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Behaviour of Structural Shear Wall with
Recycled Aggregate Concrete using Sap2000
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Abstract: Focus of the paper is to explore the behavioural
characteristics of recycled aggregate concrete shear wall using
SAP2000. In India, earthquakes are becoming threats to the
human being and sequentially construction waste has been
increasing due to the fast development of construction industries.
According to a survey, 7 to 8 million tons of concrete demolition
wastes are produced in India. This study focuses on the potential
use of recycled waste aggregate in development of reinforced
concrete shear wall. The appropriateness of result is constrained
by the kind of divider and parameter subspace. Various
disappointment modes can happen contingent upon parameter,
for example, a sort of cross-segment, support itemizing and
amounts, properties of strengthening steel, concrete compressive
quality and limit condition. Complex ruinous wonders
incorporate solid splitting, cooperation impact among steel and
solid, steel yielding and solid squashing in pressure under
non-straight powerful investigation. At long last, the reused total
solid shear divider can continue the seismic plan necessity of a
structure.

Keyword: SAP2000, recycled aggregate concrete (RAC),
seismic analysis, non-linear dynamic analysis.

I. INTRODUCTION

Today, seismologist in many countries of the world is on the
lookout for reliable techniques that would enable them to
forecast the location, time and strength of earthquake. With
such techniques put in our possession, explosive or fire
hazardous processes and to evacuate people from building.
Besides, to keep people under canvas for long time is
acceptable in warm climate only. The earthquake hazard was
neglected at the time of construction and damage to
non-earthquake resistant structure was total. The exercise
instructed from the harms because of seismic tremor and the
examination work being done in the research facilities give
better comprehension about the structure and their parts.
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Harm in reused total solid structure was mostly respected to
the deficient specifying of support, absence of vertical steel
and repression of cement in basic component. Run of the mill
disappointment was weak in nature, exhibiting lacking ability
to disperse and retain inelastic vitality. This requires a
superior comprehension of the plan and specifying of fortified
solid structure under different stacking. To carry out these
process, the SAP2000 extends the capabilities by adding a
nonlinear element , a multilinear plastic hinge for use in frame
element , cable behavior, geometric effect, including
pushover analysis , non linear time history analysis by modal
superposition or direct integration buckling analysis ; and
frequency domain — analysis.

Il. REVIEW OF LITERATURE

Norio et al (1997) introduced a paper on numerical method
for dynamic non-direct limited component examination is
proposed to break down 3-D strengthened solid shear divider
structure exposed to seismic tremor movement. The
demonstrated shear divider is semi 3-D structure which is
made out of plane component considering the in-plane
solidness of symmetrical rib boards. The test outcomes are
performed one of the dynamic model test for assessment of
seismic conduct of atomic reactor building. Qiuhongzhao
(2004) researched on composite shear divider framework
which is utilized as horizontal opposing framework in
elevated structure .the example had the option to withstand
33cycle of example removal and it arrives at the most extreme
bury story float more than 0.05. The outline of this
exploration is during plate cycle and after shear yielding of
the steel plate, inelastic nearby clasping of the steel plate and
inelastic neighborhood clasping of the steel plate shear
divider happened in territory between the jolts. Suchitatuppad
(2005) displayed a paper on use of programming for ideal
situating of fortified solid shear divider in a multi story
structure exposed to seismic conduct. The primary point of
this work is to limit the parallel uprooting of the multi story
working with shear divider exposed to seismic tremor load.

A. Goal of study The most important objective of present
study includes:
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To identify the behavioural characteristic of RAC shear

wall during a seismic loading using non-linear dynamic
analysis.

To understand the effectiveness of Recycled Aggregate
Concrete during a seismic behaviour.

I11. EXPERIMENTAL STUDY ON RAC

The aim of the paper is to compare the basic properties of
natural aggregate concrete (NAC) and the properties of 25%
recycled aggregate concrete (RAC). Coarse aggregate are the
most mined material in the world. Coarse aggregate are a
component of composite material such as concrete and
asphalt concrete; the aggregate serves as reinforcement to add
strength to the overall composite material. Gravel of size
12mm is sieved and used in this research. Table -1 and Table
-2 shows the physical properties and mechanical properties of
both RAC and NAC (natural aggregate concrete) respectively
was determined as per 152386(1963) part-1.[1]-[6]

Table -1 Physical Properties of NAC and RAC

Coarse aggregate Namrzl Becycled
10min water 0.6 26
absorption (%0)

Impact value (%) 1549 27
Specific gravity 268 2540
Bulk density 1600 1439

(Kg/m®)
Abrasion value (%) 27 6 44 5
Crushing value (%) 11.3 2433
Flakiness index (%0) 245 5.4

Table — 2 Mechanical Properties of NAC and RAC

Specimen Compressive | Axial Elastic
strength of | compressive | modulus
cube (MPa) | strength X1¢

(MPa) (AMPa)

Conventional | 28.73 21.00 162

concrete

Recycled 26.62 17.15 1.7

apgregate

concrete

with  23%

replacement

1V. MODELLING AND ANALYSIS

The current work includes the comparative study of
RAC and NAC six storey shear wall in zone IV is analyzed
using SAP 2000. Seismic analysis is done using equivalent
lateral force method.
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For this work, G+5 storey building with 3m height for every
storey is taken. Building has four bays of 5m width in both X
and Y direction building material properties are given below.
In this work, the behavior of RAC structure and NAC
structure is taken as objective function. The objective
function of the work is to know the effectiveness of RAC
during a seismic behavior

The input for genetic algorithm are programmed as,

e In —plane element component behavior is non-linear

o Out of plane element component behavior is linear

o Stiffness reduced to 75% to exclude the effect of cracking
o Provide 3% confined element for boundary element at
bottom of the floors

e Provide 0.4% unconfined element for in-between boundary
element at the bottom floors

e Provide 0.3% of unconfined element for top floor /
remaining floors

o Non-linear direct integration history has scale factor of
32.2.[7]-[12]

V. BUILDING DESCRIPTION

B
Particulars Data
Toung's moedulus of | 1.92 N/mm*
Wz NAC concrete, E
Voung's medulus of | 1.77 Nmm®
M; FAC concrete, E;
Stesl Grads Feys
Dienzity of B.C 23N/ mm-
Number of storey G+3
Size of Beam (0. 20m = 0. 20m
Size of Column 0.20m x 0.20m
Thicknesz of  Shear | 0.4m
Wall
Height of 21l storey im
Setsmicity Zone IV
Soil type o
Importanes factor (I) 1
Besponse reduction | 3
factor (B

Figl: framed structure to be analyzed
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Fig2: location of shear wall for framed structure

VI. RESULT

Fig .6. deformed shape of building with NAC-uplift force
acting on it.

A. Deformed shape for framed building

The representation of the maximum response of idealized
SDOF system having certain period and damping. The fig.a
and fig.b. represent the deformed shape of shear wall building
which contains RAC and NAC material respectively. From,
the figure it’s found that the response spectrum of NAC
building shows 196 range with scale factor of 32.2. Whereas
RAC building shows 350 range with the same scale
factor[13]-[21]

Fig.7. deformed shape of building with RAC-uplift force
acting on it
B. Model mass for framed building

Fig.e and fig.f. Represent modal mass vibration of NAC and
RAC framed shear wall

ZORNNSERMNBASI 2. 140. 160 196, 224 252 200. 300, 3360 SCANSSE

Fig4. deformed shape of building with NAC
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6.4 8.0 BTN
Fig.8. modal mass representation of NAC

(8 22 -1.6 00 1.6 32 48

Fig.9. Modal mass representation of RAC
The modal mass for give mode = 6 has a unique value for
NAC building structure of 41.33 sec and RAC building
structure of 45.77 sec with irrespective of scaling factor

C. Relative virtual work/volume of framed building

Fig.10. and fig.11 represent the relative virtual work/
volume of structure

AR O ZE.0  A5.0 420 490 56,0 GO Z00 770 Ga0 0 ST

Fig.10. relative virtual work/ volume of NAC building.
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Figll. relative virtual work / volume of RAC building.
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From the fig.11 and figl2 shows that the relative
displacement of other level from one level above of RAC
building increases when compared to NAC building.

D. Shear stress of framed building
According , 1S 13920:1993 if the factored shear stress in the
wall exceed 0.25Vfck , reinforcement shall be provided in
curtains, each having bars running in the longitudinal and
transverse direction in the plane of the wall. [22]-[28]

[ 030 015 0.00 0.15 0.30 045 0.60 0.5

Fig.11. shear stress of NAC framed building

OSRNG0 0,65  1.02 1.19  1.36  1.53 1.70 1.87 2.

[ERE-TRE
Fig.12 shear stress of RAC framed building.
Fig.11. and fig.12 represent the shear stress of RAC and NAC
of framed building. From these two figures its noted the two
structure is within the factored shear stress but the range of
shear stress of RAC framed building is higher than the NAC
framed building.[29]-[34]

VIlI. CONCLUSION

Based on the above result from the analysis of RAC and NAC
building models, the following conclusions are made,

» The analytical research has found the RAC and NAC
building structure shown insignificant strength degradation
and reasonable stability of stiffness.

» Increased value of physical properties in RAC is due to
attached mortar and cement paste in the RAC.

» The compressive strength of RAC is relatively lower up to
10% of the NAC

» The deformed shape of RAC and NAC at mode=6 it is seen
that the time period taken by RAC is much higher than NAC
structure.
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