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ABSTRACT

Autoclaved Aerated Concrete is not a "new" innovation. It has been around for over 80 years. Invented in 1924,
AAC has been used extensively in Europe and Asia. It comprises over 40% of all construction in the United
Kingdom and 60% in Germany and 16% in India. At present there are more than 80 manufacturing plants in
India are working with heavy concentration in Gujarat, Madhya Pradesh, Maharashtra and other state. The
development of tall building setup rapidly worldwide introducing the new challenges that need to be met
through engineering judgment. In the past decades the seismic deficient is because of the lack of awareness
regarding seismic behaviour of the structure. The widespread damage specially to the tall building structure
with a heavy loading during earthquake exposed the construction practices being adopted around the world.
Although various studies are carried out in past years but the advancement in technology and analysis
procedure of structure gives us more precise result. Therefore, there is a need of performing structural analysis
with some advance tools. Therefore, the present research work is to analyze a 3D numerical model of 10 stories
AAC block and brick fully infill and having soft storey at different floor level of building subjected to
earthquake and performed the analysis by using software SAP 2000 (ver.16.0) using static nonlinear method for
comparing and investigating the changes in structural behaviour subjected to seismic load. The result of the
analysis for displacement, base shear and storey drift have been studied and compared for all the structure
models.

Keywords : AAC block, Brick Infill, Equivalent strut, Soft storey, Nonlinear Analysis.

I. INTRODUCTION insulation and acoustic absorption properties. AAC is
fire and pest resistant and is economically and
The Autoclaved Aerated Concrete (AAC) material  environmentally superior to the more traditional
was developed in 1924 in Sweden. It has become one  gtructural building materials such as concrete, wood,
of the most used building materials in Europe and is  prick and stone.
rapidly growing in many other countries around the

world. AAC is produced from the common materials AAC blocks manufacturing projects exist in more

like lime, sand, cement and water, and a small than 40 countries and used across more than 70
amount of rising agent. After mixing and moulding, it countries. Cumulative manufacturing capacity of

is then autoclaved under heat and pressure to create  AAC blocks manufacturing projects stands at over 75

its unique properties. AAC has excellent thermal mjillion m3/year.
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Now a day’s large number of building are constructed
using AAC block due to its lower cost than brick
masonry, Easy to construct, light in weight, high
thermal insulation, high fire protection, high sound

insulation, lower water absorption, eco-friendly.

Therefore, it is essential to analysis the AAC block
and brick fully infill and having soft storey at
different level of building subjected to earthquake
using SAP 2000 (ver. 16.0) and compare the response
of structure in terms of base shear and displacement

and storey drift.
II. MODELLING OF INFILL

Macro models are used to investigate the overall
response of the infill wall. The behaviour of macro
models is based on physical behaviour of infill walls.
Mortar joints and units are recognized together
mechanical

considering collective and physical

properties to obtain more simplified solution
especially for large scaled models. Diagonal strut
model for infilled frames is shown in

................................

—
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Figure 1. Diagonal strut model for infilled frames
[ IS 1893-2016]

The Empirical equation developed by Mainstone and
Weeks subsequently, included in FEMA 274, FEMA
306, FEMA 356, Turkish Seismic Code-2007 and
widely used nowadays. The equivalent strut has the
same thickness and modulus of elasticity as the infill
panel it represents. The equivalent strut width w, can

be determined by
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The expression of non-dimensional A is given by

1 ‘:/Einf. tinf. sin 260

4. Efr. Icol. hinf

Where, hc is column height between centrelines of
beam, hinr is height of infill panel, Er is expected
modulus of elasticity of frame material, Ei is
expected modulus of elasticity of infill materials, el is
moment of inertia of column, rin is diagonal length of
infill panel, tinf is thickness of infill panel and
equivalent strut, 8 is angle whose tangent is the infill

height-to-length aspect ratio in radians.
III. NONLINEAR STATIC ANALYSIS

Nonlinear static analysis is a technique by which a
computer model of the building is subjected to a
lateral load of a certain shape (i.e., inverted triangular
or uniform). The intensity of the lateral load is slowly
increased and the sequence of cracks, yielding, plastic
hinge formation, and failure of various structural
components is recorded. Nonlinear static analysis can
provide a significant insight into the weak links in
seismic performance of a structure. A series of
iterations are usually required during which, the
structural deficiencies observed in one iteration, are
rectified and followed by another. This iterative
analysis and design process continues until the design
satisfies a pre-established performance criterion. The
performance criteria for pushover analysis is generally
established as the desired state of the building given a
roof-top or spectral displacement amplitude. Non-
linear or pushover analysis option will allow
engineers to perform pushover analysis as per FEMA-
356 (2000) and ATC-40 (1996).

SOFT STOREY- It is one in which the lateral stiffness
is less than that in the storey above. The storey lateral
stiffness is the total stiffness of all seismic force
resting element resting lateral earthquake shaking

effect in the considered direction.
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LOAD COMBINATION AS PER IS 1893-2016

5 bays @ 3m each

1) 1.2[DL+LL+(ELx+3ELy)]

2) 1.2[DL+LL+(ELx-.3ELy)]

3) 1.2[DL+LL-(ELx+3ELy)]

4) 1.2[DL+LL-(ELx-.3ELy)]

5) 1.5[DL+(ELx+.3ELy)] E—

6) 1.5[DL+(ELx-.3ELy)] 3m each
1.5

7) DL-(ELx+.3ELy)]
8) 1.5[DL-(ELx-.3ELy)]

9) .9DL+1.5(ELx+3ELy)
10) .9DL+1.5(ELx-.3ELy)
11) .9DL-1.5(ELx+.3ELy)

12) 9DL-1.5(ELx-3ELy) Figure 2. Plan area of building consider for the

analysis of 15.0 m x 15.0 m

IV. DETAILS OF STRUCTURE CONSIDERED

The buildings of plan area 15.0 m x 15.0 m are
considered having 5 bays of 3 m width in X-direction
and Y-direction. For the analysis, story height of 3.0
m (floor to floor) is considered in this work. All the
joints of beam and column are considered as a rigid.
Diaphragm shall be provided at each level of the
structure to connect the building masses to the
primary vertical element of the lateral force resisting

system. For the analysis, particulars and details of

building model of G + 9 story structure for four

different cases are listed in the Table 1. Figure 3.3D view of AAC block equivalent strut fully

infilled building.
A view of plan, elevation and 3D view of AAC block,

Brick fully infilled, AAC block infilled building with
soft storey at 4th and 8th floor and brick wall infilled
building with soft storey at 4th and 8th floor are
shown below from Figure 2 to Figure 6

Figure 4. 3D view of Brick wall equivalent strut fully
infilled building.
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Table 1. Particular and details for all building

models
Particulars Details
Plan size 15.0mx 15.0 m
No. of bays in X-Direction 5 Bays @ 3.0 m each
No. of bays in Y-Direction 5 Bays @ 3.0 m each
Storey height 3.0m
Depth of foundation below
1.5m
ground
. Type II, Medium as
Type of soil
Per 1S:1893
Grade of concrete M25
Grade of steel Fe-500
Column size 500 mm x500 mm
Beam size 300 mm x 400 mm
Slab thickness 150 mm
Brick strut thickness 230 mm
Brick strut width 563 mm
AAC strut thickness 250 mm
AAC strut width 543 mm
AAC wall load 4.87 kN/m?
Brick wall load 11.48 kN/m ?
Roof live load 1.0 kN/m
Floor live load 3.0 kN/m
Building importance factor 1
Response reduction factor 1.5

Zone factor

Figure 5. 3D view of AAC block infilled building
with soft storey at 4th and 8th floor building.
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Figure 6. 3D view of brick wall infilled building with
soft storey at 4th and 8th floor.

V. ANALYSIS DETAILS

For the analysis of all four the cases for the nonlinear
condition, it consists of dead load (self-weight of
structure), floor load, roof load, wall load which is
acting in the gravity direction and seismic earthquake
load is taken as per is IS 1893-2016 code. The beams
are assigned as M3 hinges while columns are assigned
P-M2-M3 hinges since column consists of interaction
between axial load and bending moment at relative
distance zero and one and axial hinge P in strut at
centre is assigned and pushover analysis is performed

on structures using SAP 2000.
VI. RESULTS

The results include base shear, top displacement and
storey drift at performance point obtained from
nonlinear analysis of all the four cases are presented
here under static loading condition using SAP2000
and is shown in table and graph below. comparisons
between base shear and displacement of all the four
cases are presented in the tabular form in Table 2 and
storey drift in Table 3.
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Table 2. Comparison of base shear and displacement

of all 4 cases at performance point

C. Comparison of Base shear of AAC Block and Brick
Wall fully infilled Building with soft storey at 4th

and 8th floor

5 7756.030

AAC Block Brick Wall

SN. Building type | Base shear | Displacement
1 | AAC block fully 8147.152
o L 10.044 mm
infilled building kN
2 | Brick wall fully 8923.082
o L 11.335 mm
infilled building kN
3 | AAC block
infilled building
) 7163.973
with soft storey N 10.248 mm
at 4th and 8th
floor
4 | Brick infilled 7756.030 11.364 mm
building with soft kN
storey at 4th and
8th floor

D. Comparison of Top displacement of AAC Block

and Brick Wall fully infilled Building with soft
storey at 4th and 8th floor

A. Comparison of Base Shear of AAC Block and Brick

Wall fully infilled Building

10000

9000

B923.082

8147.152
I

7000 -------------|

QDD esweissnn

5000 -

4000 +-----mmmmmm oo

11.364

10248

AAC Block Brick Wall

3000 -------------

2000 ---mmmmmm-ms

1000

AAC Block Brick wall

B. Comparison of Top displacement of AAC Block
and Brick Wall fully infilled Building

10.044

AAC Block Brick wall
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Table 3: Comparison of storey drift of AAC Block and
Brick Wall fully infilled Building

Storey Drift
Storey | AAC Block
Storey ) .
Nos Height Fully Brick wall Fully
; (m) Infilled Infilled Building
Building

10 3.0 0.0008 0.0007

9 3.0 0.0012 0.0011

8 3.0 0.0015 0.0015

7 3.0 0.0018 0.0018

6 3.0 0.0019 0.0020

5 3.0 0.0020 0.0021

4 3.0 0.0021 0.0021
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3 3.0 0.0020 0.0021
2 3.0 0.0019 0.0020
1 3.0 0.0014 0.0013
i \’,4 : e A AC BLOCK

e BRICK

STOREY NUMBER

g

(1]

0 0.0005 0.001 0.0015 0.002 0.0025
STOREY DRIFT

Figure 7. Graphical representation of storey drift of
AAC Block and Brick Wall fully infilled Building

Table 4. Comparison of storey drift of AAC block and
Brick wall infilled building with soft storey at 4th and
8th floor

Storey Drift
AAC Block Brick Wall
Storey
Storey . Infilled Infilled
Height | _ _ .~ . o
Nos. (m) Building with | Building with
m
Soft Storey at | Soft Storey at
4% & 6% Floor | 4% & 6% Floor
10 3.0 0.0006 0.0006
9 3.0 0.0011 0.0011
8 3.0 0.0023 0.0021
7 3.0 0.0015 0.0015
6 3.0 0.0014 0.0015
5 3.0 0.0019 0.0020
4 3.0 0.0037 0.0035
3 3.0 0.0018 0.0020
2 3.0 0.0013 0.0015
1 3.0 0.0009 0.0010
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Figure 8. Graphical representation of storey drift of
AAC block and Brick wall infilled building with soft
storey at 4th and 8th floor

VII. CONCLUSION

Following conclusions are obtained from the analysis
of AAC block fully infilled building, brick wall fully
infilled building, AAC block infilled building with
soft storey at 4th and 6th floor and brick wall infilled
building with soft storey at 4th and 6th floor on
sap2000(v16) and using IS 1893-2016

» The base shear of AAC block fully infilled
building is estimated as 8147.152 kN and base
shear of brick wall fully infilled building is
estimated as 8923.082 kN. These
concluded that the base shear of AAC block
fully infilled building is 8.71% less than the base
shear of brick wall fully infilled building.

» The Top displacement of AAC block fully
infilled building is estimated as 10.044 mm and

results

Top displacement of brick wall fully infilled
building is estimated as 11.335 mm. These
results concluded that the top displacement of
AAC block fully infilled building is 11.26% less
than the base shear of brick wall fully infilled
building.

> The base shear of AAC block infilled building
with soft storey at 4th and 6th floor is estimated
as 7163.973 kN and base shear of brick wall
infilled building with soft storey at 4th and 6th
floor is estimated as 7756.030 kN. These results
concluded that the base shear of AAC block
infilled building with soft storey at 4th and 6th
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floor is 7.16% less than the base shear of brick
wall infilled building with soft storey at 4th and
6th floor.

» The Top displacement of AAC block infilled
building with soft storey at 4th and 6th floor is
estimated as 10.248 mm and Top displacement
of brick wall infilled building with soft storey at
4th and 6th floor is estimated as 11.364 mm.
These results concluded that the base shear of
AAC block infilled building with soft storey at
4th and 6th floor is 9.85% less than the base
shear of brick wall infilled building with soft
storey at 4th and 6th floor.

» AAC block fully infilled and AAC block
building with soft at 4th and 8th floor suffers
lesser drift than Brick wall fully infilled and
Brick wall infilled building with soft storey at
4th and 8th floor building because AAC block
have more stiffness then brick.

» Sudden increase in drift is observed in the
building having soft storey at 4th and 8th floor
this is due to reduce in stifness of at that floor.
In such situation, the columns in the soft storey
should comply with the ductility provision.

» The storey drift for all the model within
permissible limits as per IS 1893-2016.

Hence, overall this research findings concluded that
beside lower cost of construction of AAC block
structures has also higher lateral stiffness, rigidness
against lateral load minimizing the maximum lateral

deformation then brick infilled structures.
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