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Figure 1.1: Item employed i a Building: (a) Bare Structure only, and (b) Fuushed Structure
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Figure 1.13: Poor earthquake performance of NSEs 1987 duning 1987 Whittier Narrows Earthquake: (a)
Books placed on shelves toppled, and the unanchored shelves also toppled as they were not
anchored to the vertical SEs; and (b) bookshelf distorted owing to poor design of the shelf for
resisting earthquake effects (Photos: The EERI Annotated Shide Collection, 1997)



(a) (b)

Figure 1.16: Poor earthquake performance of NSEs duning (a) 1983 Coalinga Earthquake and (b) 1994
Northndge Earthquake: (a) hanging light fixtures, and (b) collapse of false ceiling (Photos: The
EERI Annotated Shide Collection, 1997)
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Figure 1. Widespread damage to a glass ceiling system From [18], H. Ferner, M.
Wemyss, A. Baird & A. Beer, Seismic performance of non-structural elements
within buildings




Figure 2. If only the sign on this large hospital had been damaged in the
January 17, 1994 M 6.7 Northridge Earthquake, this essential facility could have
continued to function. However, the cosmetic damage is an indicator of the fact
that mechanical equipment at the top level lurched loose during the earthquake.
Without air conditioning, a modern hospital cannot operate, and this one had to
close until repairs were made. source: Robert Reitherman (From [14])




Figure 6.

(above) Partition tipped over., 1994 Northridge Earthquake,

(bottom) Fallen stud/gypsum board partition, source: Wiss, Janney, Elstner Associates, FEMA 74
From [14]
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Baird & A. Beer, Seismic performance of non-structural elements within buildings
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Figure 1.11: Undesirable earthquake performance of elements assumed to be non-structural elements during
1972 Nicaragua Earthquake: Damage to unreinforced masonry infill and floor tiles around
stairwell (Photo: The EERI Annotated Slide Collection, 1997)
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Seismic resistance

tarthquake-Resistant Building [

Seismic Resistance

Buildings oscillate severely during an earthguake.

In addition, the higher the floors of the building,

. ¥ s the greater the amplitude of the oscillation

ml]mtlﬂ“ 'Eﬂnh'ﬂl BESE |5ﬂ|ﬂt|ﬂ|'| becomes. Although the buildings are not damaged,
the equipment, installations and piping in the

buildings become severely damaged as well as
#115681226 people are injured.

Seismic isolation

This is a procedure to isolate buildings from the
ground and to insulate seismic energies through
the use of seismic isolation layers.

i)

Buildings only oscillate horizontally in a slow cycle
during earthquakes, therefore, damage to people,
buildings, internal contents, equipment and
installations, and piping can be prevented
comprehensively.
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Emilia Earthquake — Northern Italy, Lloolle Earthquake — Chile
May 20-2012 March 3. 1985
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Manjil Earthquake — Northern Iran., Emilia Earthquake — Northern Italy,
June 21.1990 May 20. 2012
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How to Choose the Right Mortar Mix Type
N, O, S,or M

Updated December 17, 2018

Mortar is the element that bonds bricks or other masonry units together and provides
structural capacity to the wall or other structure. There are four main types of mortar
mix: N, O, S, and M. Each type is mixed with a different ratio of cement, lime, and sand
to produce specific performance characteristics such as flexibility, bonding properties,
and compressive strength. The best mortar mix type for any project depends on the

application and the various design specifications for the masonry construction.

Mortar mix is made with Portland cement, hydrated lime, and sand combined in specific

proportions to meet required specifications.
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Figure 1: Arrival of Selsmic Wavas at a Site




Some Concepts in
Earthquake Behaviour of Buildings
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Introduction to

Earthquake Protection of
Non-Structural Elements in Buildings

€. W, R. Murty
Rupen Goswami

A. R Vijayanarayanan
R. Pradeep Kumar
Vipul V. Mehta

m Gujarat State Disaster Management Authority
s Government of Gujarat

—u (1) FIXED BASE

mii + ku = p(t)
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Tvpe

Item

Drift-
Sensitive™

Acceleration-
Sensitive®

Architectral

Nonbearing Walls/Partitions

Cantilever Elements and Parapets

-

Exterior Wall Panels

Veneer and Finishes

Penthouses

Racks and Cabinets

Access Floors

Appendages and Ormaments

Mechanical
and
Electrical

General Mechanical (boilers. etc.)

Manufacturing and Process Machinery

Piping Sysiems

Storage Tanks and Spheres

HVAC Systems (chillers, ductwork. etc.)

Elevators

Trussed Towers

General Electrical (switchgear. ducts. etc.)

Lighting Fixtures

Contents

File Cabinets. Bookcases, etc.

Office Equipment and Furnishings

Computer/Communication Equipment

Nonpennanent Manufacturing Equipment

Manufacturing/Storage Inventory

Art and other Valuable Objects

Solid dorts indicate primary cause of damage. open dots indicate secondary caunse of damage




(a) (b) (<)

(d) (e)

Ficure 2.1: NSEs with laroe mass shaken at its base: (a) tall NSE. (b) rockine of NSE. () slidine of NSE.
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P = IwqgCeCtCgCpCd

P, = IwqCeCtCgi

P=1%038x%—

I

CpiCd

—

C,=0.7(h/12)03
C.=(h/10)02

P, =1%0.38 %

C,=0.7(h/12)03
C.=(h/10)02

—

x 1

F,= P + Pi

* 2 % —

C,=0.9
*x 0.85
C,=1.2

* 2 % —

C,=0.45% 0.85 = —

—

F.=P+Pi=1.06(1/10)°2=0.67h02

{ F =P+Pi=0.70(n/12)°3=0.33h03

KN/ mZJ

=0.41(h/12)03
=0.77(h/10)02

=0.29(h/12)°3
=0.29(h/10)02



Fie=1*V,,= 0.40W

sl 93 Ju )l g 250 kg/m? 1 KN/m? OR 100 Kg/m?
_ 15 o lan G Jlis ) a0 200 kg/m? 0.8 KN/m? OR 80 Kg/m?
q CMAX— 15 ossda ) s 150 kg/m? 0.6 KN/m? OR 60 Kg/m?
=
1.3 KN/m? OR 130 Kg/m?

F.=1.6 F= 1.6%0.33n%-3=0.53h%3
H=20m




Voumaiag Wyl A/R,

(5o 20l ,=T) 519 31220 Kg/m2 150 F" 80 Kg/m?
(5w 15 Jlaw 51) lgs 1170 Kg/m? 150 | J1 80 Kg/m?
(S S'3b) ylgso 1120 Kg/m? 150 | J1 80 Kg/m?
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[=1000%*(150 " 3)/12
$=1/C=3750000 mm ™ 3

150

1=2%10%1000%((95 ™~ 2)+(55 ~ 2)+(15 ~ 2))
$=1/C=2455000 mm ™ 3

200

Mnll y Mn22 — er y Szlg/C

M,=0.6M..

Vo) o oot Jo

o ale 23 b Jlas 2 0.16, 0.33
5 S S5k 0.55 ) 0.34

)90 Elgl (Shuns Cas b

Jsw ajlss o cnlin =1 cm




U35 90L 5L 51,0 00,lg KU L Hlg0 (hos Cod b dny i

Hlgo glgil M2z 0.6M2
N.mm/m N.mm/m N. mm/m

b b s 20 Jliw 45T 0.4*1076 / 0.81*10"6  0.24*10"6 / 0.48*10"6 1.23*10"6
A5 b cos 20 Jliw 2 0.4*1076 / 0.81*10"6  0.24"10"6 / 0.48*10"6 0.95*10"6
b b oo 15 658 S S5l 1.275*1076 0.765*10"6 1.23*10"6

J3l; b cos 15 58 S Ssls 1.275*10°6 0.765%10°6 0.57%10°6
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0,=1.3 KN/m? OR 130 Kg/m?

(1\‘. ./2\1
0=3m*130 Kg/m2=390 Kg/m L W g
M, =q12/8 = 390 *32/8 =440 Kg-m =44000 Kg-cm = [ ‘ ==
M,< oM, =0.9*F *7  wemmmp  7>20.4 cm3 e
i If h=15cm
Z1=80cm® ) 71=59 cmd | e —{r-—t -

- Z2=18.8cm?3

Z3=30.4cm? H
- . BOX 100*50*2

2BOX 50*30*2
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F,= (A,;*130 Kg/m?)/2=5*130/2=325Kg
F,= (A,;*130 Kg/m?)/2=9*130/2=585Kg

M= F; *I = 585 *4 =2340 Kg-cm

M,< oM, =0.9*F 7  wemmmp  7>1.08cm? ——— e p—

Z=bt2/4cm3> 1.08 cm3

~  Z=b*(0.5)2/4 >1.08

b>17.3 cm —) b=20cm

—

2L.50*3
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F,= A,*130 Kg/m?2=3.75*130=487.5Kg
F,= A;*130 Kg/m?2=2.25*130=292.5Kg

M= F,*l = 487.5 *5 =2437 Kg-cm
M,< oM, =0.9*F 7 ~ wemmmp  7>1.13cm®

Z=bt2/4cm3>1.13 cm3
~ Z=b*(0.2)2/4 >1.13
b>113 cm mmss) b= 120 cm =4*30cm
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Af

:1000Asfy g 1000Af

B 9 B

PsPsf
= psdsfy ( <2a¢cfyc>>

M, = 0.1ql?

sy( _

sy
2pt B )( m)

paz "
fy

fc
B

0.8

300 Mpa
10 Mpa
600 mm

)‘9-’0 &‘9—" Ma1 0.9M11
N.mm/m N.mm/m N. mm/m

3l b e 15 Jliw ,2

35 b cos 15 Jlaw o

1.83*10"6

1.83*10"6

1.65*10"6

1.65"10"6

2.08*10"6

1.28*10"6



1000A.f, 1000A.f, Af, p 0.8
M, :T}(d—¥) = ~(d- 5 f,}B)(N.%) fy 300 Mpa
i P = ¢ 10Mpa
M=M_,+M_, B 600 mm
M, = 0.1gl?

__1000%12.56+300 _ _1256%300 _
M,, = =00 (182 —2*08*10*600) 1140448

__1000%12.56+300 _ 1256300 _
M, = =00 (127.5 —2*08*10*600) 798251

3.00

M, =M, +M,,=1938699 =1.93*10"6

B g JTs Sl
<M,,,=01*1.3*4*4=2.08 (KN.m/m) I X 1 ZL&;)l s o kG G e Job b less
2.08*2076 (N.mm/m)

>M,=0.1*1*4*4=1.6 (KN.m/m) ok
1.6%1076 (N.mm/m)

0.9M,=1.74*10"6 (N.mm/m) —




B 0.8

fy 300 Mpa
fc 10 Mpa

B 400 mm

, 1000A.f, ac IOOOAva % Af, \N 111111)
= P () R, T |\ [ " —
B 2 B 2B m
M, =M,
—_ 2
000%12.56%*300 12.56%300
M,y =2 (155 — —===2)=970935
000%12.56%*300 12.56%300
M,=1 fwo (155 — —=2=—)=1454553

M, =M, ,=970935 =1*10"6
M, =M, ,=1454553 =1.45*10"6

0.9M,=1.3*10%6 (N.mm/m) —

3.00

<M,,70.1¥1.3*4*4=2.08 (KN.m/m)
2.08*%1076 (N.mm/m)

<M;,=0:1*1*4*4=1.6 (KN.m/m)
1.6%1076 (N.mm/m)
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S Sl (b glas

®V, 2V, 9 Coeee
® uA;f> 1.3 (kN/m?) 4 (m) *2.9(m) /2

0.75*0.7* n ®d?/4*300 > 1.3 *1000(N/m?) *4 (m) *2.9 (m)/2
0.75*0.7* n* 3.14*42/4*300 > 1.3 *1000(N/m?) *4 (m) *2.9 (m)/2
n>3.81 n=4o0rs50r6

®R 2R,
® Ay f,2 1.3 (kN/m?) 4 (m) *2.9(m) /2 L]
0.6 n ®d?/4*300 > 1.3 (KN/m?) 4 (m) * 2.9(m) /2 T Faew
n >3.33 n=4o0r50r6

-




wall mesh







M,,,=0.125*1.3*2.8*%2.8=1.27 (KN.m/m) = 1.27*10"6 (N.mm/m)

M,,/d=1.27*10"6 (N.mm/m)/150=8467 N
8467 N/1300(per5cm)= 6.5

M,,,=0.125*0.8*2.8*2.8=0.78 (KN.m/m) = 0.78*10°6 (N.mm/m)
M,,/d=0.78*10"6 (N.mm/m)/150=5200 N
5200 N/1300= 4

M,,;=0.125%0.5*3.2*3.2=0.64 (KN.m/m) = 0.64*10°6 (N.mm/m)
M,,/d=0.64*10"6 (N.mm/m)/100=6400 N

6400 N/1300= 4.92

M,,,=0.125%0.4*3.2*3.2=0.51 (KN.m/m) = 0.51*10°6 (N.mm/m)
M,,/d=0.51*10"6 (N.mm/m)/100=5100 N

5100 N/1300= 3.92
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Appendages and ornamentations
Signs and Billboards
Other rigid components
High-deformability elements and attachments
Limited-deformability elements and attachments
Low-deformability materials and attachments
Other flexible components
High-deformability elements and attachments
Limited-deformability elements and attachments
Low-deformability materials and attachments
Egress stairways not part of the building seismic
force-resisting system
Egress stairs and ramp fasteners and attachments

214
2V

214
214
21

2V

214

314
214
12

34
2V2
112
22

2V

9

12
2V

2V
12

212



EXCEPTION: If sliding or ductile connections are not
provided to accommodate seismic relative displacements, the
stiffness and strength of the stair or ramp structure shall be
included in the building structural model of Section 12.7.3, and

the stair shall be designed with €2, corresponding to the seismic
force-resisting system but not less than 2 —1/2.



12.7.4 Interaction Effects. Moment-resisting frames that are
enclosed or adjoined by elements that are more rigid and not
considered to be part of the seismic force-resisting system
shall be designed so that the action or failure of those
elements will not impair the vertical load and seismic force-
resisting capability of the frame. The design shall provide for the
effect of these rigid elements on the structural system at
structural deformations corresponding to the design story drift
(A) as determined in Section 12.8.6. In addition, the effects of
these elements shall be considered where determining whether a
structure has one or more of the imregularities defined in
Section 12.3.2.
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