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Importance of Confinement

Compressive Stress, f.

Force
Confined First IV" Deflection
concrefe honp .
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Farce
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Compressive Strain, Ee | 5
(c) Special Deflection



Confinement

Compressive Stress, f

Source: National Information Service for Earthquake

Engineering, Earthquake Engineering Research Center,

University of California Berkeley

Materials: Concrete | s222

Confined First
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Compressive Strain, Ec

» Confined
Concrete Show
Significant
Ductility

*Design of Ductile
RC Buildings
Rely on
Confinement as a
Key to Ductility
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Steel Jacketing Applications

1y Confinement

Saeel backay

. Ht‘t‘l'.llla!ll]fll

Steel by

See Demailed A-A for
4 Concrele Jackel

G.L.

Fouting

-

Elevation

Figure 3 - Diagram of the full-height circular steel jacket used to retrofit the
reinforced concrete bridge columns on the Hanshin Expressway in Kobe.

Steel Jacketing Applications
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Strengthening Applications

[ Steel Jacket
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Kitamura et al. (2004)
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(FOEN 2008)

a\ o Y U U =
mmﬁumawma1mﬂﬂﬂ°l°mmﬁmmmau

New A-shaped steel frame on the west facade and new reinforced concrete structural New reinforced concrete structural wall
wall an the north facade of the assembly shop. from the inside of the east facade of the
assembly shop.

(FOEN 2008)7



New eccentric steel framework constructed between two existing New eccentric steel framework with a column disguise.
reinforced concrere columns.

(FOEN 2008)
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|
|
i
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dsadumiedae Steel Bracing

wqﬁnssum:ﬂﬁa!mz (Buckling)

Earthquake Force

20



Behavior of Bracing

Failure of Braced Member

Local Buckling




Factor Affecting Behavior

2) Cross Section

» Square Section
* Circular Section
+ Single Angle

* Double Angle

» Closed sections are better than open
sections
» Section must be compact

ap— -

o

H I

ik
Il

. :4
%
v

.

Source: AISC 22



M50 (Buckling)

Earthquake Force
>

M50 (Buckling)

Earthquake Force
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To accommodate brace end rotation: provide "fold line"

Buckling perpendicular
to gusset plate

Line of rotation ("fold
line") when the brace
buckles out-of-plane
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Concept of Buckling-Restrained Brace (Wada et al. 1998)

Buckling-
Restrained Brace:
Steel Core
+

Casing

EELLLES —sseee Steel Core
27

Source: AISC



Concept of Buckling-Restrained Brace (Wada et al. 1998)

Buckling-
Restrained Brace:
Steel Core
+
Casing
Casing & ) - Steel Core
Mortar/ T~
R %, Debonding material
Section A-A
Source: AISC
BRB Frame
Earthquake Force
>

28



BRB Frame

Earthquake Force

M3 NNAI91INT MM

:id [V} | ]
Ramsdeanumslname

[JBuckling Restrained Brace

encasing :
mortar

RO

O

;’ﬁ o yielding steel core

7z

%

WA

A

7%/ unbonding'material between
:;% ~%  sleel core and mortar

7

7

o :‘%: o

sl =
EOON
2

steel tube

‘ tension

comprassion

Axial force-displacement behavior
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4.0% DRIFT
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BRB-RC Frame

Force (kN)

Drift (%)
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Force (kN)
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Energy Dissipation (kN-m)
= N w H U1 (o)}
o (@) o o o o

o

ENERGY DISSIPATION

—o— Bare Frame

—o— Infilled Frame /(

—/v= BRBs Frame /

= /\'
____D;——‘:"-
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Cycle No.

Seismic Retrofitting of PT Slab

35



m PT Slabs Are Used as Gravity Load Resisting

Core shear wall

Systems in Combination with RC Core Wall

PT slab L\L '
m  Slabs Are Excluded in the Analysis for ~
Lateral Loads Gravity
columns

) ) a) Typical isometric view of the floor
®  Frequently used in Thailand as part of Frame- plan (courtesy of MKA).

Wall Interaction System

T.Y Yang et al. (2010)

DESIGN OF SLAB-COLUMN FRAME

Punching Shear Failure

Bullock’s Department Store - Northridge Fashion Mall 36
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Tests of Older RC Slab-Column

"0) | MYDRAULIC ACTUATOR ee]] Il
STEEL REACTION Wl '
FRAME Vi y TEST SPECIMEN =

\ad v !
GRAVITY LOAD
O SLABR

Lk

LAROR ATORY
STRONG FLOOR

e

LT =LOADCELL
LR =LOAD ROD

Figure 7-Test Frame Configuration.

Robertson & Johnson, 13WCEE, August 2004, Paper 143

~Test Results — Control Specimen

5
44 j T
FPEAK LATERAL LOAD
33 T {/ PUNCHING FAILURE
— \|
22 |- 14 ™ 8 : —i
E 4.7 3 '
-] Vbt
@ : Z
(=] & = :/.r’{/ = emll| !
- 0 1 A e — T
b j e
5 .- I
- -11 777
L 1/
22 | LA ) o e INECTABLE CRACKS ND1C Test Data
-33 2 ==Rackbone Curve
PEAK LATERAL LOAD
-44 '
-6 -4 -2 0 2 4 6 B8 10

Drift (%)
Robertson & Johnson, 13WCEE, August 2004, Paper 143
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Test Results

44

33

22

11

0

-11

Lateral Load (kN)

-22
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W
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r . & | 4
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" 7
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s */ el I A
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Robertson & Johnson, 13WCEE, August 2004, Paper 143

Test Results
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Test Results - Summary

= Punching failure leads to collapse
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Evaluation Standards

vaw. 1903-57
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N

Evaluation Standards

A |

S ARIY. ATRT

Seismic Evaluation

and Retrofit of
Existing Buildings

Evaluation Standards

New Zealand Society |
for Earthquake
Engineering

Assessment and Improvement
of the Structural Performance
of Buildings in Earthquakes

Prioritisation

Initial Evaluation
Detalled Assessment
Improvement Measures

Recovmrdahinn of a KESEE Study Group an
Eartihvquake Risk Sulidings

June 2008

“ncdicing Carmgansum hol

BEITISH STANDARD BS EN
1508 3:2005

Furocode 8 — Design
of structures for
earthquake
resistance —

Part 3: Assessment and retrofitting of
buildings

The Duropess Standart E57 L395-1 5002 Bas the sam sfa.
Brms Srandd

L AT B WPTVAT Rl PR 1M CECERT 4 PESMITTES RGP TETET|

B

British Standa

English Version, 1%

Standard

for  Selsmic Evaluation of Existing Reinforced
Concrete Buildings, 2001

Guidelines

for Seismic Retrofit of Existing Reinforced Concrele
Bulldings, 2001

and

Technical Manual

for Seismic Evaluation and Selsmic Retrofit of
Exlisting Reinforced Concrete Bulldings, 2001




4 )
Performance Evaluation& Retrofit Design

O Retrofit Design is essentially the same as
performance evaluation

“Retrofit Design is simply evaluating a building in
an altered state and adjusting the alterations until
building’s evaluation meets the desire performance
objective” Pekelnicky and Poland 2012

YNNI UM ST UM TIVD IS
0 denmanlumsdiulyserms
a P=3 4'9/
0 fissendeanassuzthyvseidaeans
a\ = v | o\ o W
0 finsandennuduamlumsatumag
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4 N
Structural Performance

Operational Immediate Life Safety Collapse
Occupancy Prevention

I(r)r::r:jd;ts Life Safety  Collapse
pancy Prevention

FORCE \.\
Collapse

No Damage

\ Defcﬂrmationj

a N
Performance of Structural Component

QO Performance of a structural component can be
assessed using engineering demand parameters

such as plastic rotation, drift, shear, moment, etc.
47
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e

Displacement-Based Design (Retrofit Design)
Force 4,
Expected
Level of
H Deformation
fopen| [ [ ] From Seismic
L[] Evaluation
L |
| Inelastic f
:< Deformation)I :/l/ Limit
i : : Deformation
N
Structural Analysis
d Linear Analysis
(Static, Modal = P
Response ‘:f_;_d
Spectrum Analysis, ::._.;
Time History <
Analysis) | 3

3O Non-Linear
Analysis (Static,
Time History
Analysis)

48




Linear Analysis

.

“_'TH. |\~:

-

-, !

. .. -

d Linear Analysis is e

.

. | ;!

used to determine o
member force - |

demands

N

Member Verification

O Force Controlled Actions (Brittle Behavior, No
Yielding is Allowed)

1 1 [~} LV 4
Q ﬁ‘]‘ﬂ(ﬂa LLANWLWEAAN ﬂﬂﬂlﬂﬁﬁl') ﬁ'aﬁll,%a&l

O Deformation Controlled Actions (Ductile
Behavior, Yielding is Allowed)

O W96 WS90A ‘lw,m'a LN
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Member Verification

O Force Controlled Actions (Brittle Behavior, No
Yielding is Allowed)

Demand \

Qr _ 10
kQcr
Knowledge/
Factor <1.0
Capacity

50




Member Verification

O Deformation Controlled Actions (Ductile
Behavior, Yielding is Allowed)

Demand

Qup

<m
kQcg

Knowledge
Factor <1.0

Capacity

Factor indicating
degree of
inelasticity

A15197 7.8-2 inaeinseNs ud M UM linnzid eI nB aduve wnanianin

(1 7.8)
FndsznevlFundanumisiivess udniasaaad myums
Sinszidae IS E i (m)
BaRBIATE 10 LS cp
unaunanelAnsadn
AIIEgAg
kLIr=42,JET7,
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WA 2L waz 2C 1.25 5 7
inuamzuensziny
naeanaM venala 1.25 5 7
upaumameldusada
mms;gm’h
kL/r<2.1 Ef‘f;,
WA WF I 2L siaz 2C 1.25 5 7
flAaenzluszan
WA 2L waz 20 1.25 ¥l 6
ffuamzuensziny
nasanaM Nenala 1.25 ¥l 6
anuzgamhunan Mnieniygalasnadlanlfidmiunamsdiinmszgag
wazunAT YT QA
unanamalAnsafia 1.25 6 %
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mlums It @ msumhaandamiudmTusuns wruanTua (seismically compact section) #3085 UpIRBINITNANTANTON

AIAOUN3A (conerete-filled section) &1 Funihdai ludaumiuliganasimssouiudie 0.5 dmSussdoimsiindasidiuany

&

" J 0 " " 5 = £ =y, o o e a o " - o e s
ﬂ‘i’nemm'lmmwmmumuagizmwaﬂma 1”1#1115!116”Ufgﬂ]q@11@1‘jﬂ14ﬁ AUNTTHIUHUIAANDALUUTTHIUTUUTIHUAY LU A

nihaan lisawiu WFawnasguena [14]
-

dmfulussnvinnauaiams Tiame Mdafuusdavosgadedoalidunnnd L1 viwesdmaradinTuwud (M) @

manda lunsdididaane ludh lawiidmua Waas s inesdmiunuuiaowazinasimssouiudie 0.8

I

- ar a0 H ] " i " " A
dmiumiidag 2L w30 2C Wilyadadeszniamiifag (stitch) AMIWYZA (slenderness ratio) YDIUAAZBIADINI5ITIOAADIN

' ] - '] . ] ' vl T A 2 3 A
'Ezﬁlzﬂ"lwﬂﬁﬁ'”'nlﬂ'ﬁﬂﬁﬂf]lﬁﬂﬁuﬂﬂﬂ’ﬂgﬂﬂﬁz 40 ﬂﬂﬂﬂﬁﬂﬁﬁﬁﬁfﬁgﬁﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂl.‘%ﬂf]ﬂllllll ﬂWfIGS'UIL'EJlﬂﬂui?ﬂﬂ]ﬂlﬂﬁﬂﬁﬂf]ﬂﬂﬂ”l

Seismic Provisions for
Structural Steel Buildings

Tume 12, 390

Sapre e
Setemis Frovsstoes o e Sae Sutdars
clabed blaech 5. 20E,

St Ko | il Nosusvain 16 TS
nd sl provio verbm

Scporrved by the ALSC Camwnsice om Speri bratiom
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TABLE D1.1
Limiting Width-to-Thickness Ratios for
Compression Elements For Moderately Ductile
and Highly Ductile Members

Limiting Width-to-Thickness Ratio

Width-to- Ahd Amd
Description Thickness Highly Moderately
of Element Ratio Ductile Members | Ductile Members Example
Flanges of rolled
or built-up
l-shaped sections,
channels and

tees; legs of single
angles or double
angle members
with separators; b 0.30,/E/F, 0.38,E/F,
outstanding legs
of pairs of angles
in continuous
contact

Unstiffened Elements

Flanges of H-pile
sections per bt 045, /E/F, not applicable
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Non-Linear Analysis

O Non-Linear

Analysis is used to

determine member
deformation
demands such as
rotations, drifts, etc

O Deformation
demands can be
compared directly
with the allowable

_ limits

Non-Linear Static Analysis

O Displacement Target is
Calculated

T
= CoC1C,S, —
6 012a47_[

O Structure is “Pushed” by
a Set of Lateral Loads
Until the Target
Displacement is reached

O Member Deformation
Demands Can be
Obtained and Compared
Directly with the
Allowable Limits
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Non-Linear Brace Model
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