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Abstract- Concrete has a substantial impact on 

the environment as the cement, whose production 

involves a large amount of CO2, is its main 

ingredient. Incorporating a small amount of 

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 nano- silica material 

and polypropylene 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 as 

flexural tensile strength, 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 concrete. The tests are 

carried out at the casting age of 28 days. It is 

concluded that use of nano- material and 

polypropylene fibers has minute change on its 

compressive strength. The Split tensile strength, 

flexural tensile strength gets enhanced by some 

considerable amount. The results of the study 

showed that the presence of both nano silica and 

polypropylene fibers in optimal percentages, can 

improve the mechanical properties as well as 

bond strength of reinforcement bars embedded in 

concrete. 

KeywordsðNano silica, Polypropylene fiber, 

pull out test, Bond strength. 

I. INTRODUCTION  

The behaviour of reinforced concrete (RC) 

structures depends up on the type of bond 

developed between the steel reinforcement and 

the surrounding concrete. To ensure the integrity 

of various constituent or composite action of 

concrete and steel reinforcement, sufficient bond 

should be developed by the surrounding concrete 

with the reinforcement.[1]Proper bond between 

the steel reinforcement and the surrounding 

concrete is also crucial for the overall strength and 

serviceability of RC members.  

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 

has some advantages such as light weight, high 

strength, high toughness, and corrosion resistance. 

The PPF is widely used in chemical industry, 

energy, clothing, environmental protection, and 

construction.[2] When PPF is added in concrete, 

the three-dimensional random distribution 

network structure can be formed in concrete, 

which effectively inhibit the microcrack 

generation and development. As a result, the PPF 

can prevent water and other harmful ions entering 

into concrete. The durability of concrete can be 

improved by adding PPF.[3] 

Modern concrete infrastructure requires 

structural components with higher mechanical 

strength and greater durability. A solution is the 

addition of nanomaterials to cement-based 

materials, which can enhance their mechanical 

properties. Optimal dosages of these materials can 

improve the compressive, tensile and flexural 

strength of cement-based materials, as well as 

their water absorption and workability.[4] Nano-

silica (NS) or silica nanoparticles, also known as 

silicon dioxide nanoparticles, can be used as 

additives for improving concreteôs mechanical 

and durability properties. The effect of NS on 

nanostructure of cement paste also confirmed the 

improvement in concrete durability. Using NS as 

a cement replacement makes concrete more cost-

effective and reduces the CO2 footprint of the 
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concrete products.[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] 

II. OBJECTIVES 

The prime research objectives of this 

present work are as follows: 

¶ To determine the mechanical properties of 

concrete specimens 

¶ To obtain optimum combination of nano 

silica and polypropylene fiber in concrete. 

¶ To determine the bond strength 

corresponding to the pull-out force in rebar 

embedded in concrete specimen. 

III. EXPERIMENTAL PROGRAMME  

This experimental programme was carried 

out to evaluate the bond stress - slip behaviour 

and pull-out strength of reinforced bars embedded 

in fibre reinforced concrete. The main variables 

considered were: (i) weight percentage of 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 

calculated. (iii) diameter of reinforcing steel 

bars(ʬ) viz;16mm and 20mm. Three specimens 

were cast for each parameter and the average of 

the two was taken for analysis.  

A. Materials 

Ordinary Portland cement of 53 grade 

confirming to IS: 12269-1987 [7] was used. Test 

on cement were conducted as per IS 4031-1988 

[8]. Fine aggregate passing through 4.75 mm IS 

sieve confining to grading zone III of IS: 383- 

1970 [9] was used. Crushed stone with a 

maximum size of 20 mm were used [9]. 

CONPLAST SP430 complies with IS: 9103:1999 

[10] with specific gravity of 1.2 was used as a 

water reducing agent. Polypropylene fiber of 

12mm length from Cera chemicals (P) Ltd is used 

in concrete. Pure Nano- Silica was collected and 

its properties are tested in manufactured company. 

The properties of fibres and nano silica given by 

the manufacturer are given in Table 1 and II. 

Reinforcement bars used is Fe500 of Minar TMT 

brand. 

 

 

Fig. 1. Nanosilica 

TABLE I.  PROPERTIES OF NANOSILICA  

Specific surface area (m2/g) 202 

pH 4.12 

SiO2 content (%) 99.88 

Specific gravity 2.3 

Particle size 17 nm 

          Fig. 2. Polypropylene fibres 

TABLE II.  PROPERTIES OF POLYPROPY- 

LENE FIBRES 

Length 12mm 

Specific gravity 910 kg/m3 

Diameter 0.01mm 

Melting Point 162 

B. Mix Proportions  

In this experimental study concrete of M20 

grade is used and for that mix design is done 

based on IS 10262:2009[11]. The details of mix 

proportions are given in Table III. Required 

quantities of cement, fine aggregates and coarse 

aggregates were first mixed thoroughly in a drum 

type mixer for a period of 2 minutes. During the 

mixing operation 80% of water was added first 

and mixed thoroughly and the remaining 20% 

water, mixed with superplasticizer was added 

later. The polypropylene fibres were dispersed by 

hand to the mixture to achieve a uniform 
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distribution throughout the concrete. Since the 

addition of fibres reduced the workability of 

concrete, the dosage of super plasticizer was 

adjusted to maintain required workability for the 

mixes. 

TABLE III.  MIX PROPORTION FOR M20 

GRADE CONCRETE 

Cement 315.2 kg/m3 

Fine aggregate 820.27 kg/m3 

Coarse aggregate 1149.64 kg/m3 

Water 157.6 kg/m3 

Admixture 3.78 kg/m3 

C. Specimen Preparation 

Concrete cubes of size 150 mm, Prism of 

size 100 x 100 x 500 mm and cylinders with a 

size 150 mm x 300 mm was prepared for testing 

compressive strength, flexural strength and tensile 

strength respectively.[12] To evaluate workability 

of concrete standard test with actions described 

with Indian standards BIS 1199-1959 [13] are 

conducted. Cast iron mould was used to cast 

specimens and all specimens were filled in 

concrete with three layers and tamping rod was 

used to compact the specimens in each layer. 

Nano silica were mixed concrete by replacing 

cement in first stage and optimum percentage is 

calculated. In second stage, optimum amount of 

nano silica and different percentage of volume of 

polypropylene fiber is used. After 24 hours of air 

curing specimens are demoulded and transferred 

to curing tank. After curing, the specimens were 

tested. 

Fig. 3. Casting of specimen 

D. Casting Of Pull Out Specimens 

The pull-out specimens were prepared as 

per IS 516-1959 (reaffirmed 2004) [14]. The 

specimen consists of concrete cubes 150mm with 

a single reinforcing bar (16mm or 20mm dia) 

embedded vertically along the central axis in each 

specimen. The bar was projected down by about 

10 mm from the bottom of the cube for measuring 

the slip of the reinforcement bar. Also, the bar 

was projected upwards by about 85 cm from the 

top face of the cube to provide an adequate length 

for gripping the specimen in the testing machine. 

The end of the reinforcing bars on which the tip of 

LVDT was fixed during the test was ground to a 

reasonably smooth surface normal to the axes of 

the bars. The specimens were also reinforced with 

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 

the specimens were immediately placed into 

curing tank for 28 days of curing. 

 

Fig. 4. Casting of pull out specimens 

E. Testing Of Pullout Specimens 

The test was conducted as per IS 2770 Part 

1:1967 ï (reaffirmed 2002) [14] using a universal 

testing machine of 600kN capacity. While testing, 

the pullout specimen was mounted on the testing 

machine in such a manner that the bar is pulled 

axially from the specimen. As per IS 2770 the end 

of the bar at which the pull is applied shall be that 

which project from the top face of the cube as 

cast. The test framework setup is shown in Fig. 5. 

Linear variable differential transformer (LVDT) 

was used to measure the displacement of the bar. 

Two LVDTôs were fixed one at the loaded end 

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. The recording of loads and 

deformations were carried out. The loads recorded 

were then converted to bond stress. Assuming a 

uniform bond stress distribution over the 

embedment length in concrete, the average bond 

stress between the reinforcing bar and the 

surrounding concrete Űb was calculated as, 

Ű  = P 

     b ˊdblb 
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5 

4 

3 

2 

1 

 Specimen specification 

NC NS1 NS2 NS3 

where, Űb is the bond stress in (MPa), P is the 

applied load (N), db is the diameter of bar (mm) 

and lb is the embedded length of bar (mm). 

 

Fig.5. Pull out test setup 

IV. 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 concrete is 

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 

compressive strength of 26.44 N/mm2 was 

obtained for the specimen NS2 which is about 

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 the control specimen.  

 

Fig. 5. Compressive Strength 

The enhancement of compressive strength is due 

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 cement weight. 

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 respectively 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. 

Fig. 6. Flexural strength 

3) Split tensile strength: From Fig. 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 

the more efficient bridging effect across the crack 

width. 

 

 

 

 

 

 

 

 

 

Fig. 7. Split tensile strength 

 

2.1 

2.05 
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27 

26 

25 

24 

23 

22 

Specimen specification 

NC NSP1 NSP2  NSP3 

B. Polypropylene Fiber And Nano Silica In 

Concrete 

Polypropylene fiber is added to concrete as 

0.1%, 0.15% and 0.2% by percentage volume of 

concrete. And optimum content of 3% nano silica 

is added to concrete. Table V shows the details of 

specimens and variables. By conducting 

compressive strength test, flexural strength test 

and split tensile strength test, the optimum content 

of polypropylene fiber is calculated. 

TABLE V.  DETAILS OF SPECIMENS AND 

VARIABLES  

MIX  
DESIGNATION  

% CONTENT 

NANO 
SILICA  

POLYPROPYLENE    
FIBER 

NC - - 

NSP1 3% 0.1% 

NSP2 3% 0.15% 

NSP3 3% 0.2% 

1) Compressive strength: From Fig. 8., the 

compressive strength of 26.66 N/mm
2
 was 

obtained for the specimen NSP1 which is about 

13.2 % higher than the control specimen. Further 

for NSP2 and NSP3, the compressive strength is 

7.55% and 5.64% higher respectively when 

compared to the control specimen. 

 

Fig. 8. Compressive strength 

2) Flexural strength : From Fig. 9., the Flexural 

strength of 4.92 N/mm2 was obtained for the 

specimen NSP1 which is about 56.68 % higher 

than the control specimen. Further for NSP2 and 

NSP3, the flexural strength is 50.31% and 47.77% 

higher respectively when compared to the control 

specimen. 

 

 

 

 

 

 

 

 

Fig. 9. Flexural strength 

3) Split tensile strength: From Fig. 10., the split 

tensile strength of 2.29 N/mm2 was obtained for 

the specimen NS2 which is about 19.89 % higher 

than the control specimen. Further for NSP2 and 

NSP3, the split tensile strength is 14.65% and 

9.47% higher respectively when compared to the 

control specimen. 

 

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 stress of all 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 

0.025mm and slip at 0.25mm was noted. The 

results from table show that the bond stress for 

Nano silica was more than the control specimen 

and that for Nano silica and polypropylene fiber 

was more than control specimen for both 16 and 

20mm bars. It can be noted from Table VI that, 

for a given embedded length and mix the bond 

stress for smaller diameter bars is more than that 

of larger diameter bars. This may be because of 

the larger concrete cover to bar diameter ratio 

available in the case of small diameter bars which 

may contribute more to the bond resistance of the 

bar. When the cover to the reinforcement is 

6 

5 

4 

3 

2 

Specimen 
specification NC NSP1 NSP2 NSP3 
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x
u
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increased, then crack initiation load increases and 

subsequently bond strength improves.[15] 

 

a) NCū16   b) NS2ū16    c) NSP1ū16 

 

a) NCū20    b) NS2ū20    c) NSP1ū20 

Fig. 11. Pull out failure 

Significant improvement in bond stress was 

seen in the case of 16 and 20mm bars when the 

polypropylene fiber and nano silica is added to 

concrete. In the case of 16mm bar, there was an 

increase of 15.44% compared to control specimen 

for 0.1% polypropylene fiber and 3% Nano silica, 

whereas a significant improvement of 8.94% 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 compared 

to CS when 3% of nano silica was added. For 

specimens with same bar diameters improvement 

in bond stress was observed when the 

polypropylene fiber and nano silica is added. 

TABLE VI.  PULL OUT TEST RESULTS 

 

Bond Stress-Slip Behaviour 

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 between bar and 

concrete breaks, the bar starts to slip and friction 

between the outer layer of the bar and concrete 

controls the bond mechanism. The load versus 

slip values were recorded for all types of 

specimens during testing and the values were 

plotted in graph. [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 the experimental graph for 

the bond stress versus slip behaviour of specimens 

with 20mm bars. All curves showed an initial 

ascending branch up to maximum stress Űmax. It 

also showed a falling branch or softening branch, 

after the maximum bond stress was attained. This 

portion of curve was characterized by a 

significant decrease in the bond stress 

accompanied by an increase in bar slip. 

 

Fig. 13. Bond stress vs slip behavior of 

specimens with 20mm bar 
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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 strength of 

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 addition of nano silica and 

polypropylene fiber improved the bond stress 

for 16mm and 20mm bar compared to 

normal concrete specimen. 
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Abstractð A staggered Truss System (STS) is a 

new concept in the high-rise building 

construction. It is an effective design technique to 

improve the efficiency in building construction. It 

was first developed in Massachusetts Institute of 

Technology in 1960s. By providing STS we can 

increase the strength and ductility of the building. 

It helps to cut down the number of interior 

columns and thereby reduce the cost of the 

building construction. In this project analytical 

investigation on the seismic behaviour of a 16-

storey steel staggered-truss system using the 

ETABS software was conducted. The structural 

shape of the trusses was varied, and their 

influences on seismic behaviours of the system 

were studied. The seismic performance of STS 

structures by varying the Vierendeel panel width 

was also evaluated. The models were analysed by 

using time history analysis method. From the 

analysis result maximum storey displacement, 

maximum storey drift and base shear is extracted. 

From the result it was found that the model with 

warren trusses showed the highest strength and 

stiffness to the corresponding earthquake but all 

other truss shapes were also achieved the target 

performance level and also the model with less 

Vierendeel panel width shows higher base shear 

and lower inter storey drift and displacement. 

KeywordsðStaggered Truss System, Seismic 

loading, Time History Analysis, ETABs. 

I. INTRODUCTION  

The staggered truss system was developed in the 

USA by the Massachusetts Institute of 

Technology (MIT) in the 1960s. It was a new 

concept in the construction of high-rise buildings. 

A Staggered Truss Framing (STF) system consists 

of a series of structured trusses, with an opening 

in the middle of truss span (Vierendeel panel) that 

serve s as a corridor on the floor. This system is 

efficient for midrise apartments, hotels, 

dormitories, hospitals, and other structures for 

which a low floor to-floor height is desirable. The 

staggered truss framing system is used in building 

to improve efficiency of the structure. The 

staggered -truss framing system is one of the only 

framing system that can be used to allow column - 

free areas sized 18 to 21 meter. For achieving a 

large column- free area twice than column 

spacing the  STS should be provided at an 

alternate floor level. A staggered truss system was 

generally suitable for rectangular buildings and is 

usually provided in the shorter direction. As 

columns are located only on the exterior faces of 

the building, large clear span and open areas can 

be created. Compared with conventional 

reinforced concrete residential buildingsô plan 

layouts which are divided into many small spaces 

by vertical shear walls, the residential buildings 

with staggered trusses placed at alternate levels 

have enhanced spatial flexibility with the 

economy and constructability. The vertical loads 

concentrated at a few columns normally exceed 

the uplift forces generated by the lateral loads 

and, as a result, uplift anchors are often not 

required. The reduced number of columns also 

results in less foundation formwork, less concrete, 

and reduced construction time. When used, 

precast plank is lighter than cast-in-place 

concrete, the building is lighter, the seismic forces 

are smaller, and the foundations are reduced. The 

STS system is normally economical, simple to 

fabricate and erect, and as a result, is often 

cheaper than other framing systems. Other 

benefits include minimum deflection and greater 

stiffness in the structure. The reduced weight of 

the superstructure results in reduced seismic loads 

and substantial cost savings in foundation work. It 

was reported that the structural costs per unit 

building area turned out to be relatively low in 

STS. The STS, however, has not been considered 

as one of the basic seismic-force-resisting systems 

in most of design codes, which implies that 

further research is still necessary for the system to 

be accepted as a standard structure system for 

seismic load. For STS guidelines are given in 
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ñDesign Guide 14ò by AISC (American Institute 

of Steel Construction) but there is no guideline 

given by Indian standard. The purpose of this 

project is analytical investigation on the behaviour 

of an 16-storey steel staggered-truss system using 

the ETABS software. The parameters such as the 

shape of trusses and Vierendeel panel width were 

varied, and their influences on seismic behaviours 

of the system were studied. Based on the analysis 

result storey displacement, storey drift and base 

shear of the building was extracted and compared. 

II. MODELLING  

In this project 12 models were designed and 

analyzed by using ETAB software. Time history 

method was used for the analysis. The 1940 El 

Centro earthquake (or 1940 Imperial Valley 

earthquake) is taken for the time history analysis. 

TABLE I.  PROPERTIES OF MODEL 

Type of building Steel building with  
RC slab 

No.of stories G + 15 

Dimension of plan area 36×17m 

Height of each storey 3m 

Bay spacing in x 
direction 

6m 

Bay spacing in y 
direction 

3.4m 

Column size         WPB 400×400 

Beam size ISMB 600 

Slab thickness 0.1m 

Grade of steel Fe 345 

Grade of concrete M 20 

Live load 3 kN/ά2 

Floor finish 1 kN/ά2 

Roof load (flat roof)           0.75 kN/ά2 

TABLE II. SEISMIC AND WIND DATA  

SEISMIC DATA  WIND  DATA  

Code IS Code IS 

Zone  

factor 

0.36 ( ) Wind 

speed 

39 m/s 

Importance 

factor 

1.2 Terrain 

category 

4 

Response 
reduction 

factor 

5 Windward 

coefficient 

0.8 

Soil type  Leeward 0.5 

 

A. Model 1 

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 

truss. It consists of 3 models with varying VP 

width. Model 1A consist of pratt truss with 2m 

VP width. Model 1B consist of pratt truss with 

2.5m VP width. Model 1C consist of pratt truss 

with 3m VP width. 

 

 

 

 

 

 

 

              (a)               (b)                   (c) 

Fig. 1. Elevation of model (a)1A (b)1B and 

(c)1C 

B. Model 2 

It consists of model with howe truss 

arranged in a way that the first floor consist of 4 

frames with howe truss and 3 frames with open 

truss. It consists of 3 models with varying VP 

width. Model 2A consist of howe truss with 2m 

VP width. Model 2B consist of howe truss with 

2.5m VP width. Model 2C consist of howe truss 

with 3m VP width. 

 

              (a)               (b)                   (c) 

Fig. 2. Elevation of model (a)2A (b)2B and 

(c)2C 

C. Model 3 

It consists of model with warren truss 

arranged in a way that the first floor consist of 4 

frames with warren truss and 3 frames with open 

truss. It consists of 3 models with varying VP 

width. Model 3A consist of warren truss with 2m 

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

with 3m VP width. 

 

              (a)                 (b)      (c) 

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

3C 

D. Model 4 

It consists of model with K truss arranged 

in a way that the first floor 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. 

 

               (a)                 (b)      (c) 

Fig. 4. Elevation of model (a)4A (b)4B and 

(c)4C 

III. RESULTS AND DISCUSSION 

The 12 models were analysed by using time 

history analysis method. From the analysis results 

the maximum storey displacement, maximum 

storey drift and base shear was extracted. The 

models were compared on the basis of Vierendeel 

panel width and shape of trusses. The STS were 

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 

models was done to find the model with which 

VP width have greater seismic performance. 

 

TABLE III. ANALYTICAL RESULTS  

MOD 

EL 

MAX 

STOREY 

DISPLACEM

E 
NT 

MAX STOREY  

DRIFT  

BASE SHEAR 

 X 
directi on 

Y 
direc

ti on 

X 
directi on 

Y 
directi 

on 

X 
directi on 

Y 
directi 

on 

3PA 1377.2 
33 

171.79 
6 

0.0371 
55 

0.0047 
77 

3328.5 
39 

14440. 
88 

3PB 1371.3 
95 

188.29 
1 

0.0370 
04 

0.0052 
66 

3327.0 
12 

13351. 
49 

3PC 1404.6 
72 

201.87 
7 

0.0378 
4 

0.0056 
56 

3316.7 
41 

12345. 
58 

3HA 1377.1 
21 

168.33 
1 

0.0371 
52 

0.0046 
51 

3328.5 
6 

15173. 
07 

3HB 1371.2 
61 

184.39 
1 

0.0370 
02 

0.0051 
29 

3327.0 
36 

13644. 
72 

3HC 1404.5 
42 

200.30 
3 

0.0378 
38 

0.0055 
81 

3316.7 
75 

12570. 
74 

3WA 1377.0 
51 

166.21 
9 

0.0371 
51 

0.0046 
69 

3328.4 
54 

15376. 
38 

3WB 1371.2 
11 

181.38 
7 

0.037 0.0051 
48 

3327.0 
49 

13796. 
23 

3WC 1404.4 
99 

196.22 
4 

0.0378 
37 

0.0055 
65 

3316.7 
9 

12870. 
45 

3KA 1407.6 
04 

172.96 
3 

0.0379 
89 

0.0047 
84 

3405.7 
92 

14616. 
99 

3KB 1400.6 
54 

189.97 
8 

0.0378 
09 

0.0052 
8 

3401.6 
96 

13499. 
72 

3KC 1432.1 
59 

203.49 
2 

0.0385 
95 

0.0056 
7 

3385.1 
88 

12475. 
08 

 

 

Fig. 5. Maximum storey displacement in Y 

direction 

 

Fig. 6. Maximum storey drift in Y direction  
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Fig. 7. Base shear in Y direction 

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 

and maximum base shear. It was also observed 

that model with warren truss having 2m VP width 

shows better seismic performance. 

B. Comparison Of Shape Of Trusses 

In this the models were studied by varying 

shape of trusses. The comparison of models was 

done to find the model with which type of truss 

have greater seismic performance. 

TABLE IV. ANALYTICAL RESULTS  

MOD 

EL 
MAX STOREY  

DISPLACEMEN

T 

MAX STOREY  

DRIFT  
BASE 

SHEAR 

 X 
directi 

on 

Y 
directio n 

X 
directi 

on 

Y 
directi 

on 

X 
directi 

on 

Y 
direct

i on 

3PA 1377.2 
33 

171.796 0.0371 
55 

0.0047 
77 

3328.5 
39 

1444
0. 
88 

3HA 1377.1 
21 

168.331 0.0371 
52 

0.0046 
51 

3328.5 
6 

1517

3. 
07 

3WA 1377.0 
51 

166.219 0.0371 
51 

0.0046 
69 

3328.4 
54 

1537
6. 
38 

3KA 1407.6 
04 

172.963 0.0379 
89 

0.0047 
84 

3405.7 
92 

1461

6. 
99 

 

 

Fig. 8. Maximum storey displacement in Y 

direction 

 

 

 

 

 

 

 

 

Fig. 9. Maximum storey drift in Y direction  

 

 

 

 

 

 

 

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 shows lower 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 system of high-rise building has been 

completed. From the analysis result it was 

concluded that the model with warren truss having 

2m Vierendeel panel width shows better seismic 

performance. It is observed that as the  Vierendeel 

panel width increases the stiffness and ductility of 

the structure decreases. From the comparison of 

shape of trusses, it was observed that warren 

trusses show lower displacement, inter storey drift 

and higher base shear. Because this shape 

transfers the loads effectively than that of others. 
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AbstractðWind load is regarded as one of the 

crucial design loads that a structure must 

withstand throughout its lifetime. The impact of 

wind speed on the building frame has been 

investigated in this research. Due to a lack of 

available land, buildings lying on slopes were 

taken into consideration for the study. The 40-

story, three-dimensional building frame is 

modelled and examined for wind zones of 33 m/s 

and 39 m/s, respectively. It rests on slopes of 5°, 

10°, and 15°. ETABS software is used to perform 

the modelling and analysis as necessary. The 

maximum storey displacement and maximum 

storey drift are the factors taken into account for 

the post analysis. For ground slopes and wind 

speeds, all the parameters have been compared, 

and the findings have been compiled and 

graphically shown. 

Keywordsð sloping ground, displacement, drift,, 

wind zones, ETABS 

I. INTRODUCTION  

Modernization, industrialisation, and social 

rationalisation have all contributed to a growth in 

urbanisation over the last few decades. More than 

half of the world population lives in urban areas. 

In modern days urbanization is considered as a 

sign of economic progress but at the same time 

urban areas becoming more populated and dense. 

On the other hand land scarce and ever growing 

demand of accommodation also increasing. 

Therefore Owing to scarce land resources, 

urbanization and ever-growing demand of 

accommodation is leading developers into sloping 

grounds. To overcome this problem the only 

solution is that to prefer multi-storeyed structural 

buildings in the current scenario of this world. In 

this regard realistic analysis and design of these 

building frames on sloping ground are of 

paramount importance. Wind is the major factor 

This has an impact on the structure sitting on 

sloped ground. Wind load is one of the important 

design load in civil engineering. Buildings bend 

and twist elastically under static wind loads, 

which has an impact on the structure's structural 

design. Therefore knowledge of the characteristics 

of structure under wind loading becomes a 

requirement in engineering design. The goal of 

structural engineers is for the structure to remain 

serviceable despite anticipated wind deflections 

by having sturdy structural components that can 

resist excess loads over the course of the 

building's life. This project is based on research 

on wind and how multi-story buildings behave. 

Buildings atop hill slopes are typically 

asymmetrical in design. in this project. In this 

project, three different height of building frames 

resting on four different slopes of ground for five 

different wind speeds are analysed. The study is 

carried out on software ETABS for effect of wind 

on building frame resisting on sloping ground. 

The influence of slope and wind on the building 

frame will be investigated and analyzed using 

ETABS software. 

The objectives of this work is to study the 

effect of wind velocity on building with  different 

inclined slope. 

II. .METHODOLOGY  

The methodology employed for this 

investigation is explained in depth in this section 

of the research article. The following stages are 

used to carry out the entire investigation, from 

modelling through analysis and result. 

Step 1: Choosing the building frame The 40-story 

building frame is utilised in this study for 

modelling purposes. The height of each storey is 

3.3 metres. Both the x and y directions have five 

bays.  

Step 2: Choosing slope, the three varied ground 

slopes. The slopes on which the buildings are 

perched are 5°, 10°, and 15°. 
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Step 3: Selecting wind zones. As per IS 875:2015 

part 3 the wind velocities of 33m\s and 39 m\s are 

considered. 

Step 4: Selecting properties and assigning load. 

Various material properties and section properties 

are defined. Wind load and dead load calculated 

and assigned to the model. Wind load in both x 

and y direction is assigned as per Indian Standard 

Code. 

Step 5: Linear static analysis of all cases Models 

are analysed and results are compared, tabulated 

and graphically represented. 

III. MODELLING  

The various material and section properties which 

have to define during modelling in ETABS are 

tabulated as following 

A. Section Properties 

There are three different storey or three 

different height buildings have to modelled. The 

length and width taken while modelling is 25m. 

Each storey height is 3.3 m. The size of beam 

300mm X 600 mm and 1000 mm X 1000mm 

coloumn. The thickness of slab which we taken is 

150mm. The thickness of interior and exterior 

walls of building is taken as 160mm and 150mm 

respectively. All the support fixed. 

B. Material Properties 

For the structure component like column, 

beam and slab M45 grade of concrete and Fe550 

steel grade are considered. Mild steel is used for 

confinement bars. The cover considered is 40 

mm. The dead load is calculated using 20kN/m³ 

unit weight of concrete. 

C. Load 

a) DEAD LOAD  

Dead loads are considered for the design of 

structure as per the Indian standard recommended 

guidelines for dead loads contained in the Hand 

book of IS 875:1987(part 1) published by the 

Indian standards Institution. 

Å Exterior wall load = (unit weight of brick 

masonry X wall thickness X wall height) 

=20*0.160*3.3 = 10.56 kN/m 

Å Interior wall load = (unit weight of brick 

masonry X wall thickness X wall height) 

=20*150*3.3 =9.9 kN/m 

Å Floor load = floor finish = 1 kN/m² 

b) LIVE LOAD  

Live loads of 3kN is considered for the design of 

structure as per the Indian standard recommended 

guidelines for dead loads contained in the Hand 

book of IS 875:1987(part 2) published by the 

Indian standards Institution. 

c) Wind Load 

Calculation and assigning of wind load is 

done as per is-code 875 (part-III):2015 

Vz= Vb k1 k2 k3 

- Vb = design wind speed at any height z in m/s = 

(39 m/s, 44 m/s, 49 m/s) 

- kl= risk coefficient ( see 6.3.1)= 0.83 (for 24m) 

=0.93 (for 30m) =1 (for 36m) 

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

6.3.2.2) = 1 

- k3 = topography factor (see 6.3.3) = 1 

- Terrain category = 4 

- Structure class = B 

Wind load is assigned as per clause 6.2.2.1, table 

number 5 of IS875:2015 (Part 3). 

This table gives the value for external 

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. 

According to that the external pressure coefficient 

values have to apply to the buildings. 

 

Fig. 1.Plan view 
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Fig. 2. 3D view of building with 15 degree 

ground slope 

 

Fig. 3. Deformed shape of 15 degree model 

with 39 m/s wind speed 

 

II. RESULT AND DISCUSSION 

Maximum storey displacement and 

maximum storey drift of 40 storey building frame 

on three different slopes are evaluated and 

compared. Here the results are tabulated and 

represented. 

 

Fig. 4. Maximum storey displacement for wind 

velocity 33m/s 

 

Fig. 5. Maximum storey drift for wind velocity 

33m/s 

 

Fig. 6. Maximum storey displacement for wind 

velocity 39m/s 
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Fig. 7. Maximum storey drift for wind velocity 

39m/s 

III. CONCLUSIONS 

All of the results are tabulated and 

graphically shown in the previous chapter. Tables 

display how slope and wind speed affect 

maximum displacement and maximum drift 

values. Graphs are used to demonstrate and 

represent it. Every table and graph is examined to 

draw conclusions. The conclusion following study 

of all the cases is provided in this chapter. 

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 

maximum storey driftt values also rose. 

Additionally, it is raised by combining loads.It is 

observed that when we increased the wind 

velocity, Maximum drift value increased more for 

considered load combination as compare to wind 

loads 1.5(SD+LL-WLX). 

¶ It is observed  that the values of maximum 

storey drift for 5 and 10 degree slope differ 

very less. Therefore it can be said that by 

changing slope maximum storey drift has 

only a small change. It did not show a 

gradual increase or decrease. 

¶ It is observed that the maximum storey drift 

value increases with increases in slope for 

33 m/s wind velocity. 

¶ But for 39 m/s wind velocity, the maximum 

storey drift increases with increase in slope 

from 0 to 10 degree and then decreases to 

15 degree. 

¶ Like maximum storey drift, maximum 

storey displacement also have similar 

observations. It is observed that when we 

increased the wind velocity, maximum 

storey drift values increased with that of 

wind speed for load combination 

1.5(SD+LL-WLX). 

¶ Maximum storey displacement increases 

with increase in group slope from 0 to 15 

degree for both cases of 33 amd 39 m/s 

wind speeds. 
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AbstractðBase isolation systems are built to 

withstand significant ground vibrations during the 

maximum assessed earthquakes. A novel material 

called shape memory alloy (SMA) was added to 

the damping device to increase the limiting 

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 

preset. The investigation begins with cyclic load 

test utilizing the ANSYS 2023R1 software on 

individual steel plate damping systems that 

include both shape memory alloys and structural 

steel (SS) for U-shaped dampers. Evaluation of 

damping systems using SMAs and structural steel 

at two distinct radii of 85.75 mm and 116 mm was 

done. Under cyclic loading, U-shaped dampers 

can sustain significant vertical loads from 

superstructure. UDs mostly lose energy through 

hysteresis behavior. The findings demonstrate that 

great performance was seen for SS UD with an 

enlarged radius and SMA UD with a decreased 

radius. SMA UD's hysteresis loop displayed the 

greatest amount of energy loss and a spring 

action. 

Keywordsð U ïshaped dampers, shape memory 

alloys, structural steel, base isolators and 

hysteresis loop. 

I. Introduction  

Base isolators have gained popularity over 

the past few decades as a reliable seismic 

protection technique for industrial buildings, 

bridges, and other structures located in 

seismically active areas. Decoupling a 

superstructure's response from its foundation or 

substructure situated on the trembling ground is 

the basic idea behind base isolators. Elastomeric 

bearings and sliding isolation systems, both of 

which exhibit a low lateral stiffness associated 

with a damping mechanism for lowering the 

seismic reactions of a superstructure, are the 

isolation devices most frequently used in 

engineering practice. As a result, the isolation 

layer or story experiences the majority of the 

displacements caused by earthquakes, while the 

superstructure acts almost like an elastic body. As 

a result, base isolation systems need to be built to 

withstand significant displacements during the 

strongest possible earthquakes. 

In order to eliminate post-seismic residual 

deformations of the base isolators, the self 

centering capacity of base isolators refers to the 

ability to return the isolators toward their original 

locations following earthquake events. The need 

for high-performing, adaptive, dependable, and 

cost-effective structural systems has increased 

interest in the use of intelligent materials in 

engineering. Shape memory alloys are a 

particularly intriguing and captivating class of 

smart materials (SMA). 

A novel material called shape memory 

alloy (SMA) was added to the damping device to 

increase the limiting capacity of isolation bearings 

and lessen residual deformation. SMA shape 

memory materials have shape memory effect, 

super elastic effect, and damping properties of 

metal alloys. 

II. SHaPe MEMORY ALLOY  

The concept of using smart materials in 

engineering has received significant interest with 

the growing demand for high performance, 

adaptive, reliable, and cost-effective structural 

systems. SMAs are a class of metallic alloys that 

possess several unique characteristics. The shape 

memory effect, which is the capacity of the 

material to return to its original shape after 

heating, and the super elastic effect, which is the 

propensity of the material to recover its 

potentially significant inelastic deformations upon 

the removal of the load, are two most important 

characteristics of SMAs. Both of these peculiar 

capabilities depend largely on diffusion less solid-
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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 addition, 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 industry, 

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 without 

undergoing permanent deformation. They can be 

formed into various shapes like bars wires plates 

and rings thus serving various functions. 

SMS shape changes is based on a solid 

state phase transformation.  The shape change 

mechanism takes place in shape memory alloys 

by the transition from one form of crystalline 

structure 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 U-shaped damper are capable 

of recentring as well as they have high energy 

dissipation capacity and long service life. The 

variable characteristics of the shape memory alloy 

have made them a suitable candidate for seismic 

isolators subject to earthquake excitations of 

varying amplitude and frequency. In the case of 

small loads (wind loads and low-frequency 

earthquakes), the NRBs equipped with the U-

shaped damper serve as a resistant link to 

minimize damage to expansion joints or other 

structural supporting elements. In a moderate 

earthquake, the U-shape damper improves the 

damping capacity of the NRBs. In the case of 

strong ground motion, the U-shaped damper not 

only provides additional hysteresis damping, but 

it can also can keep relative displacement within 

the design range. In the present study, U-shaped 

dampers are used to improve the energy 

dissipation capacity and residual deformation of 

NRBs subjected to large shear strain. 

 

 

III. Modelling And Analysis  

A. Model Geometry 

U-shaped components are placed between 

two steel plates to form the U-shaped damping 

system. These U-shaped dampers can be chosen 

and fitted to the dimensions as necessary. The 

UDs are the core components in the proposed 

base isolators that provide self-centering 

capability under seismic loading. An UD 

comprises 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 

semicircle diameter and straight part length. 

The lateral stiffness and energy dissipation 

capacity improve as the number of U-shaped 

dampers rises. Dampers also need to be able to 

dissipate a lot of energy and have a high lateral 

relative displacement. Between the bottom and 

top anchor steel plates are alternate layers of steel 

shims and rubber layers. The early variants were 

steel-rubber 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 I provide the 

measurements for the anchor plate, rubber layers, 

and steel shims. 

Table I. Model Dimensions 

SECTIONS DIMENSIONS 

Thickness of steel 

shims (ts) 

1mm 

Thickness of rubber 

layers (tr) 

4.5mm 

Thickness of anchor 

plate (ta) 
20mm 

Length and breadth of 

steel shims & rubber 

layers (Ds & Dr) 

600mm x 600mm 

Length and breadth of 

anchor plate (Da) 

1400mm x 1400mm 
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Figure 1 shows the model geometry of general U-

Shaped damper. 

 

Fig.1. U-Shaped damping system 

Modeling and analysis is done for U-Shaped 

dampers incorporating only structural steel, only 

SMA and combination of SS and SMA. The UDs 

are arranged in such a way that for damping 

system incorporating only SS and SMA they are 

placed adjacent to each other and for the model 

with combination the SS and SMA UDs are 

placed alternatively. Figure 2 illustrates the cross 

section details of UD. 

 

Fig.2. Crossection of a UD 

Figure 3 shows the cross section and dimension 

details of U-Shaped damping system with UDs of 

radius 85.75mm and model section details are 

listed in table II. 

 

Fig.3.U-Shaped damper with UD radius 

85.75mm 

TABLE II. Model details of u damper with 

radius 85.75mm 

MODEL SECTIONS DIMENSIONS 

Radius of UD (R) 85.75mm 

Length of straight part 

(L) 

264.25mm 

Width of the UD (W) 60mm 

Spacing btw UDs 240mm 

No. Of steel shims 32 

No. Of rubber layers 31 

Total height of model 211.5 mm 

Figure 4 shows the model geometry and of 

U-Shaped damping system with UD radius 

116mm. dimension details of U damper with 

radius 116mm is mentioned in table III. 

 

Fig.4. U-Shaped damper with UD radius 

116mm 

TABLE III. Model Details Of U Damper With 

Radius 116mm 

MODEL SECTIONS DIMENSIONS 

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 

  



International Conference on Recent Advancements in Science and Engineering (RAiSE ó23) 

[21] 

B. Material properties 

ANSYS FEA analyses require two material 

properties to be specified in order to perform the 

analysis. In the case of non-linear structural steel 

and rubber, the user will need to specify the 

Young's modulus, Poisson's ratio, yield strength, 

and other material properties for each material. 

Depending on the analysis, additional material 

properties may also be needed. The material 

properties are taken from the ANSYS material 

library. The material used for analysis are 

neoprene rubber as the rubber material, structural 

steel is used for anchor plates and steel shims and 

nitinol as SMA material. Nitinol is an alloy of 

nickel and titanium. The material properties SMA, 

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
3
 

Youngôs 
modulus 

90000 MPa 

Poissonôs ratio 0.3  

Tensile yield 
strength 

1000 MPa 

Tensile 
ultimate 
strength 

1400 MPa 

Table V Material Properties Of Neoprene 

Rubber 

DESCRIPT
ION 

VAL
UE 

DESCRIPTI
ON 

VALUE  

Youngôs 
modulus 

4.25 
MPa 

Minimum 
service 
temperature 

-60 °C 

Tensile 
strength 

20 
MPa 

Maximum 
service 
temperature 

100 °C 

Elongation 250 % Density 1250 
kg/m

3
 

Hardness 57.5 
Shore 

Resistivity 1x 10
15 

Ohm*m
m

2
/m 

Thermal 

expansion 

7.1x 

10
-6
/K 

Glass 

temperature 

-47.5 °C 

 

Table VI Material Properties Of Structural 

Steel 

DECRIPTION  VALUE  

Youngôs modulus  2 x 10
5
 MPa  

Poissonôs ratio  0.3  

Density  7.85x10
-6 

kg/mm
3
  

Thermal expansion  1.2x10
-5
 1/

0
C  

Tensile yield strength  250 MPa  

Compressive yield 

strength  

250 MPa  

Tensile ultimate strength  460 MPa  

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 seismic 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 anchor plate. 

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 

radius of 85.75mm incorporating only SS. 
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Fig.6. Total deformation of U-Shaped damper 

with UD radius 85.75mm 

 

Fig.7. Equivalent stress of U-Shaped damper 

with UD radius 85.75mm 

Hysteresis curve for the models were 

plotted. Hysteresis loop obtained for the U-shaped 

damper with UD radius 85.75mm is illustrated in 

figure 8. 

 

Fig.8. Hysteresis curve for the U-shaped 

damper with UD radius 85.75mm 

The total deformation and equivalent stress 

obtained for the U-Shaped damper with UD 

radius 116mm is depicted in figure 9 and figure 

10 respectively. 

 

Fig.9. Total deformation of U-Shaped damper 

with UD radius 116mm 

 

Fig.10. Equivalent stress of U-Shaped damper 

with UD radius 116mm 

Hysteresis curve obtained for U-Shaped 

damper with UD radius 116mm is illustrated in 

figure 11. 

 

Fig.11. Hysteresis curve for the U-shaped 

damper with UD radius 116mm 

Analysis was carried out for all the models 

and the results are shown in table VII. 

Table VII Results Of Analysis 

Model Total 

deformation 

mm 

Equivalent 

Stress MPa 

U-R85.75-SS  3.6076  245.87  

U-R85.75-

SMA  

35.597  568.1  

R
e

a
ct

io
n
 f

o
rc

e
 in

 k
N 

Deformation in mm 

U-in-R 85.75mm-SSfull 

R
e

a
ct

io
n
 f

o
rc

e
 in

kN
 

Deformation in mm 

U-in-R 116mm-SSfull 
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U-R85.75-

COMB  

29.562  1256.3  

U-R116-SS  29.219  1047.4  

U-R116-SMA  25.409  517.95  

U-R116-

COMB  

28.952  1062.1  

V. Conclusions 

This study proposed and investigated novel 

designs of U-Shaped damping system as base 

isolators by taking advantage of the SMA-UDs 

comprising super elastic SMA, Structural steel SS 

under cyclic loading. For the cyclic analysis, 

ANSYS finite element software was employed. 

U-shaped dampers made of structural steel and 

shape memory alloy were employed. For the U-

Shaped damping system, the total deformation 

and equivalent stress have been determined at two 

different radii. 

The findings are summarized as follows: 

¶ Under cyclic loading, the SMA UDs 

displayed cyclic qualities, including steady 

and excellent flag-shaped hysteresis loops. 

The suggested base isolators demonstrated 

the expected deformation behaviour and 

typically displayed flag-shaped hysteresis 

loops associated with greatly reduced 

residual deformation under cyclic loading. 

¶ For a U-shaped damper with a UD radius of 

85.75mm and using only SMA UDs, the 

maximum total deformation of 35.597mm 

was obtained. 

¶ For a reduced radius of UDs when SMA 

UD was replaced with SS UDs and COMB 

UDs the deformation was decreased by 

89.86% for SS and 16.95% for COMB. 

¶ For the case of enlarged radius of 116mm 

the maximum total deformation of 

29.219mm was obtained for U-shaped 

damper with SS UDs. 

¶ It was observed that the total deformation 

increased by 15% and 13.9% respectively 

when SMA UD was replaced with SS UDs 

and COMB UDs. 

¶ SMA UD with a smaller radius and SS UD 

with a larger radius both performed more 

efficiently. The hysteresis loop of SMA UD 

showed the most energy loss and a spring 

action. 

From a design standpoint, engineers can 

adapt the component proportions of the isolation 

bearings to meet various performance goals. The 

proposed base isolators will offer a potential 

alternative to current seismic isolation devices or 

systems for resilient and sustainable high-

performance seismic-resistant modern civil 

infrastructure. 
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Abstract- Steel high rise buildings are becoming 

more prevalent every day. The stability of the 

buildings is taken into consideration as their 

height rises. To withstand the lateral loads 

brought on by wind and seismic activity, shear 

walls had to be installed in these buildings. Of the 

several shear wall kinds, steel plate shear walls 

(SPSW) are the most effective since they are 

lighter and thinner, increasing architectural space 

and the rigidity of the buildings. This study uses 

ETABS software to show the seismic analysis of a 

15-storey steel building with steel plate shear 

walls at the corners and centre that is situated in 

seismic zone III. The performance of another 15-

storey steel building with steel plate shear walls of 

various thickness (15mm,20mm and 25mm) is 

also compared in this article. When comparing the 

results to other buildings, it is found that the steel 

building with the thicker steel plate shear walls at 

the corners performs better in terms of storey 

displacement and storey drift. The models are 

analyzed by Response Spectrum Method as per IS 

1893:2016 

Keywords-Steel plate shear wall, rigidity, seismic 

analysis. 

I. Introduction  

Shear walls are vertical elements of a force 

resisting system. They are provided to act against 

the effects of lateral loads that are acting on the 

structure. Shear wall mainly increases stiffness in 

building providing them better way to withstand 

lateral loads. Steel buildings being more 

vulnerable to lateral loads respond vey well when 

Steel Plate Shear Walls (SPSW) are provided. 

SPSW is more effective for lateral loads as they 

are more ductile, lighter and also occupy less 

space. SPSW systems are used in high-rise 

buildings as a retrofitting method also. 

The main function of steel plate shear wall 

is to resist horizontal story shear and overturning 

moment due to lateral loads. Steel plate shear wall 

system consists of a steel plate wall, two 

boundary columns and horizontal floor beams. 

The steel plate walls and two boundary columns 

together act as a vertical plate girder. The 

columns act as flanges of the vertical plate girder 

and the steel plate wall acts as its web. The 

horizontal floor beams act as transverse stiffeners 

in a plate girder. 

L Rahul, et al (2020) analyzed a 6 storey 

R.C. building frame for seismic zone-III using 

ETABS. This paper has been described to 

determine the proper location of shear wall. 

Dynamic linear analysis using response spectrum 

method is performed and lateral load analysis is 

done for structure with RC shear wall and steel 

plate shear wall. There are some parameters 

considered such as node displacement, maximum 

reactions, and total weight of reinforcement. It is 

inferred that steel plate shear walls are more 

resistant to lateral loads in an irregular structure. 

Deflection in the case of without SPSW is very 

large and in the case of with SPSW, deflection is 

very less. 

Prof. Prashant Topalakatti, et al (2014) 

analyzed high-rise steel buildings frames with and 

without SPSW by using STAAD PRO V8i FEA 

programme. The primary variable in the analysis 

was the presence of steel plate shear walls 

thickness of plate (6 mm to 18 mm). The main 

parameters considered are deflection, shear force, 

bending moment and axial force. Steel frame 

building with SPSW has lesser deflection, shear 

force, bending moment and axial force values 

compared to steel frame building without SPSW. 

As the thickness of the steel plate shear wall 

increases, then the deflection, shear force, 

bending moment and axial force decreases. 

II. O bjective 

The present study aims at determining the 

effectiveness in placing the steel plate shear wall 
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at the corners over centre of a G+15 storied steel 

building using ETABS software. 

To determine the performance of a G+15 storied 

building with steel plate shear wall placed at the 

corners of various thickness-15mm, 20mm and 

25mm using ETABS software. 

III . Model Description 

Model I- G+15 storied steel building with steel 

plate shear wall at the corners. 

Model II- G+15 storied steel building with steel 

plate shear wall at the centre. 

Model III- G+15 storied steel building with steel 

plate shear wall of 15mm thickness at the corners. 

Model IV- G+15 storied steel building with steel 

plate shear wall of 20mm thickness at the corners. 

Model V- G+15 storied steel building with steel 

plate shear wall of 25mm thickness at the corners. 

IV. M odelling 

In the present study, the building models 

are analyzed by using ETABS software. The 

number of bays taken in X and Y directions is 

5.Bottom storey height and typical storey height 

are taken as 3m.The building models are analyzed 

by using Response Spectrum Method as per 

IS1893:2016.The details of Model I and Model II 

are given in Table I. Table II shows the details of 

Model III, IV and V. Load details and seismic 

data are same for all models and are shown in 

Table III. 

Table I. Details of model I and II  

Beam section ISLB500 

Column section ISMB400 with M40 encasement 

Secondary beam section ISLB100 

Deck slab thickness 100mm 

Shear wall thickness 50mm 

Grade of steel Fe345 

Grade of longitudinal bars HYSD500 

Grade of confinement bars Mild Grade 250 

Table II Details of Models III, IV And V  

Beam section ISLB600 

Column section ISMB500 with M40 

encasement 

Secondary beam section ISLB150 

Deck slab thickness 100mm 

Shear wall thickness 15mm for Model III 

20mm for Model IV 

25mm for Model V 

Grade of steel Fe345 

Grade of longitudinal 

bars 

HYSD500 

Grade of confinement 

bars 

Mild Grade 250 

Table III LOAD DETAILS AND SEISMIC 

DATA  

Live load 2kN/m² 

Floor finish 1kN/m² 

Outer wall load 12kN/m² 

Inner wall load 7kN/m² 

Roof slab load 1.5kN/m² 

Zone III  

Soil type  Type II 

Importance factor 1 

Response reduction 

factor 

5 

V. Structural Details 

The plan and three-dimensional views of 

the steel buildings with steel plate shear walls 

provided at the corners and centre are shown in 

Fig. 1-4. 

 

Fig. 1.Plan view of steel building with shear 

wall at the corners. 
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Fig. 2.-3D view of steel building with shear wall 

at the corners 

 

Fig. 3.-Plan view of steel building with shear 

wall at the centre 

 

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

at the centre 

VI. Results And Dicussions 

The models are analyzed by using 

Response Spectrum Analysis of ETABS software. 

The performance of Model I and Model II 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 III, Model IV, and Model V 

are also compared to determine their performance 

in terms of the parameters mentioned above when 

the thickness of the steel plate shear wall changes. 

The maximum storey displacement and 

drift values of Model I and Model II are shown in 

Table IV and Table V. 

TABLE IV. MAXIMUM STOREY DIS - 

PLACEMENT  

STOREY 

LEVEL  

MODEL I (mm)  MODEL II (mm)  

15 25.008 30.07 

14 22.881 27.591 

13 20.729 25.065 

12 18.563 22.512 

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  

STOREY 

LEVEL  

MODEL I 

(mm) 

MODEL II 

(mm) 

15 0.000709 0.000826 

14 0.000717 0.000842 

13 0.000722 0.000851 

12 0.000723 0.000856 

11 0.000718 0.000855 

10 0.000705 0.000844 

9 0.000684 0.000822 

8 0.000652 0.000789 

7 0.00061 0.000741 

6 0.000557 0.00068 

5 0.000491 0.000603 

4 0.000413 0.00051 

3 0.000322 0.0004 

2 0.000216 0.000272 

1 0.000097 0.000133 

Base 0 0 
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It is found that the performance of Model I 

is better than Model II. Therefore, it is evident 

that the steel building with steel plate shear wall 

performs better when placed at the corners than at 

the centre. 

The maximum storey displacement for 

Model I is 25.008mm and that of Model II is 30. 

07mm.The maximum storey displacement for 

Model I is found to be 20.24% less than that of 

Model II. According to Indian standard code, 

maximum permissible displacement is 110 mm. It 

can be observed from the results that it is under 

permissible limit. 

The maximum storey drift for Model I is 

0.00072 and that of Model II is 0. 000856.The 

maximum storey drift of Model I is 18.88% less 

than that of Model II. The results found are also 

compared with the help of graphs as shown in Fig. 

5-6 

 

Fig. 5.-Comparison of storey displacement of 

Model I and Model II  

 

Fig .6.-Comparison of storey drift of Model I 

and Model II  

The maximum storey displacement and 

drift values of Model III, Model IV and Model V 

are shown in Table VI and Table VII. It is already 

mentioned that the thickness of steel plate shear 

wall of Model III, 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 Model III, Model 

IV and Model V are shown in Table VI and Table 

VII.  

TABLE VI MAXIMUNM STOREY DISPLA -

CEMENT  

STORY 

LEVEL  

MODEL III 

(mm) 

MODEL IV 

(mm) 

MODEL 

V(mm) 

15 26.656 22.886 19.963 

14 24.723 21.178 18.425 

13 22.669 19.403 16.838 

12 20.611 17.578 15.216 

11 18.464 15.712 13.564 

10 16.279 13.819 11.898 

9 14.082 11.922 10.235 

8 11.901 10.046 8.599 

7 9.772 8.22 7.013 

6 7.733 6.478 5.506 

5 5.824 4.854 4.108 

4 4.091 3.388 2.851 

3 2.582 2.119 1.77 

2 1.351 1.094 0.904 

1 0.457 0.362 0.294 

Base 0 0 0 

TABLE VII  MAXIMUM STOREY DRIFT  

STORY 

LEVEL  

MODEL III  MODEL IV  MODEL V  

15 0.000644 0.000569 0.000512 

14 0.000675 0.000592 0.000529 

13 0.000696 0.000608 0.000541 

12 0.000715 0.000622 0.00055 

11 0.000728 0.000631 0.000555 

10 0.000733 0.000632 0.000554 

9 0.000727 0.000625 0.000546 

8 0.00071 0.000608 0.000529 

7 0.00068 0.000581 0.000502 

6 0.000636 0.000541 0.000466 

5 0.000578 0.000489 0.000419 

4 0.000503 0.000423 0.00036 

3 0.00041 0.000342 0.000289 

2 0.000298 0.000244 0.000203 

1 0.000152 0.000121 0.000098 

Base 0 0 0 
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It is found that the performance of Model V 

is better than Model III and Model IV. Therefore, 

it is evident that the steel building with thicker 

steel plate shear wall performs better when placed 

at the corners. 

The maximum storey displacement for 

Model III 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 III and IV, respectively. 

The maximum storey drift for Model III is 

0.000733 and that of Model IV and Model V are 

0.000632 and 0.000554, respectively. The 

maximum storey displacement of Model V is less 

than 32.31% and 15.88% that of Model III and 

IV, respectively. All the values of storey 

displacement and storey drift are within the limits 

provided in Indian Standard Codes. The results 

found are also compared with the help of graphs 

as shown in Fig. 7-8. 

 

Fig. 7- Comparison of storey displacement of 

Model III, Model IV and Model V  

 

 

 

 

 

Fig. 8.- Comparison of storey drift of 

Model III, Model IV and Model V  

VII. C onclusion 

Based on the present study for comparison 

of steel plate shear walls at corners and centre and 

with varying thickness when placed at the corners 

in 15 storied steel buildings, we can conclude 

that: 

1. Steel plate shear wall placed at the corners 

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. It is found that as the thickness of the steel 

plate shear wall increases, storey 

displacement and storey drift decreases. 

This is because as the thickness of steel 

plate shear wall increases, the stiffness of 

the structure also increases. 

4. Steel plate shear walls occupy much less 

space due to the relatively small thickness 

of SPSW compared to reinforced concrete 

shear walls and aesthetic good from 

architectural point of view. Therefore, steel 

plate shear walls are preferred over 

reinforced concrete shear wall. 
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Abstractð Concrete is a material that is used 

worldwide for centuries as a construction 

material. Exposure to extreme conditions and 

adverse effects of corrosion of reinforcements 

leads to cracking of concrete. Compressive 

strength, Flexural strength, and permeability can 

be affected by these cracks, which in turn reduces 

the useful life of the concrete. Repairing and 

maintenance of these infrastructures needs higher 

cement consumption and expenses. Self-healing 

concrete by microbially induced calcite 

precipitating bacteria is an economical and 

sustainable solution, as it repairs small cracks. 

This paper discusses the mechanism and 

performance of bacterial concrete. The Bacillus 

species is proven to be an effective microbial 

agent for self-healing concrete. The sample 

preparation is done using Bacillus Subtilis. The 

concentration adopted for sample preparation is 

 cells per milliliter. The mechanical 

properties and durability of bio concrete are 

evaluated to check the possibility of the same as a 

building material. While assessing the strength of 

reinforced concrete sections, the tension in the 

concrete is usually ignored because it contributes 

little to member strength. However, it provides an 

important contribution to the performance of 

members at service loads. In this project, tension 

stiffening properties of bacterial concrete is 

experimentally evaluated on concrete prismatic 

members made of M20 grade concrete reinforced 

with bars of 8mm and 12mm in diameter. The 

length of the concrete prism in all the direct 

tension specimens is 600 mm. The specimens are 

60 mm square in cross-section. The total length of 

the steel reinforced specimens, including the bars 

is 900 mm. The tension stiffening properties of 

bacterial concrete are compared with that of 

conventional concrete. 

Keywordsð bacillus subtilis, bacterial concrete, 

tension stiffening 

I. INTRODUCTION  

Due to its numerous performance features, 

concrete remains as the most used materials in 

nowadays and it will undoubtedly remain as the 

most manufactured and consumed construction 

material in the long run [2]. Concrete is 

distinguished by numerous cracking behaviour 

because of low tensile strength and brittleness. 

Cracks can weaken the integrity and bearing 

capacity of structure[1]. Due to volume 

instabilities or other external reasons such as 

excessive loads, severe strength environmental 

exposure, or design error, cracks can develop at 

any point of a concrete structure's service life [9]. 

Bond of reinforcing bars to the surrounding 

concrete influences the behaviour of reinforced 

concrete structures in many ways. It can be a key 

element for the ultimate load carrying capacity of 

reinforced concrete structures since it affects the 

anchorage of bars. The deformation of a rebar 

embedded in concrete is significantly influenced 

by the bond between the two materials. In fact, it 

is well known that, after cracking, bond transfers 

tensile stresses from the rebar to the surrounding 

concrete (between cracks) that stiffen the response 

of a RC member subjected to tension; this 

stiffening effect is referred to as ñtension 

stiffeningò. Tension stiffening refers to tension 

carrying ability of concrete between cracks, 

contributing to the stiffness of a reinforced 

concrete member before the reinforcement yields. 

Cracking causes a softening behaviour in plain 

concrete. As cracking progresses, concrete loses 

its stiffness at a relatively high rates[12]. Micro-

cracks in concrete allow water and contaminants 

to enter, causing matrix degradation and corrosion 

of embedded steel reinforcement, compromising 

the structure's strength and endurance[3]. 

Steel reinforcement is used to avoid cracks. 

New environmentally friendly and self-healing 
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procedures must be developed to protect existing 

and future structures and increase their durability. 

Microbiologically Induced Calcite Precipitation 

(MICP), a type of mineral precipitation induced 

by the metabolism of bacteria in concrete, it is 

recently discovered to increase the performance of 

concrete[4]. 

A. MICP ï Microbially Induced Calcite 

Precipitation 

Biomineralization is accomplished by a 

process known as Microbiologically Induced 

Calcite Precipitation (MICP). The microbial 

urease hydrolyses urea to form ammonia along 

with carbon dioxide. As a result of the ammonia 

released into the environment insoluble calcium 

carbonate is deposited. [6]. MICP is a practical, 

and sustainable alternative for repairing the 

cracks. Microbially induced calcium carbonate 

precipitation (MICP) is a part of various 

geological habitats like soils, limestone caves. 

Calcium carbonate (CaCO3) crystals can be 

formed via biological mechanism in two ways: 

autotrophic and heterotrophic pathways. 

Biotechnological approaches to innovation of a 

type of bio concrete have been proposed based on 

micro -organisms inherent ability to produce 

calcium carbonate precipitation [8]. When a crack 

forms, the bacteria imbedded within it becomes 

active, and calcium carbonate minerals are 

produced and fills the cracks. In comparisonto 

ordinary self-healing concrete, the MICP-based 

self-healing technique provides a long-term and 

ecologically sustainable solution to cracking. 

The number and quality ofinduced minerals 

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. 

The products, Ammonia and Carbonic acid 

produces bicarbonate, ammonium and hydroxide 

ions. This change will then cause the precipitation 

of the metal ions. The reaction continues to 

produce calcium carbonate [11]. 

II. OBJECTIVES 

The objectives of this present work are as follows: 

¶ To determine the mechanical properties 

of bacterial concrete specimens 

¶ To evaluate the tension stiffening 

properties of bacterial concrete. 

III. EXPERIMENTAL PROGRAMME  

This experimental programme was carried 

out to investigate the mechanical properties and 

tension stiffening effect on the bacterial concrete. 

The experimental work consisted of casting and 

testing 16 reinforced concrete prismatic tension 

members made of M20 grade concrete having 

cross-sectional dimensions of 60 x 60 mm and a 

length of 600 mm. 8 numbers of specimens were 

reinforced with 8 mm diameter bar and 8 numbers 

of specimens were reinforced with 12 mm 

diameter bar of grade Fe 500.The reinforcing bar 

was extended 150 mm on either side for proper 

gripping in the testing equipment. Standardized 

cracks were also introduced in some of the 

concrete prism specimen to evaluate the self- 

healing property of bacterial concrete. Cubes, 

cylinders, and beams were cast for finding the 

mechanical properties of bacterial concrete. The 

concentration of bacteria selected for sample 

preparation is 105 cells per milli litre [5]. 

A. Materials 

Ordinary Portland cement of 53 grade 

confirming to IS: 12269-1987 [13] was used. Test 

on cement were conducted as per IS 4031-1988 

[14] Fine aggregate passing through 4.75 mm IS 

sieve confining to grading zone III of IS: 383- 

1970 [15] was used. Crushed stone with a 

maximum size of 20 mm and 12 mm were used. 

20mm aggregates were used for making cubes, 

beams and cylinders. 12mm aggregates were used 

for making direct tension specimen. CONPLAST 

SP430 complies with IS: 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 concentration 

of bacteria adopted for the sample preparation is 

105 cells per millilitre. The bacterial strain details 

are provided in the Table I. Reinforcement bars 

used is Fe500 of Minar TMT brand. Table II gives 

the properties of reinforcement bars obtained by 

doing tension tests. 

TABLE  1 BACTERIAL  STRAIN DETAILS  

Fields Detailed information 

Taxonomic 
designation 

Bacillus Subtilis 

Medium name Nutrient agar 
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pH 11.8 

Temperature of 
growth 

30 

Incubation period 24 to 48 hours 

Subculturing period 2 months 

Additional 

information 

Efficient alkali 
protease and amylase 
producer,  alka- 
lophilic and thermos 
tolerant, used in 
compost accelerator 

TABLE II REINFORCEMENT BAR 

DETAILS  

Properties 12mm 8mm 

Yield point 
stress (N/mm

2
) 

504.24 517.5 

Ultimatestress  
(N/mm

2
 ) 

633.401 537.14 

B. Mix Proportions  

In this experimental study M20 grade 

concrete is used and the mix design is done based 

on IS 10262:2009The details of mix proportions 

are given in Table III. Mix design for normal 

concrete and bacterial concrete were done. For 

tension stiffening specimen the maximum size of 

coarse aggregate used is 12mm. 

TABLE III MIX PROPORTION  

Item Quantity 

Cement 315.2 kg/m
3
 

Fine aggregate 820.27 kg/m
3
 

Coarse 
aggregate 

1149.64 
kg/m

3
 

Water 157.6 kg/m
3
 

Admixture 3.78 kg/m
3
 

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 

tamping rod. In case of bacterial concrete around 

10% of total 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 minute, the diluted bacterial 

solution was then mixed with concrete for another 

3 minutes. 

 

Fig. 1. Specimen for finding mechanical 

properties 

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, wooden formwork was 

prepared by using wooden plywood and they were 

fixed using nails and screws for the required 

dimension. Holes were provided on the side faces 

of the formwork so that they accommodate the 

reinforcing bars. The concrete used for casting of 

specimen were mixed in a concrete mixer. In 

Table IV the details of tested specimens and 

variables are given. 

 

Fig. 2. Sketches for reinforced specimen 

TABLE IV DETAILS OF DIRECT TENSION 

SPECIMEN 

Serial 
no. 

Specimen 
designation 

Rebar 
diameter 

details 

1 NC8 8 Normal 
concrete 

2 NCC8 8 Normal 
concrete 

with crack 

3 BC8 8 Bacterial 
concrete 
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4 BCC8 8 Bacterial 
concrete 

with crack 

5 NC12 12 Normal 
concrete 

6 NCC12 12 Normal 
concrete 

with crack 

7 BC12 12 Bacterial 
concrete 

8 BCC12 12 Bacterial 

concrete 

with 
crack 

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 a length of 300mm were introduced 

in the direct tension specimen up to a depth 

20mm. The plates were removed during 

demolding, resulting in prisms with a narrow 

groove on their upper surface with a thickness of 

0.3mm. Direct tension specimen with 

standardized cracks is shown in Fig.4. 

 

 

 

 

 

 

 

 

Fig. 4 . Specimen with standardised cracks 

 

F. Test Setup And Instrumentation. 

After 28 days of curing, the specimens 

were coated with white paint so that the cracking 

pattern is clearly visible during the time of 

conducting the test. Fig. 5 shows the test setup. 

The specimens were tested under uniaxial tension 

in a universal testing machine (UTM) with a 

capacity of 600 kN. The axial elongation of the 

specimen was monitored by a linear variable 

differential transducer (LVDT), fixed on the face 

of the specimen over a gauge length of 550 mm. 

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 load-control 

condition and continued until yielding occurred. 

In Table IV the details of tested specimens and 

variables are given. 

Fig. 5. Test setup 

IV RESULTS AND DISCUSSIONS 

A) Compressive strength: On the 7th and 28th 

days three cubes of normal concrete were tested 

and average of the compressive strength were 

obtained as 16.98 N/m ά2 and 23.55 N/άά2. 

TableV shows that bacterial concrete cubes have a 

higher compressive strength than the conventional 

concrete. 

TABLE V COMPRESSIVE STRENGTH 

Compressive 

strength 

7
th
 day 

(N/άά2
 ) 

28
th
 day 

(N/άά2
) 

Normal 

concrete 

16.98 23.55 

Bacterial 

concrete 

20.6 33.8 
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B) Flexural strength : From Table VI, the 

Flexural strength of bacterial concrete was 

obtained as 4.08 N/άά2.the flexural strength of 

bacterial concrete showed an increase of 29.93%. 

TABLE VI FLEXURAL STRENGTH  

Mix designation Flexural strength 
(N/mm

2
) 

Normal concrete 3.14 

Bacterial concrete 4.08 

C) Split tensile strength: After 28 days 3 normal 

concrete cyinders were tested for fiding the split 

tensile strength. The averge of the result of split 

tensile strength were obtained as 1.91 N/ mm2. 

The results in table VII shows that the bacterial 

concrete has a better tensile strength than normal 

concrete. 

TABLE VII SPLIT TENSILE STRENGTH  

Mix  
designation 

Split tensile strength 
(N/mm

2
) 

Normal concrete 1.91 

Bacterial concrete 2.11 

D) Tension Stiffening 

Crack pattern of direct tension specimen are 

shown in fig.6 

 

        NC8&BC8                          NC12&BC12 

 

          NCC8&BCC8           NCC12&BCC12 

Fig. 6. Cracked specimen 

In all specimen first crack appeared near 

the middle portion of the specimen. The first 

cracks widened, and additional cracks appear. 

Longitudinal splitting cracks were also developed 

in some of the normal concrete specimen. 

Bacterial concrete specimen showed less crack 

with reduced crack width. The test results are 

given in table VII 

TABLE VIII   TEST RESULTS  

 
SPECIMEN 

 
FIRST 

VISIBLE 

CRACK (KN) 

 

YIELD LOAD (KN) 

 

NC8 
 

12 
 

28 
 

BC8 
 

15 
 

32 
 

NCC8 
 

10 
 

24 
 

BCC8 
 

12 
 

29 
 

NC12 
 

23 
 

61 

 

BC12 
 

27 
 

70 
 

NCC12 
 

18 
 

55 
 

BCC12 
 

16 
 

60 

From the direct tension test the better 

results were shown by bacterial concrete 

specimen. In all the cases the yield load of 

bacterial concrete is more than that of the 

conventional concrete. In case of 8mm diameter 

bar specimen the yield load of bacterial concrete 

specimen is 14.28%. In the case of 12 mm 

diameter bar specimen the yield load of BC12 is 

14.75% more than that of NC12. In the case of 

cracked specimen better result is observed in 

bacterial concrete specimen. The yield load of 

BCC12 is 9.09% more than that of NCC12. The 

yield load of BCC8 is 20.83% more than that of 

NCC8. 

E) Load Deformation Behaviour : the 

load deformation response of entire specimen can 

be obtained by plotting axial load with member 

strain. The Fig. 7. shows the experimental 

response of all specimens containing 8 mm 

diameter bar compared with bare bar. Fig. 8. 

shows the experimental response of all specimen 

containing 12 mm diameter bar compared with 

bare bar. Fig. 9. shows the response of all cracked 

specimen containing 8mm diameter bar compared 

with bare bar. Fig. 10. shows experimental 

response of all cracked specimen containing 

12mm diameter bars compared with bare bar. 

When considering the experimental test result for 

all specimen, the behaviour was linear up to first 

crack and initial stiffness of specimen was higher 

than the stiffness of bare bar. It can be noted that 

bacterial concrete specimens exhibited more 

stiffness compared to conventional concrete. 
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Among the pre cracked specimen the better 

results where shown by the bacterial concrete 

specimens. This may be due to the crack healing 

property of bacterial concrete. The better results 

of bacterial concrete cracked specimen may be 

because of the microbially induced calcite 

precipitation. The bacteria used for sample 

preperation (Bacillus Subtilis) is a ureolytic 

bacteria, which precipitates calcite. 

 

Figure 7 load deformation behaviour of nc8, 

bc8 and 8mm diameter bare bar 

 

 

Fig. 8. Load deformation behavior of NC12, 

BC12 and 12mm diameter bare bar  

 

 

 

Fig. 9. Load deformation behavior of BCC8, 

NCC8 and 8mm diameter bare bar 

 

Fig. 10. Load deformation behaviour of 

NCC12, BCC12 and 12mm diameter bare bar 

V CONCLUSIONS 

Based on the experimental results of the 

study presented in this paper the following 

conclusions are made. 

1. Bacillus subtilis is a soil bacterium with a 

safer bio safety value of 1 and it can be 

prepared in a laboratory. 

2. The result of compressive strength indicates 

that the introduction of bacteria in concrete 

cubes increases the strength compared to 

conventional 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 
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split tensile strength of bacterial concrete is 

10.47% more than that of conventional 

concrete. 

4. Improvement in strength was visible from 

initial stage in all cases. It shows that the 

bacteria activities were on peak on the 

initial days. 

5. The stiffness of all the direct tension 

specimen is more than that of bare bar. 

6. While considering the bar diameters, the 

prism specimen containing 12mm diameter 

reinforcement bar shows more tension 

stiffening behaviour than that of specimen 

containing 8mm diameter bars. 

7. The tension specimen with bacterial 

concrete shows more stiffness than the 

conventional concrete. 
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Abstractð Progressive collapse refers to the 

phenomenon in which the local damage of a 

primary structural element leads to total or partial 

structural system failure. In the present study, the 

progressive collapse potential of steel dual 

systems with buckling restrained braces was 

evaluated and compared with those of the 

conventional intermediate moment resisting 

frames. The study was conducted on 5- storey 

frames by applying the alternate path method and 

the critical columns and adjacent braces, if present 

were instantaneously removed as per the GSA 

guidelines and the ability of the structure to 

successfully absorb member loss was 

investigated. The structures were modelled and 

analysed using ETABS software and non- linear 

dynamic analysis was carried out.  The results 

showed that the dual systems showed better 

progressive collapse capacity when compared to 

intermediate moment resisting frames. 

Keywordsð Progressive Collapse, Dual 

Systems, Buckling Restrained Brace, Moment 

Resisting Frame, Alternate Path Method, 

Nonlinear Dynamic Analysis. 

I. INTRODUCTION  

Progressive collapse is a dynamic failure 

process in which loss of local load carrying 

capacity propagates through a system, 

precipitating widespread collapse. The process 

evolves from a local triggering event for which 

the structure was not designed, such as gas 

explosions, vehicular impact, blast effects, etc. 

They can also be induced deliberately as a 

demolition method, specifically that of building 

implosion, or caused by acts of terrorism or war. 

Any collapse in a way could be regarded as 

progressive collapse, but it should be of special 

concern if the collapse is disproportionate to its 

original cause. The disproportionality refers to the 

situation in which failure of one member causes a 

major collapse of larger magnitude compared to 

initial event. Progressive collapse analysis and 

design guidelines provided by General Service 

Administration (GSA) employ the alternate path 

method to evaluate a structural system in order to 

compute its vulnerability to progressive collapse. 

Dual systems with Buckling Restrained 

Braces (BRBs) are primarily employed as lateral 

load resisting systems in the structures located in 

seismic-active areas. These systems consist of 

buckling restrained braces arranged in various 

configurations, such as diagonal, Inverted-V 

(chevron), Double-story X, etc. in conformity 

with their heights and have the advantages of both 

moments resisting frames and buckling restrained 

braced frames. The main characteristics of BRBs 

are the high ductility, excellent energy dissipation, 

and nearly symmetrical hysteretic response in 

tension and compression. The core segment of a 

BRB is filled with unbounded concrete (mortar) 

that offers resistance to both in-plane and out of 

plane buckling of the steel plate inside, thereby 

boosting the axial resistance and energy 

dissipation potential of BRBs under the 

compressive axial loading. The modern buckling 

restrained braces are called all-steel BRBs, are 

entirely made up of steel components. The 

buckling restraining mechanism in this type of 

BRBs are usually steel hollow structural members 

as an alternative for conventional mortar or 

concrete filled steel tubes. 

II. BUCKLING RESTRAINED BRACE  

A buckling-restrained brace (BRB) is a 

structural brace in a building, designed to allow 

the building to withstand cyclical lateral loadings, 

typically earthquake-induced loading. It consists 

of a slender steel core, a concrete casing designed 
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to continuously support the core and prevent 

buckling under axial compression, and an 

interface region that prevents undesired 

interactions between the two. Braced frames that 

use BRBs ï known as buckling-restrained braced 

frames, or BRBFs ï have significant advantages 

over typical braced frames. Three major 

components of a BRB can be distinguished are its 

steel core, its bond-preventing 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 design-level earthquake and rigid, non-

yielding lengths on both ends. Increased cross-

sectional area of the non-yielding 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 bond-preventing layer decouples the casing 

from the core. This allows the steel core to resist 

the full axial force developed in the bracing, as 

designed. The casing ï through its flexural 

rigidity ï provides the lateral support against 

flexural buckling of the core. It is typically made 

of concrete-filled steel tubes. The design criterion 

for the casing is to provide adequate lateral 

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

buckling. 

III. Modelling and analysis 

In this work, the analysis based on non- 

linear dynamic method is used to compare the 

progressive collapse capacity of Intermediate 

Moment Resisting (IMF) frames and Buckling 

Restrained Braced (BRB) frames. The removal of 

critical columns is governed by GSA (general 

service administration) 

 

Fig.1. Plan of the model- column removal 

positions 

 

 

 

Fig.2. Dual system 1 and 2 

TABLE I. PROPERTIES OF 5 STOREY IMF 

AND DUAL SYSTEMS 

Parameters  Values  

Typical Storey Height 3 

Base Storey Height 3 

No. of Bays along X-Direction 5 

No. of Bays along Y-Direction 5 

Bay Length along X-Direction 4 

Bay Length along Y-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 970mm
2
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TABLE II. LOAD CALCULATIONS  

Parameters  Values  

Live Load - Floor 2.5 kN/m
2
 

Live Load - Roof 1.5 kN/m
2
 

Dead load 3.5 kN/m
2
 

Dual system 1 and 2(DS1 and DS2) vary in 

the position of bracing. Columns were removed 

from three positions i.e., exterior, interior and 

corner positions as per GSA guidelines. Non-

linear time history analysis using El Centro data is 

conducted. Column forces adjacent to the 

removed column in all directions are analysed and 

maximum values were taken. The maximum 

storey displacement in each storey is also taken 

and compared the progressive collapse capacity of 

dual system and IMF. 

IV. RESULT AND DISCUSSION 

1) Corner column removal ground storey 

Corner column C1 from ground storey of 

both IMF and dual systems were removed and 

parameters of C2 and C6 were analysed. 

a) Column forces 

TABLE III. RESULTS COLUMN C2 

Param

eter 

IMF DS1 DS2 

 Inta

ct  

Dama

ged  

Intact  Dama

ged  

Intact  Dama

ged  

Axial 

load 

(kN) 

911.

22 

1183.

09 

1058.

08 

1265.

17 

1370.

33 

1124.

94 

Shear 

force 

(kN) 

214.

37 

229.1

1 

135.5

5 

140.5

2 

133.9

3 

158.2

3 

Bendi

ng 

mome

nt 

(kNm) 

542.

02 

572.1

9 

307.9 317.4

5 

307.8

1 

355.4

5 

TABLE IV. RESULTS COLUMN C6  

Parameter IMF DS1 DS2 

 Intac

t  

Dama

ged  

Intact  Dama

ged  

Intact  Dama

ged  

Axial 
load(kN) 

787.
34 

1109.8
6 

1041.
72 

1217.1
4 

1024.
47 

1079.0
8 

Shear 
force(kN) 

274.
19 

264.71 163.3
6 

155.19 161.7
3 

172.74 

Bending 

moment(k

Nm) 

593.

76 

611.48 331.9

5 

331.92 331.8

6 

376.82 

 

b) Maximum Storey displacement 

 

Fig.2. Maximum storey displacemet in Y 

direction 

From corner column removal, except for the shear 

force of DS1 and axial load of DS2, all other 

parameters are increasing in damaged condition. 

The decrease in axial load is due to the removal of 

two braces. 

Exterior column removal ground storey 

Exterior column C11 from ground storey of 

both IMF and dual systems were removed and 

parameters of C6, C12 and C16 were analysed. 

a) Column forces 

TABLE V. RESULTS COLUMN C12 

TABLE VI. RESULTS COLUMN C6 and C16 

Parameter IMF DS1 DS2 

 Intac

t  

Dama

ged  

Intact  Dama

ged  

Intact  Dama

ged  

Axial 
load(kN) 

787.
34 

1117.2
1 

1041.
72 

1714.6
9 

1024.
47 

1032.0
5 

Shear 

force(kN) 

274.

19 

302.5 163.3

6 

163.29 161.7

3 

168.11 

Bending 

moment(k

Nm) 

593.

76 

646.02 331.9

5 

331.9 331.8

6 

344.99 

 

Parameter IMF DS1 DS2 

 Intact  Dama

ged  

Intact  Dama

ged  

Intact  Dama

ged  

Axial 

load(kN) 

1463

.99 

1746.

39 

1714

.69 

1770.

8 

1617

.19 

1854.

94 

Shear 

force 

(kN) 

271.

47 

294.0

4 

163.

29 

220 162.

6 

169.4

6 

Bending 

moment(

kNm) 

591.

4 

629.7

7 

331.

9 

429.3

2 

332.

61 

344.0

7 
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Fig. 3. Maximum storey displacemet in Y 

direction 

For exterior column removal, most of the 

parameters are increasing in damaged condition. 

The parameters are 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, C11, C13 and C17 were 

analysed. 

a) Column forces 

TABLE VII RESULTS COLUMN C7 and C17  

Parameter IMF DS1 DS2 

 Intact  Dama

ged  

Intact  Dama

ged  

Intact  Dama

ged  

Axial 

load(kN) 

1528

.48 

1965.

93 

1525

.02 

1733.

68 

1517

.68 

1714.

92 

Shear 

force 

(kN) 

274.

2 

285.8

1 

164.

89 

167.1

9 

163.

85 

166.1

2 

Bending 

moment(

kNm) 

593.

76 

617.1

8 

333.

28 

339.6

6 

333.

69 

339.9

8 

TABLE VIII RESULTS COLUMN C11  

Parameter IMF DS1 DS2 

 Inta

ct  

Dama

ged  

Inta

ct  

Dama

ged  

Intac

t  

Dama

ged  

Axial 

load(kN) 

798.

34 

1077.

44 

740.

62 

896.6

2 

1527

.83 

1539.

89 

Shear 

force(kN) 

271.

47 

292.6

3 

163.

82 

170.5 165.

13 

171.7

3 

Bending 

moment(

kNm) 

591.

4 

627.3

1 

332.

36 

349.5

2 

334.

81 

345.8

2 

 

TABLE IX RESULTS COLUMN C13  

Parameter IMF DS1 DS2 

 Inta

ct  

Dama

ged  

Intact  Dama

ged  

Inta

ct  

Dama

ged  

Axial 

load 

(kN) 

148

8.7 

1902.

72 

1395

.42 

2146.

64 

154

2 

1731.

93 

Shear 

force 

(kN) 

271.

47 

282.6

1 

163.

81 

167.9

5 

165.

07 

169.1

3 

Bending 

moment(

kNm) 

591.

4 

610.1

8 

332.

35 

339.3

2 

334.

74 

341.5

8 

b) Maximum Storey displacement 

Fig.4. Maximum storey displacement in Y 

direction 

For interior column removal all the 

parameters are increasing in damaged 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. Based on the study 

following conclusions were made: 

¶ The IMF shows more storey displacement 

than dual systems. So dual systems are 

better than IMFs. 
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¶ 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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Abstractð A Tuned mass damper (TMD) is a 

device consisting of a mass, and spring that is 

attached to a structure in order to reduce the 

dynamic response of the structure. The frequency 

of the damper is tuned to a particular structural 

frequency so that when that frequency is excited, 

the damper will resonate out of phase with the 

structural motion. Therefore, various types of 

dampers are being developed at present to reduce 

the vibration in those structures. Amongst the 

Tuned Mass Dampers, the usage of Liquid Tuned 

Mass Damper is more encouraged due to their 

relative advantages. Since the overhead water 

tanks are integral part of a structure, they can 

serve as Tuned Liquid Mass Dampers. In this 

study the liquid tuned mass dampers are modeled 

making use of the overhead water tanks in 

buildings. The effect of Multiple Liquid Tuned 

Mass Dampers on the unsymmetrical buildings 

with and without tuned liquid mass damper is to 

be studied. The study is carried-out on Hexagonal 

and rectangular shaped buildings by using 

response spectrum analysis. The studies are 

repeated by varying the water level in tanks as 

empty, one-third full, two-third full and full water 

tank conditions. The performance of tuned liquid 

mass dampers is demonstrated by comparing the 

values of Maximum storey deflection and the 

magnitude of Base shear of the building for 

different tank capacities. 

Keywordsð Tall structures, Tunes Mass Liquid 

Damper (TLMD), Water Tank, Seismic Vibration 

I. INTRODUCTION  

Urbanization of a metropolis is in general 

reflected by tall buildings all around and 

improvised infrastructure. For a structural 

designer, tall structures pose design challenges as 

they are highly vulnerable to natural calamities 

like Cyclones and Earthquakes. Excessive use of 

shear walls in buildings is not always acceptable 

as their placement infringes with the vehicular 

movement and the architectural features of the 

building. As the next alternative, the base 

isolators are tried at to reduce both base shear and 

the lateral displacements of the buildings. Though 

the idea appears to be acceptable, it is a costly 

proposition, hence it is not a desirable alternative. 

In this backdrop, introduction of Tuned Mass 

Dampers is considered the most effective 

alternative. The TMDs are both economical and 

are effective in reducing both base shear and 

amplitude of vibrations of the building subjected 

to dynamic causes. As well as providing passive 

or active counter forces, structural vibrations 

generated by earthquakes or wind can be 

controlled by modifying rigidities, masses, 

damping, and form. Efficiency,2 compactness, 

weight, capital cost, operating cost, maintenance 

needs, and safety are all factors that influence the 

choice of vibration dampening equipment. On 

excitation of a certain structural frequency, the 

damper's frequency is changed, causing the 

damper to oscillate out of phase with structural 

motion. By attaching a spring-dashpot to the 

mass, energy is released as a result of its relative 

movement with respect to the building. 

Amongst the Tuned Mass Dampers, the 

usage of Liquid Tuned Mass Dampers are more 

encouraged. Since the overhead water tanks are 

integral part of a structure, they can serve as 

Tuned Liquid Mass Dampers and are considered a 

very cost- effective solution in seismic design. 

The mass of water in the tank plus the mass of the 

water tank constitute the total mass of the Tuned 

Mass Damper. The structural damping due to the 

concrete structure constitutes the damping of the 

Tuned Mass Damper. By suitably altering the 

mass of liquid in the water tank, the size of the 

water tank and the number and size of the 

columns supporting the water tank, the mass, the 
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damping and the stiffness of the Tuned Liquid 

Damper are tuned. 

A. Tuned Liquid Mass Damper 

The passive device, tuned liquid damper 

(TLD), is a type of tuned 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. It dissipates vibration energy through 

sloshing. 

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 and also 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 subjected to 

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 

is tuned to the structural frequency. TLD is 

widely used to control wind-induced vibrations in 

civil structures. 

Fig. 1. Representation of a TLMD 

II. OBJECTIVE  

The objective of the present study is to find 

effectiveness of TLMD for different building 

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, one-third full, two-third full 

and full water tank conditions. 

 

III. LITERATURE REVIEW  

Rajashekhar S. Talikoti et. al. had studied 

the effectiveness of TMD in controlling the 

vibrations of structure. A building structure was 

modelled with and without TMD and Response 

spectrum analysis was carried- out. From the 

study, it was found that TMD was more effective 

when it is attached at the top floor of building and 

the presence of TMD resulted in gradual 

decrement of the displacement, the storey drift 

and the fundamental period of the structure [1]. 

Manjusha M had carried out the analytical 

investigation to study the feasibility of 

implementing water tank as a passive Tuned Mass 

Damper (TMD) using ETABS 2015. Multi- storey 

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 the structure [2]. 

Dorothy Reed et al analyzed Time histories 

of the base shear force and water-surface 

variations by shaking table tests and compared 

with a numerical model investigating behavior of 

tuned liquid dampers (TLD) with the help of 

laboratory experiment and numerical modelling. It 

was found that the response frequency of tuned 

liquid dampers increased as excitation amplitude 

increased, and the TLD behaved as a hardening 

spring system. The design frequency damper 

should be set at the value lower than that of the 

structure response frequency if it is computed 

using the linearized water-wave 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 slightly, the TLD always performed 

favourably [3]. 

IV. MODELLING  

A. MODEL DETAILS  

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 carried-out on a 

rectangular shaped building and hexagonal shaped 

building. The study is conducted by varying the 
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water level in water tank by considering, 1. Empty 

water tank, 2. One-third, 3. Two-thirdôs full and 4. 

Full water tank conditions using ETABS 

software. 

The plan configuration 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 1- Empty water tank 

2. Model 2- One-third water tank 

3. Model 3- Two-third water tank 

4. Model 4- Full water tank 

2. Rectangle shaped building  with one 

water tank (V1=13500m3), Two water 

tank using half volume (V2= 6750m3), 

Two water tank using double volume 

(V3= 2V1). 

5. Model 1- Empty water tank 

6. Model 2- One-third water tank 

7. Model 3- Two-third water tank 

8. Model 4- Full water tank 

 

Fig. 2. Plan view of hexagonal shaped building 

 

Fig. 3. 3D view of hexagonal shaped building of 

one water tank (V1=13500m3). 

 

 

Fig. 4. 3D view of hexagonal shaped building of 

two water tank using half volume 

(V2=6750m3). 

 

Fig. 5. 3D view of hexagonal shaped building of 

two water tank using double volume((V3= 

2V1). 

 

Fig. 6. Plan view of rectangle shaped building 
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Fig. 7. 3D view of hexagonal shaped building of 

one water tank (V1=13500m3). 

 

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

two water tank using half volum((V2= 

6759m3). 

 

Fig. 9. 3D view of rectangle shaped building of 

two water tank using double volume((V3= 

2V1). 

 

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 I. DETAILS OF BUILDING  

MODEL DETAILS OF BUILDING  

Material M30, Fe-500 

Size of beam 400x600mm 

Size of column 600x900mm 

Depth of slab 150mm 

Live load  4kN/m 

Dead load 2kN/m 

Seismic zone factor 0.24 

Response reduction 

factor 

5 

Importance factor 1 

A. Calculation Of Water Tank 

TABLE II. DETAILS OF WATER TANK  

DETAILS OF WATER TANK  

Total Mass of hexagonal 

building 

4482481.895kg 

Total mass of rectangle 

building  

3803450.409kg 

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 1m 

Dead load of water tank 

V2 

225KN 

Live load of water tank 

V2 

66.195KN 
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B. Calculation Of Tuned Liquid Mass Damper 

TABLE III. CALCULATION OF TLMD 

PARAMETERS FOR VARYING WATER 

LEVEL IN THE TANK (V1) FOR 

HEXAGONAL BUILDING  

Hexagonal 

shaped  (V1) 

Empty 

water 

tank 

One-

third  

level 

water  

Two-

third 

water 

level 

Full 

water 

level 

Mass ratio 0 0.0097 0.0107 0.0117 

Tuning ratio  1 0.99 0.9894 0.9884 

Optimum 

damping 

ratio  

0 0.06 0.063 0.0658 

Optimum 

stiffness 

(KN/m)  

0 1314.9

8 

1448.7

9 

1580.9

9 

Optimum 

damping 

(KN-s/m) 

0 85.91 99.509 113.64 

 

 

Fig. 10. Base shear of rectangle shaped 

building 

 

 

 

 

Fig. 11. Maximum displacement due to EQ-X 

of rectangle shaped building 

 

Fig. 12. Maximum displacement due to EQ-Y 

of rectangle shaped building 

 

Fig. 13. Base shear of hexagonal shaped 

building 
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Fig. 14. Maximum displacement due to EQ-X 

of hexagonal shaped building 

 

Fig. 15. Maximum displacement due to EQ-Y 

of hexagonal shaped building 

VI.  RESULTS AND DISCUSSIONS 

The studies are carried-out for water tank 

empty, one-third full, two-third full and full tank 

conditions. The information from graphs shows 

the percentage reduction in the magnitudes of 

maximum storey displacement and percentage 

increase in base shear due to the increase of 

volume of water level. From the graph its obvious 

that rectangle shaped building with two water 

tank by using double volume outperforms out of 

all 

¶ The magnitude of base shear for rectangle 

shaped building with two water tank using 

double volume (V3) found to be increased 

by 23.12% for full water tank with the 

action of tuned liquid mass damper. 

¶ The magnitude of base shear of  hexagonal  

shaped building with two water tank using 

double volume(V3) is found to be increased 

by 25.26% for full water tank by comparing 

with empty water tank, 19.09% with two-

third water level, 7.41% with one-third 

water level. 

¶ The maximum displacement of X-direction 

is found to be reduced by  35.26% for full 

tank condition for rectangle shaped 

building with two water tank using double 

volume (V3) with the action of tuned liquid 

mass damper. 

¶ The magnitude of base shear of rectangle 

shaped building with two water tank using 

half volume(V2) is found to be increased 

by 16.45% for full water tank by comparing 

with empty water tank, 7.002% with two-

third water level, 17.41% with one-third 

water level. 

¶ The Max storey displacement  for X and Y 

direction is found to be reduced by 25.14%  

and 55.77 % with hexagonal shaped 

building with 2 water tank using half 

volume(V2 ). 

¶ The maximum displacement of X-direction 

is found to be reduced by  58.62% for full 

tank condition for hexagonal shaped 

building with two water tank using double 

volume (V3)with the action of tuned liquid 

mass damper. 

¶ The magnitude of base shear of rectangle 

shaped building with two water tank using 

half volume is found to be increased by 

9,92% with rectangle shaped building with 

two water tank using double volume(V3). 

¶ The maximum displacement of Y-direction 

is found to be reduced by  18.53% for full 

tank condition for rectangle shaped 

building with two water tank using double 

volume (V3) with the action of tuned liquid 

mass damper. 

¶ The Max storey displacement  for X and Y 

direction is found to be reduced by 19.21%  

and 35.33 % with rectangle shaped building 

with 2 water tank using half volume(V2). 

VII.  CONCLUSION  

Based on the studies carried out on different 

shapes of buildings in different seismic zones, the 

following conclusions are made: 

¶ It is observed that a structure equipped with 

Tuned Liquid Mass Damper (TLMD) is 

effective in controlling the Maximum 

storey displacements of the structure when 

compared to a structure without Tuned 

Liquid Mass Damper. 
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¶ The magnitude of Max storey displacement 

is found to reduce in about 34.23% 

respectively in X-direction and 28.99% 

respectively in Y-direction for rectangle-

shaped building when equipped with Tuned 

Liquid Mass dampers. 

¶ 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 action of 

tuned liquid mass damper. 

¶ Rectangle shaped building with 2 water 

tank using double volume (V3) for full 

water level outperforms out of all 

¶ Based on the conclusions, the present study 

clearly demonstrates that there is a 

substantial reduction of amplitude of 

vibration in tall buildings especially in the 

direction of weak axis, when the overhead 

water tanks are modelled as Tuned Liquid 

Mass Dampers. 
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AbstractðProgressive collapse is the process of 

extensive failure initiated by local structural 

damage or a chain reaction of failures. This is due 

to some reasons like fire, gas explosion, terrorist 

attack etc structures undergoes some major 

component failure. The main objective of this 

project is to assess the progressive collapse of RC 

structures by nonlinear static analysis under 

column removal scenario using ETABS software. 

Pushover analysis was performed on a G+11 RC 

framed rectangular commercial building designed 

as per Indian Building Code. The removal process 

of identified critical columns was initiated for 

progressive collapse and the various parameters 

like story displacement and column forces were 

calculated. Thus, the influence of removal of 

critical elements has been discussed here by 

comparing the parameters before and after the 

progressive collapse. From the analysis corner 

column and middle of long edge column removal 

shows more critical results. 

KeywordsðProgressive collapse, Push over 

analysis, Storey displacement, Column forces, 

ETABS 

I. INTRODUCTION  

When the interior load-bearing structural 

element fails due to any number of means such as 

blast activity or vehicular accident which results 

in the failure of a structure or component to 

maintain its structural integrity this phenomenon 

is called collapse phenomena. This situation may 

be initiated by an earthquake, interior or exterior 

explosions and construction activities. 

The classification of the causes of the 

building collapse is specified under general 

headings given below: 

1. Faulty Construction 

2. Unexpected Failure Modes 

3. Extraordinary Loads 

4. Foundation Failure 

5. Column and beam failure 

The worldwide problem of ensuring the 

stability of structures of high-rise buildings 

against progressive collapse as a result of fire and 

blasts is becoming more urgent because, leads to 

very serious consequences. Wear and tear of fixed 

assets of the country, increasing the rate and 

density of construction in urban areas, an increase 

in recent years, the number of terrorist acts 

(bombings, arson, etc.). The progressive collapse 

of building structures is a complicated mechanical 

behaviour of entire structural systems under large 

deformation. However, limited researches have 

been conducted to investigate this issue at the last 

century due to the lack of the experimental 

technique and numerical simulation for entire 

structural systems under large deformation. In 

recent years, with the development of the 

experimental technique and numerical simulation, 

the progressive collapse of building structures is 

studied in depth and the exciting progresses have 

been reported. A progressive collapse of a 

building is initiated by an unexpected event that 

causes local damage and subsequently propagates 

throughout the structural system, leading to a final 

damage state in largescale or entire collapse of the 

building. A progressive collapse can be triggered 

by accident actions, including fire hazard, gas 

explosion, terrorist attack, vehicle collision, 

design and construction errors, and environmental 

corrosion. With the development of 

industrialization, the buildings with multifunction 

and high complication become more common of 

which the safety and stability are far more 

concerned. However, the current ultimate limit 

state design based on the structural reliability 

theory is commonly used for regular structures to 

ensure their safety. On the other hand, during the 
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long-term use, the structure may suffer 

unexpected accidental actions, causing local 

damage or failure. Hence if the remaining 

structural system cannot absorb or contain the 

internal force variation caused by the initial 

failure, it will lead to a further damage even the 

collapse of whole structure, causing huge loss of 

life and property. The local failure of one or many 

structural elements creates the additional load in 

surrounding elements that leads to steady 

progressive collapse initially and then to the total 

failure. Therefore the remaining portion of the 

building is required to redistribute the loads 

applied to it through the alternate load paths 

provided for the purpose. This process may 

continue further till the equilibrium condition of 

the structure is reached either by provision of 

loadbearing bracing, or by stable alternative load 

paths. Progressive collapse is a natural nonlinear 

event, in which structural components are stressed 

beyond their elastic limit to occur the failure. The 

progressive collapse of the building has started 

gaining attention after the partial collapse in 

London (Roman point apartment building 

structure) and the collapse of the Alfred p. Murrah 

Federal Building structure (Oklahoma City, 1995) 

and the structure collapse of the World Trade 

Centre Towers, caused due to the terrorist attacks 

II. ASSESSMENTS 

A. Pushover Analysis 

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 

(Z). 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 

loads-force equal to mass timeôs gravity in the 

vertical direction. Because of the inherent factor 

used in the design specifications, most structures 

tend to be adequately protected against vertical 

shaking. Vertical acceleration should also be 

considered in structures with large spans those in 

which stability for design, or for overall stability 

analysis of structures. The basic intent of design 

theory for earthquake resistant structures is that 

buildings should be able to resist minor 

earthquakes without damage, resist moderate 

earthquakes without structural damage but with 

some non-structural damage. To avoid collapse 

during a major earthquake, members must be 

ductile enough to absorb and dissipate energy by 

post elastic deformation. Redundancy in the 

structural system permits redistribution of internal 

forces in the event of the failure of key elements. 

When the primary element or system yields or 

fails, the lateral force can be redistributed to a 

secondary system to prevent progressive failure. 

The structural model is prepared and pushover 

analysis has been carried out. The parameters 

such as storey displacement, storey drift, storey 

shear, and base shear have been founds so as to 

check whether the structure is safe in pushover 

analysis. 

B. Progressive Collapse 

The expression ñProgressive Collapseò can 

be just characterized as a definitive 

disappointment or proportionately enormous 

disappointment of a bit of a structure because of 

the spread of a neighbourhood disappointment 

from component to component all through the 

structure. Dynamic breakdown happens when 

moderately neighbourhood basic harm, causes a 

chain response of structure components 

disappointments, unbalanced to the underlying 

harm, causing in halfway or full breakdown of the 

structure. Near by harm that starts dynamic 

breakdown of structure is called starting harm. 

When all is said in done, dynamic breakdown 

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 little segment 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 is 

commanding occasion as it involves the vibrations 

of auxiliary segments and results in powerful 

interior powers. These inside powers could be, for 

example, 

Inactivity powers and so on, whose force 

isn't consumed bythe structure. Dynamic 

breakdown is a characteristic non-direct occasion, 

in which auxiliary segments are worried past their 

versatile point of confinement to happen the 

failure. Progressive breakdown is are liable 

annihilation of the bearing structures of the 

(structure) because of the underlying. Near by 

harm to the individual transporters of basic 

segments and prompting the breakdown of the 

whole building or significant part . 
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III. MODEL DESCRIPTION  

A G+11 storey RC (Reinforced Concrete) 

multi-storey structure with plan dimension 28×24 

m considered. The structure is then designed for 

the Seismic loads as per IS:1893:2016. The 

gravity load and wind load acting on building 

structure is carried out as per IS 875 part 1 & 2 

and IS 875 Part 3. The 2D and 3D model 

generated in ETABSv18.2.1 

 

Fig. 1. Plan of the structure 

 

 

 

 

 

Fig. 2.  3D view of structure 

 

 

 

A. Model Dimension 

TABLE I. MODEL DETAILS  

Dimension  Values 

Span in X direction  4 m 

Span in Y direction  4 m 

Storey height  3.5 m 

Beam size 300×400 mm 

Column size 1-4 storey 450×450 mm 

Column size 5-8 storey 400×400 mm 

Column size 9-12 storey  350×350 mm 

Slab thickness 150 mm 

Grade of concrete  M30 

Grade of steel Fe415 

 

B. Loading Considerations 

TABLE II. LOADING DETAILS  

Dead load  

Self weight  1 kN/m
2
 

Wall load on exterior 

beam 

21 kN/m
2
 

Wall load on interior 

beam 

12.06 kN/m
2
 

Parapet load 2.06 kN/m
2
 

Floor finish 1 kN/m
2
 

Live load  

On floor 4kN/m
2
 

On roof 1.5 kN/m
2
 

Wind load  

Wind speed 39 m/s 

Terrain category  4 

Importance factor  1.2 

Response reduction factor 5 

Seismic load   

Seismic zone V 

Zone factor  0.36 
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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 

combinations. Then the Non-linear static analysis 

is carried out separately for each case of column 

removal and check the structure for progressive 

Collapse potential. 

Identification Of Critical Columns:  

Four column removal conditions have been 

considered as mentioned in GSA 2016 Guidelines 

to evaluate the potential for progressive collapse 

of G+11 reinforced concrete structure and the 

method of analysis used here is Non-linear static 

analysis techniques. 

Thus, there are four cases under 

consideration. 

1. Removal of  a column A1 on GF situated 

at the corner position 

2. Removal of column D1 on GF situated at 

the exterior middle side position. 

3. Removal of column D2 GF situated at 

the interior position. 

The building combination analysis is 

carried out according to the load of IS 1893:2016. 

V RESULTS AND DISCUSSIONS 

TABLE  IV. MAXIMUM STORY DISPLACE -

MENT (mm)  

Cases X Direction  Y direction  

Case 1 105.61 0.54 

Case 2 101.10 0.48 

Case 3 100.65 0.42 

 

TABLE V. MAXIMUM BASE SHEAR (kN)  

Cases Base shear 

Case 1 5967.23 

Case 2 6281.46 

Case 3 6325.3 

 

TABLE VI. 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 A1 (case 1). 

Column forces Intact  

condition 

Damaged 
condition 

Column forces related to column A2 

AL (kN) 1371.99 1598.9 

SF (kN) 139.29 141.25 

BM (kNm) 282.42 285.4 

Column forces related to column B1 

AL (kN) 1381.98 1523.5 

SF (kN) 117.3 120.3 

BM (kNm) 268.25 290.25 

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). 

Column forces Intact  

condition 

Damaged 
condition 

Column forces related to column C1 

AL (kN) 1489.34 1667.43 

SF (kN) 78.45 81.34 

BM (kNm) 189.53 192.4 

Column forces related to column D2 

AL (kN) 1134.5 1431.4 

SF (kN) 90.45 98.41 

BM (kNm) 200.34 202.67 

Column forces related to column E1 

AL (kN) 1465.78 1578.3 

SF (kN) 75.4 78.5 

BM (kNm) 154.78 155.3 
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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  

condition 

Damaged 
condition 

Column forces related to column D1 

AL (kN) 1057.34 1573.5 

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 obtained, Base shear 

decreases and Story displacement increases after 

column removal. In case of Base shear value 

corner column removal shows more decrease and 

Storey displacement shows increase. 

B. Column Forces 

Column forces like Axial load, Bending 

moment and Shear 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 columns after 

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. 

 

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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Abstractð Now a dayôs utility or floor area of 

Residential RC Structure is very costly. Any 

analysis and design approach which enhances the 

utility area of residential or commercial buildings 

is highly appreciable. Many researchers/design 

engineers attempted to achieve it. Strategies like 

floating columns, central core columns and 

cantilever beam structures are one of the usual 

techniques. In the present study, oblique columns 

and Y-shaped columns are adopted instead of 

conventional (rectangular or square) columns, 7 

storied structures are considered for analysis and 

comparative study between oblique columns and 

Y-shaped columns is to be adopted. All the 

analysis and design work are conducted using 

ETABS 2018 version. It needs optimum design 

procedure to proceed for further studies and also 

for construction. The oblique columns and Y-

shaped columns can be used for architectural 

purpose by giving the pleasing appearance to 

inclined support members, which increases the 

aesthetic appearance of the structure. Using 

ETABS 2018 version for all analysis and design 

work. In order to move on with more research and 

construction, the best design process is required. 

By giving inclined support components an 

appealing look, oblique columns and Y-shaped 

columns can be employed for architectural 

purposes, enhancing the structure's aesthetic 

appeal. 

KeywordsðResidential building, Y column, 

Oblique column, ETABS 2018 

I . INTRODUCTION  

High rise structures are an important 

indicator of a countryôs economic and 

technological strength. In recent years, countries 

going for tall buildings, because of material, 

technology, progress of economy and continued 

development. Large populations and per capita 

are the main reasons for the need of ultrahigh rise 

buildings. Due to various architectural features 

and style, more and more complex high rise 

buildings are appearing. Facing a large number of 

new type complex structural system and 

progressively consummate earthquake resistant 

theories, the conventional software can no longer 

meet the needs of calculation and analysis. 

Meanwhile some international finite element 

program such as ETABS, were updating 

themselves bu remained respective limitations. 

The fast increment of the urban populace in 

creating nations, for example, India has 

constrained the revaluation of the significance of 

tall structures with various size and shape which 

prompts distinctive perspective proportion of the 

structures. 

The basic frame work of tall structures are 

normally not very efficient with the impact of 

wind and tremor, the breeze seismic tremor 

structure connections and afterward decides the 

wind loads and earthquake forces as proportional 

static loads. It has been demonstrated that the 

angle proportion of building influences the impact 

of wind and seismic tremor powers on building 

.These postulation study the various instances of 

viewpoint proportion of the structure and impact 

of wind and earthquakes are occasional forces on 

structures that may occur rarely during the 

lifetime of buildings. It is also likely that a 

structure may not be subjected to severe 

earthquake forces during its design lifetime 

.Reinforced Concrete Multi-storied buildings 

(RCMS) are supposed to be of engineered 

construction in the sense that they might have 

been analysed and designed to meet the 

provisions of the relevant codes of practice and 

building by laws: The construction might have 

been supervised by trained persons .In such cases, 

even if earthquake forces have not been 

considered precisely, the structures would have 

adequate in built strength and ductility to 
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withstand some level of earthquake intensity. In 

India, in recent decades, the use of civil 

engineering is becoming more and more popular 

and the technological situation has improved 

considerably. 

The wind engineering needs a way to get 

information solution to various critical wind 

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 

strong too design times and installations ,second 

distributes wind into and around a building is 

called wind pressure. The wind pressure in the 

building are influenced building geometry, angle 

of wind events surrounding and signs of wind 

flow. There are many situation where database , 

codes / standard and analysis are available. 

Methods cannot be used to measure wind pressure 

coefficients and windloads on the claddings and 

support system of structures, for example 

,aerodynamic formation of the structure is 

unusual. 

Various world wide structure and 

examination programming, for example ETABS, 

SAP2000, MIDAS/Gen and SATWE are 

continually developing themselves ,yet stayed 

individual impediments . In this paper ,reaction 

range, time history and connecting piece in-plan 

stresses examination was executed joined with 

areasonable task ,by the project referenced above, 

which were additionally looked at following the 

investigation results. 

II. TYPES OF COLUMNS 

A. Oblique Column 

The new construction method to increase 

the seismic performance of the multi-storied 

building is the use of oblique columns instead of 

normal columns. Oblique column is a column 

which is not constructed vertical. The oblique 

columns can be adopted in high-rise, mid-rise and 

low-rise buildings. The position, arrangement, and 

angle of inclined columns makes different types 

of oblique columns in buildings. The angle may 

vary and this affects the performance of the 

building. For oblique column of below 90° ,there 

will be decrease in plan dimensions and for above 

90°, there will be increase in plan dimensionsas 

we reach upper floors. It affects the lateral 

stiffness of the buildings. But the seismic 

responses may vary in each case. The dynamic 

analysis is done to quantify the storey responses 

in each type of buildings. Here ETABS software 

is used for the response spectrum analysis. It is a 

complex structural analysis package. It can be 

used for the analysis and deisgn of buiding and its 

components 

B. Y Shaped Column 

Nowadays utility or floor area of residential 

building is very costly. Any analysis and design 

approach which enhances the utility or floor area 

of residential or commercial building is highly 

appreciable. Strategies like floating column center 

core columns and cantilever core structures are 

the usual techniques. Y shaped column can also 

be used to increase the utility area. It is adopted 

where there is a no chance of building square or 

rectangular or circular type of column. It is rarely 

used as it possess very difficulty in casting. These 

types of columns are generally used in the 

construction of bridges, flyovers, etc. 

III. OBJECTIVES  

¶ To analyse the seismic performance of G+7 

building with oblique column of 80 degree 

inclination 

¶ To analyse the seismic performance of G+7 

building with Y column of 1.2 m minor leg 

length. 

¶ To compare the performance of multi-

storey structural bulding with oblique and 

Y column. 

IV. METHODOLOGY  

¶ Various literature were made to understand 

more about oblique and Y column 

¶ Validation of the journal is done to acquire 

more knowledge about ths topic. 

¶ A G+7 building with oblique column and Y 

column are modelled 

¶ Analysis and comparison results are made . 

¶ Conclusion about the thesis is made 

IV.  LITERATURE REVIEW  

Harshada Ashok Targe, Utkarsha Dilip 

Bhadane, Gauri Madav Derle (2022) studied 

about oblique and Y column which are adopted 

instead of conventional rectangular column in a 6 

storied building are considered for analysis and 

comparative study between oblique and Y 

column. All the analysis and d esign work are 

conducted using ETABS 2013 version. Maximum 

storey displacement ,Maximum storey drift, Base 
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shear , storey stiffness and time period are 

analysed and compared. The results obtained 

showed that maximum storey displacement is 

increased in Y shaped column by 697.94 %.In 

case of  storey drift  y column shows higher  value 

of 53.08%.Moreover the lower baseshear is 

obtained in oblique column. It means that base 

shear value is increased by 32.07 % in Y shaped 

column as compared to oblique column. The joint 

of Y shaped column holds to be weak under 

seismic loading. Neccessarily requires 

strengthening the joints of Y shaped column. 

Maximum storey stiffness is decreased by 58.25% 

in Y columns.. Oblique column offers best 

resistance to lateral loads. Hence it needs 

optimum design procedure to proceed for further 

studies and also for construction. In time period 

there is no change in oblique and Y column. By 

the analysis we can conclude that the overall 

performance of structure is increased when the 

oblique shape dcolumns are used for construction 

instead of Y shaped columns. Hence, oblique 

column is more sustainable than Y columns. 

Rohan Singh, Vikas Prabhakhar ,(2018)  

studied  about oblique column which is inclined at 

80 ,82,84,86,88 and 90 degrees  on a 12 storied 

building. Static and dynamic analysis should be 

finished in these columns. Ground motion 

performance of oblique column are analysed by 

response spectrum method .The analysis of 

building is performed by using ETABS software 

and the performance will be analysed by same 

building with oblique column replaced with 

normal vertical columns. The structural system 

with oblique column is one of the most unique 

lateral load resisting system for todays building. 

As the lateral loads are resisted by structures with 

oblique column, topstorey displacement is very 

much less in blique structure as compared to 

simple RC frame building. As time period is less 

in oblique column, lesser is mass of structure and 

more is the stiffness. The timeperiod is observed 

less in structure with oblique columns. This 

reflects more stiffness of the structure and lesser 

mass of structure. Structure provides more 

resistance in the oblique column building which 

makes the structural system mre effective. The 

overall results suggested that oblique column is 

excellent seismic control for high ïrise symmetric 

buildings upto certain angle of inclination. 

Geethu Krishna K V and Lekshmi L (4) 

(2018) studied the performance of building having 

oblique columns of different angles and to 

compare different parameters by response 

spectrum analysis using ETABS software. For 

this project, total 9 models were studied. The 

modelling was done by using ETABS software. 

The buildings were modelled with concrete 

structural elements. High-rise building - Gt19 

Stories, Mid -rise building - G+9 stories, Low-rise 

building - G+3 stories were used for making 

models. The buildings with oblique column at 

different angles such as 80°, 85° and 90° were 

studied. It was found that in high-rise building, 

the storey displacement was 40% lesser for 80° 

columns and 27% lesser for 85° column than the 

normal column. In low-rise building, the 

displacement for 80° and 85° columns were about 

48% and 18% respectively compared to normal 

column construction. In the low-rise building, the 

drift was reduced 24% for 80° and 85° 

respectively than 90° columns. The storey shear 

decreased when the column angle decreases than 

90°. In mid-rise building, when the column was at 

80°, the storey shear decreased about 34% than 

the normal column. By the use of 80° oblique 

columns, the stiffness was increased 60% in high-

rise, 34% in mid-rise and 89% in low-rise 

buildings than the normal column having 90°. 

Geethu Krishna K V and Lekshmi L (4) 

(2018) studied the performance of building having 

oblique columns of different angles and to 

compare different parameters by response 

spectrum analysis using ETABS software. For 

this project, total 9 models were studied. The 

modelling was done by using ETABS software. 

The buildings were modelled with concrete 

structural elements. High-rise building - Gt19 

Stories, Mid -rise building - G+9 stories, Low-rise 

building - G+3 stories were used for making 

models. The buildings with oblique column at 

different angles such as 80°, 85° and 90° were 

studied. It was found that in high-rise building, 

the storey displacement was 40% lesser for 80° 

columns and 27% lesser for 85° column than the 

normal column. In low-rise building, the 

displacement for 80° and 85° columns were about 

48% and 18% respectively compared to normal 

column construction. In the low-rise building, the 

drift was reduced 24% for 80° and 85° 

respectively than 90° columns. The storey shear 

decreased when the column angle decreases than 

90°. In mid-rise building, when the column was at 

80°, the storey shear decreased about 34% than 

the normal column. By the use of 80° oblique 

columns, the stiffness was increased 60% in high-
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rise, 34% in mid-rise and 89% in low-rise 

buildings than the normal column having 90°. 

Kapil Dev Mishra et al [14], (2018), In this 

paper, a multi storied Plaza building 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 IV) are 

considered for analysis. The plan area of building 

up to second floor was 30m×30m and above this 

floor area was reduced to 20m ×20m.Height up to 

second floor of the building was used for parking 

or commercial shops having floor height of 4m 

and above this it was used 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 the software, 

Support reaction at the base, maximum moment at 

the joint. On the results mentioned above of study 

the following conclusions were made; Maximum 

Bending Moments as well as Maximum Support 

Reaction for the structures having oblique 

columns were higher than that of structures 

without oblique columns. Maximum Bending 

Moments at seismic Zone IV were 16% greater 

than that of Zone III. Structures having oblique 

column constructed in Zone IV are more affected 

by earthquake than Zone III. 

V. MODELLING  

TABLE  I. MODEL DETAILS  

Plan Area 144 sq.m 

Bay length 3 m 

Storey height 3.2 m 

Thickness of slab 150 mm 

Column size 450 mm x 450mm 

Beam size 230 mm x 450 mm 

Concrete grade M40 

Grade of steel Fe 500 

Live load 3 kN/m
2 

Floor Finish load  1 kN/m
2 

Windspeed Vb 39 m/s 

Zone factor 0.36 

Importance factor 1 

Response reduction factor 5 

 

                (a)                                     (b) 

Fig. 1.Oblique Column(a) Plan (b) Elevation 

 

 

                 (a)                               (b) 

Fig.  2.(a)Y column (a)Plan (b)Elevation 

VI.  RESULT 

TABLE I. RESILTS OF OBLIQUE AND Y 

COLUMN  

Column 

Type 

Displace

ment 

Drift  Base 

shear 

Timepe

riod 

Oblique  21 mm 0.001 2416.

96 

0.3 sec 

Y shape 47.38 

mm 

0.002 2214 

kN 

0.3 sec 

VII.  CONCLUSION 

Following are the conclusions drawn by 

comparing oblique and Y column: 

1) Maximum displacement is shown by 

building with Y shaped column ie 47.38 

mm.In Y shaped column the displacement 

is increased by 55.67 % as compared to  

building with oblique column 

2) Maximum drift is shown by building with 

Y shaped column ie 0.002.The drift has 



International Conference on Recent Advancements in Science and Engineering (RAiSE ó23) 

[59] 

shown an increse of 50 % in Y shaped 

column. 

3) 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%. 

4) Time period remains unchanged  in both 

building with oblique and Y column. 

5) 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. 

6) Oblique column is more seismic resistant 

than Y column. 
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Abstractð This study analysed the seismic 

performance of beam-column joint with different 

concrete compressive strength. A total of three 

exterior beam-column joints were designed and 

analysed under reverse cyclic loading using 

ANSYS. The effects of the concrete compressive 

strength ratio in column to beam joints were 

noted. The specimens with the column to beam 

concrete compressive strength ratios of 1, 2 and 3 

are modelled and analysed under reverse cyclic 

loading, keeping the concrete compressive 

strength of beam constant.  According to the 

results, the overall performance of the beam-

column joint was improved as the compressive 

strength of the concrete in the column is 

increased. 

Keywordsð Exterior beam-column joint, 

Compressive strength ratio, ANSYS 

I. INTRODUCT ION 

Beam-column joint is one of the most 

important structural components in the lateral load 

path of the structure. The failure of beam-column 

joint can be very disastrous because it can destroy 

column that is necessary to support gravity loads. 

Severe reverse cyclic loading due to earthquakes 

causes large inelastic deformations in the beam 

column joints of high-rise buildings. If the joints 

are not designed and detailed properly, their 

performance can significantly affect the overall 

response of the moment-resisting frames. 

With the advancement of concrete mixing 

technology, the strength of concrete used on 

construction sites continues to increase [1, 2] and 

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 normal-strength concrete (NSC). The 

load transfer performance of the HSC column 

may decrease based on the interference of the 

NSC floor system [ 5-9 ]. Therefore, current 

design codes specify that specific measures be 

taken when the column and floor system have 

different compressive strengths. 

Seung-Ho Choi et.al [3] they studied the 

effective compressive strength of the column-slab 

connection with different compressive strengths 

between the column and slab concrete, and the 

test results were compared to the existing design 

codes. The specimen with its slab-column 

connection zone reinforced by steel fibers showed 

an increased effective compressive strength 

compared to that of the specimen without the 

reinforcement, and the interior column specimens 

restrained with slabs reached the compressive 

strength of the column. Seung-Ho Choi et.al [1] 

studied the compressive strengths of HSC 

columns with intervening NSC slabs, and a 

simplified equation for estimating the effective 

compressive strength of the column was 

proposed, based on the analytical research. 

Bindhu K R [4] studied the behavior of exterior 

columns joints under seismic type loading. Cross 

inclined bars were provided as a replacement of 

ties in the joint region for the joints having 

transverse reinforcement detailed as per IS 

13920:1993. The specimens having special 

confining reinforcement as Per IS 13920:1993 

showed improved ductility and energy absorption 

capacity than the specimens detailed as per IS 

456:2000 and SP34.The performance of the 

specimens with non-conventional confinement 

reinforcement had exhibited higher ultimate 

strength with minimum cracks. 

II. OBJECTIVE  

¶ The present study aims at analyzing on the 

overall seismic performance of beam-

column joint with different compressive 

strength ratio 

¶ To determine the load-deformation 

relationships, energy absorption capacity, 
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envelope curves, and shear stress of the 

joint. 

III. 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 column 

sizes. The beams are 200mm deep by 150 mm 

wide and columns are 150 mm deep by 200 mm 

wide. The specimen is one-third of full scale with 

1015 mm long beams measured from column face 

with an inter-storey height of 1560 mm. Three 

exterior beam-column joint is prepared changing 

the concrete compressive strength of column 

ie,20N/mm2 , 40 N/mm2, and 60 N/mm2 (as 

shown in Table I) .The concrete compressive 

strength of beam for all model is 20 N/mm2 and 

Fe 415 grade steel were used. Development length 

of 532 mm is provided as per IS 456:2000. 

 

Fig. 1. Reinforcement Detailing of Model 

TABLE I. COMPRESSIVE STRENGTH 

RATIOôS OF MODELS 

Model Compressive 
strength of 
column ( 

MPa) 

Compressive 
strength of 

beam ( MPa 
) 

Compressive 
strength ratio 

(fcc/fcb) 

CM20-
BM20 

20 20 1 

CM40-
BM20 

40 20 2 

CM60-
BM20 

60 20 3 

IV. M odeling 

For the present study ANSYS workbench 

2023/R1is being used. Modeling of the beam-

column joint with different compressive strength 

ratioôs is done. The material properties of the 

beam-column joint is given as shown in Table II. 

Both ends of the column are fixed and the reverse 

cyclic load is applied to the end of the beam. 20 

mm mesh size is provided to the specimen 

TABLE II. MATERIAL PROPERTIES OF 

THE SPECIMEN 

Material 

Model 

No: 

Element Type Material Properties 

 

 

 

1 

 

 

 

Reinforcement 

Linear Isotropic 

Elastic Modulus 

2.1×10
5
 MPa 

Poissonôs Ratio 0.3 

Bilinear Kinematic 

Shear  Modulus 76923 

MPa 

 

 

 

2 

 

 

 

Concrete  

Linear Isotropic 

EX 22360 MPa 

Poissonôs ratio 0.18 

Bulk modulus 11646 

MPa 

Shear modulus 9474.6 

MPa 

Finding an appropriate mesh size has less 

computational cost and reasonable accuracy by 

mesh-dependent study. Here 6 elements are tested 

and the mesh is converged at size 20mm. The 

mesh data is given as per the Table III. 

TABLE III. MESH DATA OF THE MODELS  

 

     Fig. 2. ANSYS Model of specimen 

 

Material  

Model 

No: 

Element Type Material  Properties 

1 Reinforcement  Mesh size 20 mm 

Element: Hex 20 

Element order: Linear 

2 Concrete  Mesh size 20 mm 

Element: Hex 20 

Element order: Linear 
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Fig. 3. Model after Meshing 

The loading of the model is done as per the 

Fig.4. The specimen was subjected to an 

maximum load of 55 kN . 

 

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 concrete compressive strength in 

column than the beam in the three exterior beam 

column joint is found out in the case of both 

upward and downward loading. 

TABLE IV. MAXIMUM SHEAR STRESS OF 

MODELS 

Model Shear Stress  

(MPa) 

 

CM20-BM20 

 

5.9646  

 

CM40-BM20 

 

8.3354 

 

CM60-BM20 

 

12.102 

 

 

 

Fig. 5. Shear stress of CM20-BM20 model 

 

 

 

Fig. 6. Shear stress of CM40-BM20 model 

 

 

Fig.7. Shear stress of CM60-BM20 model 
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From TABLE IV, it can be seen that the 

increase in the compressive strength ratio 

increased the shear bearing capacity of the joint. 

From Fig. 5-7, it is clear that the max shear stress 

is formed at the region were the beam connect 

with the column. 

 

Fig.8. Hysterisis loop of CM20-BM20 model 

 

Fig .9. Hysterisis loop of CM40-BM20 model 

 

Fig. 10. Hysterisis loop of CM60-BM20 model 

The hysteresis loop of models CM20-

BM20, CM40-BM20, and CM60-BM20 is shown 

in Fig. 8-10. The pattern of the loop is almost 

same for the three models. The ultimate load of 

the model is increased as the concrete 

compressive strength of the column increased. 

 

TABLE V. COMPARISON OF THE 

ULTIMATE LOAD CARRIED BY THE BCJ 

WITH DIFFERENT COMP.STRENGTH 

RATIOôS 

 

Model 

 

Ultimate Load ( kN ) 

 

CM20-BM20 

 

50.72 

 

CM40-BM20 

 

54.05 

 

CM60-BM20 

 

54.57 

TABLE V shows the comparison of the ultimate 

load carried by the beam-column joint with 

different compressive strength ratioôs. As the 

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 with concrete compressive strength 

ratio of column to beam 2 and 3, when 

compairing with the monolithically designed 

model. 

 

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 (CM40-BM20 

& CM60-BM20) showed better load bearing 

capacity than the one with a monolithic joint 

(CM20-BM20). 
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TABLE  VI. ENERGY ABSORTION 

CAPACITY OF MODELS  

 

Energy absorption (kN-mm) 

 

Specimen 

 

Forward cycle  

 

Reverse 

cycle  

 

CM20-BM20 

 

613.13 

 

592.21 

 

CM40-BM-20 

 

676.3 

 

613.41 

 

CM60-BM-20 

 

685.24 

 

623.43 

From the TABLE VI, it can be seen that the 

compressive strength of the concrete in the 

column to beam ratios 2 and 3 (CM40-BM20 & 

CM60-BM20) showed better energy 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 CM40-BM20 

and CM60-BM20 models respectively, when 

compairing with the CM20-BM20 model. 

VI. SUMMARY AND CONCLUSION  

This study analysed the seismic 

performance of exterior beam-column joint 

considering the compressive strengths of the 

column to beam (fcc/fcb ratio) as a variable. The 

overall behavior, energy dissipation, envelope 

curves, and shear stress were analysed in detail. 

The following conclusion were derived from this 

study. 

¶ The overall seismic performance of the 

exterior beam-column joint was improved 

as the fcc/fcb   ratio increased. 

¶ The maximum loads of the specimen 

CM40-BM20 and CM60-BM20 with 

fcc/fcb 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 

CM40-BM20 and CM60-BM20 is 

increased by 3.5%-10.3% and 5.27%-

10.5% in forward and reverse loading than 

the monolithically framed BCJ. 

¶ The shear capacity of the specimen  CM40-

BM20 and CM60-BM20 have increased by 

35.78% and  96.45%  respectively, 

compared to CM20-BM20 which was cast 

monolithically with the same concrete 

compressive strength. 
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AbstractðCold-formed steel have a high 

strength ratio, high corrosion resistance, and ease 

of fabrication. So, their range of applications has 

rapidly expanded as a primary structure for 

flexural and compression members due to its 

varieties of advantages. The increased load-

carrying capacity and span length can be achieved 

by the built-up of the section connecting two or 

more individual sections together by self-drilling 

screws or spot welds. This project deals with the 

buckling analysis of cold-form built-up sections 

using ANSYS software. The sections were made 

by connecting two sections using self-drilling 

screws. The sections used for the study were 

channel sections without lips. This project mainly 

aims to study the effect of buckling loads by 

changing the screw spacing. According to the 

findings, buckling load increases as screw spacing 

decreased. In contrast to open sections, closed 

sections display variable findings. 

KeywordsðCold-form sections, Buckling 

analysis. 

I. INTRODUCTION  

Cold-formed steel (CFS) section is the term 

used for products that are made by rolling or 

pressing thin gauges of steel sheets into goods. 

CFS construction materials differ in many 

respects from other steel construction materials 

like hot rolled steel. The manufacturing of CFS 

products occurs at room temperature with the use 

of rolling/pressing. The main advantage of cold-

formed steel are lightness, high strength and 

stiffness, easy prefabrication, uniform quality, and 

economy in transportation and handling. Built-up 

of cold-form sections can give favourable results 

of compression members in cold- formed steel 

construction, which can achieve higher load- 

carrying capacity than a single section. 

The main issue faced while using Built-up 

members is the effect of partial composite action 

on the other hand if the sections are not linked 

effectively, they will bend separately and there 

will be no composite action. A proper connection 

should be provided to avoid this issue. For long 

columns providing screws along the length is not 

possible. Screws can be provided with a definite 

spacing value. The main objective of this study 

are to investigate the buckling behaviour of cold- 

formed steel built-up compression members. The 

buckling property is used to analyse the strength 

of elements. 

Finite element analysis (FEA) is an 

effective method for studying the buckling effect 

and forecasting the ultimate strength of cold-

formed steel structural components due to its high 

efficiency and low cost. Several studies have 

reported on the effective use of the FEA to 

forecast the structural performance of cold-

formed steel components. Jessica Whittle et al. 

conducted buckling capacities tests of cold- form 

built-up c- channels [1]. The member is 

discretized both within the cross-section and 

throughout its length in the finite element 

approach, necessitating a considerable number of 

degrees of freedom in order to accurately estimate 

the buckling stresses. This suggests that several 

possible buckling modes which can be formed. 

M Anbarasu et al. [2] studied the behaviour 

of cold-form steel built-up of I section composed 

of four U profiles. In this study, FE model was 

developed and compared with the numerical study 

from the literatures. Jia-hui zhang et al. [3] 

experimentally investigated the ultimate strength 

of cold- form steel built-up closed-section 

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 

generally unconservative and unreliable, while the 

modified design strength, assuming the thickness 
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at the contact area to be the nominal plate 

thickness, are conservative and reliable for the 

cold-formed steel built-up closed sections with 

web stiffeners. 

Kim J.R. Rasmussen et al. [4] studied the 

effect of discrete locations of fasteners. The paper 

studies the mechanics of the composite action of 

sections. A closed-form solution was derived for 

the effective torsion rigidity which shows that the 

rigidity varies with the square of the enclosed 

area. Most of the studies in cold form built-up 

sections are conducted according to ACI code I. 

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

considered direct strength method to evaluate the 

strength of the built-up cold form sections. 

II. MODELLING  

A. Model Details 

The material properties used are provided 

in Table . The sections for the built-up column 

were taken according to the IS code 811:1987. 

Channel sections without lips were considered for 

the study the section details are shown in Table . 

The dimensions of the channel section are 

120×60×5mm, length of the column is kept as 

3m. The column is built-up in two ways. First is 

an open section by connecting the channels back-

to-back. The second model is a closed section 

obtained by connecting columns face-to-face 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  

Youngôs modulus 2.033x10
5
 MPa 

Poisonôs ratio 0.3 

 

TABLE  . SECTION DETAILS  

Model 

Name 

Connection 

Type 

Spacing (mm) 

CO960 OPEN 960 

CO720 OPEN 720 

CO320 OPEN 320 

CC960 CLOSE D 960 

CC720 CLOSE D 720 

CC320    CLOSED 320 

 

B. FEA modelling 

FE software ANSYS workbench (2021) 

was used to develop the FE model for the CFS 

built-up columns. The finer the mesh, the more 

accurate the findings will be in finite element 

analysis. Mesh size is given as finer to obtain 

accurate results. The boundary condition applied 

is one end fixed and the other end load is applied 

as shown in Fig 2. Tracks are provided at the ends 

of the column to uniformly apply load to the 

column. The load applied is according to Eulerôs 

buckling equation 

P = 
“2ὉὍ 

4ὒ2 

where P is the buckling load; E is youngôs 

modulus of the cold form section; I is the min 

moment of inertia of the section; L is the total 

length of the section. This equation provides an 

approximate value of the buckling load, which 

can be different as screws are provided in the 

section. So, the actual value of the buckling load 

can be obtained from the analysis. 

 

Fig. 1. Sections of channel back-to-back 

model and channel face-to-face model. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Boundary conditions of the model 
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III. RESULTS AND DISCUSSION 

Different buckling modes of CFS built-up 

back-to-back and face-to-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 back-to-back built-up and 

face-to-face columns are shown in Fig 3 and Fig 

4. 

TABLE  . BUCKLING MODES OF BACK -

TO-BACK MODELS  

Model 

Name 

Load Multiplier  for  Buckling Mode 

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 

CO960 0.85572 5.6352 13.074 19.216 29.759 

CO720 0.86423 5.6697 13.795 19.547 30.302 

CO320 0.88463 5.77 15.015 20.443 31.22 

Mode 1 represents the maximum load value 

at which the column first buckles. The buckling 

loads are calculated from the equation [7], 

P = (1+load multiplier) ×load applied 

The load multiplier value was taken from 

the results of buckling. The values of critical 

loads for the different modes of back-to-back 

columns are given in Table . From the critical 

load values, we can obtain the effective length of 

the modes (TABLE ). 

 

 

 

 

 

 

(a) Buckling modes of CO960 

 

 

 

 

 

(b) Buckling modes of CO720 

 

 

 

 

 

 

 

 

(c) Buckling modes of CO320 

Fig. 3. Buckling modes of back-to-back 

TABLE . BUCKLING MODES OF FACE -

TO-FACE MODELS  

Model 

Name 

Load Multiplier  for  Buckling Mode 

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 

CC960 0.56199 5.4439 8.8451 14.836 15.355 

CC720 0.56228 5.4438 8.8457 14.848 15.365 

CC320 0.56205 5.4414 8.7407 14.73 15.235 

 

TABLE .    BUCKLING LOADS OF BACK -

TO-BACK MODELS  

Model 

Name 

Buckling Loads 

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 

CO960 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 CC960 
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(b) Buckling modes of CC720 

 

 

 

 

 

 

 

 

 

 

(c) Buckling modes of CC320 

Fig. 4. Buckling modes of face-to-face 

TABLE  . BUCKLING LOADS OF FACE -

TO-FACE MODELS 

Model 

Name 

Buckling Loads 

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 

CC960 
67.16 
kN 

277.09 
kN 

423.3 
kN 

680.95 
kN 

703.26 
kN 

CC720 
67.17 
kN 

277.08 
kN 

423.36 
kN 

681.46 
kN 

703.69 
kN 

CC320 
67.16 

kN 

276.98 

kN 

418.85 

kN 

676.39 

kN 

698.10 

kN 

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 back-to-back section 

is 79.8kN which is increased by 0.5% and 0.98% 

when the screw spacing is increased to 720mm 

and 320mm. The closed section has a different 

pattern as screw spacing increases 720mm 

spacing has a large value of buckling load than 

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 

Name 

Effective length 

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 

CO960 2197.19 

mm 

1162.03 

mm 

797.84 

mm 

665.70 

mm 

539.70 

mm 

CO720 2181.70 

mm 

1158.98 

mm 

778.16 

mm 

655.64 

mm 

534.99 

mm 

CO320 2180.85 

mm 

1150.39 

mm 

747.97 

mm 

646.40 

mm 

527.30 

mm 

CC960 2395.04 

mm 

1179.12 

mm 

953.99 

mm 

752.16 

mm 

740.13 

mm 

CC720 2394.86 

mm 

1179.14 

mm 

953.92 

mm 

751.88 

mm 

739.90 

Mm 

 

Model 

Name 

Effective length 

Mode 

1 

Mode 

2 

Mode 

3 

Mode 

4 

Mode 

5 

CC320 2365.29 

mm 

1179.35 

mm 

959.04 

mm 

754.69 

mm 

742.86 

mm 

   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. 

¶ The following conclusions were drawn 

from the study of buckling analysis of cold-

form steel built-up 

¶ The critical buckling load of each models 

were 79.8kN, 80.3kN, 81kN, 67.16kN, 

67.17kN and 67.1kN corresponding to 

CO960, CO720,CO320, CC960, CC720 

and CC320 respectively. 

¶ The buckling loads increase with the 

increase in screw spacing for back-to-back 

connected models by 0.5% and 0.98%. 

¶ Loading area for the open section can be 

higher than closed as closed sections have 

interconnection between flanges. 
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¶ Total width of the built-up column has an 

effect in buckling loads, as compared with 

closed and open sections open section has 

higher buckling loads than closed sections. 
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Abstractð High-rise buildings with irregular 

shapes are gaining popularity in creating vertical 

cities around the world. A high-rise building is a 

wind-sensitive structure and its shape plays a 

major role in determining wind loads, which 

usually govern the design of its lateral resisting 

system. Therefore, aerodynamic treatments on 

high-rise buildings must also be considered, 

because even a small amount of geometrical 

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 a 50-storey 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 

different minor and major aerodynamic shape 

modifications and hence evaluating aerodynamic 

forces on the buildings, subsequently the seismic 

assessment of a 50-storey regular and irregular 

building by response spectrum and time history 

analysis is also studied. 

Keywordsð Aerodynamic shape modification, 

CFD, Wind tunnel setup, Drag force, Seismic 

analysis, response spectrum, time history analysis 

I. INTRODUCTION  

For high-rise 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 wind-prone 

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 

wind speed with building height, and combined 

increases in slenderness ratios make them more 

flexible and therefore more susceptible to wind 

loads. In this sense, in supertall building design, 

to guarantee the functional performance and 

occupancy comfort, selection of proper structural 

system selection, aerodynamic modifications, and 

supplementary damping devices plays an 

important role. 

Aerodynamic modifications can alter the 

wind pattern around structures by suppressing 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 structure. Aerodynamic 

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, 

plan variation, and the aerodynamic top that have 

a significant impact on the overall architectural 

design. On the other hand, minor modifications 

including corner modifications and air passes do 

not significantly change the overall architectural 

design. 

II. MODELLING  

For the modeling and analysis, a 50 and 

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 zone V with soil 

type III. 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. 
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A. TYPE 1 

The dissertation work is concerned with the 

study of drag force on 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 modifications (setback, 

tapering, varying cross section and twist) each of 

150 m and 300 m were modelled and processed 

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. Modifications are done 

by fixing base floor area as 1400m2 and for minor 

modification the corner modification is done in 

5m from the corner. The velocity magnitude of air 

in wind tunnel setup is 30m/s and the mesh 

method adopted is hex dominant method. For all 

the type of models CFD test will be done in 

ANSYS 2019 R3. 

Fig. 1. Regular rectangular building model with 

basic corner (a) plan view (RBB) (b) wind tunnel 

setup 

Fig. 2: Plan view of Regular rectangular building 

model with minor corner modifications (a) 

recessed (RBR) (b) chamfered (RBF) (c) curved 

(RBC) (d) double recessed (RBD) 

 

 

 

 

               (c)                                           (d) 

Fig .3: Regular rectangular building model with 

major modifications (a) setback (RBS) (b) varying 

c/s(RBV) (c) tapered (RBT) (d) twist (RBW) 

 

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

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

(IBT) (d) I shape (IBI) 

B. TYPE 2 

The building was created with 50 storey 

RCC frame as per IS 1893:2016 for seismic zone 

V with soil type III. 15 models namely 5 regular 

rectangular building models with minor corner 

modifications (basic, recessed, chamfered, curved, 

double recessed), 5 plus-shape building models 

with minor corner modifications and 5 L-shape 

building models with minor corner modifications 

are modelled with fixing the floor area as 

1400m2. The base is restrained with fixed 

support. For the modelling of building in ETABS, 

shell 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. 

Seismic loads are considered according to code 

IS: 1893-2016 and wind loads according to IS: 

875- 2015. For seismic zone V, the seismic zone 

factor 0.36 with importance factor 1 and response 

reduction factor 5 is considered. The mass source 

includes total self-weight and 25% live load. 

Response function has been defined using IS1893: 

2016 for a damping of 5% and Time history 

function has been defined using Elcentro 

Earthquake (1940) data from the program file. For 

all the types of models response spectrum analysis 

and time history analysis was done in 

ETABS2018. 

 

          (a)                                      (b) 

Fig. 5: Regular rectangular building model with 

basic corner (RBB) (a) plan view (b) 3d model 

 

 

 

 

 

 

     (a)  RBR                                   (b) RBF 

 

   (c) RBC                                      (d)RBD 

Fig. .6: Plan view of Regular rectangular building 

model with minor corner modifications (a) 

recessed (b) chamfered (c) curved (d) double 

recessed 

 

 

              (a) PBB                               (b) 

Fig. 7: Irregular Plus-shape building model with 

basic corner (a) plan view (b) 3d model 

 

         (a)PBR                                    (b)PBF 

 

           (c)  PBC                                  (d) PBD 

Fig .8: Plan view of irregular Plus-shape building 

model with minor corner modifications (a) 

recessed (b) chamfered (c) curved (d) double 

recessed 

 

      (a) LBB                                       (b) 

Fig .9: Irregular L -shape building model with 

basic corner 
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         (a) plan view                 (b) 3d model 

 

        (a) LBR                                (b)  LBF 

 

              (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 

recessed 

III RESULTS 

A. Type 1 

The building models created in Ansys is 

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. 

 

 

(a)                              

 

 

 

 

 

(b) 

(c) (d) 

Fig  10: Velocity contour of regular 

rectangular-shape building model with minor 

corner modifications (a) basic (b) recessed (c) 

chamfered (d) curved (e) double recessed 

(a)                              (b) 

(c) (d) 

 

Fig  11: Velocity contour of regular 

rectangular-shape building model with major 

corner modifications (a) setback (b) varying c/s 

(c) tapering (d) twist 
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(a)   IBL                       (b) IBP 

(c) IBT      (d) IBI 

Fig  12: Velocity contour of irregular building 

model (a) L shape (b) Plus shape (c) T shape 

(d) I shape 

From the contour velocity diagrams we can 

see that wind affecting at the corners of the 

building in regular rectangular and irregular 

buildings are high compared to minor and major 

shape modifications. In order to understand the 

effect of aerodynamic forces, the drag force on 

these buildings is computed and given in table 1. 

from the table we can say that as we give 

aerodynamic shape modifications the drag force 

affecting on the building decreases. For 50 storey 

buildings minor modifications provides best 

reductions in drag force. But as the height 

increases the major modifications have more 

effect in reducing the drag force. 

TABLE I : DRAG FORCE IN REGULAR 

RECTANGULAR BUILDINGS WITH 

AERODYNAMIC MODIFICATIONS  

models Drag force (kN) 

Height  of 

building 
150 m 300 m 

RBB 297.683 422.373 

RBR 269.852 385.301 

RBF 253.365 370.369 

RBC 243.142 363.950 

models Drag force (kN) 

RBD 258.368 376.042 

RBS 276.865 329.127 

RBV 288.928 356.472 

RBT 289.507 358.399 

RBW 324.610 410.979 

 

TABLE 2 : DRAG FORCE IN IRREGULAR 

BUILDINGS  

models Drag force (kN) 

RBB 297.683 

IBL 316.898 

IBP 312.352 

IBT 325.245 

IBI  352.628 

In regular rectangular buildings while 

giving aerodynamic minor shape modifications 

we can see, for recessed corner the drag force is 

reduced by 9.34% and 8.77%, for chamfered 

corner the drag force is reduced by 14.88% and 

12.31%, for curved corner the drag force is 

reduced by 18.32% and 13.83% and for double 

recessed corner the drag force is reduced by 

13.20% and 10.96% in 50 storey and 100 storey 

respectively. And for major shape modification 

we can see for setback building the drag force is 

reduced by 6.99% and 19.33%, for building with 

varying cross section the drag force is reduced by 

2.94% and 13.66 %, for tapered building the drag 

force is reduced by 2.74% and 13.26% in 50 

storey and 100 storey respectively. For  building 

with twist the drag force is increased by 9.04% 

and decreased by 2.3% in 50 storey and 100 

storey respectively. 

From minor shape modifications, the model 

with curved corner (RBC) and chamfered corner 

(RBF) increased the reduction of drag force in 50 

storey and 100 storey building. Building with 

curved corner (RBC) shows maximum percentage 

reduction when comparing 50 and 100 storey 

building. And from major shape modifications, 

the model with setback (RBS) increased the 

reduction of drag force in building. For minor 

shape modifications the percentage increase in 
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reduction of drag force as height increases is in 

between the range of 1 to 5%. For major shape 

modifications the percentage increase in reduction 

of drag force as height increases is in between the 

range of 5 to 15%. 

Irregular buildings are more affected by 

drag forces compared to a regular building. The 

increase in drag force   for a L shape, plus shape, 

T shape & I shape building is 6.4%, 4.9%, 9.2% 

and 18.4% respectively. The model with plus 

shape and L shape have comparatively less 

increase in drag force. Maximum increase in drag 

force is found in building with I shape. From this 

we can conclude that aerodynamic forces can 

reduces the effect of drag force on building and 

there by vortex shedding phenomenon can also be 

avoided. In order to understand the seismic 

performance of this buildings further analysis are 

done in Etabs. 

TABLE 3 : MODAL PROPERTIES OF THE  

BUILDINGS  

 

The building models created in Etabs is 

defined with a response function using IS1893: 

2016 for a damping of 5% and time history 

function Elcentro Earthquake (1940) data from 

the program file And for each model the 

displacement, storey drift and base shear has been 

studied. For rectangular, Plus shape and L shape 

building with basic, recessed, chamfer and curved 

corner shows similar values of displacement and 

storey drift. The model with double recessed 

corner shows reduction in maximum storey 

displacement, storey drift &Base shear. Minor 

shape corner modification in rectangular building 

reduces base shear of building. 

In rectangular building models, Max storey 

displacement and storey drift in double recessed 

building reduced by 39.58% and 41.5% 

respectively. Base shear in double recessed 

building reduced by 35.74%. In P shape building 

models, Max storey displacement and storey drift 

in double recessed building reduced by 16.26% 

and 21.29% respectively. The model with 

recessed corner shows reduction base shear by 

12.71%. In L shape building models, Max storey 

displacement and storey drift in double recessed 

building reduced by 15.89% and 18.89% 

respectively. The model with recessed corner 

shows reduction in base shear by 7.94%. 

Irregular buildings are more affected by drag 
forces compared to a regular building. The 
increase in drag force   for a L shape, plus shape, 
T shape & I shape building is 6.4%, 4.9%, 9.2% 
and 18.4% respectively. The model with plus 
shape and L shape have comparatively less 
increase in drag force. Maximum increase in drag 
force is found in building with I shape. From this 
we can conclude that aerodynamic forces can 
reduces the effect of drag force on building and 
there by vortex shedding phenomenon can also be 
avoided. In order to understand the seismic 
performance of this buildings further analysis are 
done in Etabs. 

B. Type 2 

 

Fig 13: Comparison of base shear of regular 

rectangular-shape building model with minor 

corner modifications 
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Fig 14: Comparison of base shear of irregular 

Plus-shape building model with minor corner 

modifications 

 

Fig  15: Comparison of base shear of irregular 

L-shape building model with minor corner 

modifications 

IV. 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 

major 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 reducing drag 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 I shape and lowest in building with 

Plus shape. 

From seismic analysis, rectangular building 

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 & Base shear. From 

seismic analysis 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 model with 

recessed corner shows reduction in base shear. 
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Abstractð Earthquake plays an influential role 

in the analysis and design of structures. Unless the 

structures are designed and constructed to 

withstand seismic forces, failure cannot be 

avoided. Buildings can be made seismically sound 

with proper structure design, detailing and 

construction practice. The configuration of a 

building is very much important for the seismic 

performance of buildings. The important aspects 

that affect the seismic configuration of a building 

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 slabs 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 considering 

the varying number of stories i.e. low-rise, mid-

rise and high-rise 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 spectrum 

analysis is done. For low rise to high rise 

buildings, the seismic behaviour of waffle slab is 

more effective. 

Keywordsð Seismic analysis, Conventional slab, 

Flat plate, Flat slab with drops, Waffle slab 

I. Introduction  

The population of the world is increasing 

day by day. Besides this increase in population, 

housing requirements are also increasing. 

Nowadays, people are facing problems due to 

land scarcity and the cost of land. Therefore, there 

is required for vertical development of the 

building. But, the tall buildings are not properly 

constructed and designed for the resistance of 

earthquake loads. In earlier days, only gravity 

loads are considered for the design of buildings, 

but nowadays both gravity and lateral loads are 

considered for the design of buildings. Before the 

actual erection of the high-rise buildings, it should 

be analytically or numerically analyzed for 

seismic loads. Earthquake load is the most 

important reason for the failure of many tall 

building structures worldwide. 

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 structures 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 like shape 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 flat surface for 

loads 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 

slabs considered in the study are conventional 

slab, flat slab with drops, flat plate and waffle 

slab. 

II. Modelling of Buildings for Analysis 

ETABS 2018 has been used for this study. 

The regular and irregular buildings were designed 

as per IS 1893:2016 for seismic zone V with soil 

type III. The irregular building plans, considered 

for the analysis are of T and S shape. For all the 

building plan, the study is done for 5, 10 and 15 
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storey structure with different types of slab i.e. 

conventional slab, flat slab with drops, flat plate 

and waffle slab. The description of models are 

provided in table 1. 

TABLE 1 DESCRIPTION OF MODELS 

Plan area 576 m2 

Height of each storey 3 m 

Bay width in X and Y direction 4 m 

Column size 

5 storey 
450 mm X 
450 mm 

10 storey 
550 mm X 

550 mm 

15 storey 

800 mm X 
800 mm, 700 

mm X 700 

mm, 450 mm 

X 450 mm 

Beam size 350 mm X 350 mm 

Shell loads 

FF 1.2 kN/m² 

LL 3 kN/m² 

Roof live 1.5 kN/m² 

Wall load 
External  14 kN/m 

Internal 10.5 kN/m 

Mass source DL+ 0.5 LL 

Seismic zone V 

Zone factor 0.36 

Response reduction factor 5 

Importance factor 1 

Soil Type III  

Fixed restraints and rigid diaphragms are provided 

for the structure. Response function has been 

defined using IS1893: 2016 for a damping of 5%. 

For the slabs except conventional slab, the 

external and internal wall loads are provided 

using null beams. For all the 36 models, response 

spectrum analysis was done in ETABS 2018. 

TABLE II. THICKNESS OF SLAB 

Parameter 
Convention

al slab 

Flat slab 

with 

drops 

Flat 

plate 

Waffle 

slab 

Slab 
thickness 

150 mm 150 mm 160 mm 100 mm 

Drop panel 
thickness 

_ 250 mm _ 300 mm 

Overall 

depth of 

waffle slab 

_ _ _ 300 mm 

Width of 

rib 
_ _ _ 100 mm 

 

 

A. Regular buildings 

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 building with different types 

of slabs are as provided in Fig. 1. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

Fig. 1. Plan of building with (a) conventional slab, 

(b) flat slab with drops  (c) flat plate and (d) 

waffle slab 

B) Irregular buildings  

Irregular buildings can be either due to plan 

irregularity or vertical irregularity. In our study, 

plan irregularity has been considered. The plan 

area of the building is kept constant to that of 

regular buildings i.e. 576 m2. The different shapes 

of building considered are the T shape and S 

shape buildings. To have an insight about the 

shape of the building, the plan of the irregular 

buildings with conventional slabs is provided (as 

shown from Fig. 2). 
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(a) 

 
(b) 

Fig.  2. Plan of (a) T shape and (b) S shape 

building with conventional slab 

III. Results and Discussion 

Response spectrum analysis is done for 5, 

10 and 15 storey buildings with the 4 types of 

slabs (mentioned earlier), for both regular and 

irregular buildings. The results in terms of storey 

displacement, inter storey drift ratio, base shear 

and time period are discussed further. 

A. Regular buildings 

The results obtained from the analysis of 

regular square shape buildings using ETABS 

2018 are provided in table 3 and table 4. 

TABLE III. The Maximum Storey Displacement, 

Inter-Storey Drift Ratio and Base Shear 

Type of 

slab 

No. of 

stories 

Max. storey 

displacement 

(mm) 

Max. inter storey 

drift ratio  
Base 

shear 

(kN) 
X Y X Y 

Conventi

onal slab 

G+4 
40.4

9 

40.4

9 

0.0036

4 

0.0036

4 

3813.7

3 

G+9 
82.6

1 

82.6

1 

0.0038

2 

0.0038

2 

4206.7

4 

G+14 
121.

9 

121.

9 

0.0039

5 

0.0039

5 

4979.5

4 

Flat slab 
with 

drops 

G+4 
40.1

8 

40.1

8 

0.0036

2 

0.0036

2 

3511.0

4 

G+9 
82.9

7 

82.9

7 

0.0038

5 

0.0038

5 

3872.3

7 

G+14 
122.

8 

122.

8 

0.0039

8 

0.0039

8 

4642.0

9 

Flat plate 

G+4 
57.7

1 

57.7

1 

0.0050

6 

0.0050

6 

2632.3

3 

G+9 
124.

5 

124.

5 

0.0057

4 

0.0057

4 

2741.0

9 

G+14 
179.

9 

179.

9 

0.0058

9 

0.0058

9 

3289.8

3 

Waffle 
slab 

G+4 
34.4

2 

34.4

2 

0.0030

9 

0.0030

9 

3253.9

6 

G+9 
68.0

1 
68.0

1 
0.0031

0 
0.0031

0 
3750.0

1 

G+14 
101.

9 

101.

9 

0.0033

6 

0.0033

6 

4533.6

2 

1) Story displacement: Maximum displacement 

(i.e. roof displacement) is as shown in table 3. 

Since the building is a square shaped regular 

building, we can see that the storey displacement 

in X and Y axis are  found to be same. This is due 

to the symmetry of structure in both X and Y 

direction. It is also observed that as the storey 

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 displacement. The storey 

displacement is least for buildings with waffle 

slab and maximum for buildings with flat plate. 

The flat plate system storey displacement is about 

50.17% higher than that of conventional slab. The 

waffle slab storey displacement is about 17.68% 

lesser than that of conventional slab. 

 

Fig. 3. Maximum storey displacement in 5, 10 and 

15 storey building 

2) Inter -Story drift ratio : It is defined as the 

relative translational displacement between two 

consecutive floors divided by the storey height. 

The graphs plotted for each models as shown in 

Fig. 4. 

 

                           (a) 

 

                        (b) 



International Conference on Recent Advancements in Science and Engineering (RAiSE ó23) 

[82] 

 

                                        (c) 

Fig. 4. Inter-storey drift ratio in (a) 5, (b) 10 and 

(c) 15 storey building 

From the IDR graph, we can see that the 

maximum Inter-storey drift is seen in the models 

with flat plate slab. And the waffle slab 

experiences the least drift. The sudden variation 

of the inter-storey drift in 9th storey of 15 storey 

buildings are due to change in building geometry. 

3) Base shear: Base shear is an estimate of the 

maximum expected lateral force on the base of the 

structure due to seismic activity. The graphical 

representation of base shear for G+4, G+9 and 

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

 

Fig. 5. Base shear of G+4, G+9 and G+14 

storey building 

The above graphs indicate that the base 

shear of the building with conventional slab is 

more when compared to the models with other 

slab. This is because the seismic weight of the 

building is more compared to the others due to the 

presence of beams. And as the seismic weight of 

the building increases the base shear value also 

increases. This is also the reason why the models 

with flat plate slab have the least base shear. The 

base shear is reduced by about 33% compared to 

the conventional slab. 

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 

Type of slab 
No. of 

stories 

Time Period (sec) 

Mode 1 Mode 2 Mode 3 

Conventional 

slab 

G+4 0.982 0.304 0.167 

G+9 1.949 0.614 0.336 

G+14 2.582 0.885 0.494 

Flat slab 
with drops 

G+4 0.966 0.296 0.161 

G+9 1.948 0.610 0.331 

G+14 2.566 0.882 0.489 

Flat plate 

G+4 1.315 0.378 0.189 

G+9 2.806 0.835 0.423 

G+14 3.689 1.202 0.645 

Waffle slab 

G+4 0.848 0.268 0.151 

G+9 1.621 0.518 0.289 

G+14 2.113 0.753 0.421 

The maximum time period is for structure 

with flat plate, and it is about 43.9% more than 

that of conventional slab system. The time period 

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

less than that of conventional slab. 

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 

S
h
a
p
e
 o

f 

b
u
ild

in
g

 

T
y
p

e
 o

f 

s
la

b 

N
o
. 
o
f 

s
to

ri
e
s 

Max. storey 

displacement 

(mm) 

Max. inter storey 

drift ratio  

Base 

shea

r 

(kN) X Y X Y 

T 

C
o
n
v
e
n
ti
o
n
a
l 

s
la

b 

G+4 42.01 40.51 0.00374 0.00363 
4141

.26 

G+9 88.61 83.84 0.00406 0.00387 
4530

.48 

G+14 132.2 124.1 0.00423 0.00400 
5374

.05 

F
la

t 
s
la

b
 w

it
h
 

d
ro

p
s 

G+4 40.59 40.31 0.00363 0.00362 
3838

.45 

G+9 86.63 84.19 0.00398 0.00390 
4204

.91 

G+14 129.9 125.1 0.00417 0.00404 
5067

.53 

F
la

t 
p
la

te 

G+4 57.95 57.54 0.00508 0.00504 
2888

.38 

G+9 125.3 125.1 0.00576 0.00574 
3005

.22 

G+14 181.2 181.1 0.00594 0.00593 
3629

.01 

W
a
ff
le

 

s
la

b G+4 35.53 34.59 0.00318 0.00311 
3613
.30 

G+9 73.06 69.62 0.00331 0.00318 
4128

.87 
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G+14 111.0 104.6 0.00359 0.00342 
5020

.81 

S 

C
o
n
v
e
n
ti
o
n
a
l 

s
la

b 

G+4 41.08 40.36 0.00368 0.00363 
4000

.25 

G+9 85.66 82.73 0.00394 0.00382 
4401

.68 

G+14 127.0 122.2 0.00408 0.00395 
5221

.58 

F
la

t 
s
la

b
 w

it
h
 

d
ro

p
s 

G+4 40.32 40.21 0.00363 0.00362 
3673
.88 

G+9 84.55 82.97 0.00390 0.00385 
4035

.19 

G+14 126.4 123.5 0.00407 0.00400 
4879

.36 

F
la

t 
p
la

te 

G+4 57.86 57.73 0.00507 0.00506 
2755

.45 

G+9 124.2 124.1 0.00572 0.00571 
2864

.20 

G+14 180.5 180.3 0.00591 0.00590 
3459
.05 

W
a
ff
le

 s
la

b G+4 34.89 34.40 0.00313 0.00309 
3448

.24 

G+9 70.47 68.04 0.00320 0.00311 
3946

.39 

G+14 106.7 102.5 0.00348 0.00337 
4822

.76 

1) Story displacement: The waffle slabs shows 

least displacement when compared to the models 

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 both X and Y directions. The graphs 

plotting the maximum displacement of 5, 10 and 

15 storey buildings for both X and Y directions 

are shown in Fig. 6 and Fig. 7. The story 

displacement of waffle slab is 17.5% lower than 

that of conventional slab. The storey displacement 

of models with flat slab with drops is seen to be 

reduced upto 4% than that of conventional slab. 

Least roof displacement is seen in waffle slab 

system, and it is reduced upto 17.75% than that of 

conventional slab system. 

  

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

15 storey- T shape building 

 

  

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

15 storey- S shape building 

2) Inter-Story drift ratio: Since more prominent 

change is seen in X directtion, the inter- storey 

drift ratio graphs of T and S shape buildings along 

the X direction are provided (Fig. 8 to Fig. 10.) as 

reference. The same trend is seen in the Y 

direction. 

 
(a) 

 
(b) 

Fig. 8. Inter-storey drift ratio in (a) 5 and (b) 10 

storey- T shape building 

 

Fig. 9. Inter-storey drift ratio in 15 storey- T 

shape building 
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(a) 

 

(b) 

 

(c) 

Fig. 10. Inter-storey drift ratio in (a) 5, (b) 10, and 

(c) 15 storey- S shape building 

From the IDR graph, we can see that the 

maximum inter-storey 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 hence in 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 in Fig. 11 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 of 

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. 

 

Fig. 11. Base shear of G+4, G+9 and G+14 storey- T shape building 

 

Fig. 12. Base shear of G+4, G+9 and G+14 storey- S 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 

S
h
a

p
e
 o

f 

b
u
ild

in
g

 

T
y
p
e
 o

f 
s
la

b 

N
o
. 
o

f 
s
to

ri
e
s Time Period- X dir  

(sec) 

Time Period- Y dir 

(sec) 

M
o
d
e

 

1
 

M
o
d
e

 

2
 

M
o
d
e

 

3
 

M
o
d
e

 

1
 

M
o
d
e

 

2
 

M
o
d
e

 

3
 

T 

C
o
n
v
e
n
ti
o
n
a
l 

s
la

b 

5 0.98 0.30 0.16 0.97 0.30 0.16 

10 1.99 0.62 0.33 1.96 0.61 0.33 

15 2.62 0.89 0.49 2.60 0.88 0.49 

F
la

t 
s
la

b
 

w
it
h
 d

ro
p
s 5 0.96 0.29 0.15 0.96 0.29 0.15 

10 1.97 0.61 0.33 1.96 0.61 0.33 

15 2.59 0.88 0.48 2.58 0.88 0.48 

F
la

t 
p
la

te 

5 1.30 0.37 0.18 1.30 0.37 0.18 

10 2.79 0.82 0.41 2.79 0.82 0.41 

15 3.66 1.19 0.63 3.66 1.19 0.63 

W
a
ff
le

 s
la

b 5 0.84 0.26 0.14 0.84 0.26 0.14 

10 1.66 0.52 0.29 1.64 0.52 0.29 

15 2.16 0.76 0.42 2.14 0.76 0.42 
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TABLE VII. Time Period of S Shape Building 
S

h
a

p
e
 o

f 
b
u
ild

in
g 

T
y
p
e
 o

f 
s
la

b 

N
o
. 
o

f 
s
to

ri
e
s 

Time Period- X dir  

(sec) 

Time Period- Y dir 

(sec) 

M
o
d
e

 

1
 

M
o
d
e

 

2
 

M
o
d
e

 

3
 

M
o
d
e

 

1
 

M
o
d
e

 

2
 

M
o
d
e

 

3
 

S 

C
o
n
v
e
n
ti
o
n
a
l 

s
la

b 

5 
0.98 0.30 0.16 0.97 0.30 0.16 

10 
1.97 0.62 0.33 1.94 0.61 0.33 

15 
2.61 0.89 0.49 2.56 0.87 0.49 

F
la

t 
s
la

b
 w

it
h
 

d
ro

p
s 

5 
0.96 0.29 0.15 0.96 0.29 0.15 

10 
1.96 0.61 0.32 1.94 0.60 0.32 

15 
2.58 0.88 0.49 2.56 0.88 0.48 

F
la

t 
p
la

te 

5 
1.30 0.37 0.18 1.30 0.37 0.18 

10 
2.80 0.83 0.41 2.79 0.82 0.41 

15 
3.67 1.2 0.64 3.67 1.2 0.63 

W
a
ff
le

 s
la

b 5 
0.85 0.26 0.15 

0.84 
0.26 0.14 

10 
1.64 0.52 0.28 1.62 0.51 0.28 

15 
2.14 0.76 0.42 2.10 0.75 0.42 

For the T and S shape models the time 

period of flat plate is about 40% and 42% more 

(respectively), than that conventional slab models. 

And the time period of waffle slab is about 17.5% 

and 18% less than that of conventional slab 

system for the T and S shape buildings 

respectively. 

IV. Conclusion 

Storey displacement is maximum for flat 

plate slabs and minimum for waffle slabs for all 

the models. Inter-storey drift ratio is maximum for 

flat plate slab models. Base shear is maximum for 

conventional slab and minimum for flat plate slab. 

The conventional slab and the flat slab with drops 

performs similarly in terms of storey displacement 

and storey drift. The time period of the waffle slab 

system is minimum compared to the other models. 

The waffle slabs shows better performance. And 

since the flat slab with drops model and the 

conventional slab models are showing almost 

similar results, the flat slab with drops or waffle 

slab should be preferred over the conventional 

slab. Considering the economical aspect, the 

quantity of concrete required for the buildings 

with flat slab with drops or waffle slab will be less 

compared to the building with conventional slab. 

The waffle slab is economical and safer when 

compared to the buildings with other types of 

slab. 
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AbstractðBase isolation has proven to be an 

effective technique that aids in earthquake hazard 

mitigation and has been in use for the past decade. 

The isolation system decouples the structure from 

the horizontal components of the ground motion, 

consequently reducing the possibility of 

resonance. Isolators are provided at the base of 

the structures, and decoupling is achieved by 

altering the flexibility of the system, together with 

appropriate damping. Structures with irregular 

plans are gaining popularity owing to their 

aesthetic appearance as well as architectural 

designs. The response of such structures to 

seismic action will be different from conventional 

structures. 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, namely 

plus, L and T shapes, whose 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 base isolators are 

designed for each structure specifically, so that 

the behavioral patterns observed are as accurate as 

possible. From the results obtained, it is discerned 

that base isolated buildings exhibited better 

performances in comparison with fixed base 

buildings, and as height of the structure increases 

the effect of the base isolator tends to decrease. 

KeywordsðBase Isolation, Lead Plug Rubber 

Bearing, Seismic Analysis, Mode Period 

I. Introduction  

Earth quake is a shaking of the ground 

caused by movement of the tectonic plates 

relative to each other, both in direction and 

magnitude. A large part of the world people lives 

in area of seismic hazard at risk from earthquake 

of varying harshness and varying frequency of 

existence. Earthquake cause significant loss of life 

and destruction to property every year. Several 

seismic construction designs and technologies 

have been developed over the years in efforts to 

reduce the effect of earthquakes on structures, 

bridges and potentially susceptible contents. 

Seismic isolation is relatively recent and growing 

technology of this kind.  

II. Base isolation 

A. General 

Seismic isolation also known as base 

isolation 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 

is fixed base. Base isolation decouples the 

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 

bridges, nuclear power plants and liquid storage 

tanks etc. 

B. Lead plug rubber bearing isolators ( LPRB ) 

Lead plug rubber bearing, applied to 

building and bridge constructions, is a practical 

and cost-effective choice for seismic isolation. It 

is composed of laminated elastomeric bearing 

pad, top and bottom sealing & connecting plates 

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 

lateral flexibility or horizontal stiffness. Lead core 

of the LRB provides damping to the structure. It 

has low maintenance when compared to other 

types of isolators. 
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Fig. 1. Typical lead plug rubber bearing 

isolator 

During the earthquake, the un-isolated 

building will vibrate back and forth in varying 

directions due to the inertial forces and result in 

deformation and damages of the building. In 

contrast, the base isolated building will also 

displace but remains its original shapes and avoid 

damages - that is because the lead rubber bearing 

effectively dissipates the inertial force upon the 

building, extends the buildingôs period of 

vibration and decrease the acceleration of the 

building. The lead plug will slide with laminated 

rubber during earthquake but convert this energy 

of movement to heat so that it efficiently reduces 

the inertial force upon the building, which slow 

the vibration of the building. Meanwhile, the 

rubber part will preserve its original shape due to 

high elasticity. 

III. ANALYSIS AND DESIGN  

In this study, G+4, G+9 and G+14 

structures were modelled and later analysed using 

the ETABS software. Irregularity in the structures 

was studied by providing plus, H and T shaped 

plan to the structures. Hence, a total of 18 

structures were studied, out of which 9 structures 

had fixed bases and 9 were base isolated. Base 

isolation was incorporated into the structures by 

providing them with base isolators under all the 

columns of the structures. Initially, a fixed base 

structure was modelled and analysed, after which 

the maximum column support reaction of the 

structure was obtained. Using this, the base 

isolator was designed and was then provided to 

the same structure. The seismic response of the 

two structures were then studied and compared. 

The seismic analysis was carried out as per IS 

1893:2016 and loads were provided in accordance 

with IS 875:2015. 

A. Model specifications: 

Type of building: Reinforced Concrete Building 

Plan area: 320 m2 

Each bay width: 4m 

Height of each storey: 3m 

B. Load specifications: 

Live load on floors: 3 kN/m2 

Floor finish: 1.2 kN/m2 

Live load on roof: 1.5 kN/m2 

External wall load: 14 kN/m2 

Internal wall load: 10.5 kN/ 

C. Sectional properties: 

TABLE I. SECTIONAL PROPERTIES OF 

MODELS 

Storey Size of 

beam 

Size of 

column 

Slab 

thickn

ess 

Grade of 

concrete 

Grade 

of 

concrete 

G+4 0.36 m X 

0.36 m 

0.45 m X 

0.45 m 

0.15 m 30 MPa 415 MPa 

G+9 0.45 m X 

0.45 m 

0.55 m X 

0.55 m 

0.15 m 30 MPa 415 MPa 

G+14 0.45 m X 

0.45 m 

0.65 m X 

0.65 m 

0.15 m 40 MPa 500 MPa 

D. Seismic data: 

Seismic Zone: V 

Zone factor: 0.36 (for Zone V) 

Soil Type: Soft (III) 

Response Reduction Factor: 5 

Importance Factor: 1 

Damping: 5% 

E. LPRB characteristics: 

Isolators were designed for all the models 

and the corresponding values are given in TABLE 

II, TABLE III AND TABLE IV.  

TABLE II. ISOLATOR PARAMETERS OF  

G+4 MODELS 

Input 

Parame

ters 

LPRB Values of models 

P5B L5B T5B 

U1 

Effective 

Stiffness 

1117903.

357 kN/m 

1120611.

552 

kN/m 

1120600.671 

kN/m 

U2 and 10301.03434 kN/m 10325.98 10325
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U3 

Stiffness 

932 

kN/m 

.89 

kN/m 

Yield 

strength 

58.67967 kN 58.82182 

kN 

58.82 

kN 

U2 and 

U3 

Effective 

Stiffness 

1117.9033 kN/m 1120.611

552 

kN/m 

1120.

6 

kN/m 

TABLE III.  ISOLATOR PARAMETERS OF 

G+ MODELS 

Input 

Paramete

rs 

LPRB Values of models 

P10B L10B T10B 

U1 

Effective 

Stiffness 

2453580.2 

kN/m 

2421534.

7 kN/m 

2453495.1 

kN/m 

U2 and 

U3 

Stiffness 

22608.764

62 kN/m 

22313.48

07 kN/m 

22607.981

17 kN/m 

Yield 

strength 

128.79 kN 127.1082 

kN 

128.7589 

kN 

U2 and 

U3 

Effective 

Stiffness 

2453.58 22313.48

07 kN/m 

2453.4951 

kN/m 

TABLE IV.  ISOLATOR PARAMETERS OF 

G+14 MODELS 

Input 

Parameter

s 

LPRB Values of models 

P15B L15B T15B 

U1 

Effective 

Stiffness 

3856182.2

9 kN/m 

3715632.

9 kN/m 

5256829 

kN/m 

U2 and U3 

Stiffness 

35533.19 

kN/m 

34238.07

8 kN/m 

48439.5880

2 kN/m 

Yield 

strength 

202.4142 

kN 

195.0365

8 kN 

275.9352 

kN 

U2 and U3 

Effective 

Stiffness 

3856.182 

kN/m 

3715.632

9 kN/m 

5256.829 

kN/m 

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 T shaped G+9 

models 
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Fig. 4. 3D views of plus, L and T shaped G+14 

models 

IV. RESULTS AND DISCUSSSION 

The results obtained from the seismic 

analysis of the structures with different plans were 

discussed. The results of parametric study by 

varying the height of the structure were included. 

The storey displacement, storey drift, mode period 

and base shear vales were noted and comparison 

graphs were plotted for all eighteen models. 

A. Storey displacement 

 

Fig. 5. Storey displacement comparison for G+4 

models in X and Y directions 

 

Fig. 6. Storey displacement comparison for G+9 

models in X and Y directions 

 

 

Fig. 7. Storey displacement comparison for G+14 

models in X and Y directions 

The presence of base isolator in the 

structure resulted in an increase in the 

displacement values compared to the fixed base 

structures. The interstorey displacements were 

smaller for isolated structures compared to fixed 

base buildings. This means that once the base 

isolator came into action, lesser amount of seismic 

energy was passed onto the structure, hence the 

smaller interstorey displacement values. Increase 

in interstorey displacement was found to be the 

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 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 observed 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:  

 

Fig. 8:.Storey drift comparison for G+4 models in 

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

X and Y directions 

 

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 the presence 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: 

 

 

Fig. 11. Base shear comparison for G+4 models in 

X and Y directions 

 

 

Fig. 12. Base shear comparison for G+9 models in 

X and Y directions 

 

 

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. 
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D. Mode period: 

 

 

 

Fig. 14. Mode period comparison for G+4, G+9 

and G+14 models 

For all the base isolated models the mode 

period was greater than the base isolated models 

in the case of the first mode. The first mode of a 

building is considered as critical and hence, the 

increase in these mode periods indicates better 

response of the base isolated structures. As the 

mode period increased the chances of resonance 

occurring was reduced. Model L5B indicated 

greater increase in first mode period compared to 

the other models. 

V. CONCLUSION 

The initial displacement of base isolators 

structures was greater than fixed base structures. 

This was due to the sliding effect of the isolator 

on the structure. 

¶ The interstorey displacement of the base 

isolated models, however, were lesser 

compared to fixed base models. This 

ensured that lesser displacements occurred 

in the upper stories. 

¶ As height of the storey increased the effect 

of irregularity of the structure increased. 

¶ Base isolated models were observed to 

have lower drift values compared to fixed 

base model. The highest drift value was 

found to be at storey 1 in base isolated 

models, due to higher displacement at that 

storey. 

¶ 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. 

¶ 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. 

¶ The percentage of increase in mode period 

decreased as height of the structure 

increased. 
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