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Abstract: Due to the application of advanced material technology, concrete with high compressive strength is 
currently produced and used in many countries. This type of concrete can be produced by micro-silica and 
superplasticizers as well as applying good quality control procedures. The use of high-strength concrete (HSC) in 
building construction is becoming popular because it has many advantages such as increased strength and stiffness, 
reduced size of concrete sections, improved resistance to creep and drying shrinkage, and material durability. 
Therefore we can use high strength concrete (HSC) in columns and normal strength concrete (NSC) for beams & 
floor sections. Thus this study will investigate the performance of 8 storey tall buildings in ZoneIV for medium grade 
soil with varying high strength concrete (HSC) normal strength concrete (NSC) subjected to far-field ground motions 
scaled to collapse of the structure using varying grades (M20, M25, M30, M35, M40, and M50) of concrete strength 
subjected to seismic ground motions scaled to collapse of the structure using a linear static method and this will be 

achieved through analytical modeling and analysis using ETABS2018 software.  

 

1. Introduction 

As reinforced concrete frames respond to strong 
ground motion, it is likely that elements of the frame 
will have nonlinear behavior. The elements that yield 
may experience large deformations that contribute to 
increased localized story deformations in the frame. 
This is especially true when columns undergo inelastic 
deformations, as the drift at the story with yielding 
columns may magnify in part caused by the secondary 
effects of the axial loads. In addition, 1t is important 
to minimize the occurrence of yielding in concrete 
columns, especially near the base of the frame, 
because of difficulties encountered for detailing these 
elements for ductile response under high axial loads. 
If yielding in the columns can be eliminated, then the 

building will tend to respond with a stiff spine and drift 
will be evenly distributed over the height of the 
structure. This leads to smaller story drifts (the relative 
drift between two consecutive floor levels) and less 
subsequent damage in the lower portion of the frame 
where columns are subjected to high axial loads. 
 
2. Significance of the study 

All the structural elements in the buildings i.e. beams, 
columns & slabs are needed to resist all kinds of the 
loads acting on them. Even if a single column is 
failed in building that leads to a drastic effect in terms 
of life & economy, Although we design our building 
by taking strong column weak beam criteria 
(SCWB), In case of high rise buildings due to wind 
loads and in case of low rise & medium rise buildings 
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due to earthquake loads plastic hinges may develop 
in the columns before the beams so that leads to 
failure of columns. Therefore by using different 
grades of concrete in reinforced concrete building 
frames we increase the axial, flexural & shear 
characteristics of columns to carry heavy loads 
coming from the surrounding beams and slabs. 

3. Objective and scope of the work 

The objective of the present study is to evaluate the 
effect of different grades of concrete criterion on Rc 
Frame (moment-resisting frame) building by using 
linear, nonlinear methods and quantify the 
economical, Storey displacements & Storey drifts as 
per IS codes. To determine displacement, inter-storey 
drifts of Rc Framed Structure for different grades of 
concrete. The study will investigate the performance 
of tall buildings with varying grades of concrete 
strength subjected to seismic ground motions scaled to 
collapse of the structure using a linear dynamic 
analysis approach and This will be achieved through 
analytical modeling and analyses using ETABS 
software. The scope of the project is limited to 
reinforced concrete framed structures designed for 
dead loads (DL), live loads (LL), wind loads (WL) & 
seismic loads (EL). The structure is evaluated in 
accordance with the codal provisions. The analysis is 
done for 8 storey structure and is analyzed for different 
grades of concrete for beams and columns. The same 
building is analyzed and designed for different values 
of concrete strengths M20, M25, M30, M40, M50. 

4. Structural Modelling 

The building is evaluated and modeled using 
ETABS2017. The structural components are modeled 
taking into consideration the various aspects of the 
building details. Common elements in reinforced-
concrete construction include frames i.e. beams and 
columns. The building models are generated in the 
integrated building analysis and design software 
ETABS 2017. Beams and columns are modeled using 
three-dimensional (3D) frame elements, while the 
slabs are defined as rigid diaphragms. The cracked 
section properties of both beams and columns are 
taken from practical field cross-sections used in India. 
Both dead and live loads and wind loads are assigned 
to the building models according to IS 875 Part 1 
(1987) and IS 875 Part 2 (1987) and IS 875 Part 2 
(2015), respectively. All the buildings are designed 
following the provisions of the relevant Indian 
standards (IS 456 2000; IS 1893 Part I 2016; IS 13920 
(2016). Local subsoil conditions are represented by 
soil type II (i.e., medium soil/rock) following the soil 

classification defended by Indian code IS 1893 Part 
1(2016) & for Zone IV, k3=1,k2=1 with wind speed of 
44m/s, Cpe=0.8 (external Coefficient of pressure) 
Cpi=0.5 (Internal Coefficient of pressure) wind load 
applied of assigned diaphragm 

 
Available market-based structural cross-

sectional sizes are used for both columns and beams. 
In our Analysis C230X600, C300x525, C230x600 & 
C230X525 are used with respective grades of C30, 
C25, C40 & C50. For beams FB 230x500 used in the 
case of failure of FB230x500, they upgraded to 
FB300x525(FB-Floor beam, C-Column). 
 

Table 1. Modeling Grid data: X-axis 

Grid Number Distance(feet) 

1 9.5

2 16.5

3 7.75

4 7 

5 2.5

6 16.5

7 0 

 

Table 2. Modeling Grid data: Y-axis 

Grid Distance(feet)

A 13 

B 15.25

C 14.5

D 5.75

E 13 

F 15.25

G 14.5
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Table 3. Storey data for different floors 

Storey 
number 

Height 
(Feet) 

Cumulati
ve 

height(fe
et)

Master 
storey  

Similar 
storeys 

8 10.5 87.5 NO 2

7 10.5 77 NO 2

6 10.5 66.5 NO 2

5 10.5 56 NO 2

4 10.5 45.5 NO 2

3 10.5 35 NO 2

2 10.5 24.5 YES None

1 10 14 NO None

Plinth 4 4 NO None

FDN* 0 0 NO None

*FDN-Foundation 

 

5. Results and discussions 

By using different grades of concrete in 8 storey 

framed buildings we can conclude that when the grade 

of concrete increases in the columns there is a decrease 

in cross-section sizes & lateral storey displacements. 

Table 4. Maximum storey Displacement in mm 

Grade 
kN/Cum 

Column Load 
Type 

Displacement 
mm

M25 C230X600 EQX* 23.10

M25 C230X600 EQY# 25.72

M30 C300X525 EQX 23.8

M30 C300X525 EQY 21.43

M40 C230X600 EQX 22.64

M40 C230X600 EQY 24.71

M50 C230X525 EQX 24.2

M50 C230X525 EQY 25.9

EQX*-Siesmic force in X-direction,  
EQY#-Siesmic force in Y-direction 

 
Figure-1: EQX Storey Displacements C-230x600 

(C30 25) 

Table 5. Storey response values 

Storey Elevat
ion(m) 

Location X-
directio
n(mm) 

Y-
directio
n(mm) 

8 26.67 Top 23.10 2.79

7 23.46 Top 21.69 2.63

6 20.26 Top 16.44 2.36

5 17.06 Top 16.55 2.36

4 13.86 Top 13.25 2.02

3 10.66 Top 9.75 1.62

2 7.54 Top 6.23 1.19

1 4.26 Top 2.85 0.34

PLIN
TH

1.21 Top 0.31 0.02 
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FDN* 0 Top 0 0

*FDN-Foundation 

 

Figure-2: EQY Storey Displacements C-230x600 

(C30 25) 

Table 6. Storey response values 

Storey Elevat
ion(m) 

Location X-
directio
n(mm) 

Y-
directio
n(mm) 

8 26.67 Top 1.67 25.72

7 23.46 Top 1.57 24.54

6 20.26 Top 1.4 22.22

5 17.06 Top 1.2 19.11

4 13.86 Top 0.97 15.49

3 10.66 Top 0.71 11.59

2 7.54 Top 0.46 7.59

1 4.26 Top 0.21 3.6

PLIN
TH 

1.21 Top 0.02 0.29 

FDN* 0 Top 0 0

*FDN-Foundation 

 

Figure-3: EQX Storey Displacements C-230x600 

(C40 25) 

 

Table 7. Storey response values 

Storey Elevat
ion(m) 

Location X-
directio
n(mm) 

Y-
directio
n(mm) 

8 26.67 Top 22.64 2.72

7 23.46 Top 21.26 2.57

6 20.26 Top 19.06 2.30

5 17.06 Top 16.23 1.96

4 13.86 Top 12.90 1.58

3 10.66 Top 9.56 1.16

2 7.54 Top 6.09 0.74

1 4.26 Top 2.77 0.33

PLIN
TH

1.21 Top 0.30 0.02 

FDN* 0 Top 0 0

*FDN-Foundation 
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Figure-4: EQY Storey Displacements C-230x600 

(C40 25) 

 

Table 8. Storey response values 

Storey Elevat
ion(m) 

Location X-
directio
n(mm) 

Y-
directio
n(mm) 

8 26.67 Top 23.10 2.79

7 23.46 Top 21.69 2.63

6 20.26 Top 16.44 2.36

5 17.06 Top 16.55 2.36

4 13.86 Top 13.25 2.02

3 10.66 Top 9.75 1.62

2 7.54 Top 6.23 1.19

1 4.26 Top 2.85 0.34

PLIN
TH 

1.21 Top 0.31 0.02 

FDN* 0 Top 0 0

*FDN-Foundation 

 

Figure-5: EQX Storey Displacements C-230x525 

(C-50 25) 

 

Table 9.  Storey response values 

Storey Elevat
ion(m) 

Location X-
directio
n(mm) 

Y-
directio
n(mm) 

8 26.67 Top 24.28 2.90

7 23.46 Top 22.86 2.74

6 20.26 Top 20.52 2.46

5 17.06 Top 17.49 2.10

4 13.86 Top 14.00 1.69

3 10.66 Top 10.37 1.25

2 7.54 Top 6.66 0.80

1 4.26 Top 3.07 0.36

PLIN
TH

1.21 Top 0.32 0.03 

FDN* 0 Top 0 0

*FDN-Foundation 
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Figure-6: EQY Storey Displacements C-230x525 

(C-50 25) 

 

Table 10.  Storey response values 

Storey Elevat
ion(m) 

Location X-
directio
n(mm) 

Y-
directio
n(mm) 

8 26.67 Top 1.82 25.90

7 23.46 Top 1.72 24.71

6 20.26 Top 1.54 22.38

5 17.06 Top 1.32 19.24

4 13.86 Top 1.06 15.60

3 10.66 Top 0.78 11.67

2 7.54 Top 0.50 7.64

1 4.26 Top 0.23 3.63

PLIN
TH 

1.21 Top 0.02 0.29 

FDN* 0 Top 0 0

*FDN-Foundation 

 

 

6. Future scope of the study 

The scope of the project is limited to reinforced 
concrete framed structures designed for dead loads 
(DL), live loads (LL), wind loads (WL) & seismic 
loads (EL). The structure is evaluated in accordance 
with the codal provisions. The analysis done for storey 
structure is analyzed for different grades of concrete 
for beams and columns. The same building is analyzed 
and designed for different values of concrete strengths  
M25, M30, M40, M50. Furthre we can study the 
economical aspects of various multi-storied buildings 
by different grades of concrete. We can save both 
concrete material & reinforcement steel. 

7. Conclusions 

We can see there is a significant reduction in terms of 
lateral storey displacements and cross-sectional sizes. 
If we compare the results of M25 C230x600 with the 
M50 C230x525 case there is a significant reduction in 
cross-section size for an approximate equivalent 
lateral displacement. Further, we can calculate the 
economic value of the reduction of cross-section sizes 
with varying different grades of concrete. 
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