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Earthquake Risk in Canada
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Seismic Risk Management of Existing Building
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Existing NRC’s Seismic Guidelines
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NBC 2015/2020 Commentary L

Evaluate the building and determine its failure method:
(a) determine its strength and compare to the seismic load for the applicable level;

(b) find f(he drift that causes failure in its vertical system, and compare the force causing the drift to the seismic load for the Ieve I S for Stru Ctu ral an d
appicae ove. non-structural components

Inconsistent seismic upgrading

Determine the degree of compliance with the applicable level as the lesser of (a) and (b).

Y

Renovation

No Minimum voluntary
or addition?

seismic upgrade

)5
Three seisg(ic\’é\ssessment/upgrading levels

Ggﬁé 1: 0.5 x 5% in 50 years

Renovation Minor

Complies with
renovation?

Level 17

Minor renovation
affecting only part
of building

O
Significant 'L rade to (\’ . .
regg ~Perom e:“g,y v \\&O o Level 2: 10% in 50 years (475-year return period)
of building upgrading in the requirements (
project area Level* f

! o Level 3: 5% in 50 years (975-year return period)
Qi

the full building,
including exterior |f&—

No
Addition

vertical or
horizontal
addition?

.

Significant
addition

Existing
complies with
Level 27

Existing
complies with
Leys! 27

Yes

N d existl falling hazards
Combined new ew and existing Existing to remain
e to remain above
and existing to ) above Level 2 S——
) Level 2 with no ;
fully comply with decrease in with no decrease
Code 8 in capacity
capacity
Upgrade combined Upgrade existing to
new and existing to Level 3 force and
Level 3 force and satisfy drift
satisfy drift requirements at
requirements at Level 3 force
Level 3 force [
T Y ~ §
N | Perform non-structural upgrading to the

Perform non-structural upgrading to the full building,
including exterior falling hazards

full building, including exterior falling
hazards

S

EGO10038 7
Figure L-1

Flow chart for the seismic assessment and upgrading of existing buildings



New features/

EGBC Seismic Retrofit Guidelines (SRG) updates have

been incorporated

Scope Evolution of SRG . g
Life safety objective “fxiyJafppgovvng ® Bri @BQ‘}I elines (2006)
Low-rise school buildings ‘b\ﬁhél (May 2011)
Certain types of low-rise buildi.ngs GO('(\((\ e SRG-2 (November 2013)
\\w)(\ e SRG-3 (June 2017)
Methodology QO e SRG 2020 (November 2022)

Performance-based a%péqa&cgsmg inelastic deformations e SRG 2023 (March 2024)

Probability of drift exceedance as acceptance criteria

Web-based Seismic Performance Analyzer



NRC'’s Pre-Earthquake Risk Management Framework

J Pre-Earthquake Risk
Management Framework

Level 1
Preliminary Screenig

Protect

Risk Mitigation
(e.g., Seismic Upgrading) 9
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Seismic Deficiencies
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Many types of
irregularities were not

Categories of Seismic Deficiencies el NBE 2005

o Lack of load path

o Lack of redundancy
o Adjacent buildings
o lrregularities

o Inadequate stiffness

A
o Inadequate strength WO
(€0

o Inadequate Compon&pdetailing
o Non-structural hazards

o  Other types of deficiencies
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Categories of Seismic Deficiencies

O

Lack of load path

Lack of redundancy

Adjacent buildings

Irregularities

Inadequate stiffness

Inadequate strength ( ?,d\)
Inadequate Compon&wpdetailing
Non-structural hazards

Other types of deficiencies

Base Shear Factor for three-store\?qSteel Braced
Frame in Vanc
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Categories of Seismic Deficiencies

CSA A23.3-1973

19.9.4 Concentrated Reinforcement

19.9.4.1 A ductile flexural wall shall have vertical reinforce-
ment concentrated near each end of the wall.

19.9.4.2 The amount of such reinforcement shall be deter-

o Lack of load path

o Lack of redundancy

mined as follows:
(a) Calculate the design tension steel A,, taking the largest value \)

obtained from the following two load effects: . @
(i) M, and the accompanying axial load with the ap @\q
load factors;

o Adjacent buildings

o (ii) the total axial service load P and M., wher alculated
as.
o lIrregularities VYT A Y OO (85)

sm Where Ao, = 0.002 b,d
. or 0.0018 bd for steel con-
o Inadequate stiffness

forming to Grade 60

(b) Calculate the minimum tensi
for intermediate or harxw&

A

Detailing requirements
=voive with CSA design

standards’ periodical
publications

CSA A23.3-2024

(c) Use the lg{{é@%’

o Inadequate strength

=, —> Type 1: Hook around vertical end bar

S\,
(€9

o Inadequate compon&?detailing

o Non-structural hazards

(] (]

O © Type 2: U-bar around vertical end bars:
== —> lap splices minimum 600 mm from tied

® . zone

o  Other types of deficiencies

e _» \»

Type 3: Anchored to develop required

= stress within tied vertical reinforcement
> using straight bars, hooks, or mechanical

anchorage; or hook around entire wall




Categories of Seismic Deficiencies

o Non-structural hazards

o Other types of deficiencies (e.g., geologic hazards)

Sediment

/

17



Seismic Upgrading Principles
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Seismic Upgrading Categories

Level 3-SEG

[ Collect Building Information ]

Tier 3 Detailed
Required?

No Yes

. . . i
[ Tier 1 Quick Evaluation ] [ Tier 3 Detailed Evaluation J

Acceptance Criteria
Met?

/\cceptance Criteria
Met?

Tier 2 Deficiency-Based '
Evaluation

Acceptance Criteria

|
|
|
|
|
»
I
|
| SUG
r _— —_— _— —_— _— —_— _— —_— I
|
I Detailed Upgrading |
: |
|
' |
¥ —
J Deficiency-Based |
1l Upgrading I

h________
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Classes of Upgrading Techniques

1. Add new elements

new stiffeners

é EXIST. COL.

STIFFENER Pl TYP.
SEE NOTE 1

EXIST. STIFFENER PL g
VERIFY FOR NEW LOARS ™~

EX/ST LEAMBEYOND —

EXIST. CONNECTION, %
VERIFY FOR NEW LOADS

TYP.>—{>J// ‘

_—— BRACEC¥YP.

~—REINFORCING COV
TYP. SEE NOTE 3

new braces

é EXIST. BM.

Figure 5.29: Connection of new steel brace to existing beam-column junction in moderately

R
“— STIFFEXER PL.

3 SIDES
TYP. AT PL.

ductile CBF

NOTES:

1. STRENGTHEN EXISTING FRAMING AT
2.

3.

CONNECTION FOR NEW BRACE.

NEW GUSSET PLATE TO ALLOW FOR
RESTRAINT-FREE ROTATION.
REINFORCING COVER PLATES MAY BE
REQUIRED TO AVOID NET SECTION
FAILURE AT THE BRACE-TO-GUSSET
CONNECTION.

. BRACES CAN BE CONNECTED ECCENTRIC

FROM THE WORKING POINT IF THE
CONNECTION IS DESIGNED FOR THE
ADDITIONAL FORCES.

20



Classes of Upgrading Techniques

Add FRP overlay

ADDITIONAL FRP
REINFORCEMENT AT
OPENINGS

2. Enhance the performance of =

existing elements

m RECTANGULAR COLUMN

L

UTILITY PENETRATION

\ LAP ’

P OPENING FOR
FRP COMPOSITE

OVERLAY

ROUVNE,CORNER

EXIST. CONCRETE
COLUMN

FRP COMPOSITE Q\/

OVERLAY

CIRCULAR COLUMN

:%51.5
D&b<36"

m PLAN DETAIL
LW

Figure 5.2: FRP overlay of concrete columns
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Classes of Upgrading Techniques

Enhance precast EXIST. CONCRETE
slab-wall joint

\ % EXIST. PRECAST CONCRETE PLANKS
75 ;\ “w’< /
r QQQ
. \
3. Improve the connections P } @ |
THREADED ROD ANCHORS. DO NOT CUT

_—" gy ==
SLAB REINFORCING OR PRESTRESSED
TENDONS. SET IN SLEEVE TUBES IF
HOLLOW CORE VOIDS ARE ENCOUNTERED

CONTINUOUS STIFFENED
LEDGER ANGLE BOTH SIDES OF WALL
: EXIST.WALL

Figure 5.18: Steel ledger added at precast slab-wall joint

between components

\

IHXEADED ROD ANCHOR IN
ADHESIVE

22



Classes of Upgrading Techniques

4. Reduce seismic demand




Technical Considerations in Seismic Upgrading

o Seismicity: In low seismicity, main concerns are typically connections

In higher seismicity, broader range of seismic deficiericies may be present

o lrregularities: Strengthening load path & critical locatigiis“can effectively address irregularities

o Compatibility: Deformation capacities of differsint elements must be considered

o Foundations: Foundation upgrading is usually expensive and can be disruptive. It is preferable

to avoird et minimize foundation upgrading if possible

o System behaviour: It is desirable to achieve a system behaviour with composite or fuse action

o Damage to non-structural components & building contents: Control of damage may be

required for life safety and higher performance levels 24




Non-technical Considerations in Seismic Upgrading

o Accessibility: Difficulty in access is a major factor affecting upgrading techniques and cost

o Disruption: Disruption in the use and occupancy is another majoi consideration if the

building has to remain in operation

o Building function: Adding new elements cantnegatively affect the functionality of the building

o Aesthetics: Some upgradiing techniques are aesthetically unacceptable

o Heritage values: _Aaditional considerations regarding the heritage values of the building may

make some upgrading techniques (e.g., seismic isolation) more appealing

o Cost: The full cost impact of available upgrading techniques should be considered

25



Other Design Considerations Iin Seismic Upgrading

1. Design of alternative solutions

o NBC permits the use of alternative solutions

o Design of alternative solutions should be supported by rational analysis/testing

o Peer review is strongly recomirnended to determine the design of alternative solutions

o The level of performance required for the alternative solution should be at least the

minimum level of performance required by Division B of the NBC

26



Other Design Considerations In Seismic Upgrading

2. Consideration of negative effects of seismic upgrading on existing elements

o The negative effects of seismic upgrading can be globzai ¢¥local

— Adding new elements or altering existirig ' elements can change demand, stiffness,

torsional properties, etc,

— Elements viob considered part of the SFRS can also be impacted by seismic upgrading

27



Seismic Upgrading Design Requirements

28



Seismic Upgrading Design Process

Gather Building Information
(Sec. 4.1)

y

Determine Seismic Upgrading Category
(Sec. 4.2)

A

Select Performance Objective and Analysis
Procedure
(Sec. 4.3)

A 4

Select Upgrading Techniques for the Upgrading
Design
(Ch. 5)

4

Evaluate the Upgrading Design

|

v,

Compliance with Selected
Performance Objective?
(Sec. 4.5)

Modify the Upgrading

. N
Design e

Yes

v

(Sec. 4.4)

Prepare Construction Documentation for the
Upgrading Design

Collect building information

Determine Seismic Upgrading. Category

Select Performange-Objective and Analysis Procedure
Selest'Upgrading Techniques for the Upgrading Design
Evaluate the Upgrading Design

Modify the Upgrading Design if Acceptance Criteria are Not Met
Repeat the Design Process Until Acceptance Criteria are Met

Prepare the Upgrading Design Documentation

29



Deficiency-Based Upgrading (DBU)

Intent and Scope

o focuses on identified seismic deficiencies through Tier 1
or Tier 2 procedures of Level 3 — SEG 3%

o addresses life safety associated with ultimate limit states

o addresses additional performance requirements specified F= H
in the NBC
=
o modelling may be required, but theCarialysis only addresses &= iy
identified deficient elemerifs/’components & existing SBENEs

elements/ compegnehtsthat are negatively impacted by

seismic upgrading ® E M
Upgrading design engineers must receive proper training r A
The upgrading design documentation must be reviewed & ‘QM Q




DBU Methodology

Force-based

Linear analysis procedures

(@)

e ———
—_—

Life safety for all Importance Categories

Commentary J

Design for Seismic Effects

e ——
—_—
—_—

7. The primarv-aitieciive of seismic design is to provide an acceptable level of life safety for building
occupants «1.d the general public as the building responds to strong ground motion—in other
werds, tb minimize loss of life (for a discussion of the additional objectives for High Importance
Category and post-disaster buildings, see Paragraph 11). This implies that, although there may be
extensive structural and non-structural damage during the DGM, there is a reasonable degree of
confidence that the building will not collapse nor will its attachments break off and fall on people
near the building. This performance level is termed “extensive damage.” Although the structure
may have lost a substantial amount of its initial strength and stiffness, it is expected to retain a

margin of resistance against collapse. Some buildings may be damaged to such an extent that
they have to be demolished.

31



DBU Methodology

Force-based

« Linear analysis procedures

* Qualitative objectives

— ———
. ——
—_—
—_
—_

o Damage limitation for High Importance and
Post-disaster Categories

Commentary J

Design for Seismic Effects

T — —
—_—
-

11. For certairrcategories of buildings, the objectives of the NBC seismic design requirements include
limitirlg *ive damage caused by the DGM-level ground shaking. Post-disaster buildings are expected
t¢, remain functional immediately following an earthquake. Therefore, the performance objective for
post-disaster buildings can best be described as “functional.” High Importance Category buildings,

32



DBU: Design Hazard Levels

Design hazard levels are
made compatible with

Design hazard levels for SLS/ULS

@)

@)

@)

Importance Category
Seismicity

Building height

BSC in CC in which Saisrmic
Importance which the SLS Hazard
Category the SLS crecKis

chegkis required

S\an
ormal h, =30m g\ZA N/A N/A

NelgnEIR ety BSC4-5 CC-H (HC) 10% in 50 yrs.

e

N/A
N/A

1.0

NBC Article 4.1.8.23

ULS

Seismic

Hazard

2% in 50 yrs.
2% in 50 yrs.

2% in 50 yrs.

e

High BSC3-5 CC-H (HC) 10% in 50 yrs.

1.0

2% in 50 yrs.

Post-disaster BSC2-5 CC-H (VHC) 5% in 50 yrs.

SLS = Service limit state. ULS = Ultimate limit state.

BSC = Building Seismic Category. CC = Consequence Class

1.0

2% in 50 yrs.

33



DBU: Building Analysis

Review Building Information

Y
Yas Equi i
quivalent Static Force
?
BSC2 or Lower 7 [ Procedure (ESFP)

Na
¥

Preliminary Analysis

¥

Regular Structure with Yes
hn<B0mand Ta<207

MNo
¥
Structure with Type 1, Type . Yes a=008"% Yes - :
7, Type 9, or Type 10 > AND g DA t;:cdl_.lggzra;dmg
Irreguiarity ' ? IES(0.2) 2 0.50,2 T
¥
Modal Response Spectrum
Method (MRSM)

No i

Yes
- hn <20 mand Ta < 0.5?

" Definitions of irregularities are provided in Article 4.1.8.8 of the NBC 2025
10,2 should be used for an SFRS with self-centering characteristics.

Criteria for analysis procedure selection have been made
consistent with the NBC

- Seismicity

- Building heigit
— Imwortance category

Building configuration

Modelling and analysis requirements have been made
consistent with the NBC

Linear Time History Analysis is Not recommended as it
requires selecting spectrum-compatible ground motions
which could be challenging to some structural engineers

34



DBU: Min. Seismic Design Base Shear & Resistance

Force-based

Enforced building Resistance
code/act at federal,
 Linear analysis procedures provincial/territorial,
or municipal level ’ gi:;i?attion
« Qualitative objectives \ of Canada
o Life safety C|SC |Cca

o Damage limitation

ASSOCIATE

CaNADA

MASONRY

S(T,)M, IgW
Vy =

DESIGN

CSA
GROUP

— CENTRE

3

&

RdRo
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DBU: Exceptions

Force-based

¢, Must accounts for
« Linear analysis procedures the effect of planned

seismic upgrading

« Qualitative objectives

With AHJ or
o Life safety building owner GO

approval !l! \ &O‘Y

[0.35, 1.0]

o Damage limitation

. = A c b A ag \‘
2 | 080 | 065 | 0.55 2712 0.65 | 055 | 045 [ = £ | 055 | 045 | 035

= £ S| & 20K =
VQE aQEVN O( 2 | oo |om|oeo| 5| 5 [o75]os0joso| & | § | o060 50| 040

s b= s b Y S =

z |7 3 2 e
S(T )M IEW S {100} 080 [ 065 | £ S | os0|o065) 055 | £ S | 065 055 | 045

V _ a. V - [ )

N ™ RdR Low Medium High Low Medium High Low Medium High
0 . > . > . »>

Redundancy Degree Redundancy Degree Redundancy Degree
Consequence Class C Consequence Class > Consequence Class
— High - - Low 36




DBU: Acceptance Criteria for ULS — Capacity Check

 New elements/ components

D/C < 1.0

37



DBU: Acceptance Criteria for ULS — Capacity Check

» EXisting elements/ components With compliant detailing that are negatively

Impacted by the seismic upgrading

D/C < 1.0

« EXIisting elements/ components With narzcompliant detailing that are negatively

- ..

Impacted by the seismic upgrading

D/C < 1.0

==

Rational analysis or testing demonstrates that the deformation demand on each

element or component with non-compliant detailing can be adequately resisted by
the element or component 38




DBU: Acceptance Criteria for ULS — Drift Check

« The calculated drift (0) is considered acceptable if the following acceptance

criteria are met:

0 < (0.025 Low/Normal Impeitarice Category

0<0.02 Higinlmportance Category

oc9'001 Post-disaster Importance Category

39



DBU: Acceptance Criteria for SLS

Importance Category | Design Hazard Level Max. Interstorey Drift |[ltems Requwed o Behave Elastically
Structural frem.rig elements not considered part of
Normal h, > 30m 10% in 50 yrs.
the SFRS

Building, including the SFRS and structural
framing elements not considered part of the SFRS
High Importance 10% in 50 yrs. 0.905 hg Connections of elements and components
described in Table 4.1.8.18 of the NBC 2025 with
RiR,=1.3and R, > 1.3.

Building, including the SFRS and structural
framing elements not considered part of the SFRS
Post-disaster 5% in 50 yrs. 0.005 hg Connections of elements and components
described in Table 4.1.8.18 of the NBC 2025 with
RiR,=1.3and R, > 1.3.
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Detailed Upgrading (DEU)

rrrrrrrrrrrrrrrr

-----------------

. e e e s e e e i e

Detailed Upgrading (DEU)

o models and analyzes the whole building

o evaluate the compliance of each new & existing element

o addresses life safety associated with ultimate limit 'states

o capable of addressing higher performance objectives
(e.g., Immediate Occupancy)

Independent peer review is strongly recommended for

o Non-linear analysis is performed, or

o Modelling parameters and acceptance criteria are
obtained experimentally from subassemblage tests

=
Life Safety

S

e

.= - -
1w il
: 1 =1 L _1 |- |

Immediate
Occupancy

A y 41



DEU Methodology

Force-based

* Linear analysis procedures

« Qualitative objectives

o Life safety for all Importance Categories

o Damage limitation for High Importance and
Post-disaster Categories

-

Performance-based

* Non-linear analysis procedures

» Discrete-building performance levels

o Immediate Occupancy
o Damage Control
o Life Safety

o Collapse Prevention

42



DEU: Building Analysis

Selection criteria and
analysis requirements
are consistent with NBC

Review Building Information

l

Seismic Isolation
OR
Supplemental Energy
Dissipation?

lm

Conform to NBC 2025 Table
41897

lNo

a>0.06"
AND
I£S(0.2) 2 0.5g7

lm

Non-linear Static Analysis
Procedure (NSAP)
OR
Non-linear Dynamic Analysis
Procedure (NDAP)

Yes

| Non-linear Dynamic

Yes
R

Yes

Conform to NBC 2025 Article
41877

lNo

«>0.06 (1)
AND
IES(0.2) 2 0.59?

No

Yes

" Analysis Procedure (NDAP)

\

<+

L
Eauivialen) Static Force
Sretedure (ESFP)

Yes

v
Modal Response Spectrum
Method (MRSM)
OR
Linear Time History Method
(LTHM)

102 should be used for an SFRS with self-centering characteristics.

O
O

o

Linear Static Analysis

o, E@Givaient Static Force Procedure
Linear Dynamic Analysis

o Modal Response Spectrum Method
o Linear Time History Analysis
Non-linear Static Analysis

o Multi-modal Pushover Analysis
Non-linear Dynamic Analysis

o Non-linear Time History Analysis

43



DEU: Building Analysis

Review Building Information

l

Seismic Isolation
OR

Yes

>

Supplemental Energy
Dissipation?

lNO

Conform to NBC 2025 Table Yes
41897

lNo

a>0.06"
AND
IES(0.2) = 0.5g7

luo

Yes

Non-linear Static Analysis
Procedure (NSAP)
OR
Non-linear Dynamic Analysis
Procedure (NDAP)

Conform to NBC 2025 Article

41877

lNo

«>0.06 (1)
AND
IES(0.2) 2 0.5g7

lNo

Modal Response Spectrum
Method (MRSM)
OR
Linear Time History Method
(LTHM)

Eauivialen) Static Force
Sretedure (ESFP)

O\ m
/4

Non-linear Dynamic
" Analysis Procedure (NDAP)

New Procedure )>

in SUG

—\

Dy

10.2 should be used for an SFRS with self-centering characteristics.

1.

7y

3.

4.

Linear Static Analysis

o, Eadivaient Static Force Procedure
Linear Dynamic Analysis

o Modal Response Spectrum Method

o Linear Time History Analysis
Non-linear Static Analysis

o Multi-modal Pushover Analysis (MPA)
Non-linear Dynamic Analysis

o Non-linear Time History Analysis
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DEU: Linear Analysis Procedures

Differences Between DBU and DEU Liner Analysis Procedures

Deficiency-Based Upgrading Delail-ea Upgrading

Building inspection quality Low to High At least Medium

Scope of structural modelling  Not required, portion or whole, depending Whole building
on the types of deficietCies

Scope of building analysis |dentified deficiencies & negative effects  Whole building
of seismic\upgrading
Analysis method *()\Equivalent Static Force Procedure » Equivalent Static Force Procedure
* Modal Response Spectrum Method * Modal Response Spectrum Method
* Linear Time History Analysis
Acceptance criteria Deficient elements/ components and All elements/ components need to be
those negatively impacted by seismic checked
upgrading
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DEU Methodology

Performance-based

* Non-linear analysis procedures

» Discrete-building performance levels

o Immediate Occupancy
o Damage Control
o Life Safety

o Collapse Prevention
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DEU: Performance Objectives for Seismic Upgrading

Consequence Seismic Hazard
Class @in 5@ (i%in 50 yrs. (W
Collapse Prevention
Structural Performance
CC-L & CC-M | N/A N/A Life Safety
Non-structural
Performancé
Immediate Occupancy Lingtea Life Safety
Structural Performance Structural Performance
CC-H (HC) Operational N/A Life Safety
Non-structural Non-structural
Performance i Performance
Immediate Occupancy | Life Safety Structural
Structural Performance | Performance
CC-H(VHC) |NA Operational Life Safety

Non-structural

Performance

Non-structural

Performance

Seismic Hazard Levels
o 10%,in 59 years
o)~ 5% in 50 years

o 2% in 50 years (NBC Code Level)

Non-structural Performance Levels

o Position Retention

o Life Safety
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With AHJ or
building owner

Same as Tier 3
approval !!!

D EU Exce ptlons Detailed Evaluation

o. ®
Consequence Seismic Hazard - _ _ ¢
Class 20% in 50 yrs. %) <@ 2% in 50 yrs. * Seismic Hazard Levels
Life Safety Structural | Collapse Prevention 5 2006-(\\6@ years
Performance Structural Performance
CC-L & CC-M Life Safety Life Safety N/A ) \ \&5%% in 50 years
Non-structural Non-structural e‘ 0\6 _
Performance Performance ((\ o 2% in 50 years (NBC Code Level)
Damage Control Limited Life Safety ,Oa
Structural Performance | Structural Perfnnnanci\ﬁo(\
CC-H (HC) Position Retention Life Safety \}\O(\a N/A * Non-structural Performance Levels
Non-structural No
Performance @mﬁ o Position Retention

&2 O
\( | Immediate Occupancy | Life Safety Structural
Structural Performance | Performance

o Life Safety

CC-H (VHC) N/A Position Retention Life Safety
Non-structural Non-structural
Performance Performance
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DEU: Exceptic

Consequence
Class

20% in

50 vrs.

CC-L & CC-M

Life Safety Structural
Performance

Life Safety
Non-structural

Performance

CC-H (HC)

Damage Control
Structural Performanc

Position Retention
Non-structural

Performance

CC-H (VHC)

N/A

Seismic Hazard Values

User requested values

Code edition NBC 2020
Site designation Xs X
Latitude (%) 51.643
Longitude (%) -121.2%6

Please select one of the tabs below.

Additional Values

The NBC 5% damped spectral acceleration values can be viewed in the NBC tab. Additional/halara\values for your site

NBC 2020 Plots APl  Background Information

can be found below.

The 5%-damped spectral acceleration (S;(T), where T is the period, in s) and, peak\grownd acceleration (PGA) values are given in
units of acceleration due to gravity (g, 9.81 m/s%). Peak ground velocity RGV)\&Given in m/s. Probability is expressed in terms

of percent (%) exceedance in 50 years.

By default, all probabilities for the user-specified site, geyignation are shown. Other site designations can be selected from the
respective drop-down menu in the table. In lg@W\lvazaid regions, a minimum value of 0.001g for T < 2.0s and of 0.0001g for T >

2.0s is assigned. Further information Wathecalculation of seismic hazard is provided in the Background Information tab.

Site Designation Probability SN005)  5,(0.1)  5,(0.2)  S,(03)  S,(0.5)  S,(1.0)  S,(2.0) 5.(5.0) 5,(10.0) PGA PGV
Xc v Al

X4 2 0.103 0.159 0.191 0.178 0.145 00995  0.0753 0.0374 0.022 00851  0.135
Xc 25 0.0905 0.139 0.168 0.158 0.13 0.09 0.0673 0.0323 0.0185 0.075 0121
e 35 0.0738 0.113 0.137 0.131 0.11 00766  0.0564 0.0258 0.014 0.0618  0.101
Xc 5 0.059 0.0902 0.1 0.107 0.0919 00641 0046 0.02 0.0102 0.0498 00833
Xe 7 0.0474 0.072 00888 00876 00769 00536 00375 0.0156 0.00749 0.0404 00684
Xe 10 0.0371 0.056 00699  0.0704  0.0831 00438 0.0297 0.0118 0.00532 0.032 0.0546
Xc 14 0.0291 0.0434 0055 00566 00516 00357 00235 0.00889  0.00375 0.0253 00435
Xc 20 0.0221 0.0324 00418 0.0441 0.041 00282  0.018 0.00634  0.00247 00195 00334
T 30 0.0155 0.0225 00297  0.0321 0.0305 00209  0.0129 0.00405  0.0014 00139 00237
Xc 40 00117 0.0167 00225  0.0247 00239 00163 000973 000281  0.000911 00106 00178

Download CSV
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DEU: Non-linear Modelling Parameters (NDP) and
Acceptance Criteria (AC)

Investigation of the
Performance-based applicability of ASCE

41 to the Canadian
context

* Non-linear analysis procedures

« Structural Performance Levels OO
A

o Immediate Occupancy 1 10
3 IPs LS

o Damage Control S P ls CP
B ‘P is

i N

o Life Safety é B C

o Limited Life Safety o
= D E

o Collapse Prevention A -

Deformation or deformation ratio

Force-deformation relationship
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DEU: NDP & AC

Recommendations on the use of NDP & AC for Seismic Upgrading
of Existing Buildings

D) A
7 -
AUCKLAND 2 [ps LS
S P s CP
b lP lS
Iﬂ UNIVERSITY OF 3 C
& TORONTO  gE|SVIC 1V & \
A 9 o
" s\g/o <
Carleton & "/ 77 A . = .

University N~ : ) )
Deformation or deformation ratio

Force-deformation relationship

Ausenco wp

Seismic Isolation Engineering
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Refer to Level 3 — SEG

webinar & NRC’s published
D E U ) N D P &_ AC studies for detailed

information

American standards &

guidelines
/ \WHy?
S
| APPLICABILITY

af i€

o

fi

Normalized

44444

‘el Evsiurtion.
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DEU: Acceptance Criteria

« Force-controlled actions

Sf=

Sf =
S, =
S =

ns

y =

X =

YX(St — Sns) + Sns

Amplification

factors
O O

Cause a failure likely
to lead to paxtar-or
total3tructural
Collapse

Total force demand, kN;
Total force demand from non-linear analysis; #cluding gr%\j’ty load effects, kN;

Force demand from (non-seismic)gravity loads, kN; O

Load factor for for¢e-controlled actions, 1.3 for critical gctions and 1.0 for non-critical actions

1.3 for Life Safety and Immediate Occupancy and 1.0 for Collapse Prevention.
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DEU: Acceptance Criteria

« Deformation-controlled actions

@)

The acceptance criteria for 10, LS and CP
Structural Performance Levels are based on “a”

and “e” points on force-deformation relationships

The acceptance criteria for Damage Control
(DC) Structural Performance Level are taken as
the average of the criteria for Immediate
Occupancy and Life Safety

The acceptance criteria for LimiteaLife Safety
(LLS) Structural Performaiice’Level are taken as
the average of the ciiteria for Life Safety and
Collapse Prevention

Normalized force

—p

A

— )= € >
a a [
10
IPs LS
lP ¥S CP
Y P ' S
B C\
D E
-

Deformation or deformation ratio

Force-deformation relationship
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Upgrading Technigues
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Intent and Scope

«  Conventional and innovative upgrading techniques are covered

«  Certain innovative solutions (e.g., shape-memory alloy) not covered

« Schematic details illustrate concepts only and not fully endirieered

 Engineering design input required to deveiop project-specific details

- Upgrading design involves gfeater uncertainties and constraints than |12

the design of new buildings; more engineering judgement is needed.




Development of Schematic Upgrading Detalils

Step 1: compile an inventory of upgrading details (> 470) from existing standards and guidelines

Techniques for “
Seismic Rehabilit4®
of Existing Buildirf

FEMA 547/2006 Edition

SEISMIC
bl Ww_w

'S’/“?};

~ 122 details
- "4?5, . \ d

Reducing the Risks of
Nonstructural Earthquake
Damage — A Practical Guide

FEMA E-74 / December 2012

Seismic Retrofit Guidzlines
edidition

Tiy Effect June 22, 2017

Please Note: This Guideline is only to be
used by engineers who have participated in
the SRG3 Training through APEGBC. If you
have not participated in the training, please

contact Tonya Hyde thyde@apeg.bc.ca to get
more information about SRG3 training

options.

~ 54 detalls

BRITISH
COLUMBIA
Ministry of Education

T

BWl o G G vecheranes Canaca
MC-CNC
Guideline for Seismic
Upgrading of Building
csass3zi14 | Structures
(reaffirmed 2024)
~ 38 details

Seismic risk reduction of operational and
functional components (OFCs) of buildings

4 details

Published by

Institute for
Research I R
in Construction C




Development of Schematic Upgrading Detalils

Step 2: crltlcallv review the details and identify applicable details (205 in total)

Seismic Retrofit Guidelines

3r& CSA $832:14

(reaffirmed 2024)
In Effe (SP SRouUP-

of Existing § Reducing the B Please Note: Th mEE TS
Nonstructural ek
FEMA 547/2006 Edition | ————— N th SRG3 Training Seismic risk reduct N3IC-CA\3C S E I S M I C
g h t - ;p vt I;J functional compotml“ \\ = guide’;'-'e fo; :ei-f";-'ic
@ FEMA FEMA E-74 / December 2012 ¢ informati szzl:u;:z of Building w
: A b= ST ?}\
% FEMA
BRITISH 160 Structural + 45 non-structural
COLUMBIA

(based on most common deficiencies)




Development of Schematic Upgrading Detalils

Step 3: critically review the details and propose necessary modifications

CONCRETE WALL

HORIZ. REINF., TYP.

(E) COLUMN
VERT. REINF., TYP.

As an altenative,
terminate wall horizontal
reinforcement on this side
of column to avoid drilling
holes in existing column,
not recommended for
special reinforced
concrete structural walls

ALTERNATE ENDS OF
CROSSTIES

Note space required for bar
bends and termination

Avoid specifying studs af inside
face of flanges to allow use of
standard stud installing
equipment

DRILL HOLE IN COL. FLANGE
(Specify maximum size)

WELDED METAL STUD, TYP.

WALL REINF., TYP.

Figure 8.4.2-2: Cast-in-Place Concrete Wall Encasing Existing Column

FEMA 547

ALTERNATE ENDS OF
CONCRETE WA L CROSSTIES

JA

CLELAND,

RDINE

ENGINEERING LTD

SEISMIC

Note space required for bar
bends and termination

| COOKIC

& ASSOCIATES LTD.
CONSULTING ENGINEERS

“\HORIZ. REINF., TYP. Avold specifying studs at inside
face of flanges to allow use of
standard stud installing

equipment

—(E) COLUMN

VERT. REINF,, TYP, AOITYP- ol DRILL HOLE IN COL. FLANGE

» (Specify maximum size)

/ RUCTURAL C! ONENTS SUCH AS PARTITIONS,
/ P\PH\A FIRE- !\F%i‘ﬁ\?\t IATERIAL, ETC. ARE NOT SHOWN

MN WHERE HORIZ

SECTION - PLAN
SCALE: 1:20

Figure 8.4.2-2: Cast-in-Place Concrete Wall Ei-o 7'@;’1>LM

CE DIN
DAMAGE EXISTING :!b/\ A II udLLH’N U)hNb H'W\.b

J.hl'l \’IM".F & i le¢

ADJELEIAN ALLEN RUBELI LIMITED

Structural Consulting Engineers
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Development of Schematic Upgrading Detalils

Step 4: discuss and finalize schematic details for SUG

CONCRETE WALL

AR ARD
NOTE #5

fororn

{1087 "} —(E) COLUMN

ALTERNATE ENDS OF
CROSSTIES

Note space required for bar
bends and termination

Avoid specifying studs at inside
face of flanges to allow use of
stud it i

i
v o)

—_—
Ze

.

~

0

L.

/ 8

SECTION - PLAN
SCALE: 1:20

Figure 8.4.2-2: Cast-in-Place Concrete Wall Ei:6g 7gs pLaceD N 8EAM-

equipment :
DRILL HOLE IN COL. FLANGE
(Specify maximum size)

Ao

e
{\FREG’D FOR ADD R 4
T IC

WALL REINF., TYP.

NOTES.

1. SCHEMATIC DETAIL OF NEW INTERIOR WALL, READ WITH

FIGURE

2. NON- ICTURAL COMPONENTS SUCH AS PARTITIONS,
C RESISTANT MATERIAL, ETC. ARE NOT SHOWN

SUG

ALTERNATE ENDS OF CROSSTIES

EADED STUDS TO COLUMN WHERE
DOWELS ARE INSUFFICIENT. DO
BOND OF STEEL COLUMN TO C

CSA A23.3 CLAUSE 11.5 WITE
THE TIE SPACING.

RETE, EXCEPT
IMUM ANCHORS TO

4. VERT REINF. TO BE CONTINUOUS THROUGH FLOORS IF E s,
REQD FOR STRENGTH. PROVIDE MINIMUM CONTINGTY,OF GRUORETE WALL ——___

THE FOUR (4) CORNER BARS. __—— NOTE SPACE REQUIRED FOR BAR
5. HORIZ. REINF. TO BE SPACED CONZS@OUSUIPALENG! ==
HEIGHT OF COLUMN AS PER CSA AZS\L PROUDIRWEBRONSE BENDS AND TERMINATION

SLUMRGSMNTS. B i® HORIZ. REINF'G., ——__
DAMAGE EXISTING BEAM.-TO-CQUMN CRNNECEIONS. =
TYP. SEE NOTE 3 ~——
—— AVOID SPECIFYING STUDS AT

INSIDE FACE OF FLANGES TO
ALLOW USE OF STANDARD STUD
INSTALLING EQUIPMENT

" DRILL HOLE IN COL. FLANGE

EXIST. COLUMN —

VERT. REINFG,, TYP. —

(FACE BARS SHOWN ARE 1 (SPECIFY MAXIMUM SIZE)
;22 ﬁg’?.? Z)CONTROL' ¢ o T WELDED STEEL STUD, TYP.
SEE NOTE 1
3
a4 WALL REINF'G., TYP.
=

<
DOWELS ANCHORED —— 1 =
IN END, CHAIR OFF
STEEL COLUMN | L

NOTES:

1.

~

©w

IS

WELD NEW HEADED STUDS TO COLUMN.
DO NOT RELY UPON DIRECT BOND OF
STEEL COLUMN TO CONCRETE, OR ONLY
THE DOWELS THROUGH THE COLUMN
THAT NEED TO DEVELOP THE HORIZ.
REINF. IN THE WALL.

. VERT. REINF. TO BE CONTINUOUS

THROUGH FLOORS IF REQ'D FOR
STRENGTH. PROVIDE MINIMUM
CONTINUITY OF THE FOUR (4) CORNER
BARS.

. HORIZ. REINF. TO BE SPACED

CONTINUQUSLY ALONG HEIGHT OF
COLUMN AS PER CSA A23.3. PROVIDE
WEB HOLES FOR TIES PLACED IN
BEAM-TO-COLUMN JOINTS. DO NOT
DAMAGE EXISTING BEAM-TO-COLUMN
CONNECTIONS.

FOR A DUCTILE OR MODERATELY DUCTILE
SHEAR WALL THE PLASTIC HINGE REGION
IS CRITICAL

SEISMIC

(&
bl éxhﬁllp,p“&/ L\ A

(i
i

CLELAND,
JARDINE

ENGINEERING LTD

JOEN G.

COOKIC

& ASSOCIATES LTD.
CONSULTING ENGINEERS

ADJELEIAN ALLEN RUBELI LIMITED

Structural Consulting Engineers

Figure 5.13: Connection of new concrete shear wall encasing existing concrete column

(plan view)
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Classification of Upgrading Technigues

o  Concrete Construction

o  Steel Construction

o  Masonry Construction

o  Wood Construction

o  Diaphragms

o  Structural Foundations

o  Geologic Hazards

o  Reduction of Seismic Demand

o  Non-structural Components and Building Contents

5 Seismic upgrading techniques

This chapter describes seismic upgrading techniques for existing buildings including upgrading
techniques using different materials (e.g., concrete, steel, .nfasonry and wood construction) for
specific elements such as diaphragms and foundations) using niethods that reduce seismic demand,
and upgrading techniques for non-structural’éompuonents and building contents. The techniques
are regrouped under major sections of this«document based on their construction materials, which
can be applied to buildings with-different predominant construction materials (e.g., new concrete
shear walls added tocxisting steel buildings). The upgrading design utilizing various upgrading
techniques destriped in this section should comply with the upgrading design requirements
outlined t'Chapter 4.

When selecting upgrading techniques, there are many key considerations to keep in mind, as
described in Section 3.3. For instance, it is important to note that applying these techniques often
requires the removal of non-structural components, such as finishes or mechanical/electrical
equipment, in most cases. The extent and impact of such removals should be considered during

the technique selection and design process.

Many upgrading techniques for various types of construction involve installing anchors drilled
into existing cast-in-place or precast concrete elements. When drilling into existing concrete, it is
crucial to determine the location of all reinforcement or prestressing tendons by scanning the
concrete beforehand to avoid damage. This scanning should be done before fabricating plates or
brackets to ensure the desired anchor pattern can be used. The anchors and adhesives used are
proprietary products with specific installation requirements. It is essential to ensure that the
specified and installed anchors are rated for seismic use and have been tested to the appropriate
standards. The quality of the installation significantly impacts the connection’s capacity, so only
qualified installers experienced with the product are permitted to perform the work. Inspection and
proof load testing of the anchor installation should also be considered, following the requirements
in CSA A23.3:24 (CSA, 2024a) and the technical advice of the anchor manufacturer.
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DRILLED DOWELS ROUGHEN SURFACE OF
\ / EXIST. COLUMN

Concrete Construction

) g | ~—PROVIDE CLEARANCE FOR 135° HOOK
(OR REFER TO CSA STANDARD FOR
ALTERNATE TO 135° BEND)

CONFINING HOOPS
m CONCRETE JACKET
. . . u WASHER WELDED TO INSIDE
OF PLATE AT ANCHOR BOLT
Adding concrete or steel overlay to existing PRESSURE INJECTED - . | orrTEATmG
SPACE 1
. m NON-SHRINK GROUT IN SPACE
RC columns improves 3 . .y \_—FELD
il ' | Puates
— h i THREADED ROD (TvP)
Shear capacity oz |

STEEL PLATEJACKET —/

— Axial compression =!
p m RECTANGULAR STEB\ ACKET /

\ L
5\ PLANDETAL
RESSURE INJECTED
-SHRINK GROUT I,

- Inadequate lap splices STEEL MATE JACKET MIN. 6mm GAP

FIELD WELD STEEL
/ JACKETING (TYP)
\_/I

m ELLIPTICAL STEEL JACKET

L

— Flexural plasticity hinge confinement
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Figure 5.1: Concrete and steel overlay on concrete columns



Concrete Construction

Add new RC shear walls can

— Significantly increase overall lateral strength and stiffness

— Reduce demands on existing shear walls or diaphragms

New shear
walls
Compatibility must be caorfidmied if new
shear walls are desSigied to act
together with'existing SFRS

3 — CONCRETE WALL

- WALL REINF'G., TYP.
[ 4 /
I

REMOVE EXIST. CONC.

WELDED STEEL STUD, TW. - FILL AND STEEL DECK

EXIST. DIAPHRAG |
DO NOT DAMAGE;
/ f'—E J. CO
E

CONSTRUCTICN JOINT, TYP.

"G
ADLIL. DWRKPHRAGM REINF'G, L
CK

DECK SUPPORT WITH
STEEL STUDS, TYP.

| —EXIST. BEAM, SEE

NOTES 143
REDUCED WALL "“XPROVIDE TEMPORARY
SECTION, ADD STUDS SHORING AS REQUIRED,
BEAM TO TRANSFER WALD P '

SHEAR 5\ L

NOTES:

1.

WELD NEW HEADED STUDS TO TOP AND
BOTTOM OF BEAM TO TRANSFER WALL
SHEAR AT REDUCED CONCRETE SECTION
DUE TO BEAM FLANGES.

. NEW WALL REINFORCING TO BE

CONTINUOUS THROUGH EXISTING BEAMS.
PROVIDE HOLES AS REQ'D TO LAP BARS
ON EITHER SIDE.

. PLACE FLOWABLE CONCRETE MIX

APPROPRIATE TO WORK AROUND
OBSTRUCTIONS. ADD VENT HOLES IF
REQUIRED.

. OFFSET WALL TO ONE SIDE OF BEAM IF

ADDITIONAL RCOM REQUIRED FOR
VIBRATING EQUIPMENT OR FOR
SHOTCRETE CONSTRUCTION.

Figure 5.12: Connection of new concrete shear wall at existing steel beam
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Concrete Construction

[ <COUPLING BM

LNk <=
" —¥ 4| IN.) TY! 1TH
A, BARS (MIN.) TYP. WI

7\ e 4 | EXTENDED CONCRETE AT
o . L PP ' A
— Significantly increase overall lateral strength X ‘ ML 0
R . g GO~ g
- Provide additional ductility N dorlaans

S

ELEVATION VIEW
ACCESS HOLES. DO NOT CUT EXIST. SLAB BARS
% /% OR PRE-STRESSED TENDONS IN PRECAST PLANKS

DRILLED DOWELS

New Coupling RS Ca
4; /q—’_‘,

Add new RC coupling beam can Beam \ﬂ%_l\ i5 ey
\ LT

LA

A7

L
\WALVA
_.X_

X
7

‘-
S

Csy A
J]

["——— BEAMSTIRRUPS

> X-SHAPED TIED CAGES

ROUGHEN AND CLEAN FACE OF EXIST.
CONCRETE TO RECEIVE NEW CONCRETE

G

("8 \ SECTION VIEW
.

Figure 5.6: Enlargement of the existing deep concrete coupling beam
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Concrete Construction

Enhance existing connections Address both bearing & shear
deficiencies

EXIST. CONCRETE

Address shear
deficiency only

EXIST. PRECAST CONCRETE PL.

|
Ll l
THREADED ROD ANCHOR IN

PAIST. CONCRETE
1 1 /
’/\ THREADED ROD ANCH&RS 0l NOT CUT g ESSZRZRTEC:&LKS

SLAB REINFORCING D12 PRESTRESSED
ADHESIVE

TENDONS,SLT IN'SLEEVE TUBES IF

HOLLOW/CZREOIDS ARE ENCOUNTE
CONTINUOUS STIFFENED ‘
LEDGER ANGLE BOTH SIDES OF WALL

, 2 EXISTWALL @

Figure 5.18: Steel ledger added at precast slab-wall joint

DO NOT CUT OR DAMAGE
ANY EXIST. WALL OR SLAB
REINFORCING

|
|
EXIST. CONCRETE WALL j
i

Figure 5.19: Diagonal dowels added at precast slab-wall joint

DIAGONAL DRILLED DOWELS IN EACH
SIDE, STAGGERED, SET IN ADHESIVE USE
SLEEVE TUBES IF VOIDS ENCOUNTERED
IN PRECAST PLANKS.



Steel Construction

New plates

Welding plates to existing W-section

Iy \J
A S:
7~ WELDS SHOWN INDICATE ALTERNATIVE

columns improves
) ) POSSIBILITIES OF PLATE ATTACHMENT.
A\ ) 2. CONSIDER DISCONTINUITY OF COVER
— Axial capacity EXIST. COLUMN A PLATES AT BEAMS AND BRACES. STEPPED
COLUMN RESISTANCE AND STABILITY MAY
\ BE REQUIRED IF COVER PLATES ONLY
OVER A PORTION OF COLUMN HEIGHT.

— Shear capacity . \ :
- Flexural capacity PLATE, TYP.

Figure 5.28: Addition of plates to sides of existing steel W-section column (plan view)
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Steel Construction

New braces Lexst co

Add new steel braces to

— Significantly increase lateral stiffness &

strength

- Reduce demands on existing SFRS

The building should bg
analyzed for highé&p lateral and
overturning forces due to the
increase of lateral stiffness

STIFFENER PL.,

LB—( TYP.

STIFFENER PL. ALIGNED w/
GUSSET PL., SEENOTE 1

— 7é EXIST. BM.

EXIST. STIFFENER PL.,

VERIFY CONNECTIONS
FOR NEW LOADS

1. STRENGTHEN EXISTING FRAMING AT

NOTES:

CONNECTION FOR NEW BRACE. BE
AWARE OF REQUIRED NON-STRUCTURAL
REMOVALS.

2. NEW GUSSET PLATE TO ALLOW FOR
RESTRAINT-FREE ROTATION.

3. REINFORCING COVER PLATES MAY BE
REQUIRED TO AVOID NET SECTION
FAILURE AT THE BRACE-TO-GUSSET
CONNECTION.

4. BRACES CAN BE CONNECTED ECCENTRIC
FROM THE WORKING POINT IF THE
CONNECTION IS DESIGNED FOR THE
ADDITIONAL FORCES.

ductile CBF

Figure 5.30: Connection of new steel brace to existing beam-column junction in moderately
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Steel Construction

Adding a haunch to existing beam-column

connection increases
— Connection strength

— Frame ductility

EXIST. CONTINUITY & DOUBLER PLATE,

VERIFY FOR CODE REQUIRED PANEL
FORCES

EXIST. BEAM BEYOND, VERIFY FOR —<

CODE REQUIRED BRACING LOADRE

EXIST. CONTINUITY/& COVJBLER PLATES,

VERIFY FOR @UDE REQUIRED PANEL
FORGER

CONTINUITY PLATE, VERIFY FOR /

CODE REQUIRED PANEL FORCES

EXIST. WELD MAY REMAIN IF
ULTRASONIC TESTING DOES
NOT SHOW DEFECTS, SEE
NOTES 2 &3

74

N~

A A

N

EXIST. CONC. FILL ON
é EXIST. COL. METAL DEE
l & EXIST. BEAM
|
| / E /

L e

|__—— STIFFENER PL.,

°
° %® N EACH SIDE
&2 EXIST. BOLTED
SHEAR TAB
g REPLACE EXIST. WELD
K ’—«LV( & REMOVE BACKING
> 0\ TAB, TYP.
o T~ TYP.
| \
\ SHAPE
(0.5-0.6)
BEAM DEPTH
N
New plates

Figure 5.54: Welded haunch added to bottom flange of existing moment frame beam



Masonry Construction

R = < <
e
—
o I
# LOCATION OF I ——— TYPE OF CONNECTION AT
CONNECTION OF FLOORS DEPENDENT ON
. BRACE IS LIMITED T | EXIST. CONDITIONS
5 BEAMS OR WALLS /% )
1
1

}—————— STEEL ORWOOD

|

I

|

% |
N @/ \ QL v\(/ |
L BRACES Q\\/ I
|

|

|

S STRONGBACK
5 |
£ I
w INTERMEDIATE ANCHOR
§ m@,l‘ = TO WALL
S & I
) .. o @ |
Adding braces to existing URM walls to s iz Wy SPAGER AS REQUIRED
2\ & | USED TO ACCOMMODATE
3 GROUTED MASONRY ! il iy
: . CURVATURE OF THE
Improve out-of-plane capacity & ANCHORS, IF : I STRONGBACK ANDIOR
PROJECT DOES NOT | I WALL
PERMIT EXPOSED
ANCHORAGE ON | I
New brace o (|
| b 1
L -
N\ e | & Y| <

(@) (b)

Figure 5.56: Addition of diagonal (a) and vertical (b) out-of-plane bracing to existing URM wall



Masonry Construction

Adding reinforced cores to existing

URM walls increases

— Out-of-plane capacity

In-plane capacity

WALL, FULL HEIGHT OF
WALL WITH REINFORCING
BAR. EXTEND INTO
FOUNDATION

FILL CORE AROUND
REINFORCING WITH
POLYESTER GROUT.
VERIFY CORE IS
COMPLETELY DRY PRIOR
TO GROUTING.

IF NONSHRINK GROUT IS
USED, HOLE IS TO BE
PRE-WETTED

by

CORECENTEREDIN ——-._

—

ek
HHL
16
b
Pl
JL
[
L |
i
IBEE P
§ I

“l
i
I
I

|
~

PATCH TOP OF WALL
AFTER CORING AND
GROUTING

RESET LOOSE MASONRY
AND REPOINT MORTAR
CRACKS WHERE GROUT
CAN LEAK

PROVIDE VERIFICATION
PORTS TO CHECK GROUT
FLOW, ONE EACH STORY

e PP

Figure 5.59: Addition of reinforced cores to URM wall

7/ | ..~ FOR WET CORING,

PROVIDE DRAINAGE
RELIEF PORT. EXTEND
CORE THROUGH FOOTING
OR USE VACUUM
EQUIPMENT TO REMOVE
EXCESS WATER,

MINIMUM EDGE
DISTANCE OF HALF
THE WALL
THICKNESS IS
RECOMMENDED

- CORE AT ENDS OF

PIERS AND AT
REGULAR SPACING
THROUGHOUT
WALL

FESSSNESS ISQQt] I (RS N [N SN (S (O SR M 0 \ O N N M N IS Y SN D . S =
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1
[ T PAINT OVER FABRIC AT
T EXTERIOR WITH PAINT
I WHICH PROTECTS
I AGAINST ULTRAVIOLET
FASTEN EDGE OF FABRIC I LIGHT.
WITH ANGLE AND ANCHORS. l
- EPOXY ANCHORS INTO SLAB I
OR FOOTING. I
Masonry Construction .
CHIP SLAB TO SET I
ANGLE. FILL WITH GROUT : |
TO LEVEL FLOOR EXCAVATE GRADE AS
T REQUIRED TO APPLY
T FABRIC AND COVER
I STEEL WITH LEAN
I CONCRETE FOR
\ I CORROSION PROTECTION
1T - (THE WATER RESISTANCE
] / OF THIS DETAIL TO BE
‘f z ‘ CAREFULLY CONSIDERED
‘ BASED GN_THE PROJECT

REQUIREVEN|'S FOR
TONGEWTY.)

@b ILi=PABSRIC TO TOP OF

y SO0 TIRG OR SLAB

Adding FRP overlay to existing
URM walls

. . ‘ } A l ‘1 B STEP 1
— Increases in-plane capacity NN | == PrEpARE WALL
- Improves out-of-plane capacity steps ‘ N
APPLY FABRIC |
OVER EPOXY. 198 STEP 2
APPLY SECOND / = 1 APPLY TWO PART
COAT EPOXY { - < EPOXY TO
[ PREPARED WALL
SURFACE

STEEL ANGLE AND
ANCHORS

/1

Figure 5.70: Addition of FRP overlay to URM wall



Masonry Construction

CORE DRILL
HOLE

—— BLOCKING

SCREEN TUBE, FILL
VOIDS IN MASONRY ——.

WITH MASONRY

/
/

ORLEDGER /

— EXIST. SHEATHING

/ FASTENED TO

/ JOISTS/BEAMS/PURLINS
AS REQUIRED

/

A

GROUT 2

l-!"-

-H—----- o g

|\+ LRRRNWRY V\ww\

LNEEREY wpan»ﬁvf,r

—H—————- —— —.I

T

C

|
|

|

Figure 5.73: Drilled dowel connecting wood diaphragm to URM. vall E§Q

—— THREADED ROD
ANCHOR

/
/

—— WASHERS

" HOLE IN BLOCK CAN BE

OVERSIZED TO PLACE

SCREEN TUBE. FILL

VOID AROUND ROD IN /
WOOD WITH ADHESIVE. <

NV

CHOR PLATES CAN BE
DECORATIVE SHAPES AND
CASTINGS

<

Enhance existing connections

SEQUENCE OF INSTALLATION

| CORE DRILL HOLE.
| PLACE SCREEN TUBE WITH ADHESIVE.

| INSERT STEEL SLEEVE.

| AFTER ADHESIVE CURES, DRILL HOLE THROUGH PLUG

AND MASONRY WALL.

| INSTALL THREADED ROD AND ANCHOR PLATE.

SIZES AND DIAMETER AS PER DETERMINED DESIGN
REQUIREMENTS, EXPOSED STEEL RECOMMENDED TO BE

STAINLESS STEEL OR PAINTED WITH RUST INHIBITING
PAINT.

Figure 5.74: Through bolt anchor connection of wood diaphragm to URM wall



Wood Construction

i i icti gl —‘r X NOTES:
Add I ng nal IS to existin |@~‘ 2 BT, 1. ADDED NAILING TO MEET REQUIRED
I" E E | .4-)&D SPACING WHEN AVERAGED OVER JOINT
Il sheathi EXIST. STUD —. 1°'%1 [ EXST.SHEATHING  EXIST. SY @R v- | EXIST. SHEATHING LENC T, RISTRIBHTE A EeERir A9
wall shea |ng (BEYOND) |’ . | . I A EDGE NAILING RS any/ ‘@}@\ A EDGE NAILING POSSIBLE.
~ - A 2. ALL FASTENERS TO MEET LATEST EDITION
=l EXIST. SHEATHING __ QX \B7 [ EXIST. SHEATHING OF THE NATIONAL BUILDING CODE OF
i i D] Z \& [ DIE Z CANADA
increases wall CapaCIty / :lx--le\ ) X& 'L ‘ 3. INCREASED FASTENERS PROVIDE MODEST
N A
M WA 5h | ™
‘ : B REQUIRED.
Lm_ﬁ_ll ! ‘S’EEN sllg | {&3\ ~[>— ADDED NAILING, 4, UPGRADE MAY BE INCORPORATED WITH
NI\ |$f SN ADDITIONAL SHEAR WALL DETAILING FOR
- > e 5. STAPLES TO BE ORIENTED PARALLEL TO
Too many nal Is can STUD LENGTH. VERIFY SIZE AND
. EMBEDMENT REQUIREMENTS.
reduce sheathin g ELEVATION B 6. PROVIDE ENOUGH STAPLES TO CARRY
. . FULL DESIGN SHEAR LOAD SUCH THAT NO
seismic pel’formal‘ce ADDED STAPLES EEE]\XT‘JII\]OC? A SHEAR IS RESISTED BY THE EXISTING
NAILS.
as it may prevent the
Inelastic action of the
fasteners Figure 5.94: Addition sheathing fastening for wood shear wall
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Wood Construction

—
Adding sheathing overlay to

existing wall sheathing

increases wall capacity

NAIL PENETRATION,
SEE NOTE 3

VERIFY ADEQUATE /’1?

[~ EXIST. FASTENERS ON
EITHER SIDE OF EXISTING
SHEATHING JOINT
N OVERLAY SHEATHING

, OFFSET JOINTS IN EXIST.
AND NEW SHEATHING,
SEENOTES 1&2

i

SHEATHING AT BOUNDARY
MEMBER

~—TTT

EXIST.—  EXIST.
SHEATHING STUD

CORNER
CONNECTOR

PLAN DETAIL

EDGE NAIL NEW AND EXIST.

NOTES:
1. NEW FASTENERS TO BE STAGGERED WITH

EXISTING AND HAVE ADEQUATE CAPACITY.
REFER TO CSA 086 FOR FASTENING
REQUIREMENTS.

. OVERLAY SHEATHING MAY PREVENT NEED

TO REMOVE EXISTING PANEL OR LUMBER
SHEATHING; HOWEVER, NO CAPACITY
SHOULD BE CONSIDERED FOR EXISTING
LUMBER SHEATHING.

. EXISTING FRAMING AND FASTENING MAY BE

DIFFICULT TO VERIFY OR ADJUST IF
EXISTING SHEATHING REMAINS IN PLACE.

Figure 5.95: Addition of sheathing overlay on existing wood shear wall (plan view)
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Wood Construction

R

Adding wall sheathing to existing
cripple wall increases in-plane

shear capacity of cripple wall

Care should be takexd
to protect crippie walls
in areas susceptible to
wood decay

EXIST.
BLOCKING

CLIP ANGLE R

NOTES:

EXIST.RIM 1. THREADED ROD ANCHORS AT BASE OF
JOIST EXISTING WALL.
2. NEW SHEATHING COMPLETE WITH EDGE
NAILING AS PER REQUIREMENTS OF CSA
086.
CLIP ANGLE 3. PROVIDE SAME OR MORE VENTILATION AS

VENT HOLES TYP.,
SEE NOTE 3

N

N
7~
EXIST. DOUBLE /
TOP PLATE /
EXIST. FLOOR

JOIST

EXIST. WALL
FRAMING \\

N2

Z

N\

B B e B S X
I
/
4,

— v <4
vl %
%7

\J..

¥/ v
Al

REQUIRED BY INTERNATIONAL EXISTING
BUILDING CODE CHAPTER A3.

INTERNATIONAL CODE COUNCIL, 2021,
INTERNATIONAL EXISTING BUILDING CODE,
WASHINGTON DC, USA.

|
|
, : SHEATHING,
N SEEINOTE 2
: \Y __)P\—EDGE NAILING, SEE

l-l > - NOTE 1

[ X @

3 4 ol STEEL PLATE

/[; A f 2 WASHERS

Y J RETROFIT FOUNDATION

S :% SILL PLATE BOLTS, SEE
0. ! N NOTE 1

[~ EXIST. FOUNDATION
SILL PLATE

EXIST. FOUNDATION
WALL

SILL BLOCKING WITH NAILS,
SCREWS OR STAPLES TO
EXIST. SILL

Figure 5.108: Addition of sheathing to wood cripple wall
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Wood Construction

Adding anchorage to existing wood

shear wall to concrete foundation to

Improve shear transfek

STEEL PLATE WASHER

EXIST. CURB

SEE NOTE 3
EMBEDMENT,
SEE NOTE 6

ADDITIONAL SILL PLATE SHEATHING
NAILED TO EXIST. SILL
PLATE AS CONNECTION - VSJ:E&EF:ATE
FOR NEW SHEATHING S
e THREADED ROD
rapel ANCHOR
"/XWWN EXIST.

\ . FOUNDATION

SECTIONC

THREADED ROD ANCHOR,

@Q\/

[~

a

REMOVE AND REPLACE EXIST. f
SHEATHING TO INSTALL
ANCHOR, SEE NOTE 1

ANGLE OF INSTALLATION, —
SEENOTE 2

EMBEDMENT

a3
MIN. EDGE DIST. ™
@ TOP OF ANCHOR

BLOCKING WITH EDGE NAILING,
SEE NOTE 5

EXIST. STUD WALL

ALTERNATE SHEATHING
LOCATION

S-TEI;L PLATE WASHER,
SEENOTE 4

THREADED ROD ANCHOR,
SEE NOTE 3

MIN. EDGE DIST.
@ BOTT. OF ANCHOR

EXIST. FOUNDATION
WALL

STEEL PLATE
WASHER

a

SECTIOND

HOLD-DOWN FOR
UPLIFT (TENSION)

THREADED ROD
. ANCHOR |

EXIST. “* ¢ s

. FOUNDATION

-

Figure 5.115: Additional anchorage of existing wood walls to concrete foundation



Wood Construction

Adding anchorage to existing wood
shear wall to concrete foundatior

increases overturning, ¢asacity

T .|| ———HOLD-DOWN CONNECTOR:
1) A UPPER WALL TO LOWER WALL
SECOND FLOOR
LU
= = [} /] 3 ~
i —— EL,OCKING AT HOLD-DOWN
[
f l ——EXIST. SECOND FLOOR FRAMING
1 % \ € =]
- -
1] Y'\lk I
(| T [ SHEATHING EDGE NAILING AT
T o ﬂ =1 HOLD-DOWN STUDS
2N 7 ) IS STITCH-NAILING BETWEEN
‘ j\// mPy STUDS (SEE DETAIL B)
\\ M I | um
‘/ B \ -
\/ i i
{ 4 . \ T
__|——HOLD-DOWN CONNECTOR:
T T WALL TO FOUNDATION
—] = o
FOUNDATION | ! y N 7’ N EXIST. SILL PLATE
1 ! ' = = =
- Y | I = U =
(] [ T
\ ] \ '\ | THREADED ROD HOLD-DOWN
RN 4 \ / ANCHOR
> 7 S THREADED ROD ANCHOR
VR WITH STEEL PLATE WASHER

m SHEAR WALL ELEVATION WITH ENHANCED

\__/ OVERTURNING DETAILING

Figure 5.119:

NOTES:

. HOLD-DOWNS AND FASTENERS TO PROVIDE CLEAR AND

CONTINUOUS LOAD PATH BETWEEN UPPER AND LOWER LEVELS
DOWN TO FOUNDATION.

. SHEATHING NOT SHOWN FOR CLARITY. NEW OR EXIST. SHEATHING

ON ONE OR BOTH SIDES OF WALL, AS REQUIRED.

. ALL FASTENERS TO MEET CSA 086.

Shear wall elevation with enhanced overturning detailing
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Upgrading of Diaphragms

CLEAN EXIST. CONCRETE AND ROUGHEN
TO 6.4mm AMPLITUDE

- - —-——

i

‘ I
------ i W /ORI |
! ) |

|
h——+————— T I A —— ]

DO NOT CUT EXIST, RIB/BEAM |

REINFORCING'BARS. ORMWORK / TEMPORARY SUPPORT AS

UIRED TO PLACE INFILL

Infill existing diaphragm openings to improve §Q
. B
shear transfer and chord capacity Pk et EoGE ComBIToN

@

CLEAN EXIST. CONCRETE AND ROUGHEN
TO 6.4mm AMPLITUDE

DIAPHRAGM AND SLAB REINFORCING

o o e o s o e
| 1
I / I
A A S A i ot i [ 3
¢ |
| 1
1 1
G e e e - - - ol
50mm MIN.
(INCREASE TO SUIT
CSA A23.3) FORMWORK / TEMPORARY SUPPORT

AS REQUIRED TO PLACE INFILL

DRILLED DOWELS AT &
EXIST. SLAB

m SECTION

\_/ TYPICAL SLAB EDGE CONDITION

/8

Figure 5.123: Infill existing opening in concrete diaphragm with reinforced concrete slab



Upgrading of Diaphragms

FINAL LAYER(S) OF FIBRE

OVERLAY SPLAY

INSTALL FIBRE ANCHOR BETWEEN
INITIAL LAYER(S) OF FIBRE
OVERLAY ) INITIAL LAYER(S) AND FINAL LAYER(S)

FRP overlay

I I e gy B e R e |

EMBEDMENT —/(

EXIST. CONCRETE SLAB

FRP OVERLAY SHEAR TRANSFER
SYSTEM (IF REQUIRED)

Add FRP overlay to existing diaphragm to

FORM ROUND CHAMFER WITH

EXIST. WALL EPOXY RESIN PUTTY

Improve in-plane shear capacity

FIBRE ANCHOR

FIBRE ANCHOR ALTERNATE TO '
TURNING FRP UP WALL FACE N FRP COMPOSITE OVERLAY
|
|
|
|
I

¥ EXIST. CONCRETE DIAPHRAGM

DIAPHRAGM STRENGTHENING

Figure 5.124: Addition of FRP overlay to concrete diaphragm
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Upgrading of Diaphragms

POUR HOLES DO NOT CUT
EXIST. REINFORCEMENT \

New collector >

NEW CONCRETE COLLECTOR
| BOTH SIDES OF EXIST.
HAIRPIN TIES J l COLLECTOR/BEAM AS REQUIRED
COLLECTOR BARS l = .
&%
ROUGHEN AND CLEAN SURFACE §F-—-+ DRILLED DOWELS
EXIST. CONCRETE IN CONTACTAVITH v

R

: U
|
" e
= ﬁ——ﬂ.
CAPPED STIRRUPS *< s N

¢ 3
$ ‘ ) HOLES THROUGH EXIST. BEAM. FILL WITH
- . )

I y ALTERNATE: INSTALLED DRILLED DOWELS

FLOWABLE GROUT
STAGGERED EACH SIDE, SIMILAR TO A

]

G

Add new concrete collector at existing

concrete beam to improve shear fratister

from diaphragms to shear\wal!S or braces

DRILLED DOWELS

m SIDE AND BOTTOM CONDITION

St

Figure 5.128: New concrete collector at existing concrete beam
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Upgrading of Foundations

Enlarge existing spread footing to

Increase tension & compression capacity,

NOTES:

1.

ESTABLISH EXISTING LAYERS AND
ORGANIZE WITH NEW BARS SO EXISTING
BARS ARE NOT CUT.

. HOLE FOR BAR WITHOUT COUPLER CAN BE

SMALLER.

. CHECK NEW BAR CAPACITY AT LOCATION B.

CHECK EXISTING BAR CAPACITY AT
LOCATION A.

CORE FROM BAR IN CROSSING DIRECTION

CORE FOR DRILLED DOWEL

DRILLED DOWEL
TO EXIST. SLAB

\ @ ° — \ 3
O . \ ’ v BACKFILL OR
/ I : : : OVERPOUR
CLASS "B" LAP g k K
* W/EXIST.BAR 1 \®
N
SHORTER OVER-EXCAVATION TO IMPROVE SHEAR —— LONGER OVEREXCAVATION
CAN BE USED WHEN BAR IS TRANSFER, NEW FOOTING NEEDED IF DRILLED DOWEL
COUPLED. CAN EXTEND UNDER BAR IS NOT COUPLED.

EXISTING FOOTING.

m ENLARGED FOOTING
LW

Figure 5.151: Enlargement of existing spread footing
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Upgrading of Foundations

HOLE ROUGHEN FACE OF EXIST.
FOOTING

COUPLER

HEADED BARS PLACED IN GROUTED
/ CCRE HOLE THROUGH EXIST.
FQOTING

7= .
~ - < g " i I = Qo e L
T e T e e tr e
AYAYATAYAYAYAYAYAYAYS 8% 6% 8% e

BACKFILL OR
OVERPOUR

Add micropiles adjacent to existing L
z OVEREXC:VATE TO

PLACE HEADED
BARS

spread footings to increase tension & —-\\A

compression capacity

MICROPILE —%

—_—]| | —— ——]||
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Figure 5.158: Addition of micropiles adjacent to existing strip footing



Upgrading of Foundations

NEED SUFFICIENT ACCESS THROUGH
DOOR OPENING FOR DRILL RIG.

|
|
PROPERTY LINE LIMITS : ‘ ) | —
ACCESS FROM EXTERIOR ? \
. L
1 w
| Il
4 ‘ | g é o' ol
i gg | N SHEAR WALL
it 3
CHECK WITH DRILLER ON Z=—\, U
MINIMUM DISTANCE FROM(ZACE 8o
OF WALL TO PIER OENTRELINE & §c§
&
Lt 7] E
Add micropiles adjacent to existing .
L OO O OO
strip footings to increase tension & BACKFILL OR
& 3 SHEARKEY
. . Z | RECOMMENDED
compression capacity @ — 1B
[+ 4
w
TYPICAL SEQUENCE: _ g
1. DRILL HOLE. ; 2
2. MONITOR VIBRATION IN WALLS. 100 COVER) —N
3. PLACE CAGE AND CONCRETE FOR PIER. L RECOMMENDED L
4. EXCAVATE FOR NEW FOOTING. ——A\-
5. POUR NEW FOOTING/SLAB AND THEN 5
WALL ABOVE. —‘—J\,—,r g
CONCRETE BAR SUPPORTS &
WIRED TO CAGE g
—‘\_
A: DRILLING HOLE FOR PIER B: INSTALLED CONDITION

Figure 5.157: Addition of drilled piers next to existing strip footing



Upgrading of Foundations

Add top bars to existing pile cap to

increase uplift resistance

DRILL THROUGH GUSSET

OLDER BRACED FRAME \
AS REQUIRED
Da REMOVE EXIST. SLAB
F——————r.:n—/—x

s N\ ___Ae
. .,, ' A ‘ , L)

[
A '
§> ™S~
EXIST. BQTTCW INSTALL DRILLED

BARSY DOWEL "U" BARS
I AS TOP BARS

I
U

THREADED ROD
ANCHORS AT COLUMN
AND PILE-TO-CAP
CONNECTION MUST
BE ADEQUATE FOR
UPLIFT IN THIS
APPROACH

Figure 5.153: Addition of top bars to existing pile cap
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Mitigation of Geologic Hazards

 Mitigation of liquefaction hazard

o Lateral spreading

— Densify or solidify existing liquefiable layer using compaction

or permeation grouting or vibro-compaction

— Installation of drainage and dewatering systeiins

o Shallow foundation settlement

— Underpin existing siiaiow foundation to transfer the

superstructure loads to deeper, non-liquefiable layers

— Use grade beams between isolated footings to increase

foundation stiffness
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Mitigation of Geologic Hazards

« Mitigation of landslide hazard

©)

Modification of slope geometry (if possible)
Buttressing

Installation of drainage systems

Use of retaining walls

Soil nailing or anchor systems

Use of a debris wall

Soil modifications (e.g., grouting and densification for granular soils, and lime injection or

electro-osmosis techniques for clayey soils)
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Mitigation of Geologic Hazards

« Mitigation of fault rupture hazard

o Move building away from the fault (if possible)

* Reduction of likelihood of severe damage

LGOS
o Strengthen structure and foundation usmgg&@@

beams and/or reinforced slabs \\0(\

o Modify foundation to rsqtﬁeda\ngular distortion by
distributing the effe§ of differential vertical

movement over a larger foundation area
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Reduction of Seismic Demand

« Reduction of seismic weight

o Remove heavy roofing, flooring or equipment if only small reduction in_s2ismiic demand is required

o Remove upper floors (if possible) if a large reduction in seismio‘temand is required

 Reduction of seismic demand

o Install seismic isolation system and/or\stipplemental energy dissipation system

E
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Mitigation of Non-structural Hazards

STEEL ANGLE ANCHORED
TO STRUCTURAL
FRAMING ABOVE

PARTITION FREE TO SLIDE AT TOP BUT
RESTRAINED LATERALLY. PACKING OR
SEALANT REQUIRED FOR ACOUSTIC
ISOLATION. FIRE RATING MUST BE CHECKED
FOR FIRE SEPARATION WALLS ("1-HOUR
WALLS" ETC.).

1. Exterior and Interior Walls % /’g T, /’"g‘\
S S e S TR
(NBC 4.1.8.18 — Category 1) I\ w O [ \/
EXIST. STRUCTURE —  "~eeit” | \_——"n‘
ABOVE i
HEAVY PARTITION -
. . (REINFORCED =
Install steel angles tight to each side s
of existing heavy partition wall to
restrain out-of-plane movement
EXIST. FLOOR

Figure 5.160: Out-of-plane bracing of existing full height heavy partition wall
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Mitigation of Non-structural Hazards

2. Cantilever parapets and other cantilever walls e el
(NBC 4.1.8.18 — Category 2) '

—— BOX AND WATERPROOFED,
I Fn DETAILS TYPICALLY PROVIDED
7 - BY THE ARCHITECT.

ANGLE OR CHANNEL OR HSS
DEPENDING ON PARAPET
HEIGHT @ REGULAR SPACING.

ROD ANCHORS

I
i l

I L I - BEARING PLATE c/w

GUSSET PLATE

GROUTED THREADED — I A i 2R I
I I
i l
l

MASONRY. | |
. . . NRY. EXIST. JOISTS
Install vertical steel member to'existing ?) p

URM parapet to mitigate-falling hazard =il | 2\ \>Qf P—

EXIST. URM WALL 171 BLOCKING AS

REQUIRED

ALTERNATE DETAIL:

1. MASONRY ANCHORS COULD BE
BOLTED THROUGH-RODS IF
EXPOSED ANCHORS ON THE
EXTERIOR FACE OF THE FACADE
ARE PERMITTED.

2. VERTICAL STEEL MEMBER BEHIND
PARAPET COULD BE REPLACED WITH
A DIAGONAL 'KICKER' MEMBER,
HOWEVER CONSIDERATION SHOULD
BE TAKEN TO HOW WATERPROOFING
AROUND THOSE MEMBERS WOULD
BE EFFECTIVELY INSTALLED.

Figure 5.165: Out-of-plane bracing for URM parapet



Mitigation of Non-structural Hazards

3. Towers, chimneys, smokestacks

and penthouses

STEEL COLLAR & TENSION / COMPRESSION

- / STRUT AT TALL CHIMNEY

— | 7
(R AN_| L N\
N, STEEL STRAP AT

CEILING OR ROOF
FRAMING

NOTES:
1. ALL FASTENERS AND CONNECTIONS AS

w

. REFER TO THE REQUIREMENTS OF PART 9

PER CSA 086

TWO CONDITIONS ARE SHOWN FOR

DIFFERENT FRAMING CONDITIONS.

(a) STRAP TO EXTEND MINIMUM FOUR (4)
JOISTS OR RAFTER BAYS AND
FASTENED INTO BLOCKING.

(b) STRAP TO BE FASTENED INTO TIE
MEMBER. BOLTS OR LAG SCREWS MAY
BE USED.

IN THE NATIONAL BUILDING CODE OF
CANADA.

(NBC 4.1.8.18 — Category 5) |

[ - \STEEL STRAP AT
i FLOOR FRAMING

— EXIST. MASONRY

CHIMNEY AND V
FIRE PLACE
|

Install steel straps to connect existikig YRM BUILDING SECTIQY,
chimney to structure at regilevel and each 7.
EXTERIOR WALL "\.\ 8
floor level-ic‘mitigate falling hazard I e
( .

_—— STEEL STRAP
T

_~— GAP TO COMBUSTIBLE
FRAMING, SEE NOTE 3

g _~— EXIST. EXTERIOR WALL

7 FASTENER DIAMETERS MINIMUM
(10 TO 12 PREFERRED) TO FIRST
BOLT OR LAG SCREW

[ STRAP WITH BOLTS OR LAG

SCREWS TO TIE MEMBER,
STEEL STRAP AND FASTENERS,
SEE NOTE 2b

T BLOCKING ALONGSIDE

TIE

_—— TIE MEMBER. NAIL TO

JOIST OR RAFTER

/ A\ PLAN DETAIL - FRAMING PARALLEL

N

TO EXISTING WALL 9 1

Figure 5.169: Bracing of URM chimney — framing parallel to wall



Mitigation of Non-structural Hazards

4. Machinery, fixtures, equipment and tanks
(NBC 4.1.8.18 — Category 11)

Install cable/rigid brace to mitigate falling hazard

T\ oy > — 3 V' B W

\ W / = W LN hid 9/
%t f g \ ] CONNECTION TO )/

VIBRATION INSOLATOR = X \ STRUCTURE //

WHERE USED 4 REINFORCED AN REINFORCED 7/ /

ROD \\ ROD J /

W\ /
’ ‘-\\ \ »

//

~OME \/@

h

W
:; STEEL ANGLE A
OR STRUTS
UNIT Q{\\)y

UNIT

4 1
1

Figure 5.181: Bracing of suspended equipment with cable bracing Figure 5.182: Bracing of suspended equipment with rigid bracing



Mitigation of Non-structural Hazards

5. Pipes and ducts containing toxic or e Cas
explosive materials S\ u
(NBC 4.1.8.18 — Category 16) A gvzis] e

Install bracing system to prevernt the

release of hazartious materials :

1

CONTINUOUS
S8ECONDARY Ry I'm] . /7 conmnts
CONTAINMENT

‘L__L HAZARD LABEL il
1 s

CANADIAN FIRE CODE
REQUIRED LABELS ——  DIRECTION OF FLO! w

Figure 5.198: Bracing for hazardous piping



nchorage/Bracing of Building Contents

T TOP ANCHORAGE: TS
ENGINEERING REQUIRED FOR ALL PERMANENT *  SHGLERERCMINGARCHQRED TO S1LOS ENGINEERING REQUIRED FOR ALL PERMANENT
FLOOR-SUPPORTED CABINETS OR SHELVING. L L FARING. FLOOR-SUPPORTED CABINETS OR SHELVING. TOP TIES:
. STEN IN MIN. 2 LOCATIONS « SECURE TOGETHER WITH STEEL PLATES
« OPTION TO BOLT TOGETHER THROUGH BACKS
I~ R o FASTEN IN MIN. 2 LOCATIONS
~
[ 4 ~ ~ ?
~s DA OIS
LS P s ~
L - ~
- S
’~ L.
\\ < ¥ 3¢
~
Nae”
ADD BLOCKING AS
/_ REQUIRED
“\\ -
<
C ’
—/\9
BASE ANCHORAGE:
« “ANGLE FRAMING ANCHORED TO
FLOOR STRUCTURE.
«  FASTEN IN MIN. 2 LOCATIONS
- ENSURE TO FILL GAPS
/ WITH BLOCKING.
P ‘
P 2
P
&
P 2

’\
\ g
\/ - )X BASE ANCHORAGE:

¢ GANG TOGETHER WITH ANGLE FRAMING

ANCHORED TO FLOOR STRUCTURE
e FASTEN IN MIN. 2 LOCATIONS 9 4

Figure 5.202: Anchorage of bookshelf to existing wall Figure 5.203: Anchorage of freestanding bookshelf



Summary
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Key Takeaways

Seismic upgrading principles (upgrading categories, upgrading techniques and key considerations)

« Seismic upgrading methodology (force-based + performance-based)

« Deficiency-Based Upgrading (linear analysis - address idewiitfied deficiencies + evaluate overall compliance)
* Detailed Upgrading (linear + non-linear analysis--> evaluate all elements and components)

« Upgrading technigues (conventignal & innovative, structural & non-structural)

« NRC’s seismic guidelines are non-mandatory but have been used by PSPC/GAC for dozens of buildings

« NBC 2030 is expected to introduce new sections for existing buildings
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NRC’s Published Seismic Tools/ Guidelines

_ . , Available in both
* Level 1 — Preliminary Seismic Risk Screening Tool (PST) official languages

https://doi.org/10.4224/40001929 (Part 4) Level 1--PST &
Level 2 — SQST

https://doi.org/10.4224/40002989 (Part 9) S
« Level 2 — Semi-Quantitative Seismic Risk Screening Tool (SQST)
https://doi.org/10.4224/40001931 (Part 4) =-ench translation of

https://doi.org/10.4224/40002988 (Part 9) Level 3 - SEG in
progress

* Level 3 — Seismic Evaluation Guidelines (
https://doi.org/10.4224/40003499 6) \)06 \

«  Seismic Upgrading Guit%l'@(s UG)
https://doi.org/10.4224/40003495

*  Webpage Seismic Risk Screening Tool

Available in both
official languages

®
Semi-Quantitative Seismic Risk Screening Tool (SQST) - National Research Council Canada
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https://doi.org/10.4224/40001929
https://doi.org/10.4224/40002989
https://doi.org/10.4224/40001931
https://doi.org/10.4224/40002988
https://doi.org/10.4224/40003499
https://doi.org/10.4224/40003495
https://nrc.canada.ca/en/research-development/products-services/software-applications/semi-quantitative-seismic-risk-screening-tool-sqst
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