, and an
interface  rgion that prevents undesired
interactions between the two. Braced frames that
use BRBsI known as bucklingestrained braced
frames, or BRBF$ have significant advantages
over typical braced frames. Three major
components of a BRB can be distinguisheditsre
steel core, its bongreventing layer, and its
casing. The steel core is designed to resist the full
axial force developed in the bracing. Its cross
sectional area can be significantly lower than that
of regular braces, since its performance is not
limited by buckling. The core consists of a middle
length that is designed to yield inelastically in the
event of a desigtevel earthquake and rigid, non
yielding lengths on both ends. Increased cross
sectional area of the ngmelding section ensures
that it remains elastic, and thus plasticity is
concentrated in the middle part of the steel core.
Such configuration provides high confidence in
prediction of the element behavior and failure.
The bondpreventing layer decouples the casing
from the core. Thisllows the steel core to resist
the full axial force developed in the bracing, as
designed. The casing through its flexural
rigidity 7 provides the lateral support against
flexural buckling of the core. It is typically made

TABLE I.

Fig.2.Dual system 1 and 2

PROPERTIES OF 5 STOREY IMF
AND DUAL SYSTEMS

of concretdfilled steel tubesThe design criterion
for the casing is to provide adequate lateral

restraint (i.e., rigidity) against the steel core
buckling.

lll. Modelling and analysis

In this work, the analysis based on non

linear dynamic method is used to compare the
progressive allapse capacity of Intermediate

Moment Resisting (IMF) frames and Buckling
Restrained Braced (BRB) frames. The removal o

critical columns is governed by GSA (general

service administration)

Fig.1. Plan of the model column removal

Parameters Values

Typical Storey Height 3

Base Storey Height 3

No. of Bays along >Direction | 5

No. of Bays along ¥Direction | 5

Bay Length along »Direction | 4

Bay Length alongy -Direction | 4

Columns W14X74,
W14X82(bottom)

Beams W14X 48

Slab Thickness (deck slab) | 85 mm

Bottom Support Conditions | Fixed

Grade of steel Grade 50

Area of brace 970mn}

positions

(39
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TABLE Il. LOAD CALCULATIONS b) Maximum Storey displacement
Parameters Values Paramete| IMF DS1 DS2
Live Load- Floor 2.5 kN/nf Intact| Dama | Intact| Dama | Intact| Dama
Live Load- Roof 1.5 kN/nf : ged ged ged
Axial 1463 | 1746. | 1714 | 1770. | 1617 | 1854.
Dead load 35 kNt load(kN) | 99 |39 |.69 |8 19 | o4
Dual system 1 and 2(DS1 and DS2) vary in fsor:(c:e:r i;l' 294'0 283' 220 (1562' é69'4
the position of bracing. Columns were removed )
from three positions i.e., exterior, interior and| Bending | 591. | 629.7 | 331. | 429.3 | 332. | 344.0
corner positions as per GSA guidelines. Non| moment( | 4 7 9 2 61 |7
linear time historyanalysis using El Centro data is LkNm)
conducted. Column forces adjacent to the
removed column in all directions are analysed and LI ST R Dy B ACEIEN T v Dy BT
maximum values were taken. The maximum MAXIMUM STOREY DISPLACEMENT- Y DIRECTION
storey displacement in each storey is also takef 5
and compared the progressive collapse capati .
dual system and IMF. .
IV. RESULT AND DISCUSSION % 3
=
1) Corner column removal ground storey .
Corner column C1 from ground storey of :
both IMF and dual systems were removed ang ‘ N N ) .
0 50 100 150 200 250
parameters of C2 and C6 were analysed. BSPLACEMEN Tl
—e—IMF  —e— sl Ds2
a) Column forces

TABLE Ill. RESULTS COLUMN C2 Fig.2. Maximum storey displacemet in Y
Param | IMF DS1 DS2 direction
eter From corner column removal, except for the shear
Lrt“a Dg‘éna Intact D:(;“a Intact Dj‘é“a force of DS1 and axial load of DS2, all other
Adal Tort 2183 1058 ?265 1370 212 n parameters ar@ncreasing in damaged condition.
oad |22 | o9 08 17 33 94 The decrease in axial load is due to the removal of
(kN) two braces.
Shear | 214. | 229.1 | 135.5| 140.5 | 133.9| 158.2 .
force |37 |1 5 > 3 3 Exterior column removal ground storey
(kN) Exteri
erior column C11 from ground storey of
Bendi | 542. [ 572.1 | 307.9| 317.4 | 307.8| 355.4
ng 02 |9 5 1 5 both IMF and dual systems were removed and
mome parameters of C6, C12 and C16 wemalgsed.
nt
(kNm) a) Column forces
Parameter | IME DS1 DS2 TABLE VI. RESULTS COLUMN C6 and C16
Intac | Dama | Intact | Dama | Intact | Dama Parameter | IMF DS1 DS2
t ged ged ged Intac | Dama | Intact | Dama | Intact | Dama
Axial 787. | 1109.8 | 104L. | 1217.1| 1024.] 1079.0 t ged ged ged
load(kN) [ 34 6 |72 4 47 8 Axial 787. | 1117.2| 1041. [ 1714.6 | 1024. [ 1032.0
load(kN) | 34 1 |7 9 47 5
Shear 274. | 264.71| 163.3 | 155.19 | 161.7 | 172.74 Shear 274. | 3025 | 163.3 | 163.29 | 161.7 | 168.11
force(kN) 19 6 3 force(kN) 19 6 3
_ Bending | 593. | 646.02| 331.9 | 331.9 | 331.8 | 344.99
Bending | 593. | 611.48 | 331.9 | 331.92 | 331.8 | 376.82 moment(k | 76 5 6
moment(k | 76 5 6 Nm)
Nm)

[40]
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623)
TABLE IX RESULTS COLUMN C13

MAXIMUM STOREY DISPLACEMENT -Y
DIRECTION Parametell IMF DS1 DS2
Inta | Dama | Intact| Dama | Inta | Dama
B ct ged ged ct ged
Axial 148 | 1902. | 1395 | 2146. | 154 | 1731.
E load 8.7 72 42 64 2 93
£ (kN)
Shear 271.| 282.6 | 163. | 167.9 | 165. | 169.1
force a7 1 81 5 07 3
%0 (kN)
DISPLACEMENT
——F S —e—DS2
Bending | 591.| 610.1 | 332. | 339.3 | 334. | 3415
moment( 4 8 35 2 74 8
Fig. 3. Maximum storey displacemet in Y kNm)

direction

For exterior column removal, most of the

parameters are increasing in damaged condition.

The parametersare increasing and shows the
maximum values for column C12.

3) Interior column removal ground storey

Interior column C12 from ground storey of
both IMF and dual systems were removed and
parameters of C7, Cl11l, C13 and C17 were
analysed.

a) Column forces
TABLE VIl RESULTS COLUMN C7 and C17

Paramete| IMF DS1 DS2

Intact| Dama | Intact| Dama | Intact| Dama

ged ged ged

Axial 1528 | 1965. | 1525 | 1733.| 1517 | 1714.
load(kN) .48 93 .02 68 .68 92
Shear 274. | 285.8| 164. | 167.1| 163. | 166.1
force 2 1 89 9 85 2
(kN)
Bending | 593. | 617.1| 333. | 339.6 | 333. | 339.9
moment( | 76 8 28 6 69 8
kNm)
TABLE VIII RESULTS COLUMN C11
Parameter IMF DS1 DS2

Inta | Dama | Inta | Dama | Intac | Dama

ct ged ct ged t ged
Axial 798. | 1077. | 740. | 896.6 | 1527 | 1539.
load(kN) 34 44 62 2 .83 89
Shear 271.] 292.6 | 163. | 170.5 | 165. | 171.7
force(kN) | 47 3 82 13 3
Bending | 591.| 627.3 | 332. | 349.5 | 334. | 345.8
moment( 4 1 36 2 81 2
kNm)

[41]

b) Maximum Storey displacement

MAXIMUM STOREY DISPLACEMEMNT-Y
DIRECTION

STOREY

[= T R VE I - T ¥ I = |

100
DISPLACEMENT

200 300

—e— IMF —e— D51 —a— D52

Fig.4. Maximum storey displacement in Y
direction

For interior column removal all the
parameters are increasing diamaged condition.
Column C13 shows the maximum values of axial
load. In the case of shear force and bending
moment column C11 shows the maximum values.

V. Conclusions

This study was conducted to find the
progressive collapse capacity of buckling
restrained braced frames as dual systems and to
compare with conventional steel moment resisting
frames. Nonlinear dynamic analysis were
conducted. The alternate path method was
employed and first storey column was detached
from the structural models. Baken the study
following conclusions were made:

1 The IMF shows more storey displacement
than dual systems. So dual systems are
better than IMFs.
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4.

In most of the cases, DS1 shows less
displacement than DS2. So, DS1 has better
progressive collapse capacity.

When comparing axial load, interior
column removal is the most critical for
ground storey removal and third storey
removal.

When comparing shear force and bending
moment, IMF shows the maximum values
than the dual systems.
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Abstractd A Tuned mass damper (TMD) is a as their placement infringes with the vehicular
device consisting of a mass, and spring that ismovement and the architectural features of the
attached to a structure in order to reduce thebuilding. As the next alternative, the base
dynamic response of the structure. The frequencyisolators are tried at to reduce both base shear and
of the damper is tuned to a particular structural the lateral displacements of the buildings. Though
frequency so that when thaefjuency is excited, the idea appears to be acceptable, it is a costly
the damper will resonate out of phase with the proposition, hence it is not a desirable alternative.
structural motion. Therefore, various types of In this backdrop, introduction of Tuned Mass
dampers are being developed at present to reducBampers is considered the most effective
the vibration in those structures. Amongst the alternative. The TMDs are both economical and
Tuned Mass Dampers, the usage of Liquid Tunedare effective in rducing both base shear and
Mass Damper is more encouraged due to theiramplitude of vibrations of the building subjected
relative advantages. Since the overhead wateto dynamic causes. As well as providing passive
tanks are integral part of a structure, they canor active counter forces, structural vibrations
serve as Tuned Liquid Mass Dampers. In thisgenerated by earthquakes or wind can be
study the liquid tuned mass dampers are modeledcontrolled by modifying rigidities, masses,
making use of the overhéawater tanks in damping, and form. Efficiency,2 compactness,
buildings. The effect of Multiple Liquid Tuned weight, capital cost, operating cost, maintenance
Mass Dampers on the unsymmetrical buildings needs, and safety are all factors that influence the
with and without tuned liquid mass damper is to choice of vibration dampening equipment. On
be studied. The study is carriedt on Hexagonal excitation of a certain structural frequency, the
and rectangular shaped buildings by usingdamper's fregency is changed, causing the
response spectrum analysis. The studies are damper to oscillate out of phase with structural
repeated by varying the water level in tanks asmotion. By attaching a sprirdashpot to the
empty, onethird full, two-third full and full water ~ mass, energy is released as a result of its relative
tank conditions. The performance of tuned liquid movement with respect to the building.

mass dampers is demonstrated by comparing the
values of Maximum storeydeflection and the
magnitude of Base shear of the building for
different tank capacities.

Amongst the Tuned Mass Dampers, the
usag of Liquid Tuned Mass Dampers are more
encouraged. Since the overhead water tanks are
integral part of a structure, they can serve as
Keywordsd Tall structures, Tunes Mass Liquid Tuned Liquid Mass Dampers and are considered a
Damper (TLMD), Water Tank, Seismic Vibration very cost effective solution in seismic design.
The mass of water in thank plus the mass of the
I INTRODUCTION water tank constitute the total mass of the Tuned
Urbanization of a metropolis is in general Mass Damper. The structural damping due to the
reflected by tdl buildings all around and concrete structure constitutes the damping of the
improvised infrastructure. For a structural Tuned Mass Damper. By suitably altering the
designer, tall structures pose design challenges amass of liquid in the water tank, thees of the
they are highly vulnerable to natural calamities water tank and the number and size of the
like Cyclones and Earthquakes. Excessive use oftolumns supporting the water tank, the mass, the
shear walls in buildings is not aly& acceptable

[43]
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damping and the stiffness of the Tuned Liquid Ill. LITERATURE REVIEW

Damper are tuned. Rajashekhar S. Talikoti et. al. had studied
A. Tuned Liquid Mass Damper the effectiveness of TMDin controlling the
vibrations of structure. A building structure was
modelled with and without TMD and Response
spectrum analysis was carriedut. From the
study, it was found that TMD was more effective
when it is attached at the top floor of buildingda
the presence of TMD resulted in gradual
decrement of the displacement, the storey drift
and the fundamental period of the structure [1].

The passive device, tuned liquid damper
(TLD), is a type of tned mass damper (TMD)
where the mass is replaced by liquid (generally
water). A conventional TMD needs frictionless
rubber bearings, special floor for installation,
springs, dashpots and other mechanical
components which increase the cost of this
device. t dissipates vibration energy through
sloshing. Manjusha M had carried out the analytical
investigation to study the feasibility of
implementing water tank as a pag& Tuned Mass
Damper (TMD) using ETABS 2015. Multstorey
concrete building structure was taken for the
study and a water tank was placed on the roof.
The mass and frequency of both were tuned to the
optimized values. The behavior of the tank under
full and empty tank condition subjected to
earthquake data was studied. It was concluded
that TMD had effectively reduced the overall
behavior of the structure resulting in economic
and safe design and can successfully be used to
control the response of thestture [2].

Although TLD is usually a rigid tank with
shallow water in it, it promises to be most
suitable, since existing water tanks in buildings
may be used as TLD without adversely affecting
its functional use andso include low cost, easily
adjustable natural frequency, suitability for
temporary use, easy installation and maintenance
The working principle of TLD is based on
sloshing of the liquid to absorb a portion of the
dynamic energy of the structure subjecteo
seismic motion and thus controlling the structural
vibration. Tuned liquid damper (TLD) is a device
which absorbs energy of structural vibration
through sloshing of fluid when sloshing frequency Dorothy Reed et al analyzed Time histories
is tuned to the structural frequency. TLD is of the base shear force and wearface
widely usedto control windinduced vibrations in  variations by shaking table tests and compared
civil structures with a numerical model investigating behavior of
tuned liquid dampers (TLD) with the help of
m laboratory experimnt and numerical modelling. It
. was found that the response frequency of tuned

: i} We liquid dampers increased as excitation amplitude
> reased. g
ms

i increased, and the TLD behaved as a hardening
< Fere ms | < Fex spring system. The design frequency damper
should be set at the value lower thaattof the
ki e ki be structure response frequency if it is computed
using the linearized watevave theory by which
the actual nonlinear frequency of the damper
matched with the structural response. It was found
that, even if the damper frequency had been
mistuned Bghtly, the TLD always performed

ll. OBJECTIVE favourably [3].

The objective of the present study is to find IV. MODELLING
effectiveness of TLMD for different building A. MODEL DETAILS
plans with and without TLMD. To study the
effective of multiple TLMDs in a buildings. To
study effect of TLMD by varying the water level
in tanks as empty, ortird full, two-third full
and full water tank conditions.

Fig. 1. Representation of a TLMD

The buildings considered for the study are
RC ordinary moment resisting space frames of
G+10 storey located in IV of seismic
disturbances. The analysis is carfmd on a
redangular shaped building and hexagonal shaped
building. The study is conducted by varying the

[44]
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water level in water tank by considering, 1. Empty

water tank, 2. On¢hird, 3. Twot hi r ddés f ul | ¢
Full water tank conditions using ETABS

software.

The planconfiguration consist of

1. Hexagonal shaped building with one
water tank (V1=13500m3), Two water
tank using half volume (V2= 6750m3),
Two water tank using double volume
(V3=2V1).

1. Model - Empty water tank
2. Model 2 Onethird water tank
3. Model 3 Two-third water tank

4. Model 4 Full water tank Fig. 4. 3D view of hexagonal shaped building of
2. Rectangle shaped building with one two water tank using half volume
water tank (V1=13500m3), Two water (V2=6750m3).

tank using half volume (V2= 6750m3),
Two water tank using double volume
(V3=2V1).

5. Model 1- Empty water tank

6. Model 2 Onethird water tank
7. Model 3- Two-third water tank
8. Model 4 Full water tank

/ \
/ \
/ \
// N\
L N\ Fig. 5. 3D view of hexagonal shaped building of
N\ /| two water tank using double volume((V3=
N / 2V1).
\ 4
\ y
\—.1 \

Fig. 2. Plan view of hexagonal shaped building

88 8 R
N NN NNN NN EEE
T
8 8

) ) o Fig. 6. Plan view of rectangle shaped building
Fig. 3. 3D view of hexagonal shaped building of

one water tank (V1=13500m3).

[49]
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V. SPECIMEN CALCULATION

The preliminary data for the analysis of the
frame in ETABS is considered as per the
prevailing construction practices which is
presented below

TABLE |. DETAILS OF BUILDING

MODEL DETAILS OF BUILDING
Material M30, Fe500
Size of beam 400x600mm
Size of column 600x900mm
Fig. 7. 3D view of hexagonal shaped building of Depth of slab 150mm
one water tank (V1=13500m3).
Live load 4KN/m
Dead load 2kN/m
Seismic zone factor 0.24
Response reduction 5
factor
Importance factor 1

A. Calculation Of Water Tank

TABLE II. DETAILS OF WATER TANK

CEE N0 & 6

DETAILS OF WATER TANK

Fig. 8. 3D view of rectangle shaped building of

two water tank using half volum((V2= To_tal_ Mass of hexagonal | 4482481.895kg
6759m3) bU|Id|ng

Total mass of rectangle | 3803450.409kg
building

Dead load of water tank | 386.24KN

Live load of water tank 132.39KN

Length of water tank 6m
Breadth of water tank 5m
Height of water tank im

Dead load of water tank | 225KN
V,

. . - Live load of water tank 66.195KN
Fig. 9. 3D view of rectangle shaped building of V,

two water tank using double volume((V3=
2V1).

[46]
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B. Calculation Of Tuned L|qU|d Mass Damper MAXIMUM DISPLACEMENT DUE TO
EQ-Y OF RECTANGLE SHAPED
BUILDING
TABLE Ill. CALCULATION OF TLMD
PARAMETERS FOR VARYING WATER
LEVEL IN THE TANK (V1) FOR 15
HEXAGONAL BUILDING 10
Hexagonal Empty | One- | Two- | Full ° - .I
shaped (M) | water | third third water 0
tank water | level EMFTY FULL
level level WATER WATER WATER
water | '€V€ LEVEL  LEVEL  LEVEL
Mass ratio | 0 0.0097 | 0.0107 | 0.0117 WV mvzomv3
Tuning ratio | 1 0.99 |0.9894 | 0.9884 Fig. 11. Maximum displacement due to EEX
: of rectangle shaped building
Optimum 0 0.06 0.063 | 0.0658
damping MAXIMUM DISPLACEMENT DUE TO EQ-
- Y OF RECTANGLE SHAPED BUILDING
ratio
Optimum 0 1314.9 | 1448.7 | 1580.9 12
stiffness 8 9 9 12
(KN/m) ;
2
Optimum 0 85.91 | 99.509 | 113.64 0
damping EMPTY 1/3 2/3 FULL
WATER  WATER  WATER
(KN-s/m) LEVEL  LEVEL  LEVEL
EVI mV2 mV3
BASE SHEAR (kN) OF RECTANGLE SHAPED Fig. 12. Maximum displacement due to EQY
BUILDING of rectangle shaped building
7000 BASE SHEAR( kN) OF HEXAGONAL
6000 SHAPED BUILDING
5000
4000 6000
3000 =000
2000 e
1000 5000
0 1000
EMPTY  I3AWATER 23 WATER FULL 0
LEVEL LEVEL WATER EMPTY  1/3 WATER 2/3 WATER  FULL
LEVEL LEVEL  WATER
LEVEL LEVEL
BVl mv2 myv3 Hvi B2 BV3
_ Fig. 13. Base shear of hexagonal shaped
Fig. 10. Base she_ar_ afectangle shaped building
building

[47]
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MAXIMUM DISPLACEMENT DUE TO EQ- with empty water tank, 19.09% with two
X OF HEXAGONAL SHAPED BUILDING third water level, 7.41% with orghird
water level.
14 ' The maximum displacement of-direction
0 is found to be reduced by 35.26% for full
2 I I I I tank condition for rectangle shaped
4 building with two water tank using double
: volume (V3) with the action of tuned liquid
EMPTY 1/3 2/3 FULL mass damper.
WATER  WATER  WATER 1 The magnitude of base shear of rectangle
LEVEL LEVEL LEVEL shaped building with two water tank using
half volume(V2) is found to be increased
mVLmv2 mvs by 16.45% for full water tank by comparing
with empty water tank, 7.002% withvo-
Fig. 14. Maximum displacement due to EQX third water level, 17.41% with ortkird
of hexagonal shaped building water level.
MAXIMUM DISPLACEMENT DUE TO EQ- ﬂ T.he Max _storey dlsplacement for X and Y
'Y OF HEXAGONAL SHAPED BUILDING direction is found to be reduced by 25.14%
and 55.77 % with hexagonal shaped
20 building with 2 water tank using half
volume(V2).

2 1 The maximum displacement of-irection

10 is found to be reduced by 58.62% for full
. tank condition for hexagonal shaped
I I I building with two water tank using double
volume (V3)with the action of tuned liquid
mass damper.
1 The magnitude of base shear of rectangle

0
EMPTY 1/3 WATER 2/3 WATER FULL WATER
LEVEL LEVEL LEVEL

BVl mV2 mV3 shaped building with two war tank using

half volume is found to be increased by

Fig. 15. Maximum displacement due to EQY 9,92% with rectangle shaped building with
of hexagonal shaped building two water tank using double volume(V3).

1  The maximum displacement of-tfirection

VI. RESULTS AND DISCUSSIONS is found to be reduced by 18.53% for full

The studies are carriemlt for water tank tank condition for rectangle shaped
empty, onethird full, two-third full and full tank building with two water tank using double
conditions. The information from graphs shows volume (V3) with the action of tuned liquid
the percentage reduction in the magnitudes of mass damper.

maximum storey displacement and percentage § The Max storey displacement for X and Y
increase in base shear due to the increase of direction is found to be reduced by 19.21%

volumeof water level. From the graph its obvious and 35.33 % with rectangle shaped building
that rectangle shaped building with two water with 2 water tank using halfolume(V2).
tank by using double volume outperforms out of

VII. CONCLUSION

Based on the studies carried out on different
shapes of buildings in different seismic zones, the
foll owing conclusions are

all

1 The magnitude of base shear for rectangle
shaped building with two water tank using
double volume (V3) found to bacreased
by 23.12% for full water tank with the q It is observed that a structure equipped with

action of tuned liquid mass damper. Tuned Liquid Mass Damper (TLMD) is

1 The magnitude of base shear of hexagonal effective in controlling the Maximum
shaped building with two water tank using storey displacements of the structure when
double volume(V3) is found to be increased compared to a structure without Tuned
by 25.26% for full water tank by comparing Liquid Mass Damper.
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1 The magnitude of Max storey displacement References

is found to reduce in about 34.23%
respectively in Xdirection and 28.99%
respectively inY-direction for rectangle
shaped building when equipped with Tuned
Liquid Mass dampers.

1 The magnitude of base shear is found to be
increased by 23.12% for full water tank for
rectangle shaped building with two water
tank using double volume with the actioh
tuned liquid mass damper.

1 Rectangle shaped building with 2 water
tank using double volume (V3) for full
water level outperforms out of all

9 Based on the conclusions, the present study
clearly demonstrates that there is a
substantial reduction of amplde of
vibration in tall buildings especially in the
direction of weak axis, when the overhead
water tanks are modelled as Tuned Liquid
Mass Dampers.

ACKNOWLEDGMENT

The support of the authorities of AWH
engineering college for the successful completion
of project is gratefully acknowledged.

[49]

Mudabbir Imran, Dr. B. K. Raghu prasad
iSei smic Response of Ta

Tunel Mass Damperso, | JRE
A. Lucchini, R. Greco, G. C. Marano and
G. Mont i ARobust Desi g
Damper Systesifor Seismic Protection of
Multi-storeyB1i | di ngs o, ASCE (

S.M.Zahrai, A. Ghannadh s | NfSei s m
Performance of TMDs in Improving the
Response of MRF Buildn gs 0, Sci e
Iranica (2008)

Ashi sh A. Mohit e,
Analysis of TallBuilding with Tuned Mass
D a mp eQSRB (2015)

Saur abh Chal ke, P. V. )
Control of Framed Structure Using Tuned

Ma s s Damper 0 Il nternat.
Engineering [@velopment and Research

(2017)

G. R.



InternationalConferencen RecentAdvancementi ScienceandEngineering RAi SE 02 3)
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Abstractd Progressive collapse is the process of 3. Extraordinary Loads
extensive failure initiated by local structural
damage or a chain reaction of failures. This is due
to some reasons like firgas explosion, terrorist 5. Column and beam failure
attack etc structures undergoes some major
component failure. The main objective of this
project is to assess the progressive collapse of R

4. Foundation Failure

The worldwide problem of ensuring the
tability of structures of highise buildings
) . . gainst progressive collapse as a result of fire and
structures by nonlinear static analysis underblasts is becoming more urgent because, leads to

column removal scenario using ETABS softear very serious consequences. Wear and tear of fixed
Pushover analysis was performed on a G+11 RC

¢ q rect | 2l building desi dassets of the country, increasitige rate and
rame Ir?j(': angu_%r_ corgmderq?h uiiding Ie5|gne density of construction in urban areas, an increase
as per indian building Lode. 1he removal process;,  oqant years, the number of terrorist acts
of identified critical columns was initiated for

i Il d th : i bombings, arson, etc.). The progressive collapse
Frodl SoSIVE, o0 apse an € various parameter f building structures is a complicated mechanical
like story diplacement and column forces were b

) haviour of entir r ral m
calculated. Thus, the influence of removal of de aviour of entire structural systems unkiege

itical el s h b di 4 h b eformation. However, limited researches have
criical elements has been OISCusse € D¥yeen conducted to investigate this issue at the last

comparing the parameters before and after theCentury due to the lack of the experimental

pg?gr;ess'\éz r%?c!llglpsgf IoFrr10me dth: i?alys'so\/c?mertechnique and numerical simulation for entire
column a € g edge colunemova structural systems under large deformation. In

shows more critical results. recent years with the development of the
Keywordsd Progressive collapse, Push over experimental technique and numerical simulation,
analysis, Storey displacement, Column forces,the progressive collapse of building structures is
ETABS studied in depth and the exciting progresses have
been reported. A progressive collapse of a
. INTRODUCTION building is initiated by an unewgted event that
When the interior loatbearing structural causes local damage and subsequently propagates
element fails due to any number of means such ashroughout the structural system, leading to a final
blast activity or vhicular accident which results damage state in largescale or entire collapse of the
in the failure of a structure or component to building. A progressive collapse can be triggered
maintain its structural integrity this phenomenon by accident actions, including fireazard, gas
is called collapse phenomena. This situation mayexplosion, terrorist attack, vehicle collision,
be initiated by an earthquake, interior or exterior design and construction errors, and environmental
explosions and constructi@tivities. corrosion.  With  the  development  of
industrialization, the buildings with multifunction
and high complication become more common of
which the safty and stability are far more
concerned. However, the current ultimate limit
1. Faulty Construction state design based on the structural reliability
theory is commonly used for regular structures to
ensure their safety. On the other hand, during the

The classification of the causes of the
building collapse is specified under general
headings given below:

2. Unexpected Failure Modes
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longterm use, the structuremay suffer during a major earthquake, members must be
unexpected accidental actions, causing localductile enough to absorb and dissipate energy by
damage or failure. Hence if the remaining post elastic deformation. Redundancy in the
structural system cannot absorb or contain thestructural system permits retfisution of internal
internal force variation caused by the initial forces in the event of the failure of key elements.
failure, it will lead to a further damage even the When the primary element or system vyields or
collapse of wole structure, causing huge loss of fails, the lateral force can be redistributed to a
life and property. The local failure of one or many secondary system to prevent progressive failure.
structural elements creates the additional load inThe structural model is prepared apdshover
surrounding elements that leads to steadyanalysis has been carried out. The parameters
progressive collapse initially and then to the total such as storey displacement, storey drift, storey
failure. Therefore th remaining portion of the shear, and base shear have been founds so as to
building is required to redistribute the loads check whether the structure is safe in pushover
applied to it through the alternate load paths analysis.
provided for the purpose. This process may
continue further till the equilibrium condition of
the structure is reached either by prawis of The expresssonmefiEobgap:
loadbearing bracing, or by stable alternative loadbe just characterized as a definitive
paths. Progressive collapse is a natural nonlineadisappointment or proportionately enormous
event, in which structural components are stressedlisappointment of a bit of a structure because of
beyond their elastic limit to occur the failure. The the spread of a neighbourhood disappointment
progressive collapse of the building haarstd  from component to component all through the
gaining attention after the partial collapse in structure. Dynmic breakdown happens when
London (Roman point apartment building moderately neighbourhood basic harm, causes a
structure) and the collapse of the Alfred p. Murrah chain  response of structure components
Federal Building structure (Oklahoma City, 1995) disappointments, unbalanced to the underlying
and the structure collapse of the World Trade harm, causing in halfway or full breakdown of the
Centre Towers,aused due to the terrorist attacks structure. Near by harm that starts dynamic
brekdown of structure is called starting harm.
Il. ASSESSMENTS When all is said in done, dynamic breakdown
A. Pushover Analysis happens in a brief time frame right away. It is
additionally conceivable that it very well may be
described by the loss of burden conveying limit of
a moderately littlesegment of a structure because
of a normal burden which, thusly, starts a fall of
disappointments influencing a primary segment of
the structure. A dynamic breakdown s
commanding occasion as it involves the vibrations
of auxiliary segments and results powerful
interior powers. These inside powers could be, for

B. Progressive Collapse

When a structure is subjected to
earthquake, it responds by vibrating. An example
force can be resolved into three mutually
perpendicular directions two horizontal directions
(X and Y directions) and the vertical direction
(2). This motion causes the structure to vibrate or
shake in all three directions; the predominant
direction of shaking is horizontal. All the
structures are primarily designed for gravity
loadsforce equal to massnie 6 s gr avi {exf?mplle,n t he
vertical direction. Because of the inherent factor Inactivity powers and so on, whose force
used in the design specifications, most structuredsnt consumed bythe structure. Dynamic
tend to be adequately protected against verticalbreakdown is a characteristic ndimect occasion,
shaking. Vertical acceleration should also be in which auxiliary segments are worried past their
considered in structures with large spahose in  versatile point of confinement to happen the
which stability for design, or for overall stability failure. Progressive breakdown is are liable
analysis of structures. The basic intent of designannihilation of the bearing structures of the
theory for earthquake resistant structures is that(structure) because of the underlyingear by
buildings should be able to resist minor harm to the individual transporters of basic
earthquakes without damage, resist moderatesegments and prompting the tkdawn of the
earhquakes without structural damage but with whole building or significant part .
some norstructural damage. To avoid collapse
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[ll. MODEL DESCRIPTION

A. Model Dimension

A G+11 storey RC (Reinforced Concrete) TABLE |. MODEL DETAILS

multi-storey structure with plan dimension 28x24

m considered. The structure is then designed for Dimension
the Seismic loads as per 1S:1893:2016. The

gravity load and wind load acting on building

structure is carried out as per IS 875 part 1 & 2| spanin Y direction

and IS 875 Part 3. The 2D and 3D model
generated in ETABSv18.2.1

Values
Span in X direction 4m

4m
Storey height 3.5m
Beam size 300x400 mm
Column size ¥4 storey | 450450 mm
Column size 8 storey | 400400 mm
Column size 912 storey | 350x350 mm
Slab thickness 150 mm
Grade of concrete M30
Grade of steel Fe415

B. Loading Considerations

TABLE II. LOADING DETAILS

Fig. 1. Plan of the structure
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Fig. 2. 3D view of structure

Dead load

Self weight 1 kN/nf
Wall load on exteriof 21 kN/nf
beam

Wall load on interior| 12.06 kN/nf
beam

Parapet load 2.06 kN/nf
Floor finish 1 kN/n?
Live load

On floor AKN/m?

On roof 1.5 kN/nf
Wind load

Wind speed 39 m/s
Terrain category 4
Importance factor 1.2
Response reduction factd 5

Seismic load

Seismic zone \Y,

Zone factor 0.36

[52]
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IV ANALYSIS

Initially, the plan of the building is
developed using ETABS v18.2.1 software along
with the provisions of IS 1893 for design and load

TABLE VI. Comparison of the Values of the
Axial Load (AL), Bending Moment (BM), and
Shear Force (SF) Resultsfor the case of
removal of critical Column Al (case 1).

combinations. Then the Ndimear static analysis
is carried out separately for each case of column

Column forces| Intact Damaged

condition condition

removal and check the structure for progressive
Collapse potential.

Column forces related to column A2

Identification Of Critical Columns;:

Four column removal conditions have been
considered as mentioned in GSA 2016 Guidelines

to evaluate the potential for progressive collapse

AL (kN) 1371.99 1598.9
SF (kN) 139.29 141.25
BM (kNm) 282.42 285.4

of G+11 reinforced concrete structure and the

Column forces related to column B1

method of analsis used here is Ndimear static
analysis technigues.

Thus, there are four cases under

consideration.

AL (kN) 1381.98 1523.5
SF (kN) 117.3 120.3
BM (kNm) 268.25 290.25

1. Removal of a column Al on GF situated
at the corner position

2. Removal of column D1 on GF situated at
the exterior middle side position.

3. Removalof column D2 GF situated at

TABLE VII. Comparison of the Values of the
Axial Load (AL), Bending Moment (BM), and
Shear Force (SF) Results for the case of
removal of critical Column D1 (case 2).

the interior position.

The building combination analysis is
carried out according to the load of IS 1893:2016

Column forces | Intact Damaged

condition condition

Column forces related to column C1

V RESULTS AND DISCUSSIONS

AL (kN) 1489.34 1667.43

TABLE IV. MAXIMUM STORY DISPLACE -

MENT (mm) SF (kN) 78.45 81.34
Cases X Direction Y direction BM (kNm) 189.53 192.4
Case 1 105.61 0.54 Column forces related to column D2
Case 2 101.10 048 AL (kN) 11345 1431.4
Case 3 100.65 0.42

SF (kN) 90.45 98.41
BM (kNm) 200.34 202.67

TABLE V. MAXIMUM BASE SHEAR (kN)

Column forceselated to column E1

[53]

Cases Base shear

AL (kN) 1465.78 1578.3
Case 1 5967.23

SF (kN) 75.4 78.5
Case 2 6281.46

BM (kNm) 154.78 155.3
Case 3 6325.3
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TABLE IX. Comparison of the Values of the
Axial Load (AL), Bending Moment (BM), and
Shear Force (SF) Results for the case of
removal of critical Column D2 (case 3).

Column forces| Intact Damaged
condition condition
Column forces related to column D1
AL (kN) 1057.34 15735
SF (kN) 87.31 88.72
BM (kNm) 150.71 152.81
Column forces related D3
AL (kN) 1778.64 1898.34
SF (kN) 70.83 71.64
BM (kNm) 184.73 185.69
Column forces related C2
AL (kN) 1564.98 1688.9
SF (kN) 70.71 70.08
BM (kNm) 164.59 164.13
Column forces related E2
AL (kN) 1425.89 1589.4
SF (kN) 70.82 71.18
BM (kNm) 174.72 178.24

A. Base Shear And Story Displacement
From the results obtainedBase shear

decreases and Story displacement increases after

column removal. In case of Base shear value

corner column removal shows more decrease and g,

Storey displacement shows increase.
B. Column Forces

Column forces like Axial load, Bending
moment andShear force are mostly increasing
after column removal and in rare cases

decreasing. Decrease in column forces shows that

load is transferring to the adjacent column more
while removing the column. Axial load shows
more increases in all adjacent columngeraf
column removal.

VI CONCLUSIONS

While removing column from the Corner,
Interior and middle of exterior edge in the ground
storey, Corner column removal shows more
critical.

[54]

Interior column removal shows least critical

Base shear decreases and Storey
displacement increases after column removal.

While removing the column, Column
forces are increased in the adjacent column due to
the transfer of loads to the adjacent column.
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Abstractd Now a daydés ut i | iHuildings. Due ftd varmous amhitectarakedtdres

Residential RC Structure is very costly. Any and style, more and more complex high rise
analysis and design approach which enhances theuildings are appearingtacing a large number of
utility area of residential or commercial buildings new type complex structural system and
is highly appreciable. Many researchers/designprogressively consummate earthquake resistant
engineers attempted to aebe it. Strategies like theories, the conventional software can no longer
floating columns, central core columns and meet the needs of Icalation and analysis.
cantilever beam structures are one of the usuaMeanwhile some international finite element
techniques. In the present study, oblique columnsprogram such as ETABS,were updating
and Y-shaped columns are adopted instead ofthemselves bu remained respective limitations.
conventional (rectangular or square) columns, The fast increment of the urban populace in
storied structures are considered for analysis andctreating nations, for example India has
comparative study between oblique columns andconstrained theevaluation of the significance of
Y-shaped columns is to be adopted. All the tall structures with various size and shape which
analysis and design work are conducted usingprompts distinctive perspective proportion of the
ETABS 2018 version. It needs optimum design structures.

procedure to proceed fdurther studies and also The basic frame work of tall structures are

for construction. The oblique columns qnd Y normally not very efficient with the impact of

shaped columns can be used for archltecturalWind and tremor.the breeze seismic tremor

ﬁ\li:rl?noesc? Sbuy %I;/tmr?]etrzgerpsleavilr?igh ai%?:?:;iggetﬁgstructure connections and afterward decides the
PP ’ wind loads and earthquake forces as proportional

Eﬁ-spt‘gestlgofg E/eearl;?(;fioroglltgsal S;lSJC;LALe' deLSJiS'Egstatic loads.It has been demonstrated that the
y 9 angle proportion of building influences the impact

work. In order to move on with more r rch an ; N -
° order to move on with more research a OIof wind and seismic tremor powers duilding

g;nsgil:/f:gn’irfgﬁnl;?t sduepsg?)rr]t prcoocr?usazr:senrtes qugﬁdi'l_'hese_postulatiop study the various insta_nces of
appealing look, oblique columns andsMaped viewpoint proportion of the structure and impact
columns. . can ,be employed forrchitectural of wind and earthquakes are occasional forces on
purposes, enhancing the structure's <';1esthetis.tru.Ctures tha_t may: oceur rare_ly during - the
appeal ’ Sifetime of buildings. It is algo likely that a

' strudure may not be subjected to severe
Keywordsd Residential building, Y column, earthquake forces during its design lifetime
Oblique columnETABS 2018 .Reinforced Concrete Muistoried buildings
| INTRODUCTION (RCMS) are supposed to be of engineered
construction in the sense that they might have

High rise structures are an important been analysed and designed to meet the
i ndicator of a C 0 u n tprovsiors of the aetevant rnodes of rastide and
technological strengthn recent yearsgountries  building by laws: The construction might have
going for tall buildings, because of material, been supervised by trained persons .In such cases,
technology,progress of economy and continued even if earthquake forces have not rmee
development.Large populations and per capita considered preciselythe structures would have
are the main reasons for the need of ultrahigh riseadequate in built strengthand ductility to
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withstand some level of earthquake intensity. analysis is done to quantify the storey responses
India, in recent decadesthe use of civil in each typeof buildings.Here ETABS software
engineering is becoming more and more popularis used for the response spectrum analysis. a

and the technological situation has improved complex structural analysis packadée.can be
considerably. used for the analysis and deisgn of buiding and its

The wind engineering needs a way to get components

information solution to various critical wind B.Y Shaped Column
problems .Including various fields such as (i)
Fluid energy (ii)potential once calculations and
(iii) structural properties. The spirit, generally has
two main effects on long structures :First ,they are
strongtoo design times and installations ,second
distributes wind into and around a building is
called wind pressureThe wind pressure in the
building are influenced building geometrangle

Nowadays utility or floor area of residked
building is very costlyAny analysis and design
approach which enhances the utility or floor area
of residential or commercial building is highly
appreciableStrategies like floating column center
core columnsand cantilever core structures are
the usual techniquesy shaped column can also
be used to increase the utility ardtais adopted

ﬁ;\/:’/v'r_}%e?\e/egi ;g;ougig;]?ogn %\?:erselgdnastaobfas\f\gnd where there is a no chance of building square or
' y ' _rectangular or circular type of column. It is rarely

codes / standard and analysis are available. , e . ;
Methods cannot be used to measure wind Ioressurused as it possess very difficulty in casting. These

o i . ?ypes of columns are generally used in the
coefficients and windloads on the claddings andconstruction of bridges, flyovers, etc.
support system of structures, for example
,aerodynamic formation of the structure is Ill. OBJECTIVES

unusual 1 To analyse the seismic performance of G+7
Various world wide strucre and building with oblique column of 80 degree

examination programmindgor example ETABS, inclination

SAP2000, MIDAS/Gen and SATWE are 1 To analyse the seismic performance of G+7

continually developing themselves ,yet stayed building with Y column of1.2 m minor leg

individual impediments In this paper ,reaction length.

range time history and connecting piece-jafan f To compare the performance of multi

stresses examination was executed joined with storey structural bulding with oblique and

areasonable task ,by the project referenced above, Y column.

which were additionally looked at following the

investigation results. IV. METHODOLOGY

Il. TYPES OF COLUMNS 1 Various literature were made to understand
_ more about oblique and Y column

A. Oblique Column f Validation of the journal is done to acquire
The new construction method to increase moreknowledge about ths topic.

the seismic performance of the mudtioried T A G+7 building with oblique column and Y

building is the use of oblique columns instead of column are modelled

normal columns.Oblique column is a column Analysis and comparison results are made .
which is not constructed verticallhe oblique Conclusion about the thesis is made
columns can 'be adopted.lrj higke, mid-rise and IV. LITERATURE REVIEW

low-rise buildingsThe position, arrangement, and

angle of inclined columns makes different types Harshada Ashok TargeUtkarsha Dilip

of obliqgue columns in buildingsThe angle may Bhadane, Gauri Madav Derle (22) studied
vary and this affects the performance of the about oblique and Y column which are adopted
building. For oblique column of below 90° ,there instead of conventional rectangular column in a 6
will be decrease in ph dimensions anaf above  storied building are considered for analysis and
90°, there will be increase in plan dimensionsas comparative study between oblique and Y
we reach upper floorslt affects the lateral column. All the analysis and d esign work are
stiffness of the buildings.But the seismic conducted usig ETABS 2013 versiorMaximum

responses may vary in each casbe dynamic  storey displacement ,Maximum storey drift, Base

= =
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shear , storey stiffness and time period arecompare different parameterdy response
analysed and compared.he results obtained spectrum analysis using ETABS software. For
showed that maximum storey displacement isthis project, total 9 models were studied. The
increased in Y shaped column by 697.94 %.In modelling was done by using ETABS software.
case of storey drift y column shows higher value The buildings were modelled with concrete
of 53.08%.Moreover the lower baseshear is structural elements. Highse building - Gt19
obtained in obligue columnt means thatase  Stories, Mid-rise lilding - G+9 stories, Lowrise
shear value is increased by 32.07 % in Y shapedouilding - G+3 stories were used for making
column as compared to oblique column. The joint models. The buildings with obligue column at
of Y shaped column Hds to be weak under different angles such as 80°, 85° and 90° were
seismic loading. Neccessarily requires studied.It was found that in highise building,
strengthening the joints of Y shaped column. the storey displacement was 40% lesfeer80°
Maximum storey stiffness is decreased by 58.25%columns and 27% lesser for 85° column than the
in 'Y columns.. Oblique column offers best normal column. In lowise building, the
resistance to lateral loadsHence it needs displacement for 80° and 85° columns were about
optimum design prcedure to proceed for further 48% and 18% respectively compared to normal
studies and also for constructidn. time period  column construction. In the lowse building, the
there is no change in oblique and Y colurBy. drift was reducd 24% for 80° and 85°
the analysis we can conclude that the overallrespectively than 90° columns. The storey shear
performance of structure is increased when thedecreased when the column angle decreases than
oblique shape dcolumns are useddonstruction  90°. In midrise building, when the column was at
instead of Y shaped columnsience, oblique 80°, the storey shear decreased about 34% than
column is more sustainable than Y columns. the normal column. By the use of 80° obii
Rohan Singh,Vikas Prabhakhar ,(2018) columns, the stiffness was increased 60% in-high

studied about oblique column which is inclined at ns_e,_34% in midise and 89% n Iovmose
80 ,82,84,86,88 and 90 degrees on a 12 storieé)u'ld'ngs than the normal column having 90°.
building. Static and dynamic analysis should be Geethu Krishna K V and Lekshmi L (4)
finished in these columns. Ground motion (2018) studied the performance of building having
performance of oblique column are analysed byoblique columns of different rgles and to
response spectrum method .The analysis ofcompare different parameters by response
building is performed by using ETABS software spectrum analysis using ETABS software. For
and the performance will be analysed by samethis project, total 9 models were studied. The
building with obligue column replaced with modelling was done by using ETABS software.
normal vertical columnsThe structural system The buildings were modelled with concrete
with obliqgue column is one of the most unique structural elements. Higtise building - Gt19
lateral load resisting system for todays building. Stories, Mid-rise building- G+9 stories, Lowrise
As the lateral loads are resisted by structures withbuilding - G+3 stories were used for making
oblique column,topsorey displacement is very models. The buildings with oblique column at
much less in blique structure as compared todifferent angles such as 80°, 85° and 90° were
simple RC frame buildingAs time eriod is less  studied.It was found that in highise building,
in oblique columnplesser is mass of structure and the storey displacement was 40% lesser for 80°
more is the stiffnessThe timeperiod is observed columns and 27% lesser for 85° column than the
less in structure with oblique cohns. This normal column. In lowrise building, the
reflects more stiffness of the structure and lesserdisplacement for 80° and 85° columns were about
mass of structure.Structure provides more 48% and 18% respectively compared to normal
resistance in the oblique column building which column construction. Inhe lowrise building, the
makes the structural system mre effectiVbe drift was reduced 24% for 80° and 85°
overall results suggested that oblique column isrespectively than 90° columns. The storey shear
excellent seismic control for higtrise symmetric  decreased when the column angle decreases than
buildings upto certain angle of inclination. 90°. In midrise building, when the column was at
Geethu Krishna K V and Lekshmi L (4) 80°, the storey shear decreased about 34% than

: - .~ the normal column. By the use of 80° oblique
(2018) studied the performance of building having . . -
oblique columns of different angles and to columns, the stiffness was increased 60% in-high
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rise, 34% in mielise and 89% in lowise — T T
buildings than the normal column having 90°. ‘ ‘

Kapil Dev Mishra et al [14], (2018), In this
paper, a multi storied Plazauilding of storey » * » .
(G+5) having different position of oblique
columns (4 columns of mid ordinate axis or 4 . * * .
columns of diagonal axis at different height of
building (at the level above second floor) at 16 . * * .
two different zones (ZONE Ill and ZONE V) are ‘
consicered for analysis. The plan area of building . Il . .l
up to second floor was 30mx30m and above this
floor area was reduced to 20m x20m.Height up to (@) (b)
second floor of the building was used for parking
or commercial shops having floor height of 4m
and above this it wasised for residential and
office purpose. Different combinations of office
and residential floors were considered. Floating
columns were provided at office floor. These were
the following consideration where comparison .
was done based on results from thdtveare, . .
Support reaction at the base, maximum moment at
the joint. On the results mentioned above of study . I
the following conclusions were made; Maximum
Bending Moments as well as Maximum Support - .
Reaction for the structures having oblique ,
columns were highe than that of structures .
without oblique columns. Maximum Bending (@) (b)
Moments at seismic Zone IV were 16% greater
than that of Zone Ill. Structures having oblique  Fig. 2.(a)Y column (a)Plan (b)Elevation
column constructed in Zone IV are more affected \/j ResuULT
by earthquake than Zone llIl.

Fig. 1.0blique Column(a) Plan (b) Elevation

TABLE I. RESILTS OF OBLIQUE AND Y
V. MODELLING COLUMN

TABLE . MODEL DETAILS Column Displace | Drift Base | Timepe
Plan Area 144 sq.m Type ment shear | riod
Bay length 3m Obligue 21 mm 0.001 | 2416. | 0.3 sec
Storey height 3.2m 96
Thickness of slab 150 mm Y shape 47.38 0.002 2214 | 0.3 sec
Column size 450 mm x 450mm mm kN
Beam size 230 mm x 450 mm VIl. CONCLUSION
Concrete grade M40 Following are theconclusions drawn by
Grade of steel Fe 500 comparing oblique and Y column:
Live load 3 kKN/nt 1) Maximum displacement is shown by
Floor Finish load TKNIn? building with Y shaped column ie 47.38
_ mm.In Y shaped column the displacement
Windspeedvb 39 m/s is increased by 55.67 % as compared to
Zone factor 0.36 building with oblique column
2) Maximum drift is shownby building with
| t fact 1 . .
mportance factor Y shaped column ie 0.002.The drift has
Response reduction facton 5
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shown an increse of 50 % in Y shaped
column.

Maximum base shear is shown in Oblique
column ie 2416.96 kN.As compared to Y
column the base shear has shown a
decrease of about 8.3%.

Time period remainsinchanged in both
building with oblique and Y column.

The number of Y column used is very less
as compared to oblique column.Therefore
we can conclude that building with Y
column offers more carpet area.

Obliqgue column is more seismic resistant
than Y column.
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Abstractd This study analysed the seismic design codes specify that spéciimeasures be
performance of bearmolumn joint with different  taken when the column and floor system have
concrete compressive strength. A total of threedifferent compressive strengths.

exterior beantolumn joints were designed and SeungHo Choi et.al [3] they studied the

,irlw\laslcng#eni?ec;ngfr?ﬁe ?(;ﬂtl:ietleoadlrggssi\t/]gmg effective compressive strength of the colughab
' neo connection with different compressive strengths

strength ratio in column_ to beam joints were between the column anda$l concrete, and the
noted. The specimens with the column to beam

concrete compressive strength ratios of 1, 2 and éest results were compared to the existing design
P 9 ’ codes. The specimen with its slablumn

re modell nd anal nder rever li . . |
are | odelled a d analysed under reverse Yl onnection zone reinforced by steel fibers showed
loading, keeping the concrete compressive

strenath of beamconstant.  According to the &7 increased effective compressive strength
9 : 9 compared to that of the specimen without the
results, the overall performance of the beam

column ioint was improved as the compressive reinforcement, and the interior column specimens
J P P . restrained with slabs reached the compressive

?;L?Qg;gd of the concrete in the column is strer_lgth of the column. _Seuvhg) Choi et.al [1]

' studied the compressive strengths of HSC
Keywordsd  Exterior beancolumn joint, columns with intervening NSC slabs, and a
Compressive strength ratio, ANSYS simplified equation for estimatinghe effective
| INTRODUCT ION compressive strength of the polumn was

proposed, based on the analytical research.
Beamcolumn joint is one of the most Bindhu K R [4] studied the behavior of exterior
important structural components in the lateral load columns joints under seismic type loading. Cross
path of the structure. The failure of beaoiumn inclined bars were provided as a replacement of
joint can be very disastrous because it can destroyies in the jint region for the joints having
column that is necessary to support gravity loads.transverse reinforcement detailed as per IS
Severe reerse cyclic loading due to earthquakes 13920:1993. The specimens having special
causes large inelastic deformations in the beamconfining reinforcement as Per IS 13920:1993
column joints of higkrise buildings. If the joints  showed improved ductility and energy absorption
are not designed and detailed properly, theircapacity than the specimens detailed as fer |
performance can significantly affect the overall 456:2000 and SP34.The performance of the
response of the momergsisting frames. specimens with noeoonventional confinement
reinforcement had exhibited higher ultimate

With the advancement of concrete mixing ) o
strength with minimum cracks.

technology, the strength of concrete used on
construction sites continues to increase [1, 2] andll. OBJECTIVE
high-strength concrete (HSC) is widely used in
columns subjected to high levels of axial load
.while the floor system (slab and beam) is often
made with normastrength concrete (NSC). The
load transfer performance of the HSC column
may decrease based on the interference of the
NSC floor system [ ® ]. Therefore, current

[60]

The present study aims at analyzing on the
overall seismic performance of beam
codumn joint with different compressive
strength ratio

To determine the loadeformation
relationships, energy absorption capacity,
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envelope curves, and shear stress of thecyclic load is applied to the end of the beam. 20

joint.
DETAILS OF THE SPECIMEN

The model prepared is detailed as per IS
456:2000 (Fig.1.). All the beam column joint

models prepared had identical beam and columr
sizes. The beams are 200mm deep by 150 mmyNo:

mm mesh size is provided to the specimen

TABLE Il. MATERIAL PROPERTIES OF
THE SPECIMEN
Material | Element Type | Material Properties

Model

wide and columns are 150 mm deep by 200 mm
wide. The specimen is otikird of full scale with
1015 mm long beams measured fronuoah face
with an interstorey height of 1560 mm. Three
exterior beantolumn joint is prepared changing
the concrete compressive strength of column
ie,20N/mm2 , 40 N/mm2, and 60 N/mm2 (as
shown in Table 1) .The concrete compressive
strength of beam for athodel is 20 N/mm2 and
Fe 415 grade steel were used. Development lengt
of 532 mm is provided as per IS 456:2000.

» mm dia bars @ 140 mm c/c 0

L T T T IT1 209 (]

| _———6 mm diabars @ 1[50 mm c(c

1015

1560

.

4 nos:s of 10 mm dia bar

All dimensions are in mm

Linear Isotropic

Elastic Modulus
2.1x10 MPa

Poi ssonbs
Bilinear Kinematic
Shear Modulus 76923
MPa

Linear Isotropic

EX 22360 MPa

Poi ssonbs
Bulk modulus 11646
MPa

Shear modulus 9474.6
MPa

Reinforcement] F

r

h 2 Concrete

Finding an appropriate mesh size has less
computational cost and reasonable accuracy by
meshdependent study. Here 6 elements are tested
and the mesh is converged at size 20mm. The
mesh data is given as per the Table .

TABLE Ill. MESH DATA OF THE MODELS

D e st Material | Element Type | Material Properties
50 Model
No:
Fig. 1. Reinforcement Detailing of Model 1 Reinforcement Mesh size 20 mm
Element: Hex 20
TABLE |. COMPRESSIVE STRENGTH Element order: Linear
RATI O6S OF MODELS
Model Compressive | Compressve Compressive 2 Concrete Mesh size 20 mm
strength of strength of strength ratio Element: Hex 20
column ( beam ( MPa (fed/fep) S
MPa) ) g Element order: Linear
CM20- 20 20 1
BM20
CM40- 40 20 2
BM20
CM60- 60 20 3
BM20
IV. M odeling

For the present study ANSYS workbench
2023/R1lis being used. Modeling of the beam
column joint with different compressive strength
rati oods is done. The
beamcolumn joint is given as shown in Table II.
Both ends of the column arxéd and the reverse

[61]

L

materi al properties
Fig. 2. ANSYS Model of specimen

of
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1 Bean W20 Counn M20
Shea s
Type:Shear s Componer)
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Fig. 3. Model after Meshing
The loading of the model is doas per the

Fig.4. The specimen
maximum load of 55 kN .

was subjected to an Fig. 5. Shear stress of CM2BM20 model

Gruph v3DX b
1 Steps Time ] ¢ 2 | gf:‘;:g“"“"‘m
7 EO Y Type: Shear Swess0 Component
T Unit: MPa
R 5 Global Coordinate System
iz b2 Tme M3
j 1 43 3. 36 18-03-2023 15:55
s J 5l | 46
I | et 83354 Max
\" | \ | gpp 512 64g31
5 o1 ﬂ |l 7 ¢ 4606
5 | I ’ | | ! i ;;7:5
I It - 3
) Il ol [ | 98 |8 092615
s AN | ws 5w ams
| —— 4608
A (VL] 2 -
[ Rl \VA I I‘ | ! | 4 2n n 83354Min
IR ‘| \ ‘l Bl |u
| | un B w2
w P | N O
'R R
. ||| [ ]s e
= LI I ll‘ /B s |k
R e
| | ) ()
| ] ) O [T
2 t o C COE
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Fig. 4. Load pattern - ——
V. ANALYSIS OF MODELS

Model is analysed using ANSYS 2023/R1
workbench. Deformation and stress on the
application of load is found out. The effect
increased aacrete compressive strength in - EeT
column than the beam in the three exterior beam i
column joint is found out in the case of both [f:*
upward and downward loading.

1447
347

TABLE IV. MAXIMUM SHEAR STRESS OF @
MODELS

Fig. 6. Shear stress of CM4BM20 model

F:Bean M20 Counn M50
Shear ey

Sis
Tt e el Componen)
Unit: Py

12102 Min

[62]

Model Shear Stress
(MPa)
CM20-BM20 5.9646
CM40-BM20 8.3354 _
Fig.7. Shear stress of CM6BM20 model
CM60-BM20 12.102

SE
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From TABLE 1V, it can be seen that the
increase in the compressive strength ratio
increased theshear bearing capacity of the joint.
From Fig. 57, it is clear that the max shear stress

is formed at the region were the beam connect

with the column.

CM20-8M20

60.00

L —
20,60
7 0.00 / .

20000 00
2006

60.00 40.00 20.00 / 40.00 60.00

Reactipn force (kN)

[/ [ Egea e

-60.00
Deformationin mm

Fig.8. Hysterisis loop of CM26BM20 model

CM40-BM20

Reactiongforce in kN
o
S

-80
Deformationin mm

Fig .9. Hysterisis loop of CM40BM20 model

CM60-BM20

-60.00 -20:00 60.00

Reaction force in kN

Defo'r?noation inmm
Fig. 10. Hygerisis loop of CM60-BM20 model

The hysteresis loop of models CM20
BM20, CM40BM20, and CM6eBM20 is shown
in Fig. 810. The pattern of the loop is almost
same for the three models. The ultimate load of
the model is increased as the concrete
compressive sength of the column increased.

[63]

TABLE V. COMPARISON OF THE
ULTIMATE LOAD CARRIED BY THE BCJ

WITH DIFFERENT COMP.STRENGTH
RATI O6 S

Model Ultimate Load ( kN )

CM20-BM20 50.72

CM40-BM20 54.05

CM60-BM20 54.57

TABLE V shows the comparison of thdtimate
load carried by the beantolumn joint with

di fferent compressive
concrete compressive strength of column
increased the load carrying capacity of the model
also increased, i.e, 6.56% and 7.59% respectively
for the models wih concrete compressive strength
ratio of column to beam 2 and 3, when
compairing with the monolithically designed
model.

60

40

20

@
o

-0 -20 % 20 40 60

Deflectioninmm

-60
Load inkN

®- CM20-BM20 CMe0-BM20 —@— CM40-BM20

Fig. 11. Envelope curves of models

From Fig 11, it can be seen that the models
with the compressive strength of the concrete in
the column to beam ratios 2 and 3 (CMBM20
& CM60-BM20) showed better load bearing
capacity than the one with a monolithic joint
(CM20-BM20).

623)
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TABLE VI. ENERGY  ABSORTION 1 The skear capacity of the specimen CM40
CAPACITY OF MODELS BM20 and CM66BM20 have increased by
35.78% and 96.45% respectively,

Energy absorption (kN-mm) compared to CM2BM20 which was cast
monolithically with the same concrete
compressive strength.

Specimen Forward cycle | Reverse
cycle References
1. S. H. Choi , Jin Ha Hwan

CM20-BM20 613.13 592.21 Hae Chang Cho, Jae Hy

Kang Su Ki m, AREffectdi
CM40-BM-20 | 676.3 613.41 Strengths of High Strength Concrete

Columns Intersected by Normal Strength
CM60-BM-20 685.24 623.43 Concrete Sl abo, Di sser

of Architectural Engineering, University

of Seoul, 2019. Ph.D.

S.H. Cheo, D.H. Lee, K.S. Kim,
fiEffective compressive strength of RC
columns with interveni
Struct. J. 119 (1) (2022) 18398,
https://doi.org/ 10.1435%1733005.

S.H. Choi, J.H. Hwang, S.J. Han, H.
Kang, J.Y. Lee, K.S. Kim, Failure
characteriics of columns intersected by

From the TABLE VI, it can be seen that the
compressive strength of the concrete in the
column to beam ratios 2 and 3 (CMBM20 &
CM60-BM20) showed betteenergy absorption
capacity than the one with a monolithic joint
(CM20-BM20). In forward cycle 10.13% and
11.76% of energy absorption capacity is increased
in models with concrete compressive strength
ratio 2 and 3, when compared with the monolithic

model . About 3.758% and 5.27% energy . . .
absorption capacity is increased in CM2RI20 slabs  with ~different  compressive
and CM60BM20 models respectively, when strengths, Struct. Eng. Mech. 74 (3)
compairing with the CM2BM20 model. (2020) . 435443,

https://doi.org/10.12989/sem.2020.74.3.4
VI. SUMMARY AND CONCLUSION 35.

This study analysed the seismic 4 Bindhu K R (2009), r
performance of exterior beacolumn joint columns and exterior joints upder Seismic
considering the compressive strengths of the type l oadihessoat A Dt
column to beam (fcc/fcb ratio) as a variable. The Univeristy.

overall behavior, energy dissipation, envelope http://home.iitk.ac.in/~vinaykg/Iset503.pd

curves, and shear stress were analysed in detail.
The following conclusion were derived from this
study.

H.C. Cho, S.H. Choi, S.J. Han, S.H. Lee,
H.Y. Kim, K.S. Kim, Effective
compressive strengths of corner and edge

' The overd seismic performance of the concrete columns based on and adaptive

exterior bearctolumn joint was improved
as the fcc/fcb ratio increased.

The maximum loads of the specimen
CM40-BM20 and CM66BM20 with
fce/feb ratio 2 &3 is increased by 6.56 %
and 7.59 % respectively, compared to
CM20-BM20 which was cast
monolithically with the same compressive
strength of concrete.

The energy absorption capacity of the
CM40BM20 and CM66BM20 s
increased by 3.5920.3% and 5.27%
10.5% in forward and reverse loading than
the monolithically framed BCJ.

[64]

neurofuzzy inference system, ApgBci.

10 (10) (2020) 111, https://doi.org/
10.3390/app10103475.

S.H. Choi, J.H. Hwang, S.J. Han, LW.
Heo, D.H. Lee, K.S. Kim, Axial behavior
of full-scale sandwich columns with
different compressive strengths, Struct.
Concr. 21 (6) (2020) 2782794,
https://doi.org/10.1002/suco.202000405.
Fu, Jianping, Tao Chen, Zheng Wang, and
Shaoliang Bai
on seismic behavior of interior beam
column joints. o In
earthquake eng. 2000.

NEf fect
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Jung Yoon Lee, Jongwook park,
Deformation of reinforced concrete beam
column joint assemblies  (2017)
https://www.icevirtuallibrary.com/doi/10.
1680/jmacr.18.00368

Burak, B. U. R. C. U., and JAMES K.
Wight. "Experimental investigation of
eccentric reinforced concrete beam
columnslab connectios under
earthquake loading." In Proceedings of
the 13th World Conference on Earthquake
Engineering, Paper, no. 2150. 2004.
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Buckling Analysis of Cold-Form Steel Built-Up Column
with Two Sections

Fathima sherin Minu U
Dept of Civil engineering Dept of Civil engineering
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Abstractd Coldformed steel have a high on the other hand if the sectioase not linked
strength ratio, high corrosion resistance, and easeffectively, they will bend separately and there
of fabrication. So, their range of applications has will be no composite action. A proper connection
rapidly expanded as a primary structure for should be provided to avoid this issue. For long
flexural and compression members due to itscolumns providing screws along the length is not
varieties of advantages. The increased doad possible. Screws can be provided with a rdedi
carrying capacity athspan length can be achieved spacing value. The main objective of this study
by the builtup of the section connecting two or are to investigate the buckling behaviour of eold
more individual sections together by seiflling formed steel buitup compression members. The
screws or spot welds. This project deals with the buckling property is used to analyse the strength
buckling analysis of colorm built-up sections  of elements.
Esmg ANSIS s?ftware. :[I_'heestlons wg;?ﬂlr'nade Finite element analysis (FEA) is an
sgrewgn?r%:engsez\{% nzezgés fcl)JrSI?r?e S,[uciggWereeffecive meth_od for stud_ying the buckling effect
channél sections without lips. This project mainly and forecasting the ultimate strength Of. GOI.d
. ' . formed steel structural components due to its high
aims to study the effect of buckling loads by

chanaing the screw spacing. According to the efficiency and low cost. Several studies have
ging pacing. 9 reported on the effective use of the FEA to

findings, buckling load increases as screw SpaCingforecast the structural epformance of cokd

Sgg{iiisseoﬂ.sggyc\?gfi?;te J;?n d?ﬁgg sections, Close(f‘lormed steel components_. _JessWhittIe et al.
' conducted buckling capacities tests of edtrm
Keywordsd Cold-form sections, Buckling built-up ¢ channels [1]. The member is
analysis discretized both within the crosgction and
| INTRODUCTION throughout its .Ien_gth in th_e finite element
approachnecessitating a considerable number of
Cold-formed steel (CFS) section is the term degrees of freedom in order to accurately estimate
used for productghat are made by rolling or the buckling stresses. This suggests that several
pressing thin gauges of steel sheets into goodspossible buckling modes which can be formed.
CFS construction materials differ in many
respects from other steel construction materials
like hot rolled steel. The manufacturing of CFS
products occurs at room temperaturehvitie use
of rolling/pressing. The main advantage of eold
formed steel are lightness, high strength and
stiffness, easy prefabrication, uniform quality, and
economy in transportation and handling. Bujit
of coldform sections can give favourable results
of compression members in celébrmed steel
construction, which can achieve higher load
carrying capacity than a single section.

M Anbarasu et al. [2] studied the behaviour
of coldform steel buikup of | section composed
of four U profiles. In this study, FE model was
developed and compared with the numerical study
from the literatures. Jiaui zhang et al. [3]
experimentally investigated the ultimate strength
of cold form steel buitup closeesedion
columns having stiffeners. The experimental
values were compared with the direct strength
method showing that design strengths using 1.2,
1.5 and 2 times the nominal plate thickness in the
contact area as one rigidly connected section are

The main issue faced while using Buil generally uconservative and unreliable, while the
members is the effect of partial composite action modified design strength, assuming the thickness

[66]
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at the contact area to be the nominal plateB. FEA modelling
thickness, are conservative and reliable for the FE software ANSYS workbench (2021)

cold-formed steel buitup closed sections with was used to develop the FE model toe CFS

web stiffeners. built-up columns. The finer the mesh, the more
Kim J.R. R@mussen et al. [4] studied the accurate the findings will be in finite element
effect of discrete locations of fasteners. The paperanalysis. Mesh size is given as finer to obtain
studies the mechanics of the composite action ofaccurate results. The boundary condition applied
sections. A closefbrm solution was derived for is one end fixed and the other end load is applied
the effective torsion rigidity which shows that the as $iown in Fig 2. Tracks are provided at the ends
rigidity varies with he square of the enclosed of the column to uniformly apply load to the

area. Most of the studies in cold form buwifi col umn. The | oad applied
sections are conducted according to ACI code |.buckling equation

Georgieva et al. [5], Sivaganesh S et al. [6], “200

considered direct strength method to evaluate the P=

strength of the buitip cold form setions. 402

[I. MODELLING where P is the buckl
A. Model Details modulus of the cold form section;i$ the min

moment of inertia of the section; L is the total

The material properties used are provided |ength of the section. This equation provides an
in Table . The sections for the builtp column  approximate value of the buckling load, which
were taken according to the IS code 811:1987.can be different as screws are provided in the
Channel sections without lips were considered for section. So, the actual value of the buckling load
the study the section detailse shown in Table. canbe obtained from the analysis.
The dimensions of the channel section are
120x60x5mm, length of the column is kept as
3m. The column is buitip in two ways. First is

an open section by connecting the channels-back B
to-back. The second model is a closed section
obtained by connecting columns fateface by =

overlapping one over the other (Fig 1). Screws of
4.5mm diameter and 19mm long were used for
connecting the sections.

TABLE . MATERIAL PROPERTIES

Fig. 1. Sectionsof channelback-to-back
model and channelfaceto-face model.

Y 0 u nrgodwdus 2.033x16 MPa

. . A Fixed suppon
Poi sratio 6 s 0.3 B rorce

TABLE . SECTION DETAILS

Model Connection | Spacing{mm)

Name Type

C0960 | OPEN 960

CO720 | OPEN 720

C0320 | OPEN 320

CC960 | CLOSED 960

CC720 | CLOSED 720

CC320 | CLOSED 320 |45 AR

Fig. 2. Boundary conditions of the model

[67]
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[ll. RESULTS AND DISCUSSION S
Different buckling modes of CFS builip ‘

backto-back and fac¢o-face with the same cross

sections and varying screw spacings were

investigated. The results of columns are

summarized in Table and Table . Figures of ‘

buckling modes of baeto-back builtup and
faceto-face columns are shown in Fig 3 and Fig
4.

TABLE . BUCKLING MODES OF BACK -
TO-BACK MODELS _
Model Load Multiplier for Buckling Mode (C) BUCk“ng modes of CO320

Name | model | Mode2 | Mode3 | Mode4 | Modes Fig. 3. Buckling modes of backo-back

C0O960 | 0.85572 | 5.6352 | 13.074 | 19.216 | 29.759 TABLE _BUCKLING MODES OF FACE -

CO720 | 0.86423 | 5.6697 | 13.795 | 19.547 | 30.302 TO-FACE MODELS

C0320 | 088463 | 577 | 15.015 | 20.443 | 31.22 Model Load Multiplier for Buckling Mode

Name | Mode1 Mode2 Mode3 | Mode4 Mode5
Mode 1 represents the maximum load value| ccoso| 056199 | 54439 | 8.8451 14.836| 15.355

at which the column first buckles. The buckling

loads are calculated from the equation [7], CC720| 0.56228 | 5.4438 | 8.8457| 14.848  15.365
P= (1+Ioad multlpller) xload applled CC320| 0.56205 5.4414 8.7407 | 14.73 15.235
The load multiplier value was taken from

the results of buckling. The values of critical TABLE . BUCKLING LOADS OF BACK -

loads for the different modes of battkback  TO-BACK MODELS

columns are given in Table. From the critical Vodel Buckling Loads

load values, we can obtain the effective length o

fName Model Mode?2 Mode3 Mode4 Mode5
the modes (TABLE ).

C0960, 79.8kN| 285.3kN| 605.2kN| 869.3kN| 1322.6kN

CO720/ 80.2kN| 286.8kN| 636.2kN| 896.2kN|  1346kN

C0320| 81kN | 291.1kN| 688.6kN| 922kN 1385.5kN

(a) Buckling modes of CO960

(a) Buckling modes of CC960

(b) Buckling modes of CO720

[68]
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(b) Buckling modes of CC720

960mm and 320mm spacing models. The closed
section has more overlapping between the flanges
so the resistance is provided. This reduces the
action of screws to an extent. The effective length
can be calculated from buckling loads the results
are given in Table

TABLE EFFECTIVE LENGTH OF
MODELS
Model Effective length
Name Model Mode2 Mode3 | Mode4 | Mode5
ICO960 2197.19 1162.03 | 797.84 | 665.70 | 539.70
mm mm mm mm mm
CO720 2181.70 | 1158.98 | 778.16 | 655.64 | 534.99
mm mm mm mm mm
CO320 2180.85 | 1150.39 | 747.97 | 646.40 | 527.30
mm mm mm mm mm
CC960 2395.04 | 1179.12 | 953.99 | 752.16 | 740.13
mm mm mm mm mm
CC720 2394.86 | 1179.14 | 953.92 | 751.88 | 739.90
mm mm mm mm Mm
Model Effective length
Name Mode Mode Mode Mode Mode
1 2 3 4 5
CC320 | 2365.29| 1179.35| 959.04 | 754.69 | 742.86
mm mm mm mm mm

(c) Buckling modes ofCC320

Fig. 4. Buckling modes of facdo-face

TABLE . BUCKLING LOADS OF FACE -
TO-FACE MODELS

Model Buckling Loads

Name | pModel Mode?2 Mode3 | Mode4 | Mode5
CC960 kaKl.IG izj7.09 ;1’%'3.3 530.95 ZE&ZG
cC720 E'Zl.l7 ﬁlzl7.08 ;1’%‘3.36 ﬁﬁlAG Zgl3.69
CC320 ﬁlzl.16 ilzl6.98 ;1’%]8.85 (IE'ZIG.39 ﬁf\)l&lo

From the results obtained from the analysis
of the back to-back column models the buckling

loads increase with increasing screw spacing. The

critical buckling load of the baeto-back section

is 79.8kN which is increased by 0.5% and 0.98%
when the screwmacing is increased to 720mm
and 320mm. The closed section has a different
pattern as screw spacing
spacing has a large value of buckling load than

[69)

increases 720mm 1

CONCLUSIONS

Finite element modelling and analysis of
two types of models were performed. All the
models were having the same dimensions only
varying in screw spacing and connection style.
Buckling analysis of the models was done to
obtain values of buckling loads at different
modes. The effective length of the column at
different modes was calculated.

1 The following conclusions were drawn
from the study of buckling analysis of celd
form steel builkup

1  The critical buckling load of each models

were 79.8kN, 80.3kN, 81kN, 67.16kN,
67.17kN and 67.1kN corresponding to
C0960, ©720,C0320, CCY60, CC720
and CC320 respectively.

The buckling loads increase with the
increase in screw spacing for bacokback
connected models by 0.5% and 0.98%.
Loading area for the open section can be
higher than closed as closed sections have
intercanection between flanges.

1
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1 Total width of the buikup column has an Constructional Steel Research 147, Pgi380
effect in buckling loads, as compared with 39 (2018)
closed and open sections open section has 4. Kim J.R. Rasmussen, Mani Khezri,
higher buckling loads than closed sections. Benj amin W. Schafer, F
mechanics of builtp coldformed steel
REFERENCES member sd Uni veiiSyghey,y of
1. Jessica Whittle, Chri s NBW MXEy Australiafi Bohirs kHopkimgy
capadties of axially loaded, colfiormed, University, Baltimore, MD, 21218, USA,
buit-up Gc hannel s, 0 Un i v eThis-\Wdlled Struaures 154, (2020)
Oklahoma, Oklahoma City,USA, Thin 5. | Georgieva*, L. Schueremans, L.
Walled Structures 47 pg 1201 May 2009 Vandewal |l e, L. Pyp a, i
2. M Anbarasu, M Venkat es aoltforinBdesteel eoiurons accodlihg to the
coldformed steel builup I-section direct strength  metltb, 0o Proced
columns composed of four-profi | e s 6 g o vHEngineering 40 pg 110124 ( 2012)
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Abstractd High-rise buildings with irregular wind speed with building height, and combined
shapes are gaining popularity in creating vertical increases in slenderness ratios make them more
cities around the world. A highse building is a  flexible and therefore more susceptible to wind
wind-sensitive structure and its shape plays aloads. In this sense, in supertall building design,
major role in determining wind loads, which to guarantee thefunctional performance and
usually govern the desigrf d@s lateral resisting occupancy comfort, selection of proper structural
system. Therefore, aerodynamic treatments onsystem selection, aerodynamic maodifications, and
high-rise buildings must also be considered, supplementary damping devices plays an
because even a small amount of geometricalimportant role.

shaping modifications can provide considerable
damping against wind loads which in turn disturbs
the mechanism of the vortex shedding
phenomenon. Computational fluid dynamic
(CFD) simulations are currently an effective tool
for the aerodynamic study of buildings in
conjunction with wind tunnel investigations. This
paper presents the analysis of asbk®ey and
100-storey building considering aerodynamic
modifications, which is firstly achieved by
creating a digital system of computational fluid
dynamic (CFD) analysis of buildings with the

Aerodynamic modifications can alter the
wind pattern around structures hyppressing the
uniformity of vortex shedding, thereby effectively
mitigating wind loads on buildings . In addition,
vortex shedding poses a significant danger to the
serviceability issue, especially when it reaches the
natural frequency of the structureerdynamic
design considerations can be divided into two
groups: major and minor modifications. Major
modifications, which play a critical role in
mitigating the wind effect on supertall towers,
include building orientation, aerodynamic form,

?Agg?ﬁg;ﬁg?:gogngnﬁeg?\? ;IUZ§LOd3;Z??ACn§21?Se plan variatim, and the aerodynamic top that have
9 y a significant impact on the overall architectural

forces on the buildings, subsequently the SE)'Sm'cdesign. On the other hand, minor modifications
assessment of a Slorey regular and irregular

building by response spectrum and time historyincluding corner modifications and air passes do
2 . not significantly change the overall architectural

analysis is also studied. design

Keyword$d Aerodynamic shape modification, '

CFD, Wind tunnel stup, Drag force, Seismic Il. MODELLING

analysis, response spectrum, time history analysis For the modeling and analysis, a 50 and

[. INTRODUCTION 100 storied building are selected. Modeling of the
structure is done in ANSYS FLUENT 2019 R3
and CSI ETABS version 18.0 software. RCC
building with a plan area 1400m2, is modeled as
per IS 1893:2016 for seismic zohé with soil
type Ill. As the modelling is done in ANSYS and
ETABS they are named as type 1 and type 2
models respectively. The details of modeling and
analysis is described below.

For highrise structures, the structural
design, in general, begins to be controlled by wind
loads. These buildings are subject to complicated
loading conditions, particularly urban
aerodynamics created by neighboring clusters of
high-rise structures. They are wifdone
structures due to their great flexibility and low
natural frequency, and their response to wind
loads is a critical parameter in their structural
design. Additionally, the dramatic increase of

[71]
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A.TYPE 1

The dissertation work is concerned with the
study of drag forceon a regular and irregular
buildings while modifying the buildings with
aerodynamic modifications. 9 models of regular
building with different minor shape modifications
(basic, recessed, chamfered, curved, double
recessed) and major shape modificationthések,
tapering, varying cross section and twist) each of
150 m and 300 m were modelled and processec
separately for 1000 iterations. After that 4 models
of 50 storey irregular buildings (plus, L, T & I)
were prepared and analyzed in ANSYS 2019 R3
to find better aerodynamic shape considering drag @ ©
coefficient and drag force. The best two irregular
shape building which shows better performance in
aerodynamic force optimization is chosen for
further seismic analysis. Maodifications are done © )
by fixing base flooarea as 1400m2 and for minor
modification the corner modification is done in Fig .3: Regular rectangular building model with
5m from the corner. The velocity magnitude of air major modifications (a) setback (RBS) (b) varying
in wind tunnel setup is 30m/s and the mesh c/S(RBV) (c) tapered (RBT) (d) twist (RBW)

method adopted is hex dominant method. For all . *
(a) (k)
@

(v)

:
<

the type of models CFD test will be m® in
)]

ANSYS 2019 R3.

()

Fig .4: Plan view of irregular building models (a)

L shape (IBL) (b) Plus shape (IBP) (c) T shape

Fig. 1. Regular rectangular building model with IBT) (d) | sh Bl
basic corner (a) plan view (RBB) (b) wind tunnel (IBT) (d) I shape (IB)

setup B. TYPE 2
The building was created with 50 storey
. RCC frame as per IS 1893:2016 for seismic zone
V with soil type Ill. 15 models namely 5 regular
) ' rectangular building models with minor corner
T modifications (basic, recessed, chamfered, curved,
double recessed), 5 gishape building models

with minor corner modifications and 5-g¢hape

Fig. 2: Plan view of Regular rectangular building building models with minor corner modifications
model with minor cormer modifications (a) are modelled with fixing the floor area as
recessed (RBR) (b) chamfered (RBF) ¢tirved 1400m2. The base is restrained with fixed

(RBC) (d) double recessed (RBD) support. For the modelling of building in ETABS,
shel loads on slabs of DL=2.5kN/m2,
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LL=3kN/m2 except on roof and LL =2.5kN/m2
were assigned to the slabs on roof and frame loads ! ]
of DL=18 kN/m2 was assigned to all the frames. T
Seismic loads are considered according to code 1]
IS: 18932016 and wind loads acabing to IS: - 1]
875 2015. For seismic zone V, the seismic zone
factor 0.36 with importance factor 1 and response 11
reduction factor 5 is considered. The mass source L/
includes total selfveight and 25% live load.
Response function has been defined using 1S1893: (a) PBB (b)
2016 for a damping of 5% and Time history _. - .
function has been defined using Elcentro Flg._ 7: Irregular Plus_hape building model with
Earthquake (1940) data from the program file. For P@Sic ©rner (a) plan view (b) 3d model

all the types of models response spectrum analysit
and time history analysis was done in g - = |
ETABS2018. 2 = H~ : |
J IR
g [ 7
(a) (b)
(@)PBR (b)PBF

Fig. 5: Regular rectangular building model with

basic corner (RBB) (a) plan view (b) 3d model
o ]
R /\ 1 L | ul
1] 8
(c) PBC (d) PBD
(a) RBR (b) RBF . : : -
o - T Fig .8: Plan view of irregular Pleghape building
TITTill | IdITlllh model with minor corner modifications (a)
recessed (b) chamfered (c) curved (d) double
1 recessed
(c) RBC (d)RBD ) @“

N

Fig. .6: Plan view of Regular rectangular building ~
model with minor corner modifications (a) P e
recessed (b) chamfered (c) curved (d) double (a)LBB (b)
recessed

Fig .9: Irregular L -shape building model with

basic corner
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(a) plan view (b) 3d model
I 1
(c)
-
u Fig 10: Velocity contour of regular
rectangular-shape building model with minor
. g corner modifications (a) basic (b) recessed (c)
.. chamfered (d) curved (e) double recessed
() LBR (b) LBF
[ R
(b)
N
\ -
(c) LBC (d) LBD
Fig .9: Plan view of irregular L-shape building
model with minor corner modifications (a)
recessed (b) chamfered (c) curved (d) double (c) (d)
recessed
Il RESULTS Fig 11: Velocity contour of regular
A. Type 1 rectangular-shape building model with major
. , . corner modifications (a) setback (b) varying c/s
The buiding models created in Ansys is (c) tapering (d) twist

applied with a wind of velocity 30 m/s. And for
each model the velocity contours and drag force
studied for understanding the effect wind on the
vortices of building which may cause vortex
shedding phenomenon in buildings.

[74
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models Drag force (kN)
RBD 258.368 376.042
RBS 276.865 329.127
RBV 288.928 356.472
RBT 289.507 358.399
(a) IBL (b) IBP RBW 324.610 410.979
— TABLE 2 : DRAG FORCE IN IRREGULAR
BUILDINGS
m m models Drag force (kN)
RBB 297.683
e —  S— IBL 316.898
(c) 1BT () 18l IBP 312.352
Fig 12: Velocity contour of irregular building IBT 325.245
model (a) L shape (b) Plus shape (c) T shape
(d) | shape IBI 352.628
From the contour velocity diagrams we can In regular rectangular buildings while

see that wind affecting at the corners of the giving aerodynamic minor shape modifications
building in regular rectangular and ig@ar e can see, for recessed corner the drag force is
buildings are high compared to minor and major requced by 9.34% and 8.77%, for chamfered
shape modifications. In order to understand the.grner the drag force is reduced by 14.88% and
effect of aerodynamic forces, the drag force on 12.31%, for curved corner the drag force is
these buildings is computed and given in table 1.equced by 18.32% and 13.83% and émuble
from the table we can say that as we give recessed corner the drag force is reduced by
aerodynamic shme modifications the drag force 13209 and 10.96% in 50 storey and 100 storey
affecting on the building decreases. For 50 storeyrespectively. And for major shape modification
buildings minor modifications provides best we can see for setback building the drag force is
_reductlons in drag force._ But as the height reduced by 6.99% and 19.33%, for building with
increases the major modifications have more varying cros section the drag force is reduced by

effect in reducing the drag force. 2.94% and 13.66 %, for tapered building the drag
TABLE | : DRAG FORCE IN REGULAR force is reduced by 2.74% and 13.26% in 50
RECTANGULAR BUILDINGS  WITH storey and 100 storey respectively. For building
AERODYNAMIC MODIFICATIONS with twist the drag force is increased by 9.04%
and decreased by 2.3% in Sf@orey and 100
models Drag force (kN) storey respectively
Height of From minor shape modifications, the model
building 150 m 300 m with curved corner (RBC) and chamfered corner
(RBF) increased the reduction of drag force in 50
RBB 297.683 422.373 storey and 100 storey building. Building with
curved corner (RBC) shows maximurarpentage
RBR 269.852 385.301 reduction when comparing 50 and 100 storey
RBF 253.365 370.369 building. And from major shape modifications,
the model with setback (RBS) increased the
RBC 243.142 363.950 reduction of drag force in building. For minor

shape modifications the percentage increase in
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reduction of drag fice as height increases is in corner shows similar values of displacemend a

between the range of 1 to 5%. For major shapestorey drift. The model with double recessed
modifications the percentage increase in reductioncorner shows reduction in maximum storey
of drag force as height increases is in between thalisplacement, storey drift &Base shear. Minor
range of 5 to 15%. shape corner modification in rectangular building

Irregular buildings are more affected by reduces base shear of building.

drag forces compad to a regular building. The In rectangular building models, Max sty
increase in drag force for a L shape, plus shapedisplacement and storey drift in double recessed
T shape & | shape building is 6.4%, 4.9%, 9.2% building reduced by 39.58% and 41.5%
and 18.4% respectively. The model with plus respectively. Base shear in double recessed
shape and L shape have comparatively lessbuilding reduced by 35.74%. In P shape building
increase in drag force. Maximum increasealrag models, Max storey displacement and storey drift
force is found in building with | shape. From this in double recessed buildi reduced by 16.26%
we can conclude that aerodynamic forces canand 21.29% respectively. The model with
reduces the effect of drag force on building and recessed corner shows reduction base shear by
there by vortex shedding phenomenon can also be2.71%. In L shape building models, Max storey
avoided. In order to understand the seismicdisplacement and storey drift in double recessed
performanceof this buildings further analysis are building reduced by 15.89% and 18.89%

done in Etabs. respectively. e model with recessed corner
T o
TABLE 3 : MODAL PROPERTIES OF THE shows reduction in base shear by 7.94%.
BUILDINGS Irregular buildings are more affected by drag
forces compared to a regular building. The
Max. storey Base increase in drag force for a L shape, plus shape,

Mox sioreydrift | g, T shape & | shape building is 6.4%, 4.99:2%

— _ — _ (kN) and 18.4% respectively. The model with plus
Xaxis | Vais | Xaws | Vaxis shape and L shape have comparatively less
RBB 165.81 | 160.40 | 0.00230 | 0.00241 | 21970.56 increase in drag force. Maximum increase in drag
RBR 166.26 | 170.13 | 0.00240 | 0.00242 | 2197056 force is found in building with | shape. From this
we can conclude that aerodynamic forces can
RBF 166.03 | 16987 | 0.00238 | 0.00240 | 2096195 reduces the effect alrag force on building and
RBC 166.34 | 17021 | 0.00239 | 0.00241 | 2004551 there by vortex shedding phenomenon can also be
RED 10047 | 10232 | 000140 | 0.00141 | 1411752 avoided. In order to understand the seismic

performance of this buildings further analysis are
PBB 193.4 0.00276 241826 | done in Etabs.

PBR 108.36 0.0028) 10566.85
PBF 104.9 0.00275 20395.67
PBC 108.15 0.00281 20704.13 Base Shear
PBD 161.08 0.00218 21193.70 S0 rergse
IBB 212.06 0.00201 241826 203474 2096195 20945.

IBR il 0.00302 we612| e
IBF 21440 0.00202 21230.26 15000
IBC 217.02 0.00296 2135333 10000
IBD 178.36 0.00236 21842.53 S0
The building models created in Etabs is 0
RBD

defined with a response function using 1S1893:

2016 for a damping of 5% and time history

function Elcentro Earthqake (1940) data from Fig 13: Comparison of base shear of regular
the program file And for each model the rectangular-shape building model with minor
displacement, storey drift and base shear has been corner modifications

studied. For rectangular, Plus shape and L shape

building with basic, recessed, chamfer and curved

[76]
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Base Shear

23000
22500
22000
21500
21000

22418.26

211937
20704.13

20395.67
20500
20000 19566.85
19500
19000
18500
18000
PBB PBR PBF PBC PBD

Fig 14: Comparison of base shear of irregular
Plus-shape building model with minor corner
modifications

Base Shear
23000
22500
22000
21500
21000
20500
20000
19500

22418.26

20636.12

LBB LBR LBF LBC
Fig 15: Comparison of base shear of irregular
L -shape building model with minor caner
modifications

V. CONCLUSION

Aerodynamic modifications can reduce the
drag force acting on the building. In case of
regular building, while giving minor aerodynamic
shape modification curved corner shows
maximum reduction in drag force whereas in
maja modification the setback building shows
maximum reduction in drag force. For 50 storey
buildings minor modifications are dominant in

reducing the drag force. As the height increases

the major modifications are dominant than minor
modification in reducingirag force acting on the
building. Irregular buildings are more affected by
drag force compared to a regular rectangular
building. The increase in drag force is highest in
building with | shape and lowest in building with
Plus shape.

From seismic analysisectangular building

with basic, recessed, chamfer and curved corner 6.

shows similar values of displacement & storey
drift. The model with double recessed corner
shows reduction in  maximum  storey
displacement, storey drift & Base shear. From

[77]

seismic analyis of irregular shape building, the
models with basic , recessed, chamfer and curved
corner shows similar values of displacement &
storey drift. The model with double recessed
corner shows reduction in maximum storey
displacement & storey drift. The modelith
recessed corner shows reduction in base shear.
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Abstractd Earthquake plays an influential role constructed and designed for the resistance of
in the analysis and design of structures. Unless theearthquake loads. In earlier days, only gravity
structures are designed and constructed todoads are considered for the design of buildings,
withstand seismic forces, failure cannot be but nowadays both gravity and lateral leaare
avoided. Buildings can be made seismically soundconsidered for the design of buildings. Before the
with proper structure design, detailing and actual erection of the higtise buildings, it should
construction practice. The configuration of a be analytically or numerically analyzed for
building is very much important for the seismic seismic loads. Earthquake load is the most
performance of buildingsThe important aspects important reason for the failure of many tall
that affect the seismic configuration of a building building stuctures worldwide.

are overall geometry and structural system. This
parameter varies in their behaviour in the flat slab,
waffle slab and conventional slab. Therefore
introducing different types of dba becomes very
crucial for a structural engineer when it comes to
better performance of RC structure. The objective
of this paper is to study the seismic behaviour of
multi-storeyed buildings with different types of
slab systems. The study is done by ddering
the varying number of stories i.e. lavge, mid
rise and higfrise buildings. The study aims to
find an effective slab system for both regular and
irregular structures. The different types of slabs
considered are flat plate system, flat slab with
drop system and waffle slab system which is
compared with the conventional slab system.
Seismic assessment using response spectru
analysis is done. For low rise to high rise
buildings, the seismic behaviour of waffle slab is
more effective.

Earthquake resistant design of RC buildings
is a continuing area of research since the
earthquake engineering has gained prominence
across the globe. Earthquakes occurring in recent
past have shown that poorly designed and
constructed stictures result in great destruction.
Hence, there is a need to determine seismic
response of tall buildings for designing
earthquake resistant structures. The seismic
behavior of the structure during the earthquake
depends critically on parameters likeapbk of the
structure, size of the structure, intensity of the
earthquake along with the type of slab. This paper
is focused on the analysis and design of a multi
storey building with different slab arrangements.
The function of slab is to prepare a flatface for
Mads to be placed on, to act as a sound, fire, and
heat insulator or resistance and to use the space
between the floor and ceiling for construction
equipment and supplies. The different types of
Keywordsd Seismic analysis, Conventional slab, slabs considered in the study are conventional
Flat plate, Flat slab with drops, Waffle slab slab, flat slab with drops, flat plate and waffle

l. Introduction slab.

The population of the world is increasing Il. Modelling of Buildings for Analysis

day by day. Besides this increase in population, ETABS 2018 has been used for this study.
housing requirements are also increasing.The regular and irregular buildings were designed
Nowadays, people are facing problems due toas per IS 1893:2016 for seismic zone V with soil
land scarcity and the cost of land. Therefore, theretype Ill. The irregula building plans, considered

is required for vertical evelopment of the for the analysis are of T and S shape. For all the
building. But, the tall buildings are not properly building plan, the study is done for 5, 10 and 15
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storey structure with different types of slab i.e. A. Regular buildings
conventional slab, flat slab with drops, flat plate
and waffle slab. The deription of models are
provided in table 1.

A square building of 24 m X 24 m is used
for the analysis (i.e. having a plan area of 576
m2). The plan of the buildingith different types

TABLE 1 DESCRIPTION OF M ODELS of slabs are as provided in Fig. 1.

Plan area 576 nt
Height of each storey 3m I i
Bay width in X and Y direction 4m 1 1t 1T 1t 1 1 T
5 store 450 mm X ¥ + + + » * ¥
Y1 450mm
550 mm X - . - . - . .
10 storey 550 mm
Column size 800 mm X . N . . . .
800 mm, 700
15 storey | mmX 700 TR S
mm, 450 mm -
X 450 mm
Beam size 350 mm X 350 mm (@) (b)
FF 1.2 kN/m2
Shell loads LL 3 kN/m2 T A . s St St St St
Roof live 1.5 kN/m?2
External 14 kN/m s . ' . . . ‘Tol¥ . 4 . 4 . 4
Wall load
Internal 10.5 kKN/m
Mass source DL+ 0.5LL )| L I s I i L) & . . . i . 4
Seismic zone \
Zone factor 0.36 , |
Response reduction factor 5
c d
Importance factor 1 © ()
Soil Type 1]

Fig. 1. Plan of building with (a) conventional slab,
(b) flat slab with drops (c) flat plate and (d)
affle slab

Fixed restraints and rigid diaphragms are provided
for the structure. Response function has bee
defined using 1S1893: 2016 for a damping of 5%.
For the slabs except conventional slab, theB) Irregular buildings
external and internal walloads are provided
using null beams. For all the 36 models, respons
spectrum analysis was done in ETABS 2018.

Irregular buildings can be eithdue to plan
eirregularity or vertical irregularity. In our study,
plan irregularity has been considered. The plan

TABLE Il. THICKNESS OF SLAB area of the building is kept constant to that of
_ St kb regular buildings i.e. 576 m2. The different shapes

Parameter | COnVenton | Hat | waffle of building considered are the T shape &d
al slab dops | PRe | slab shape buildings. To have an insight about the

Slab 150 mm 150mm | 160 mm | 100 mm shgpe of the building,' the plan (_)f the irregular
thickness buildings with conventional slabs is provided (as
shown from Fig. 2).

Der panel 250 mm 300 mm
thickness - -

Overall
depth of 300 mm
waffle slab

Width of
rib - - -

100 mm
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2oPePoPoPoto PP D —— in X and Y axis are found to be same. This is due
S LD G D L D G —— to the symmetry of structure in both ahd Y

p R R — T direction. It is also observed that as the storey

' T level or as the height of the building increases, the

roof displacement also increases. Graphs are

plotted for storey displacement in each building as

shown in Fig. 3. The conventional slab and flat

slab with drops show similar results, so the lines

are coinciding in the graphs plotted showing the

. @ : ®) maximum storey displaceme_nt. The storey
Fig. 2. Plan of (a) T shape and (b) S Shaloedlsplacement is least for_bL_uIdlngsf with waffle
building with conventional slab slab and maximum for buildings with flat plate.
The flat plate systa storey displacement is about

lll. Results and Discussion 50.17% higher than that of conventional slab. The

5 waffle slab storey displacement is about 17.68%

Response spectrum analysis is done for 5, -
P P y lesser than that of conventional slab.

10 and 15 storey buildings with the 4 types of

slabs (mentioned earlier), for both regular and Story Displacement
irregular buildings. The results in terms of storey 200
displacement, intertarey drift ratio, base shear 150

and time period are discussed further.
A. Regular buildings

The results obtained from the analysis of
regular square shape buildings using ETABS

Maximum storey Displacement (mm)

2018 are provided in table 3 and table 4. w0
TABLE Ill. The Maximum Storey Displacemt, °
Inter-Storey Drift Ratio and Base Shear
Conventional slab Flat slab with drop

Max. storey : Flat plate Waffle slab

Type of | No. of displacement Mazr:fr;tre;tis(,)torey Bhase . . . .
slab | stories (mm) shear | Fig 3 Maximum storey displacement in 5, 10 and
N Y " v (kN) -
15 storey building
40.4 | 40.4 | 0.0036 | 0.0036 | 3813.7 . : : ,
G+4 9 9 4 4 3 2) Inter-Story drift ratio : It is defined as the

Conventi | . o | 826 | 826 | 0.0038 | 0.0038 | 4206.7 | relative translational displacement between two

onal slab 131. 131. 0.02039 0.02039 49‘7‘9.5 consecutive floors divided by the storey height.
G+14 5 9 5 5 4 The graphs plotted for each models as shown in
Gea 42.1 42.1 0.02036 0.02036 35‘111.0 Fig. 4.
FI\?vtitﬂab G+9 829 | 82.9 | 0.0038 | 0.0038 | 3872.3 Inter-storey Drift Ratio Inter-storey Drift Ratio
7 7 5 5 7 5 10
drops Gr1a | 122 | 122. ] 0.0039 | 00039 | 4642.0 ,
8 8 8 8 9 ) .
Gea | 577 | 57.7 | 0.0050 | 0.0050 | 2632.3
1 1 6 6 3 7
124. | 124. | 0.0057 | 0.0057 | 2741.0 s s
Flat plate| G+9 5 5 4 4 9 §> gs
179. | 179. | 0.0058 | 0.0058 | 3289.8 a &
G+l | 7y 9 9 9 3 : :
Geq | 344 | 344 00030 | 0.0030 | 32539 3
2 2 9 9 6 1 2
Waffle G+o | 680 | 68.0 | 00031 | 0.0031 | 3750.0 1
slab 1 1 0 0 1 0 0
101 101 00033 00033 45336 1] 0.1 0.2 0.3 0.4 05 0.6 0 01 02 03 04 05 06 07
G+14 9 9 6 6 2 Inter-storey Drift Ratio (%) Inter- storey Drift Ratio (%)
1) Story displacement: Maximum displacement MLIC —eM_FD ML om_tw M_MC —=M_MFD ~+=M_MFP ——M_MWw
(i.e. roof displacement) is as shown in table 3.
Since the building is a square shaped regular @ (b)

building, we can see that the storey displacement
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Inter-storey Drift Ratio
15
14
13
12
11
10

Storey

4) Time period: It is the time required by the
building to undergo one complete cycle of
oscillation. Table 4 shows the time period of the
structure for first 3 modes.

TABLE IV. Time Period

Ok N W B ! a N ®

0 0.1 0.2 03 04

Inter-storey Drift Ratio (%)

05 0.6 0.7

M_HC M_HFD M_HFP M_HW

©
Fig. 4. Interstorey drift ratio in (a) 5, (b) 10 and

(c) 15 storey building

From the IDR graph, we can see that the
maximum Interstorey drift is seen in the models

with flat plate slab. And the waffle slab
experiences the least drift. The sudden variation

of the interstorey drift in 9th storey of 15 storey

No. of Time Period (sec)
Type of slab "
stories | Mode 1 Mode 2 Mode 3
G+4 0.982 0.304 0.167
Convfngiona' G+9 | 1.949 0.614 0.336
slal
G+14 2.582 0.885 0.494
G+4 0.966 0.296 0.161
Flat slab G+9 | 1.948 0.610 0.331
with drops
G+14 2.566 0.882 0.489
G+4 1.315 0.378 0.189
Flat plate G+9 2.806 0.835 0.423
G+14 3.689 1.202 0.645
G+4 0.848 0.268 0.151
Waffle slab G+9 1.621 0.518 0.289
G+14 2.113 0.753 0.421

buildings are due to change in building geometry.
3) Base shear:Base shear is an estimate of the

The maximum time period is for structure
with flat plate, and it is about 43.9% more than

maximum expected lateral force on the base of thethat of conventional slab system. The time period

structue due to seismic activity. The graphical

of the waffle slalis the least. It is about 18.16%

representation of base shear for G+4, G+9 andess than that of conventional slab.

G+14 storey buildings are shown in Fig.5.

Base shear
6000

5000
4000

3000

B. Irregular buildings

The analysis results are provided from table 5 to
table 6.

TABLE IV. The Maximum Storey Displacement,
Inter -Storey Drift Ratio and Base Shear

Base shear (kN)

— Max. storey .

SE| T | g | dplcomen | Memersorey | Bace

g2 83| 858 (mm) r
1000 wa |k @ X Y X Y (kN)
’ Conventional Flat slab with Flat plate Waffle slab ‘_CB G+4 42.01 40.51 0.00374 0.00363 4]2-Aél

slab drop g o .
Sstorey WiDstorwy m15sorey §2 | G+o | 8361 8384 | 0.00406 | 0.00387 | 5

2 .

]

Fig. 5. Base shear of G+4, G+9 and G+14 S | G+14| 1322 1241 | 0.00423| 0.00400 | °37
Storey bU|Id|ng g G+4 | 40.59 | 40.31 | 0.00363 | 0.00362 3?128

- m .
The above graphs indicate that the basg 88| G+o | 8663 | 8419 | 0.00398| 0.00390 4204
shear of the building with cwentional slab is 5 ° 067
more when compared to the models with other T | = | G*14 | 1209] 1251 000417 000404 | “cq
slab. This is because the seismic weight of the o | G+ | 5795| 5754 | 0.00508 | 0.00504 | 2558
building is more compared to the others due to the 5 3005

. . . - G+9 | 1253 | 125.1 | 0.00576 | 0.00574

presence of beams. And as the seismic weight of 5 3-;;9
the building increases the base shear valge al G+14 | 1812 | 181.1 | 0.00594 | 0.00593 | ~ 7
increases. This is also the reason why the models o, | Gra | 3553 3459 0ooats| oooars| ¥L3
with flat plate slab have the least base shear. The 5 1158
base shear is reduced by about 33% compared|to | > | G*9 | 7306 | 6962 | 0.00331| 000318 | "5

the conventional slab.

[82]
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Story Displacement-Y Direction
200
180
160
140
120
100
80
60
40

Maximum storey Displacement (mm)

20

0

5 storey 10storey 15 storey

Flat slab with drop
Waffle slab

~+—Conventional slab
Flat plate

Fig. 7. Maximum storey displacement in 5, 10 and

Since more prominent

change is seen in X directtion, the intstorey
drift ratio graphs of T and S shape buildings along
the X direction are provided (Fig. 8 to Fig. 10.) as

G+14 | 111.0 | 104.6 | 0.00359 | 0.00342 52210 Story Displacement-X Direction
= 4000 200
% G+4 | 41.08 | 40.36 | 0.00368 | 0.00363| "¢ w0
E=Io) E
S8 | G+9 | 8566 | 82.73 | 0.00394 | 0.00382 | 401 £
E @ 68 5 140
3 5221 g
o G+14 | 127.0 | 1222 | 0.00408 | 0.00395 | “c% § 10
2 100
£ G+4 | 4032 | 40.21 | 0.00363| 0.00362 | 3673 &
B3 " .88 £ 80
Q
S5 | G+o | 8455 | 8297 | 0.00390 | 0.00385 4235 s ®
- O : ® 40
B 4879 :
o G+14 | 126.4 | 1235 | 0.00407 | 0.00400 | “2¢ 2
S : 0
o G+4 | 57.86 | 57.73 | 0.00507 | 0.00506 21‘25 Sstorey  10storey 15 storey
E 2864 -+—Conventional slab Flat slab with drop
§ G+9 | 1242 | 124.1| 0.00572 | 0.00571| “% Flat plate Waffle siab
5 )
G+14 | 180.5 | 180.3 | 0.00591 | 0.00590 3:‘)‘29
o | G+ | 3489 3440 | 000313 | 0.00309 e 15 storey S shape building
K v . ; i
2 G+9 | 70.47 | 68.04 | 0.00320 | 0.00311 3236 2) Inter-Story drift ratio:
= )
= | G+14 | 1067 | 1025 | 000348 | 0.00337 4%2
1) Story displacement: The waffle slabs shows  otarence. The same trend

least displacement when compared to the mOdelsdirection.
with other slabs. It is also notable that for T and S
shape buildings, the flat slab with drops performs
better than the conventional slab building when
considering bth X and Y directions. The graphs 4

plotting the maximum displacement of 5, 10 and

15 storey buildings for both X and Y directions B Y
are shown in Fig. 6 and Fig. 7. The story
displacement of waffle slab is 17.5% lower than
that of conventional slab. The stgréisplacement :
of models with flat slab with drops is seen to be

Inter-storey Drift Ratio- X Direction

reduced upto 4% than that of conventional slab. "o o1 0 0: 0 05 0s

Inter- storey Drift Ratio (%)

Least roof displacement is seen in waffle slab
system, and it is reduced upto 17.75% than that of
conventional slab system.

~—M_T-LC —e—M_T-LFD

@)

M_T-LFP —o—M_T-LW

Story Displacement-X Direction Story Displacement-Y Direction

storey T shape building

200 200
_ 180 _ a0 15
E 160 E 160 14
= = 13
g 140 \
2 140 ] 2
S g 11
s 120 & 120
l_% E’ 10
S 100 5 100 9
3 ¥ 7 s
S 80 g 80 5,
% / ] 2
£ w0 / E & 6
£ £ 5
S [ o 40
3% 2 4
3
20
20 3
0 0 1
Sstorey  10storey 15 storey Sstorey  10storey 15 storey 0
0 01 02 03
—~=—Conventional slab Flat slab with drop ——Conventional slab Flat slab with drop
Flat plate Waffle slab
Flat plate Waffle slab pi TR TS T

Fig. 6.Maximum storey displacement in 5, 10 and

15 storey T shape building shape building
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is seen in the Y

Inter-storey Drift Ratio-X Direction

10

9 w,
8
7
6
>
<
5 ° y
& |
4 ]
3 b
2 a5
1
0
[} 01 02 03 04 05 06 07
Inter- storey Drift Ratio (%)
—&—-M_T-MC M_T-MFD M_T-MFP M_T-MW

(b)

Fig. 8. Interstorey drift ratio in (a) 5 and (b) 10

Inter-storey Drift Ratio-X Direction

0.4 05 06 0.7
Inter- storey Drift Ratio (%)

M_T-HFP M_T-HW

Fig. 9. Inter-storey drift ratio in 15 storeyT
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Inter-storey Drift Ratio- X Direction Inter-storey Drift Ratio-X Direction

10

Storey
v oa o~ = @

o B N ow s

0 01 02 03 04 05 06 07
Inter-storey Drift Ratio (%)

M_S-MFD M_S-MFP

(b)

0 01 02 03 04
Inter-storey Drift Ratio (%)

M_S-LFD—e—M_S-LFP

@

Inter-storey Drift Ratio-X Direction

05 0.6

*—M_S-LC M_S-LW M_s-MC M_S-MW

15
14
13
12
11
10

9

Storey

8
7
6
5
4
3
2
1
o

0 0.1 02 03 0.4 0.5 0.6 0.7

Inter-storey Drift Ratio (%)
M_S-HFD M_S-HFP

©
Fig. 10. Interstorey drift ratio in (a) 5, (b) 10, and
(c) 15 storeyS shape building

M_S-HC M_S-HW

From the IDR graph, we can see that the
maximum interstorey drift is seen in the models
with flat plate slab. And the waffle slab

experiences the least drift. Since the T shape

building is only symmetrical along the Y axis and
unsymmetrical along the X axis, the storey drift
variation of conventional and flat slab with drops
is more and henda Fig. 8 we could see the IDR
curves more clearly. The sudden variation of the
inter-storey drift in 9th storey of 15 storey
buildings are due to the change in building
geometry.

3) Base shear:The base shear of the T and S
shape buildings are shown ilgF11 and Fig. 12.

The base shear is minimum for flat plate slab
models and is maximum for conventional slab
models. Since the self weight of the conventional

slab models are more due to the presence of

beams, the base shear is more.The base shear
flat plate slab models were reduced by almost
32.47 % for T shape buildings and 33.75% for S

shape models when compared to the conventional

slab models.
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Base shear

6000
__ 5000
=z
= 4000
&
3 3000
5
2 2000
@

1000

0
Conventional  Flat slab with
slab drop

Flat plate Waffle slab

5 storey 10 storey 15 storey

Fig. 11 Base shear of G+4, G+9 and G+14 stofleghape building

Base shear
6000
5000
=z
= 4000
=
5
23000
5
& 2000
2
@
1000

o
Conventional Flat slab with Waffle slab

slab drop

Flat plate

5 storey 10 storey 15 storey

Fig. 12. Base shear of G+4, GafAd G+14 storeyS shape
building

4) Time period: The table 6 and 7 shows the
time period of the T shape and S shape models.
The flat plate slab system shows more time
period. The time period required by the waffle
slab is the least.

TABLE VI. Time Period of T Shape Building
o @ Time Period X dir Time Period Y dir
Eg > 5 | (seo) (sec)
g5 ° | 2
= [ o
22 B38|t |8 |8 |8 |t
[l Z |2 Ad|lZ |2 |2 d|Z2N|=m
3 5 | 098|030 |016 | 097 | 0.30 | 0.16
o
S .
S| 10 | 1.99| 062 | 033 [ 1.96 | 0.61 | 0.33
c
S 15 | 2.62 | 0.89 | 0.49 | 2.60 | 0.88 | 0.49
oo | 5 |096[029 [015 | 096 |029 |0.15
lS)
g'g 10 | 1.97 | 061 | 0.33 | 1.96 | 0.61 | 0.33
E.‘:
| 15 | 259 | 0.88 | 048 | 258 | 0.88 | 0.48
-
® 5 | 1.30| 037 | 018 | 1.30 | 0.37 | 0.18
T
S | 10 | 279|082 | 041 | 279 | 0.82 | 041
©
“ | 15 | 366|119 | 063 | 366 | 1.19 | 0.63
of g 5 | 084|026 | 014 | 084 | 0.26 | 0.14
)
& | 10 | 166|052 | 029 | 164 | 0.52 | 0.29
©
= | 15 | 216|076 | 042 | 214 | 0.76 | 0.42
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TABLE VII. Time Period of S Shape Building qguantity of concrete required for the buildings
- T Poriod X di Time Poriod Y di with flat slab with drops or waffle slab will be less
Sl o | g (sec) compared to the building with conventional slab.
3| B | 5| (seo) The walffle slab is economicand safer when
“qo: g - compared to the buildings with other types of
fegg g o og g g |
® PPN P B2 BN B Acknowledgment
T 5 | 099|030 | 0461087 ) 030 1 046 The support of the authorities of AWH
2 g 197 | 062 | 033 | 1.94 | 061 | 0.33 Engineering college for the successful completion
$w| 10 of project is gratefully acknowledged.
8 15 261|089 | 049 | 256 | 0.87 | 0.49 References
- 5 | 096|029 | 015 | 09 | 029 |0.15 1. C. L. Nishanth, Y. Sai Swaroop, . K.
E Jagarapu et al ., iAnal
88| 10 | 190|001 032 | 104 1 0:60 1032 commercial building with different slab
T 15 | 258088 | 049 | 256 | 0.88 | 0.48 ‘?’or dary'a ngements Prté)cse;, dirr]19gs ET/
S o | 130037 [018 [130 [037 |o018 hips':lllgg;.grgllo.1016/j.matpr.2020.05.823
© , Apri .
g 10 | 280|083 | 041 | 279 | 0.82 | 0.41 2. G. Sridevi , Antaratana Shivaraj , Gouda
5 Sudarshan and Umesh Biradar,
15 3.67 | 1.2 0.64 | 3.67 | 1.2 0.63 nCo mpar at i ve Stud y 0
Behaviour of RC Building With
o | 5 | 0|08 | 015 | g | 020 | 014 Conventional and FI at
5 Structural Engineering and Rehabilitation,
g | 10 1641052 ) 026 ) 162 ) 051 0.28 Lecture Notes in Civil Engineering 38,
g 2141 076 | 042 | 210 | 0.75 | 0.42 httpS//dOIOrg/lO1007/97981—13—7615
15 318, 2020.

For the T and S shape models the time 3. ghl\l/ln;crgn ?Aznggﬂsgnd Vsegﬁgteens;tha\/\gagé(gy
period of flat plate is about 40% and 42% more ﬁ'A nal ysis ai nd Des i ’g n
(respectively), than that conventional slab models. Building with Grid SIa
And the time period of waffle slab is abdut.5% International  Journal of  Innovative
and 18% less than that of conventional slab Research in Science, Engineering and
system for the T and S shape buildings Technology, Vol. 5, Issu’e 9. 2016.
respectively. 4. Abhijit K Sawwalakhe and Prabodh D
IV. Conclusion Pachpor, AComparati ve

. : . Conventional Slab, Flat Slab And Grid Slab

Storey displacement is maximum for flat Using ETABS. o |
plate slabs and minimum for waffle slabs for all doi'10 1088/175—'899X/1197/1/0127020
the models. Intestorey drift ratio is maximunof 202'0 ' ’
flat plate slab models. Base shear is maximum for 5 RS More V. S. Sawant and Y. R
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The conventional slab and the flat slab with drops Different Types of Flat léb Subjected to
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conventional slab models are showing almost
similar results, the flat slab with drops or waffle
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slab. Considering the economical aspect, the
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Abstractd Base isolation has proven to be an existence. Earthquake cause significant loss of life
effective technique that aids in earthquake hazardand destruction to property every year. Several
mitigation and has been in use for the past decadeseismic construction designs and technologies
The isolationsystem decouples the structure from have been developed over the years in efforts to
the horizontal components of the ground motion, reduce the effect of earthquakes on stmastu
consequently reducing the possibility of bridges and potentially susceptible contents.
resonance. Isolators are provided at the base oBeismic isolation is relatively recent and growing
the structures, and decoupling is achieved bytechnology of this kind.

altering the flexibility of the sysim, together with
appropriate damping. Structures with irregular
plans are gaining popularity owing to their A. General
aesthetic appearance as well as architectural
designs. The response of such structures t
seismic action will be different from conventional
strucures. This paper aims to study the effect of
base isolators on structures with irregular plans
while simultaneously observing the changes
occurring when height of the structures is
increased. Three unique plans are chosen, namel
plus, L and T shapes, whk® responses are studied
on 5, 10 and 15 storeyed structures. All the
columns in the base isolated structures are
equipped with lead plug rubber bearing base
isolators which is the chosen isolator for the
purpose of this study. The bas_g isolators arebridges, nucleapower plants and liquid storage
designed for each structure specifically, so that tanks etc

the behavioral patterns observed are as accurate as '

possible. From the results obtained, it is discernedB. Lead plug rubber bearing isolators ( LPRB )
that base isol_ated build_ings e_xhibi_ted better Lead plug rubber bearing, applied to
performances in comparison with fixed base yiging and bridge constructions, is a practical

bhuildifrflgs, in?] ageigh_t OT the strL(chture dincreases and costffective choice for seismic isolation. It
the efiect of the base isolator tends to decrease. s composed of laminated astomeric bearing

Keywordsd Base Isolation, Lead Plug Rubber pad, top and bottom sealing & connecting plates

Bearing, Seismic Analysis, Mode Period and lead plug inserted in the middle of the bearing

as shown in fig 1. The steel shims provide vertical

stiffness to the LRB and layers of rubber provide
Earth quake is a shaking of the ground lateral flexibility or horizontal $tfness. Lead core

caused by movement of the tectonic platesof the LRB provides damping to the structure. It

relative to each other, both in direction and has low maintenance when compared to other

magnitude. A large part of the world people lives types of isolators.

in area of seismic hazard at risk from earthquake

of varying harshness and varg frequency of

[87]

[l. Base isolation

Seismic isolation also known as base
Ssolation is an earthquake resistant design concept
in which a building is decoupled from the
earthquake ground motion or seismic waves.
'When a building is decoupled from ground
motion it significantly reduces response in the
structure which would have affected building if it
¥%s fixed base. Base isolation decouplése
building from ground motion by decreasing the
fundamental frequency when compared to- fix
based building. This concept of base isolation also
makes to remain building elastic during an
earthquake. Base isolation concept is also used in

[. Introduction
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Each bay width: 4m

Upper Connecting Steel Plate

- b, L Height of each storey: 3m

Lead Core

Cover Rubber B. Load specifications:

Laminated Elastomeric Pad

Live load on floors: 3 kN/m2

Bottom Sealing Steel Plate

ottom Connecting Steel Plate Floor flnlsh: 1.2 kN/m2
Fig. 1. Typical lead plug rubber bearing Live load on roof: 1.5 kN/m2
isolator External wall load: 14 kN/m2

During the earthquake, the -solated Internal wall load: 10.5 kN/
building will vibrate back and fth in varying
directions due to the inertial forces and result in
deformation and damages of the building. In TABLE |. SECTIONAL PROPERTIES OF
contrast, the base isolated building will also MODELS
displace but remains its original shapes and avoi

C. Sectional properties:

px |
“Storey | Size of | Size of | Slab Grade of | Grade

dama_ges thqt i_s because 'Fhe I_ead rubber begri beam | column | thickn | concrete | of
effectively dissipates the inertial force upon the ess concrete
buil ding, extends t he bjui | dli ng§s period o f
vibration and decrease the acceleration of theG+4 [0.36 mX| 0.45mX| 0.15m| 30 MPa | 415 MP4
building. The lead plug will slide with laminated 0.36m | 0.45m

<

rubber during earthquake but convert this energ
of movementa heat so that it efficiently reduces
the inertial force upon the building, which slow
the vibration of the building. Meanwhile, the 727 025 mX | 0.65 mX| 0.15 m| 20 MPa | 500 MPa

4

G+9 0.45mX | 0.55m X| 0.15m| 30 MPa | 415 MPa
0.45m | 0.55m

rubber part will preserve its original shape due to 045m | 0.65m
high elasticity.
[1l. ANALYSIS AND DESIGN D. Seismic data:

In this study, G+4, G+9 and G# Seismic Zone: V
structures were modelled and later analysed usin
the ETABS software. Irregularity in the structures gZone factor: 0.36 (for Zone V)
was studied by providing plus, H and T shaped Soil Type: Soft (Il
plan to the structures. Hence, a total of 18
structures were studied, out of which 9 structures
had fixedbases and 9 were base isolated. Basedmportance Factor: 1
isolation was incorporated into the structures by
providing them with base isolators under all the
columns of the structures. Initially, a fixed base E. LPRB characteristics:
structure was modelled and analysed, after which
the maximum CO'UW” Lspport_ react!on of the and the corresponding values are given in TABLE
structure was obtained. Using this, the baseII TABLE Il AND TABLE IV
isolator was designed and was then provided to ’ '
the same structure. The seismic response of thdABLE Il. ISOLATOR PARAMETERS OF
two structures were then studied and comparedG+4 MODELS

Response Reduction Factor: 5

Damping: 5%

Isolators were designed for all the models

The seismic analysis was carried out as per | Input LPRB Values of models
1893:2016 and loads were provided in accordand €arame | P5B 58 T5B
with IS 875:2015. ters
A. Model specifications: Ul 1117903. | 1120611.| 1120600.671
Type of building: Reinforced Concrete Building | Effective| 357 kN/m | 552 kN/m
Stiffness kN/m
Plan area: 320 m2 U2 and| 10301.03434 kN/m | 10325.98] 10325

[88]
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U3 932 .89
Stiffness kN/m kN/m
Yield 58.67967 kN 58.82182| 58.82
strength kN kN
U2 and| 1117.9033 kN/m 1120.611| 1120.
U3 552 6
Effective kN/m kN/m
Stiffness

TABLE Ill. ISOLATOR PARAMETERS OF

G+ MODELS

Input LPRB Values of models

Paramete | P10B L10B T10B

rs

Ul 2453580.2| 2421534. | 2453495.1
Effective | KN/m 7 KN/m kN/m
Stiffness

U2 and| 22608.764| 22313.48 | 22607.981
U3 62 kN/m | 07 kN/m | 17 kN/m
Stiffness

Yield 128.79 kN | 127.1082 | 128.7589
strength kN kN

U2 and| 2453.58 22313.48 | 2453.4951
U3 07 KN/m | kN/m
Effective

Stiffness

TABLE IV. ISOLATOR PARAMETERS OF

G+14 MODELS

Input LPRB Values of models
Parameter

s P15B L15B T15B

Ul 3856182.2 | 3715632. | 5256829
Effective 9 kN/m 9 kN/m kN/m
Stiffness

U2 and U3| 35533.19 | 34238.07 | 48439.5880
Stiffness kN/m 8 kN/m 2 kN/m
Yield 202.4142 | 195.0365 | 275.9352
strength kN 8 kN kN

U2 and U3| 3856.182 | 3715.632 | 5256.829
Effective kN/m 9 kKN/m kN/m
Stiffness

All the structures were modelled using ETABS
software and are shown in Fig. 2, Fig. 3, and Fig.

4. given below.

Fig. 2. 3D views of plus, L and T shaped G+4
models

Fig. 3. 3D views of plus, L and $haped G+9
models

623)
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COMPARISON OF MAXIMUM COMPARISON OF MAXIMUM
DISPLACEMENT IN X-DIRECTION DISPLACEMENT IN Y-DIRECTION
u P 18 terr
" )) i " -[ Fr
W Iy P " ,J iy
2 i o 2 o 4
H yaa H 7
» y / p
& Y.
g p-
g 7

STOREY

P

1 20 w“ W
DISPLACEMENT { i ) DISPLACEMENT ( mm )

LIS —-LISB —-PISF —o-PISB =TI —e=TISH eLIF —e—LiSH —SFIS Pl eI —+—TIsB

Fig. 7. Storey displacement comparison for G+14
models in X and Y directions

Fig. 4. 3D views of plus, L and T shaped G+14 The presence of base isolator in the
models structure resulted in an increasén the
IV. RESULTS AND DISCUSSSION displacement vaIL_Jes compare(_j to the fixed base
structures. The interstorey displacements were
The results obtained from the seismic smaller for isolated structures compared to fixed
analysis of the structures with different plans were pase buildings. This means that once the base
discussed. The results of parametric study byijsolator came into action, lesser amount of seismic
varying the hight of the structure were included. energywas passed onto the structure, hence the
The storey displacement, storey drift, mode periodsmaller interstorey displacement values. Increase
and base shear vales were noted and comparisom interstorey displacement was found to be the
graphs were plotted for all eighteen models. lowest in the case of T5B model. As the number
of stories increased, the reduction of displacement
values decreased,i.e. the percentage of
DISPLACEMENT IN X DIRECTION DISPLACEMENT IN Y:DIRECTION displacement reduction between the top and
: bottom storey was found to be the lowest in the
case of G+14 structures. Also as the height of the
structure increased, the effect of irregularity of the
structure increased. This was obsel in the 10
and 15 storeyed structures where the top storey
displacement of base isolated structure was lesser
than fixed base structure.

B. Storey drift:

A. Storey displacement

STOREY

CE I U I U I T I U I T 08w

v o8 15020 25 30 38 40 48
DISPLACEMENT { mim ) DISPLACEMENT (mm )

LS LB - PF PR =TS ——TiB —a—LsF —e-LB per PB —8—TSF —8—TSB

. . . COMPARISON OFSTOREY DRIFT A N OF - NY-
Fig. 5. Storey displacement comparison for G+4 IN X-DIRECTION COMPARISON OF STOREY DRIFT INY
mocels in X and Y directions ‘ ‘

COMPARISON OF MAXIMUM COMPARISON OF MAXIMUM
DISPLACEMENT IN X-DIRECTION DISPLACEMENT IN Y-DIRECTION

STOREY
STOREY

ot I I I I / " [ 1111 ] Fig. 8:.Storey drift comparison for G+4 models in
DISPLACEMENT (mmn ) DETLACEMENT (mey) X and Y dlreCtiOnS

LI —a-Lim 70 P8 ~e-TioF —a-Tics ~-LI0F ~e-LIB e~ PI0F PIOB —e-TIOF —e~TI0B

Fig. 6. Storey displacement comparison for G+9
models in X and Y directions

[90]
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COMPARISON OF STOREY DRIFT IN
X-DIRECTION

COMPARISON OF STOREY DRIFT
IN Y-DIRECTION

0 0001 0002 0003 0004 0008

Drift

0006 o 0001 0002 0003 0004 0008

0006

—8—LI0F —8—L10B ——PI0F ——PI0B —e—TIOF —e—TI0B —#—LI0F —#—L10B —8—PIOF —+—P10B —8—TI0F —8—T108

Fig. 9. Storey driftomparison for G+9 models in
X and Y directions

COMPARISON OF STOREY DRIFT IN X-
DIRECTION

COMPARISON OF STOREY DRIFT IN Y-
DIRECTION

0 0005 000 0005 0002 00026 0003 00038 0004 0004
Drin

0 02005 0001 000IS Q002 G026 0003 0035 0004 0004S
Drift

~-LISF —-LISB ~-PISF e ~-LIF LB ~-PIF +-PIB ~-TIF TS

Fig. 10. Storey drift comparison for G+14 models
in X and Y directions

In the case of base isolated structures, the

highest drift value was obtained at storey one in
all of the cases. This was due to fresence of

base isolators in the structure. The base isolator

imparts a certain displacement at storey one
which  will was the highest interstorey
displacement in that structure. Hence the highest
value of drift also occurred at the same storey. But
like the fixed base structures, in the base isolated
structures the storey drift decreased thereafter as
the height of the structure increased.

C. Base shear:

BASE SHEAR IN X-DIRECTION

LsF LsB PsE Psm TSF 58

Models,

c888838%

®BASE SHEAR

BASE SHEAR IN Y-DIRECTION

LsB P PsB TSE 5B

LsF

s 5EYEEY
SEEEEEE

Baseshear (KN )

< <
Models

mBASE SHEAR.

Fig. 11. Base shear comparison for G+4 models in
X and Y directions
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Fig. 12. Base shear compson for G+9 models in
X and Y directions
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Fig. 13. Base shear comparison for G+14 models
in X and Y directions

The above graphs indicate that when base
isolator was provided to a structure the base shear
of the structure decreased. Hence, the base shear
of the fixed models was greater than that of base
isolated models. Among the models L5B
indicated highest value of base shear reduction.



InternationalConferencen RecentAdvancementi ScienceandEngineering RAi SE 02 3)

D. Mode period: ensured that lesser displacements occurred
in the upper stoeis.
O AR ot oy oD OF f  As height of the storey increased the effect

of irregularity of the structure increased.
1 Base isolated models were observed to
s have lower drift values compared to fixed
base model. The highest drift value was

MODE PERIOD ( sec)

0 ’7 found to be at storey 1 in base isolated
o . models, due to higher displacement at that
LSF LB P.‘l;"n)}:[‘:fﬁ TSF TSB Storey

1 Base shear of the models reduced when
isolators were provided to the structures.
The reduction in base shear however
decreased as the number of stories
increased.

1 The first mode period of all the isolated
structures were greater than the
corresponding fixed base structures. As a
result, only a reduced amount of energy
was transferred to the structure.

1 The percentage of increase in mode period
decreased as height of the structure
increased.
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