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Introduction

* In the last decade the strong scientific and legislative introduced a revolution in design philosophy with respect to Earthquake

* Many existing buildings in the World, designed and constructed until the late 1970’s without considering adequate earthquake provisions,
constitute a significant potential risk (economical and social) for our society

Assigned different tasks for structure engineer

*Vulnerability and seismic behavior of RC Buildings (Lesson from recent EQ’s)

*Introducing of Tools and strategies (Monitoring and Evaluation)

*Introducing of some Experimental work on the assessment of Existing RC structures and Structural Components

*Discuss the potentialities and limitations of refined numerical models in the seismic response representation of old RC structures

*Introducing of possible seismic retrofitting solutions

Effect of infill wall in Structural Response of RC

Buildings
Nisar Ali Khan




6" ICEC-2013

*But in spite of introduction of Modern codes, modern tools and techniques infill walls are still consider as non structural element
*The response of reinforced concrete buildings to earthquake loads can be substantially affected by the influence of infill walls
*Masonry infill in reinforced concrete buildings causes several undesirable effects under seismic loading: short-column effect, soft-
storey effect, torsion, and out-of-plane collapse. Hence, seismic codes tend to discourage such constructions in high seismic regions
*It is inadequate to assume that masonry infill panels are always beneficial in terms of structural response

*The contributions of infills to the building’s seismic response can be positive or negative, depending on a series of phenomena and
parameters such as, for example, relative stiffness and strength between the frames and the masonry walls

*In the study reported here, elaborates the effect of infill walls in the seismic response of reinforced concrete (RC) buildings
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Introduction Of The Building (System Level)

Plan Dimension of the Building Under Consideration
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2-D Model (System Level)

Potenza Italy, The PGA is 0.3g

To investigate the influence of Infill walls we have 3 Types of models

1- Full infill walls 2- Soft-story 3- Bare Frame

Effect of infill wall in Structural Response of RC Buildings
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Modeling (Component Level)
Columns’ Cross-Section Beams’ Cross-Section
30 cm
30 cm 4 > .
50 cm
30 cm
2cm b . ! ! o i 2 cm

¢ 18 mm longitudinal Bars

¢ 6 mm Stirrups @ 15 cm c/c ¢ 12 mm and ¢ 18 mm main Bars

¢ 6 mm Stirrups @ 15 cm c/c
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*Expected Elastic Modulus for Fair frame Material is;
*Efe = 4206.1 Ksi (29 Gpa)

*Concrete Compression Strength is;
fc’ =2250 Psi (15.52 Mpa)

*Steel used in Columns and Beams are smooth Bars having yield strength is;
f, = 20300 Psi (139.96 Mpa)
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According to FEMA-356, Chapter-6, Table 6-7 & 6-8 Different Limit states for the nonlinear hinge should be define to
capture the nonlinear behavior of RC structure’s components

Table 6-7 Use to define the Back Bone Curve’s Properties and also Table 6-8 Use to define the Back Bone Curve’s Properties and also
to define the different limit state of the Beams to define the different limit state of the Columns
Table 6-7 Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures— Table 6-8 Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures—
Reinforced Concrete Beams Reinforced Concrete Columns
Modeling Parameters® Acceptance Criteria® Modeling Parameters® Acceptance Criteria®
Plastic Rotation Angle, radians Plastic Rotation Angle, radians
Performance Level Performance Level
Residual Component Type Residual Component Type
Plastic Rotation Strength Plastic Rotation Strength ]
Angle, radians Ratio Primary Secondary Angle, radians Ratio Primary Secondary
Conditions a b c 10 LS cp LS CcP Conditions a b C 10 LS cp LS cp
i. Beams controlled by flexure! i. Columns controlled by flexure!
p-p’ Trans. v P Trans. v
Reinf 2 = A_f' Reinf= | — —
Ppai b, [f, e byd, I,
<00 c <3 0025 | 005 0.2 0010 | 002 | 0025 | 002 | 005 <01 C <3 002 | 003 02 0005 | 0015 | 002 | 002 | 003
<00 [ =f 0.02 0.04 0z 0.005 0.01 0.02 0.02 0.04 =01 c 26 0.016 0.024 0.2 0.005 o012 0.016 | 0.016 0.024
=05 C <3 0.02 0.03 02 0.005 0.01 0.02 0.02 0.03 =04 C =3 0.015 0.025 0.2 0.003 001z 0.015 | 0.018 0.025
205 c 26 0015 002 0.2 0005 | D005 | 0015 | 0015 | 002 204 c =6 0012 | 002 02 0003 | o001 | om2 | 0013 | 002
200 NC 23 0.02 0.03 02 0.005 0.01 0.02 0.02 0.03 =01 NC 3 0.006 0.015 02 0.005 0.005 0.006 0.01 0.015
<00 NC 26 001 | 0015 0.2 00015 | 0005 | 001 | 001 | 0015 <01 NC 28 0005 | 0012 02 0005 | 0004 | 0005 | 0008 | 0.012
S5 NG =3 001 | oo 02 0005 | oot | 001 | o001 | oois 204 NC <3 0003 | 001 02 0002 | 0002 | 0003 | 0006 | 001
205 NC 26 0005 | 001 0.2 00015 | 0005 | 0005 | 0005 | 001 204 NC 28 0.002 | 0.008 02 0002 | 0002 | 0002 | 0005 | 0.008
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‘ According to FEMA-356 Chapter-6 Table 6-7 & 6-8

Different Limit states for the nonlinear hinge for
Beams and Columns should be Define in the computer
b Program

1.0' """"" B

Moment Rotation Data for 1H1 - Interacting P-M3 Frame Hinge Property Data for 19H1 - Moment M3
Edit Edit
T Disnlacement Control Parameters
~Select Curve Units N p—
Ayial Force  [-558.4754 - Angle [30. | cuvem W AR M KM, m, C - 1/SF Rotation/SF = Home:
-0.05
— Moment Rotation Data for Selected Curve 0025 1 € Moment - Curvatur
K — Hinge Length
[Paint | _Moment/vield Mom Fiotalion/SF 4 iz it
[i — I
Y i B
1 S EENERE] i
11 0.015 0.
0z 0.5 0.025
02 0.025 0.025 =
Mote: Vield moment is defined by interaction curve o El 2.05
| = aste Curve Do L | Load Canying Capaciy Beyord Point E
Current Curve - Curve #1 Full Interaction Curve & Dirops Tc
Force #1; Angle #1 Asial Force = -558,4754 =
Acceptance Criteria [Plastic Deformation # SF) 30 View AT
- Immediate Occupancy 3.000E-03 Plan 0 | fyislFoce  [558.4754 é 1~ Scaling for Moment and Rotation —
[— iy RS e 0 - Positive Negative
i — . =
ife Safety levation = I~ Hide Backbone Lines = LUse'rield Moment  Moment SF [58.523
M Colpso Pravention [E Apeiture [0 IR Eehouiscceptabcelbntera o Ussvien e
d. & ) Id Fiotati atation SF
[~ Shaw Acceptance Paints on Curent C a0 | AR | MR3| MA2 teclObiee's Do)
ow Acceptance Paints on Curent Curve i 2
i (o) PR Er D -~ Acoeptance Criteria [Flastic Rotation/SF)—
L Fositive Hegative
Mement Ratation Information Angle s Moment About M nmediste Occupancy oo
Symmetty Condtion [Fot Symmetic Odegress = About Pasitive M2 Axis T B i soiey e T
Humber of Axial Force Yalues e 90 degrees About Positive M3 Axis = e 1 b 2
Number of Angles E 180 degrees = About Negative M2 Asis Cancal Collapse Prevention 0.026
Total Mumber of Curves e 270 degrees = About Megative M3 Axis I~ Show Acceptance Criteria on Plot
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FEMA-356 Single Strut Compression Model

0.175(h,h ) "

r inf

A. =ta

where:
l
and fe"col"inf

Vine — Anfzie Ani is the area of infill walls

*Expected Elastic Modulus for Fair Masonry infill walls in Compression is equal to E_, = 550fm’=330 Ksi, where fm’ is the compression strength
of masonry equal to 600psi (4.1368 Mpa)
*Expected Shear Strength of Masonry is;

f.. =20 Psi (0.1378 Mpa)

vie
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FEMA-356 Single Strut Compression Model

Compressive strength by ASCE-41/FEMA-356 Table 7-1 f, 600 Psi
Elastic of modulus in compression of infill E. 330 Ksi
Length of infill L, 66.929 in
Thickness of infill Gt 9 in
Diagonal angle of infill S) 0.97 Radian
Elastic of modulus in compression of Frame E, 3243.04 Ksi
Gross moment of inertia I, 1621.681013 in*
Column moment of inertia Lol 810.8405066  in*
Height of infill b 98.425 in
Coefficient of infill A, 0.040443751

Height of column h, 118.11 in
I inclined length of infill it 119.0250884 in
Width of infill a 0.093623056

Width of infill a 11.14349247 in
Area of infill strut Ae 100.322  in2
Horizontal stiffness of infill strut Kot 278.0604752 Kip/in
Ratio L/ 0.68

B = Vfre/Vine B 22.6566793
Axial strength of infill i.e. strut Pno 50.22145 Kip

Effect of infill wall in Structural Response of RC
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FEMA-356 Single Strut Compression Model replace the Infill walls

22.86 cm
& -

22.86 cm
-

4 <
r'y
22.86 cm
-+ >
L A
a= 46 cm _
a=37.87 cm
a= 28.3cm
L Y L
Lim‘
—
—_r T
=
As the Masonry is unreinforced so the infill model has no tendency to take Tension Force only has the ability =
to take Compression force. Fvi —s ~ %,

Effect of infill wall in Structural Response of RC 13
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*According to FEMA-356 a Nonlinear Hinge (Force Deformation Curve/Back Bone Curve) should be define to Capture the Nonlinear Behavior
of the component of RC structure assigned for strut Model as shown in figure

*The Parameter used in calculation for strut properties to Replace the infill walls are shown in figure

Lin
| - | Q4
—_r f Q
% |
e
S\
Fri — /"\/f;-’f d I

— 1.0 === C
a h!’nf hco.f B
%@
D
T A :
%ﬁﬁ}b Aot

Drift ratio, ==
eff
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Q
e According to FEMA-356 Table 7-9 Different Limit
states for the nonlinear hinge should be define

|

d |

1.0 e C

A D
Drift ratio, =%
eff
Table 7-9 Nonlinear Static Procedure—Simplified Force-Deflection Relations for Masonry Infill Panels
Acceptance Criteria
p = e Liy :
V h d e LS CP
ine inf c o, o, o, o,

B <07 05 na. 05 n.a. 04 na.
1.0 n.a. 0.4 n.a. 0.3 n.a.
20 n.a. 0.3 n.a. 0.2 n.a.
0-?5[3{ 1.3 0.5 n.a. 1.0 n.a. 0.8 n.a.
1.0 na. 08 n.a. 06 na.
20 na. 06 n.a. 04 na.
B=13 0.5 na. 1.5 n.a. 11 na.
1.0 n.a. 1.2 n.a. 0.9 n.a.
2.0 n.a. 0.9 n.a. 0.7 n.a.

Note: Interpolation shall be used between table values.
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The Back Bone Curve for the infill model should
be define in the computer Model as shown in the

Figure

Frame Hinge Property Data for Hinge of B to C - Axial P

Edit
— Displacement Control Parameters

~ Load Carying Capacity Beyond Point £
& Drops ToZemn
|z Extrapolated

[~ Scaling for Foree and Disp -

I~ Use “ield Force Force SF
™ Use Yield Disp Dizp SF
[Steel Objects Only]

| Acceptance Criteria [Plastic Disp/SF)
- Immediate Occupancy
[ Life Safety
- Collapze Prewention
I~ Show Acceptance Criteria on Plot

Faint Force/SF Diisp/SF
[i] 1
i} 1
3] 1 =
= 1] ]'
i} [i]
1. i
1. 1
i} 1 :
o 1 ¥ Symmetric

Positive Megative
1263298 ]
(00324 ]

Positive Megative
|o.5 I
I I
1.5 I
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Linear Static Analysis

FULL INFILLL 2-D FRAME
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Linear Static Analysis (System Response)

10
9
8 Base Shear By Linear Static
7 | Analysis 1s 250 KN
6

Floor Level (m)
(6]

4 = Stor1es Base Shear
due to Linear
3 Static Analysis
2
1
0
0 50 100 150 200 250 300

Story Base Shear (KIN)

Effect of infill wall in Structural Response of RC

Buildings
Nisar Ali Khan




Linear Static Analysis

TABLE: Modal Participating Mass Ratios

6" ICEC-2013

(System Response)

OutputCa| StepTy | StepNu
se pe m Period UX (90 Uz SumUX[SumUY| SumUZ | RX RY RZ SumRX|SumRY SumRZ
Text Text |Unitless| Sec Unitless |Unitless| Unitless |Unitless|Unitless| Unitless |Unitless| Unitless |Unitless|Unitless|Unitless|Unitless
MODAL | Mode 1 0.38699, 0.91 0 10.0003832| 0.91 0 1]0.000383] 0 0.53 0 0 0.53 0
MODAL | Mode 2 |0.13805| 0.08145 0 10.0000041| 0.99 0 1]0.000387 0 0.007793 0 0 0.53 0
MODAL | Mode 3 10.09456| 0.01178 0 10.0000339| 1 0 0.000421] 0 0.0006998 0O 0 0.53 0

Effect of infill wall in Structural Response of RC
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Linear Static Analysis (System Response)

10

9 0\——0\ A ~— The First Three Effective Modes

8 Shapes
7 \ =
A

é( .
- \ =] st Mode Shape

*
\ \ \ =®=21nd Mode Shape
\\ \ =u=31d Mode Shape

N
| N A

; N~

-150 -100 -50 0] 50 100 150
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Floor Level (m)
o1

Nonlinear Pushover Analysis

Inter Story Drift

0.05 0.1 0.15
Inter Story Drift Ratio (%)
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(System Response)

The maximum inter
story Drift Ratio at the
Performance level by
Nonlinear Analysis is
0.235%

Inter Story
Drift Ratio
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Nonlinear Pushover Analysis (System Response)

Pushover Curve
700 RN N The significance loss in
strength is due to the damage
600 /"""F NN N - 1in ground floor columns and

. infill at a time.
500 / f N — i

300 /
200 /
100 —

-20 0 20 40 60 80 100 120
Displacement (mm)

= Pushover
Curve

Base She‘“;é(KN)
T~
\
3
\
[

\
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Nonlinear Pushover Analysis (System Response)
20 The significance loss in strength
is due to the damage in ground
80 = ﬂ .
oor columns and infill at a
[_f \_____-

70 A time.
60

b,
= 40 1st Story Pushover
s _ )
@ Curve
30 2nd Story Pushover
2 Curve
"-‘ 1
& 20 | e31d Story Pushover
7 Curve
210 -

D —

10 Story Drift (%o) | i
-0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
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Nonlinear Pushover Analysis (Components Response)

200

—_—
o
o o

S
-
7]
=
g
=
5 -100 //
-E -200 e Ax1al Force Vs Roof Displacement in
= \K Left Cntical Colunm
L . N e .
£ -300 / —A:\lal Fou,e \‘: Roof Displacement in
W \ Right Critical Column
2
< -400 N\ The maximum Axial force in Left
= I! column is 100 KN having displacement
:E! -500 p— — — 56 mm

-600

0 10 20 30 40 50 60

. The maximum Axial force in the Right
RoofDisplacement (mm) column is -508 KN(compression)
having Roof displacement 56 mm
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Nonlinear Pushover Analysis (Components Response)
40
35
. it
25
20 /

15 /

Shear Force in Critical Columns (KIN)

Shear Force Vs Roof Displacement
/ in Left Crtical Column
10
/ e Shear Force Vs Roof Displacement
5 /T~ in Right Critical Colunmmn
l/ / \
0 / The maximum Shear Force in
5 / Left Column is 6.5 KN
7
-10
0 10 20 30 40 50 60

The maximum Shear Force in
RoofDisplacement (mm) Right Column is 37 KN
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Nonlinear Pushover Analysis (Components Response)

7

w B
o o

Moment Vs Roof Displacement in

/ Left Critical Column
/ N "Moment Vs Roof Displacement in

N
o

Moment in Critical Columns (KN-m)

10 |
// 1 Right Critical Column"
/
-10 . .
The Maximum Moment at the Left side
20 Column is 14.5 KN-m
-10 0 10 20 30 40 50 60

RoofDisplacement (mm) The maximum Moment at the Right Hand
side column is 55.5 KN-m
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Nonlinear Pushover Analysis (Components Response)

(41
(a0}

(a0}

(4,1
(a0}

Axial Force in 24 infill vs Root
Displacement
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1
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Nonlinear Pushover Analysis

6" ICEC-2013

(Components Response)

Contribution of Infills and columns in taking shear Force at The Ground story
The Circle one is the force taken by infills at 11 step and then it fails at next step, because of this failure the Pushover

Curve Drops Sudden as shown in figure

Shear, Axial Force (KN)

<
<
g
5
D
o
S
)
2
5

aerCu
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&
Dizplacemant [mm]

Axial Force Taken by

Nﬁlls at the Ground Floor

B Shear Force Taken by
“olumns at the Ground
loor

-50 0] 50 100 150
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Shear, Axial Force (KN)

6" ICEC-2013
Nonlinear Pushover Analysis (Components Response)

Contribution of Infill and columns in taking shear Force at The
1st story

100
0
-100 ® Axial Force Taken
-200 by infills at the first
story
-300 ’
-400

-500
-600
-700

® Shear Force Taken
by Columns at the
tirst Story
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Nonlinear Pushover Analysis (Components Response)

Contribution of Infill and columns in taking shear Force at The

Last story
50
0 ®m Axial Force in Infills
50 at the Last Floor
-100
-150

®m Shear Force in

250 Columns at the Last
-300 Floor
-350

400

Shear, Axial Force (KN)
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Use of Pushover Curve (ATC-40) (System Response)

0.4 . .
The performance point is at

0.35 ~ 518KN Base shear at
/ \ displacement 16 mm

' \ N 5% Damped Spectra
‘57‘_:0.2 I \ \‘ / 10% Damped Spectra
/ \ \\ ™N e | 5% Damped Spectra
15 \ \\\ \ 20% Damped Spectra
/ \ \ \ \. e ("apacity Curve
0.1 .y —
/ \\ \h e\ a1iable Damping

Demand Spectra
0.05 / | |
D T

0] 10 20 30 40 50 60 70 80 90 100
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Linear Static Analysis

SOFT STORY INFILLL 2-D FRAME
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Linear Static Analysis (System Response)

TABLE: Modal Participating Mass Ratios

OutputC |StepTy StepNu SumU | SumU SumR | SumR
ase pe m_ | Period UX Uy Uz X Y SumUZ | RX RY RZ X Y SumRZ
Text Text |Unitless| Sec | Unitless |Unitless| Unitless |[Unitless|Unitless| Unitless |Unitless| Unitless |Unitless|Unitless|Unitless|Unitless
0.0000070
MODAL | Mode 1 10.71186] 0.99 0 12 0.99 0 1]0.0000070| O 0.49 0 0 0.49 0
MODAL | Mode 2  10.16193| 0.006648 0 0.001024 1 0 0.001031 0 0.05017 0 0 0.54 0
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Floor Level (m)
(6]

Linear Static Analysis
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(System Response)

/ == | st

Mode Shape
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Floor Level (m)
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Nonlinear Pushover Analysis

Inter Story Drift

6" ICEC-2013

(System Response)

The maximum inter story
: Drift Ratio at the
] Performance level by
Nonlinear Analysis is 1.7%
m—nter Story
Diift Ratio
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Inter Story Drift Ratio (%)
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Nonlinear Pushover Analysis

Pushover Curve
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(System Response)

The structure collapse at 9th
step of push load case at Base
Shear 126 KN  having
displacement 53 mm because
of the columns failure at the
ground story level.
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Nonlinear Pushover Analysis
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(System Response)

The structure collapse having
Base Shear 126 KN and

displacement 53 mm because
of the columns failure at the

(Soft Story) ground story level.

e | 5t Story Pushover

Curve

| ===7nd Story Pushover

Curve

- w==31d Story Pushover
Curve

Story Drifts (%)
8

1.2 1.4 16 1.8 2
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Nonlinear Pushover Analysis (Components Response)

0
-50
-100
7
S
7 -150
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-350
-10 0 10 20 30 40 50 60

Roof Displacement (mm)

The Maximum Axial Force in
Right column 1s -320 KN

Effect of infill wall in Structural Response of RC
Buildings

Nisar Ali Khan



6" ICEC-2013

Nonlinear Pushover Analysis (Components Response)

\

\
—
N\

/ e Shear Force in Left Column Vs Roof
Displacement

e Shear Force in Right Column Vs
Root Displacement

Shear Force in Columns (KIN)
o o =) o
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Nonlinear Pushover Analysis (Components Response)

Root Displacement

The maximum Moment in Left

column 1s 42 KN-m

The Maximum Moment in Right

/ ! E
e \loment in Left Column vs Roof
Displacement
Moment in Right Column vs
10 0 10 20 30 40 50 60 columnis 46 KN-m

Roof Displacement (mm)
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Nonlinear Pushover Analysis (Components Response)

Contribution of Infill and columns in taking shear Force at The 1st story, the infill do not fail
but the global failure of the frame is due to the soft story columns failure

-
o
o

o

-100

m Axial Force in Infills
at 1st Floor Level

-200

-300

Shear, Axial Force (KN)

B Shear Force in
Columns at 1st Floor
Level
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Nonlinear Pushover Analysis (Components Response)

Contribution of Infill and columns in taking shear Force at The
last story

al
o

B Axial Force Taken by
Infills in Last Story
Level

= -150

W

B Shear Force Taken by
Colummns in Last Story
Level

hear, Axial Force (KN)
S &
8 © ©
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Use of Pushover Curve (ATC-40) (System Response)
0.4 . L
The performance point is at
125 KN Base Shear having
0.35 - .

Displacement 41 mm

0.3

0.25 x\ - g 500 Damped
\ Spectra
10% Damped
\ Spectra

0.15 NG =1 5% Damped
\ Spectra
\ = ()% Damped
0.1 . .
N\ \ Spectra
/ e (apacity Curve
0.05

| s ar1able Damping
Demand Spectra

Sa(g)
o
[ R%]
|
|
|

0] 20 40 60 80 100 120
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Linear Static Analysis

BARE FRAMEE
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Linear Static Analysis (System Response)

TABLE: Modal Participating Mass Ratios

OutputCa| StepTy | StepNu SumU
se pe m Period UX Uy UZ SumUX | Y SumUZ RX RY RZ |SumRX|SumRY|SumRZ
Unitle
Text Text |Unitless| Sec Unitless |Unitless| Unitless | Unitless SS Unitless |Unitless| Unitless |Unitless|Unitless|Unitless|Unitless
MODAL | Mode 1 0.88079| 0.89568 0 3.564E-07| 0.89568 0 |3.564E-07 0 0.53522 0 0 0.53522 0
MODAL | Mode 2 0.30201| 0.08799 0 0.0000020| 0.98367 0 (0.0000024 0 0.00324 0 0 0.53847 0
MODAL | Mode 3 0.19816| 0.01633 0 1.412E-07 1 0 (0.0000025 0 0.00064 0 0 0.5391 0

Effect of infill wall in Structural Response of RC

Buildings
Nisar Ali Khan




6" ICEC-2013

Linear Static Analysis (System Response)

10 The First Three Effective Modes
Shapes

l’
= gl

f

/ =¢=| st Mode Shape

=®=21nd Mode Shape

Floor Level (m)
(6]

4
/ === 3rd Mode Shape
3 “\\ ’\
2 \
1 \
0 /\
-150 -100 -50 0 50 100 1t

Modal Displacement (mm)
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Nonlinear Pushover Analysis (System Response)

Inter Story Drift Ratio

10 The Max. inter story Drift

9  Ratio at the Performance
level by Nonlinear Analysis

° ~is 1.05%

7 —

6

Floor Level (m)
o1

4

3 — nter Story
Drift Ratio

2

1

0

0 0.2 0.4 0.6 0.8 1 1.2
Inter Story Drift Ratio(%o)
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Nonlinear Pushover Analysis (System Response)

Pushover Curve

The final point of the
structure 1s at 118 KN

= Base Shear having
displacement 100 mm

e Pshover Curve

20 40 60 80 100 12
Displacement (mm)
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Nonlinear Pushover Analysis (System Response)

The final point of the

structure is at 118 KN
Base Shear  having

displacement 100 mm
The Global failure is Due

/ to The failure of columns

at the ground and first

floor fails
4
e | 5t Story Pushover Curve
. ===21d Story Pushover Curve
e==31d Story Pushover Curve
! !
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Story Drift (%)
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Nonlinear Pushover Analysis (Components Response)

i

e Axial Force in Left Colunnvs
Root Displacement

e Ax1al Force in Right Column

vs Roof Displacement

The maximum Axial force

)<’ in Left Column is -241 KN
N

The maximum Axial Force

0 20 40 60 80 100 150 In Right column is -216 KN

Roof Displacement (mm)
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Nonlinear Pushover Analysis (Components Response)

N\
~_ '\
N

e Shear Force in Left
Column vs Roof The Maximum
/ / Displacement Shear Force in
Shear Force in Right  Left Column is
Colunm vs Roof 23.5 KN
Displacement
The Maximum
Shear Force in
0 20 40 60 8 100 120 i i
Roof Displacement (mm) ;lsnghlt\ICOIHmn 18
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Nonlinear Pushover Analysis (Components Response)

e\ [oment in Left Column Vs
Root Displacement
e==N\loment in Right Column Vs
Root Displacement
The Maximum Moment in
/ Left Column is 39.5 KN-m
The Maximum Moment in
0 20 40 60 80 100 120

RoofDisplacement (mm) Right Column is 43 KN-m
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Use of Pushover Curve (ATC-40) (System Response)

0.4 o
The performance Point is at
0.35 116 KN Base Shear having

/ \ displacement 47 mm

0.3 \
0.25
K 10% Damped Spectra
- N
/ \\ /, \ e | 5% Damped Spectra
0.15 N N e ()% Damped Spectra
‘ﬁ
o ~ |

5% Damped Spectra

Sa (g)
—
/

e (Capacity Curve

ﬁ___ . .
Variable Damping

Demand Spectra

0.05

0] 10 20 30 40 60 70 80 90 100

50
Sd (mm)
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(System Response)

Nonlinear Pushover Analysis

The three Frames Pushover

700 |
and Demand Curves are
/ shown together with their
600 / performance  Points  and
performance | stiffness

500 shear518 KN 1ent
~ g § /
Z 400 é‘—"’ N
T < N/ s
= > N &
za I & 4
2 < i Fullinfill Frame's Pushover Curve
m - - -

anpe polntgybase she —_l-Soft story Frames' Pushover Curve
200 —at displa€ement ’
storvfame —LBare Frame's Pushover Curve
100 . ;
pertormance point at base
shear 116 KN at displacement
0 47 mm for Bare frame
-20 0 20 40 60 80 100 120
Displacement (mm)
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(COMPARISON BETWEEN INFILL AND BARE FRAME) 2-D

(SOFT STORY FRAME EE' BARE FRAME

*The fundamental mode’s period is

COMPARISON

FULL INFILL FRAME @l

e

—F

*The fundamental mode’s period i1s

*The fundamental mode’s period is
0.38 sec

*Max IDR is 0.235%
*Relative  Displacement
linearly has Range 1mm
«Stiffness 1s 550 KN/mm
*The Performance Point according to
ATC-40 Capacity Spectrum method
is at 16 mm displacement having
Base Shear 518 KN

*Target Displacement according to
FEAM-356 Coefficient method is
95.3 mm

*Global Ductility is 2.8 and failure of
Infill and Columns Cause the overall
Collapse mechanism.

increase

0.72 sec

*Max IDR is 1.7%

*Because of the presence of infill at
the 1t and last story the floors do
not displace so much relative to
each other but the Ground Floor
displace abruptly relative to the
First Floor having variation about
14 times

«Stiffness 1s 120 KN/mm

*The Performance Point according
to ATC-40 Capacity Spectrum
method is at 41 mm displacement
having Base Shear 125 KN

*Target Displacement according to
FEAM-356 Coefficient method is
117 mm

*Global Ductility is 5.4 failure of
Columns at Ground Story Cause
the overall Collapse mechanism.

Effect of infill wall in Structural Response of RC

Buildings

0.90 sec

*Max IDR is 1.05%

*The Ground and first floors
Displace relative to each other

having variation from 10 mm to
16.5 mm

*Stiffness is 71 KN/mm

*The Performance Point according
to ATC-40 Capacity Spectrum
method is at 47 mm displacement
having Base Shear 116 KN

*Target Displacement according to
FEAM-356 Coefficient method is
160 mm

*Global Ductility is 9.6 failure of
Columns and Beams Cause the
overall Collapse mechanism.
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DESIGN RECOMENDATION

*The infill walls has great influence in global as well as local Response of the structure, so infill walls
should consider during design new building and also evaluation and Retrofitting the existing buildings.

*Great computational modeling should perform while evaluating the existing infilled RC Structures.
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CONCLUSION

*URM infill walls have a significant role in the strength and ductility of RC frame structures and should be considered in both analysis and design. Globally,
these walls make the structure significantly stiffer, reduce the natural period of the structure, and increase the damping coefficient

*Masonry infill walls have a complex behavior due to the properties of their materials and to the interaction mechanisms with the surrounding frame.
*.The performance of fully masonry infill walls Frames’ both in 2D and 3D analysis was significantly superior to that of bare frames and soft storey frames.

*The proposed macro-model can be a useful tool in the development and calibration of simplified rules for the analysis of infilled frame structures under
horizontal loadings.
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SPECIAL THANKS

Effect of infill wall in Structural Response of RC Buildings

Nisar Ali Khan




6" ICEC-2013

THANKYOU FOR YOUR ATTENTION
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